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2156094 ;AN | MPROVED:® OPTI CAL FI BRE ELEMENT This invention relates to opt@
fibre elenents for the transm ssion of the}ultra-violet[ visible and in '
red regi ons of the el ectromagnetic spectrum which regions, for _
conveni-ence,s will hereinafter all be 5 included in the generic termZIIigiﬁ's@g@

and esperci al l.y, but not qg@lfﬁﬁgﬁiib éﬁTf@&icﬁiaﬁﬁgﬁﬁEﬁﬁﬁﬁﬁnt5 for use in
the communi cations field T rght having a wave

|l ength within the range 0.8 to 2.1 mcronetres. 10 The invention is
particuyl-arly concerned with an optical fibre elenment of the kind conprising

a flexiVese tube of THEStikGentiohhps1avéertal opevtay pibpeceismuhtsh at

| east one optical fibre is so | oosely housed that, when the tube is bent or
ot herw se fl exBolr tihe oradémiscionpdfcehefubtrat+eidlee, tviabbketand |inmted
extent transversely of and with respect to the tube. It is an object of the
present inventimfraored ovegions ofiptieceleptirenagnebie epenenumpfwhheh

af oresai d kind which is_especially, but not exclusively, suitable for 20
use in an optikegiendi cfor epmeenhppfecavi bh hneeknafees 25laPej sk that the
or any optical  fibre wi|l be subjected to aulpngi;udinallg agglied tensile
force. AccordiiRCtidedel ? ntReit F8ReTE Rt $FPr ob 2B bt RRA| eFPBF L2 L Enehbt

conprises a flexible tube h vinﬁoa bor e east one optica
ki

' 5_which I
fibre is Iooseﬁ?prﬁﬁﬁ o tﬂ%tfﬁﬁgnfibfﬁs%f?@%%Fﬁ 8t PR®stth a form

that the communications field adapted for transmission of
ot  _ light haviﬁg é-wave length within the range 0.8 to 2.1
micrometres. |

10 . The inventionlis particularly concerged with an
optical fibre element of the kind'comprising a flexiblé
tﬁbe of plastics or other material having a bore in
which at least one optical fibre.is so loosely housed
that, when the tube is bent or otherwise flexed, thé or

15 each optiéal fibre is free to move to a limited extent
transversely of and with respect to the tube.

It is an object of the present invention to_providé
an improved optical-fibre element'of'the-aforesaid kind
which is especially, but not exclusively, suitable for

20 use in an optical cablé or other application where there
is a risk that the or any optical fibre will be
subjepted ;o a.longitudinally applied tensile force.

| According to the iﬁvention; the improved optical
fibre eiémeﬁt comprises a flexible tube having a bore in

25 whicﬁ at least one optical fibfe is loosely housed,

wherein the tube is resiliently set in such a form that



i.s subjected t

strai ghten i n ankerghbwase ldngecuidanadgaixnst ofthenactiuee @foliltesysr @si | i ent

Br in length than the rectilinear distance between said two 5
ons, the arrangenent being such that,

0o a longitudinally applied tensile force, the tube wll*

e

when the resilientlyset tube

set thereby to reduce the tensile force applied to the 10 or each opti cal

fibre and, whehonigétuénsalad yf extenidd ngepardd whilled ,t e waielnl amat wwo under

tAie action .of its resilient set towards its original form Preferabl$#the

flexi ble tube

tengésudiigpily seecied S9cH ta omdrmish&r e@kercdm dgngth

| ongi tudi nal axis of the 15 tube follows a path of smpothly curved

undul ati ons, t
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ually increase.

set thereby to reduce the tensile fofce applied to the
or each opticai fibfe'and, when_the ﬁensile force is
removed, the tube will retﬁrn_undér the action of 1its
resilient set towards.its original fﬁrm.

Preferably, the flexible tubé is resiliently set in
such a form that thé central lohgitudiﬁal axié of the
tube follows a path of smoothly cufvéd undulations, the
axes of curvature of the.undulations preferabl} lying
parallel to dne another and substantially normal té the
longitudinal_axié of the tube., By_virtue of the
smoothly curved undulations; when the resilient set tube
is subjected to a longitudinélly'apblied tensile'force,
the tube will'ténd to st;aighten agaihst the action of
its resilient set; that is tb'say, the 1éngth of the
radii of the smoothly curved undulations will gradually
increase. Alternatively, the flexible tube may be
EeSiliently seﬁ.in such a form that éhe central

longitudinal axis of the tube follows a substantially
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ternatively, theflexible tube may
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helical path, the.lay of the helically extending path preferably lying in
the range 5 to [err] to the central rectilinear axis of the helical y
extendi ng tube. The flexible tube nay be of circular or 5 non-circu i
cross-section and, in each case, preferably3the radial thickness of the

tube walf is substantially constant at all transverse_cross-sections of the

tube. Were the flBREbralt BBERstBE MBH- Of r EDPaPelifddlecitr6AIIPRPR DI y

it has a transverse 19 crois-?egtion of elongate_form of _an eIonga&e
§ Vel Y&PH ntra

form havi-ng two maPBF* BRAFYef: edDj 5PRel? §eeﬁast8f1sag%5§iﬁﬁFeF§
SN IR P ER ARG R

resiliently set in Such~a e cen I'nal axi's of the

tube 15 follows a path eﬁ SERQLDLY oCHLYEInd)dyLaLEORE rB09aR BKes of
Fy p I'Tel to tﬂ

curvature lie substantia ara e maj or transverse axes of the

flexible tube. ThesbhexibbaibHberbsspasterahl ¥naf, anpkashi casent griedkrabiy.
pl astics materials which can be readily 20 resiliently set so that its

central |ongitudi ngheaxaaibol kayvskaepat Broknkhgubequaled ikosmmbyhnkt algyt 0
be understoad that, in sone circunstances, the tube may be of resilient
metal or netal all eynsEapeceal hylsurtabierpkasroes~satélnabsobf twki thbkhe
tube may be nmade and 25 which can be readily resiliently set include

ori entated pol yet hfhene toeefhekdbieetabediandér nehecirgddanane

' cross“section, preferably it has a transverse
St 10 cross-section of elongate form, e.g. of aﬁ elongate form
having two major parallel sides joined by ends of
approximately semi-circular shape, and in this case
preferably the flexible tube is resiliently set in such
a form that the central longitudinal axis.of the tube
15 follows a path of smoothly curved undulations whose axes
' 6f_curvature lie substantially parallel to the major
transverse axes of the flexible tube.
The flexible tube is preferably of a plastics
g/A _ | material or plastics materials which c¢an be readily
20 resiliently set so that its central longitudinal axis
.follows a path of the re;uired form but it is to be
understood that, in some_circumStances, the tube may be
of resilient metal or_metai_alloy. Especially suitable
plastics materials of which_the tube may be made and

25 whiqh can be readily resiliently set lnclude orientated

polyethylene terephthalate sold under. the trade name



.: ‘
4. "Arnite", and, when during service the optical fibre elFement is likely

to g\ subjected for a short period to a tenperature exceeding [err], .
polﬁéﬁhersulphone sol d under the trade nane "Victrex PES' or polyetherimdes
5 sold under the trade nanme "Uteni. Alternatively, the flexible tube may
be"of a plastics material or plastics materials which cannot be readiiy
resiliently set"Aamd tredy, lrande eviizadded ing tdwe tidee bied |ortti quit Ualdrye spaced
positions a plurality of 10 resilient elongate reinforcing elenents, each
of a material teHemeddn Use lddkalgsita arm |9 Bacted tiPrt s ate rENEIAILO -

| 6ngi tudi nal axis of the tube to follow a path of the required form skhe or
each optical firtEMNPEEIHY hAFRSEE 4N P U » LY NIHIRE BN GIEF DI E t ube

preferably is unsupported but, in soe 'circu ces and especi al when
Phe tube Tol | okSaEmh s dir Ao ctas kR KRR i o fEL KSR TAS. opt 1 cal
fibres of the qptical fibre elenent o) omponent. parts of an opti cal
fibre ribbo stsrohlgt d‘rnéiefo t"I%oeostg‘lay &r}%ged ﬁlnlctte{:uﬂ; bore of the tube. In this

case, the optical filyres.,Aanddify dasid ed g1 meed'usbia?eé)&ef f{ exibl e

el ongate reinforcing elenment, preferably are arrange side and are

whol I'y or partigalasy j@E0edAet il & |26 Y 18 £10A € 0 dh 1dn AR d €S &5
material or are arranged side by side and are secured to '
readily resiliently set and may have embedded in the
tube wall at mutually spaced positions a plurality of S~
10 resilient elongate reinforcing elements, each of a ~
material that can be so resiliently set as to cause the
central longitudinal axis of the tube to follow a path
of the required form.
| The'or each optical fibre loosely housed in the
15 resiliently set fiexible tube preferably is unsupported
but, in some circumspances and especially when the tube

follows a path of smoothly curved undulations, two dr

more optical fibres of the optical fibre element may be

@

component'parts of an optical fidre ribbon strucpure

20 loosely housed in the bore of the tube. In this case,
the optical fibbes,'and if desired one or more than one
flexible eiongate reinforcing element, preferably are
arranged side by side and are wholly or partiélly
embedded in a flexible.elongaté béd& of plastics

25 material or are arranged side by side and are secured to

‘one major surface of a flexible tape.



one major surface of a flexible tape. - 5. In all cases, th
resili.entl’y set tube nmay be substantially filled throughout its Iength h
aswat er - i'nper neabl e nmedi um of a grease_like nature which is of such a
consi stency sthat the or each optical fPbre 5 or the or each opti cal flbre
ri bbon structure is_fr to nmove_relative,to he t ube when the tube is bent
or ot herwi se flexegn ﬁg grasdy ﬁé?eFeFﬁgé KléeﬁeHPBﬁ1Wﬁ¥ PSnsis} of , dor
may conprise ng nL e, 10 ..ln_a preferre
met hod. of eff%‘g‘?gﬁﬁfﬁ?;gs H%ﬁ? ’f'suﬁh{sﬁg %rg'%x BRI Eéff‘cé tube of the
'Inpr0V§§=opt|@§£e£LJ Pﬁ@gﬁ bomb fuhUQ? a }QaEQeIQEE'RQLu%hg&glgﬁ fibres

| oosely housed In th ore t er eo I'S caus d to travel rection of

its length; the aﬁlvaashna éénaybeehéyheaaedtﬁadorseaeﬁncgei&ﬁl ey pyeapped
around each of a plurality of transversely spaced, l[ongitudinally staggered

formers of substeméi of! yachreptocadr £pBEéi Bibloki BEYLatupkOss- 96LI €8
travelling in the same direction as the advancing tube, the direction of
wrap around omev@Orébautvebebnghéentube wheasthe e€ubauptepanti ak direction
to the direction of wap around the or each adjacent forner and the
circunferenti@thexvise fiexedp aThendreash wéteheimpermesbbei mgdsumh that

the tube undulates in the direction of its length; and, whilst the tube is
may consist of, or may comprise as a major constituent,

silicone gel.
N~ 10 In a éreferred method of effecting the resilient
set in the flexible plastics tube of the improved
optical fibre element, the tube, with the optical fibre
or fibres loosely housed in the bore thereof, is caused
to travel in the direction of its length; the advancing
15 tube is heated and is then parﬁially wrapped around each
of a ﬁlurality of transversely spaced, longitudinally
staggered formers of substantially circular or partially
_circulér cross-éection travelling in the same direction
Lo : és the advancing tube, the direction of wrap around one
20 former being in the opposite circumferential direction
to the direction of wrap around the or each adjacent
former and the circumferential éxtent of wrap around
each of.thg.formers being such that the tube undulates
in the direction of its length; and, whilst the tube is
25 partially wrapped around the formers, the tube is cooled.
or permitted to cool so thaf it is resiliently set in a

smoothly curved undulating form.



25 partiallly wapped around the fornmers, the tube is cooled or permtted

" 6 ferably, the transversely spaced longitudinally staggered farners
are tarried on a pair of endless bel Bs. Where the flexible tube of the
I nproved optical 5 fibre elenent is made of a plastics materi.al which-
.cannot be readirgrPEEFPgéXfIggsefraﬁavﬁ§§eg¥b§§8§&di o tdgealdy  at
mutual ly sp RQSI:t i pLural ity.of. resilien I te _reinforcing
REEaBESE EoPReBolbLerLhLY 8l ERCH bRDL BoRtBhaact

el enents an hé exible aresilie

. codﬁgig that it is resiliently set in a snmoothly curved undul ating form,

to

or netal

10 alloy, pggiegably the resilient set is effected in the flexible tuké by

causing the tube, with the optical fibre or fibres |oosely housed in the

bore ther eof , OyheuckninlBR1816eelbaNcR! thiss thBRaiaa BRkUIAN ¥ W apping

‘the advanci ng tube around each of a plurality 15 of transversely spaced,
longi t udi pakiyret agemend iormaae oF subshaniicael h4tekiaul #hieh partially
circular cross-section travelling in the sanme direction as the advancing
t ube, the dtamfibtobeoteanddpyaresidieneli;oserr ahdi hgsi embedadedpaanl te

circunferential direction to the 20 direction of wap around the or each

adj acent fothertahe whtlcatcmateaddyi apaeetiepbsitianapaapdumadléayh of the

of :esilient elongate reinforcing elements and where the
flexible tube is made of a résilient metal or metal
10 alloy, preferably the resilient set is-éffected in the
flexible tube by éausing the tube, with the optical
-fibre 6r fibres loosely housed iﬁ.the bore thereof, to
travellin the direction of its length, partially’
wrapping the advancing tube around each of a pluraliﬁy
15 of transversely spaced, longitudinally staggered formers
of subsfantially circular or partially circular
cross-section travelling in the same direction as the
- advancing tube, the direction of wrap around one former
being in the opposite circumferential direction to the
20 direction bf wrap around the or each édjacent former and
the cifcumferential extent of wrap around each of the
formers being such that the tube undulates in the
direction of its length, and withdrawing the tube from
the former; resiliently set in a smoothly curved

25 undulating form.

'
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formers being such that the tube undulates in the direction of its length
and wi t hdrrawing the tube fromthe forners resiliently set in a snmoothly éﬁ?
curved 25 undul ating form The invention also includes an optical cable-
conprising at |east one optical fibre elemgnt |oosely housed in a bore
ertendlng | engt hwi se gdthin the cable, wherein the or each optical fibre

el enment is an inproved 5 optical .fibr ene t .as here| f r cri bed.
Preferably, only one |ﬁﬁFo&€Je8ﬁﬁP€aF§FPbﬁ§ 98%Ent |soﬁggsglsa%§%éed in

the bore_of the cable f | |
pl asgideemat eri al ﬁgylﬁﬁiﬁégsel %%gggeé%aOPQqQag %Q%Brl%g%m%4%uQ%dg%1Y

: t I % oy I nits bore at | east one
| mprove op I ca | %dei% Nty 3% QQlegq%f n& %qugeQigﬁhQ teiRe Jday have
enbedded in its wall - Iurpal ° of rmtnua 83 sggged ssepar ate el ongate d

reinforcing Werfbem-er/é%t hove p,rrefearcrne@ dftQraB107e 10t GaAlemGaty @ swhirch gy viER
i nclude an inproved optical fibre elenent as hereinbefore described

conprises two G @Rt clahalrt ilhe QRaeite adsubes edfnyeifaste ce sratidredal
assenbl ed together, in the bore of at |least one of which is |oosely housed
at |least one inproved eptdfealadiliynr @ ndlyemere Ll r20r eve rog triteeflorfd thess @l et t
and an outer sheath of plastics material surrounding the assenbl ed tubes.
Since, in its prefier riadsfedrymhotuse df [iaxitiiee toytse off the cable.

A preferred optical cable comprises a tube of
; _ plastics material having loosely housed in 1its bore at
| 10 least one improved'optical fibre element as-hereinbefére
descr;bed. The tube may have embedded in its wall a
plurality'of mutualiy spaced separate elongate
'reinforcing members. |
Another preferred form of optic;l cable which may
15 1include an improved optical fibre element as
hereinbefore described comprisés two or more than two
separate ﬁubeé of plastics material assembled together,
in the bore of at least one of which is loosely houséd
— at least one improved optical fibre element as
20 hereinbefofe described, énd an outer sheath of plastics
material surrounding the assembled.tubeé.

Since, in its preferred form, the flexible tube.of
the Lmﬁroved optical fibre elemenﬁ can be substantially
filled throughout its length with a water—impermeable

25 medium of a grease like ﬁature, when the improved

optical fibre element 1s loosely housed in a bore in an



the.inproved optical fibre elenment can be substantlally firll ed throughout

i ength with a water-inpernmeable 25 nmedi umof a grease |ike nat ure, when
t ‘E# nproved optical fibre elenment is |oosely housed in a bore in an -
optical cable, there is no necessity to fikl that part of the bore of the
optical cable not occupied by the - inprove.d optical fibre elenent or

el ements with a,yefeiri opgisrabhe-onierhél nobedsgtpass Fike PALEIGaryAS 5 a
result, not only is there a saving in greasy water-inperneable medi um but

there is provided eweessré osr esk@pepof chydegees MbtchcBughbqobheensse have
afdel eterious effect on the optical fibre or fibres. The invention i

further illustraimeobydacd6icapstibpéi ehem byt way eienxanple;tafathree
preferred fornms of inproved optical fibre elenent, the preferred nmethod of
manuf act ure of watémpinvetmepbleahatenial ebtnengreand dikenmapueterreéd form
of optical cable incorporating an inproved optical fibre elenent, with
reference t o the N%subkcorpanyihy 4 aWhfQs, ai Aafhnghin grgase 1 is an

i sonetric diagranmatic view, drawn on an enlarged scale, of the first
preferred optld%ﬂt?’b¥%9%ﬁ%ﬁ%%¥e ¢?%h¥% QUFstﬁﬁrFsbﬁePFP&iGFﬁgFSﬁﬁﬁ?lc

view, drawn 20 _on an enl ar cale, of the second greferred f or m of

optical fibre e ¥nettc2Rs gl hgig%gaﬂ YRLARL PHEDHI AFPERWEER ROV EBWA drawn

deleterious effect on the optical fibre or fibres,
The inventidn is further illustrated by a .;;
10 description, by way of example, of three preferred forms'
of improved optical fibre element, the preferred'methcd
of manufacture of an improved optical fibre element, and
of one preferred-form of optical c;ble 1néorporating an
improved optical fibre element, with reference to the
15 accompanying drawings, in which:=
Figure 1 is an isometric diagrammatic view, dréwn
on an enl#rged scale, of the first preferred optical
fibre element;.
Figure 2 is an isometfic diagrammatic view, drawn &_}
20 on an enlarged scalet of,the second preferred form of
optical fibre element;
Figure 3.is an isometric diagrammatic view, drawn
on an enlarged scale, of the third preferred form of
optical fibre element; | |
25 Figure 4 is a schematic representation of the
preferred method of manufactﬁring the optical fibre

element shown in Figure 2;
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on an enlarged scale, of the third preferred formof optical fibre el ementzs
25 . Figure 4 is a schematic representation of the preferred nethod gé»
manuf acturing the optical fibre elenent shown in Figure 2; 9. Figure 5
Is a transverse cross-sectional view of a preferred optical cable

i ncof porating an optiCaI fibre el ement as shown in Fi gure 3, and Figure 6
Is a sectional side VI o tical: 5 cable taken on tge | i ne VI -

Figure 5. Referring to %‘]{rreerf He tfrarréstv?)"rse? eFTE THT M n%]ptY’c%‘f ‘?4 b?e

el enment: 1 conpri se al OVEL 2
di an€t@of 250 a V\:hl ch 1S %aglose olu%%da&&aoéjf% 'gl et %Ql 71 '%
ori entated pol yet le,g,[gentt el LY at.e, Fi’fﬂr‘:@ jubg,is of substantially

constant circular cross-section roughout 1ts Iength and has a radial wall

thi ckness of 0.4mm and m;urrttemaé digdef Lin Of i M1 &ACky ofnd m%p@péépal
fibres 4 may have a coating of- a colour different from15 that of a

coating on eacls ofcddlee afdwedn o itapd fide esi-viheid Iexdgdde gube 7 is
resiliently set-in such a formthat the central |ongitudinal axis of the
tube, and hence the tulfsfdrotimgst @ Riagur ©f1l, stroot i rys tc upvete nmeki | &4 ronst 8
whi ch have radii of curvature of 20 approxi mately 60mm and whose axes of
curvature lie optical fibre element 1 comprises a single optical fibre
4 each of which has an overall diameter of 250 um and
which is looseiy housed in a flexible tube T of
10 orientated polyéthylene teraphthalate, which tube is of
| substantially constant circular cfossﬁsection throughout
its iength and has a radial wali tnickness of 0.4mm and
an internal diéheter of 1.8mm. Each of the optical
fibrés 4 may have a coating §f a colour different from
15 that of a cdating on each of the other optical fibres,
The flexible tube 7 is resiliéntly'set_iﬁ such a form
that the centrai longitudinal akis of the tube, and
hence thé'tube, follows a path of,smoothly'cﬁrved
undulations 8 which have radii of curvature of
20 approximately 60mm and whose axes of curvature lie
parallel to one another and substanti#lly normal to the
longitudinal axis of the tube. |
| .The second prefeéred form_df optical fibre element
.Il shown in Figure 2 comprises an Sptical fibre ribbon

25 structure 12 comprising eight optical fibres 14 side by

side and embedded in an'elongate body 16 of silicone



parf |l el to one another and substantially normal to the |ongitudinal axis

offeS qe tube. The second preferred formof optical fibre el enent 11 shown in
Fi's :e 2 conprises an optical fibre ribbon 25 structure 12 conpri sing .
ei ght optical fibres 14 side by side and kfbedded in an elongate body 16 of

silicone 10. acrylate. Each of the optical fibres 14 has an overal I
di aneter of 250R¢M¥l¥eth o$a?%e°6p§ﬂ%a?PF+ﬁ?bsflﬂrﬁﬁylHaVésaaéoafPhaléf a
colour different fromthat of a coatlng%on each of the other optjca

fhbres The 5 GH3Te%Er 1obred124ts | B3 IthBG§eﬂ°Fh°?heFBB?%sof4 “FVeX|bIe
t Gbe 17 which d f d | yeth ht h d whis€h

hasea tranESergiﬁn?b%sg%%§{+§2t€}eaﬁgg?% %¥éggg?ﬁ1hge?%ggbﬁéeﬁgrﬁr

paral | el sides %ﬁgqggﬁbgnegggh % ?Qéo {g@;eg ?alsFFB¥%grcuk§£ shape.

The flexible tu as a subs ralTy cons | Ckness of 0.3nmm
an internal @BJ@étiééfsﬂﬁﬁﬁé ﬁé”FQSiQQsQi néﬂﬁéénﬂnaﬂné“B@Feabr”hnor

transverse dinension of 1.0mm the optical fibre .ribbon structure 12 has a

naj or tranSVer5@1&-}5119’1@‘39§b9nl¢fw121gﬂ“l@ntﬁla@e”bf'%r-iéé‘f'&h’@&se di mensi on of
0.3mm . The flexible tube 17 is resiliently set in such a formthat the

central |ongitushngétmxieneftéhephtihel atadahenerithentsbe, tFahkowssa path
of snoothly curved undul ations 18 which have radii of curvature of
cross-sectionuof an elongateiform having two major
parallel sides Joiﬁed by ends of approximaﬁely
10 semi-circular éhape. The flexible-tube 17 has a
substantiaily conétant wall thickness of 0.3mm, an
internal major transverse dimension of 2.5mm and an
internal ﬁinor transverse dimension of l;Omm; the
pptical fibre ribbdn structure 12 has a_major transverse
15 dimension.of 2.2mm and a minor transferse dimension of
o.jmm. The flexible tube iT is resiliently set in such
a form that the central longitudinél axis of the tube,
and hénce the tube, follows a path of smoothl& curved
undulations 18 which have radii of curvature of ' o
20 approximately 60mm and whose axes of ‘curvature lie
sﬁbstantially parallei‘t; the major transverse axes of
the flexible tube.
Referring to Figure 3; the tﬁird preferred form of
optical fibre elémen; 21 comprises an elongéte body 27

25 which 1s made of a thermoplastics material and which has

a transverse cross-section of elongate form having two
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20 approximately 60nm and whose axes of curvature lie substantially -
paral l.el to the major transverse axes of the flexible tube. Referri ng to
~ Firgure 3, the third preferred formof optical fibre el ement 21 conprises @y
el ongate body 27 25 which is made of a therlnopl astics material and which

has a transverse cross-section of elongate form havi ng two maj or
paral l el sides joiffdd® by aTids Gf Sl Heited \P % e3fi dci e (A RAT hidret € Ihhe

el ongat e body 27 has .a nlgj or. transverse di nensi on of 6.0nm and a m nor

AR S BR%Nndi T (T OERRIP e e fmaion he

tran;_ve‘r;e di mensi®Gif ‘of° s f
el ongat®=body 27 i ore 29 which has ransverse cr.oss-section o
simlar shape to ttﬁ‘zft%soferﬁ'?e dbiénaeynsgr?d’, % nbéa‘ & ﬁ%dst%é“&fd'y Wi oG e

sides of the bore Z%.4n1% @ 27, Cpfmﬂ{-.esiEJI)theelthdi(e\TIO%%%\I{'hOYM%heiutZStheL ose%I) off

housed in the bore 29 Is a single optica r as an 10"

diameter of 25@ Umne EAGH GARPHodW 2y 3T IS ifte 1Y %@%@ 4 tth'aatncft\}’bq"se
an y

central |ongitudinal- axis of the el ongate body 27, ence the bo

itself, follows acpashs-afectieel Wry sawiMes WHHAldPRHa38 il have, radi |

of curvature of approximately 60mm and whose axes of 15 curvature lie
parall el to one aratbrerdeaind nt @ heheoun] @n toppuwMers & iape’s «If e wirangst e
body. When the optical fibre elenents 1, 11, 21 shown in Figures 1 to 3 are
-subjected to a tensiel @ fparice,oft resfilldansl edppees Wi rared 2657 aruddsted yelhongaide
body 27 will

in the bore 29 is a single optical fibre 24 which has an

10 overall diameter of 250 um. Each copper wire 25 is set
in such a form that the central longitudinal axis of the
elongate body 27, and hence the body itself, follows a
path of smoothly curved undulations 28 which have radii
of curvature of approximately 60mm and whose axes of

15 curvéture lie parallel-to one another and to the major
transverse axes .of the elongate body;

When the optical fibre elemenﬁs 1, 11, 21 shown in
Figures 1 to 3 are subjected to a tensile force, the
/ flexible tubes 7 and 17 and the elbngate body 27 will

20 straighten in a lengthwise direction against the action
of the resilient set in éhe'tubes or in the copper wires
25 thereby reducing the tensile force thét would |
otherwise be applied to the optical fibres 4 and 24 and
'optical fibre ribbon 1l2. Afﬁer the tensile force is

25 removed, the resilient set in the tubes 7 and 17 and in

the copper wires 25 will cause the optical fibre



20 _.straighten in a |l engthw se direction against the action of the

re ient set in the tubes or in the copper wires 25 thereby reducing the
tensfle force that woul d ot herwi se be app %ed to the optical fibres 4 and
24 and optical fibre ribbon 12. After the Ténsile force is 25 remeved, the

resilient set the tub d 17 n p |1 cause
the opti cal flb? enﬁi eh%ﬁt%gl %qgrﬁ %%bgggﬁrggébﬁgéggggﬁg¥1 ori gi nal

undul ating for red net hod of nanufacturlng t he second
_p?eferred formna 4@5%?%“? ?%ﬁée el ement 11 shown in 5 Figure 2, the —
astics tube 17 wWithythee OppbeatrblibnechdBbon aaRULhUE ar 1Rg] pRsekycEvdsed
.in the bore of the tube is caused to travel in the direction of its |ength
t hrough a heatipgeflevt €€ #0rmhbehopentslt hevoei entated pdl yedhyl éne
teraphthal ate material of the tube and the 10 tube then passes between a
pair of end ®ssFbghts 31, tadvpheshyesnttube UFretthohhefoprivel &fdbrhe tube
each of which belts carries a plurality of transverselx ext endi ng,
| ongi tudi nal |y spated $orwetsrd2l3dflpaselsl hguekdclfaf er BeEeseEt £BA, the
formers on one belt 15 inter-engaging between the fornmers _on the other
belt. The tube qu¢si®aF%PaPFyt9w&bﬁéﬂlaiauﬁﬂeeﬁéﬁeSFiPHe°FnF§P gﬁﬁ&ﬁ?ng

formers 42, the direction of wap around 0 ei he 0 site
Clrcunferentlalthroush a neatlngpdevice 4 whgckngeags Qge or entageg

polyethylene teraphthalate material of the tube and the

10 tube then passes between a palr of'endlees belts 41, o/

advancing in the direction pf travel of the tube, each
of which belts carries a plurality of transversely
extending, lonéitudinally spaced formers 42 of partially
eircular cross-section, the formers on one belt

15 inter-engaginé between the fermers on the other belt.
The tube 17 is partially wrapped around each of the
inter-engaging formefs 42, the direction of.wrap around
one former being in the opposite circumferential
direction to the direction of wrap around each or the

20 adjacent former. The circumferential extent of wrap
around each of the forme;s 42 is such that the tube 17
follows a path of smoothly curved undulations whose axes
of curvature lie parallel to one-another end to the
major transverse axes of the tube. The formers 42 and

25 the tube 17 partially wrapped around the formers are

‘continuously artificially cooled, e.g. by the direction

4



] * >
direction to the direction of wap around each or the 20 adjacent forner
The circunferential extent of wap around each of the fornmers 42 is such "
that the tube 17 follows a path of snoothly curved undul ati ons whose axes™
of curvature lie parallel to one another and._to the major transverse axes
of the tube. The formers 42 and 25 the tube3I7 partially w apped around

the formers are copliQpRualseed il Cidl Iha@dAiedh 1% & JoIUAE YiSElONy

13. of conpressed air, by inmersiod in a cooling bath or by a surrounding

refrigerated encl Qsyl@p 3@ digl r 30 1FERI Y flcABstir@ oY asathelds 41, the
.optiatetibre elenent 11 1s resiliently set in such a formthat it 5

fol-lows a path of wEtihlgy relomv et untdialdsOne WS axer ofp tawalatiunaed ie
paral l el to one another and to the major transverse axes of the tube. The
preferred optical «qaemtshiawis mrefsiigurens Iy aet G rcomuh sed errcaripdsiitte t ube
50 which bounds a bore 51 10 and which conprises a |ongitudinally -
ext endi ng, tramsverddonsf al gad pafersmeayien 152 ourosal |wvigi tafdiasd |wh e érdisng
mar gi nal edges overlap and are secured together by adhesive, a

| ongi tudi nal | y extedndiury,a tiurgnshier AR Y1l pInsstaneyarumt il it cs
15 conposite tape 53 whose | ongitudinally extending margi nal edges overl ap
at a position cirA&fET SMFRAVEF AP Horhthe "Rer | appi ng mar gi nal  edges

of the paper -
_ The preferred optical cable shown in Figures 5 and

\_/ 6 comptises_a composite tube 50 which boundé a bore 51
10 and which comprises a longitudinally extending,
transversely folded paper tape 52 whose longitudinally
extending marginal edges overiap and are secured
together by adhesive, a longitudinally extending,
transversely folded plasties/aluminium/plastics
15 composite tape 53 whose longitudinally extending
marginal edges overlap at a position circumferentially
spaced from the overlapping marginal edges of the paper
tape 52, and an outer extruded sheath 54 of plastics
Kv/ materiél which is bonded to the outer plasties coating
| 20 of the compésite tape 53: Embedded in the plastics
sheéth 54 at circumfefentially spaced positions are
twenty=four bunches 55 of compacted yarns of glass
fibre, each of which has undulations which serve to
imprové the mechanical bonding of the bunch within the

25 sheath aﬁd the flexibility of the cable. Loosely housed

in the bore 51 of the optical cable is .an undulating



tape.52, and an outer extruded sheath 54 of plastics material which is
bo to the outer plastics coating 20 of the conposite tape 53. '
Enbgdded in the plastics sheath 54 at circunferentially spaced positions = -
are twenty-four bunches 55 of conpacted yamns of glass fibre, each of which
has undul ations -which serve to inprove the nechanical bonding of the bunch
within the 25 sheathaandibhe tlemihi| 2ty asf shbencahl eigueesal.y raWs@@rien

the bore 51 of the optical cable is an undul ating 14. optical fibre
el.ement 21 as shéwhagnaFdgamets8r vlieIboretbt kampasditanmtuor 60 &y ahhe
conposite tube 50 has_an- overall dianmeter of 15nm Manufacture of tHgy
optical fibre ePéﬁﬁﬁ%laﬁaaﬁﬁhefaefuiémaf the optical cable of which the
optical fibre elenent is conponent part may be effected as separate
operations, or nanufﬂé?HfécBPPFhefoﬁPFcaPtFFBFeféPéﬁeﬁﬂeaﬁGtoﬁthe opti cal

cabl e may be effechgd Fn tan egh o ﬁ? gg An optical fibre

el ement conpri sfA§“a*PFakFpP Be®REIFPAY §2BOReOF n "R Peht8e re&dradne

optical fibre '?ibre element Is a component part may be effected as
separate operations, or manufacture of the optical fibre

element and of the optical cable may be effected in

tandem.
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| oosel y housed, mhereln the tube is resiliently set in such a formthat the
central Iongltudlnal axi's- of: the tube follows a Iongltudlnally extendi ng -
pat h which, between any two longitudinally spaced positions, is greater Z§9
| ength than the. rectilinear distance between said two positions, the
arrangement being such that, when the resiliestly set tube is subjected to
a longitudinally applied tensile force, the tube will tend to straighten in
a | engthwi se direcghk&iMigai nst the action of its resilient set thereby to
reduce .the tensile force applied to the or each optical fibre and, when the
tensi’| ®force is rémovedn ppbleabelhpre Pé?mﬁntuﬁdeprthénacﬁl6h°6#bi§stube

resilient set towards its orlglnal form 2. An optical fibre el enent
conprising a flexi BRELRELR RAUPng"a"BoPR AR hARER aﬂeléaéicéheféﬁfﬁcéﬁ

fib | | h d the t i ent haform
that the contral | BAGFEUA NAPSARr sHbF~PRG FhBeCRbPI ShorAe BELAnBYSRBE: hiy.

curved undulatlons W@F ? ?§ﬁ§ PLaGPF tgrﬁtLEf Egég%kud%t%éonghgno}hgr and
o]

* substantially norna ongi i nal’ "aXi s~ o

arrangerent. bei ng gygh that oydnen, bhgs bOdyhati paekl exhbhe Lube |hssybi ected

to a longitudinally applied tensi orce
* 16. between any two longitudinally spaced positions, is

_greater in length than the rectilinear distance between
(N . .said two pbsitions; the arrangement being such that,
when the resiliently set tube is subjected to a.
longitudinally applied tensile force, the tube will tend
to straighten in a lengthwise direction against the
actipn of its resilient set thereby to reduce the
ﬁensile force applied to the or each optical fibre and,
when the ténsilg force is removed, the tube will return
under thé action of its resilient set towards its
original form, |
2. . An optical fibre element cbmprising a flexible.tube.
having a bore in which at least one optical fibre is
.loosely housed, wherein the ;ube is resiliently set in
such a form that the central longitudinal axis of the
tube follows a path of smoothly curved undulations whose
éxes of eurvatﬁre lie parallel to one another and
sﬁbstantially normai to the longitudinal axis of the
tube, the arrangement being such that, when Ehe
undulating flexible tube is subjected to a
longrtud;nally applied tensile férce. the tube will

[
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tend to straighten straighten in a |l engthw se direction. against the action
_of;e undul ating resilient set thereby to reduce:the:tensile force appl.ied
t oxJtte or each optical fibre and, when the tensile force is 5 renoved, the -
tud€ will return under the action of its dfdulating resilient set.towards
Ifs original form 3. An optical fibre elenent as clainmed in Claimtk,
wherein the flekfRfletpupbrpsghesn| penekghsen iin guékngthaimet Harerihdon.
central longitudinal axis of the tube 10 follows a substantially helical

pg;h, the lay of8thBShefPRaPPylaRt BAdFRE HALHLPYEA§ rRstAderingetlerr} to
to th al tili ' ft licall t endi t ubéx£4.
A obti cal 11 br BB BREnEOab RRAP nERe; FSBAYLEnE OBF e 18PPE A8 B EREnG Ol al s,

wherein the tubg, g gf, pODy CeyGULAL,GT 05823 EhEORARY1ENF R Y gl Lhi ckness
Bs I a I

of the tube wallT I's s ant y consdtant at al Fansverse crdss-sections

of the tUbe'?Féaf%ﬁgeQPtEﬁgltLBQrQifiepgghrﬂsuﬁhgynggeiQc@?@hnb%’i%g

wherein the tube has a transverse cross-section of an el ongate

form having twoua@i 0kt PAgakbel 18eAESskOi BEdaPYsends oF13PRLOXIFARLE! Y
sem -circul ar shape, the flexible tube being resiliently set in such a form

that the axes of.curnatopeioblt hepsenelbhyncuayedldndehathoosal 1lie
substantially parallel to the major transverse axes of the flexible tube.
wherein the flexible tube 1Is resiliently set in such a
férm thét the centfal longitudinal axis of the tube
10 follows a subétantiélly helical path, the lay of'tne
helically exﬁending path lying in ﬁhe rénge 5° to 15° to
the central.réctilinear axis of thé helically extending
tube.
4, An optical.fibré element as claimed in any one of
15 the_precéding Claims, wherein the tube is of
non-¢ircular c¢ross<“section and the radial thickness of
the tube wall is subst#ntialiy constant at all
transverse cross=sections of the tube. ,
5. An optical fibpe.elemeni as claimed in Claim 2, o/
20 wherein the flekible tube has a transverse 6ross*section
of an.elongate form.havi;g two major parallel sides
joined by ends of'épproximately semi-circular shape, the
flexible tube being resiliently set.in such a form that
the axes of éurvétﬁfe of the smoothly curved uﬁdulations
25 lie substantially parallel to the major transverse axes

~

of the flexible tube.

.



Cl ains, wherein the flexible tube is of a plastics material or materials.

17." 6. An optical:fibre elenent as claimed in any one of the preceding .
7> An optical fibre elenent as clained in daim6, 5 wherein the

flexible tube is nmade of orientated polyethyl ene teraphthal ate. 8. An
optical ‘fibre element as clainmed in Caimé6,lWherein the flexible tube is
made of pol yethersul phone or of polyetherimde. 10 9. An optical fibre

el ement “as clai med®in ARniaPblcher Ebmet pkepeaki 3% ect @bk hatn edBedeiRd Ph
the tube.wall at nutually spaced positions a pluralify of resjlient .
el ongathe<r ei nf or ci M e?’é%%"n‘&’,‘ge%gﬁl Bt - V\Yﬁl%ﬁf\efg ke I‘Lg?ﬂ'%{lﬂ YuRRti8s®to
cause the central Aonﬁ;t Eigalalé igfisroiaﬁggigyge to follow the path of
-required form 10. N %g FRal2¥Thr & ePenBht ateT ai med in any one of

daim 1105, whepein hho{iexdp! g bubeel snlRUCa0 ofal sk | L ENELNB AL OF

_metal alloy. 11. An optica re elenent as claimed in any one of 20 the

preceding Caing, yherein {he PlepBSNOPLbEAL sThhEE LpOsel ¥nboused in the
resiliently set flexible tube is unsupported. 12. "An optical fibre el enment

as clainmed in any goey&tnfl ehéstdripndRalberein two or nore optical fibres |
are 25 conponent parts of at |east one optical fibre ribbon structure
| oosely housed in 8he bbiiecoptithr resrei enéhynsedsfbraibée tnbelaim 6,
wherein the.flexible tube is made of polyethersulphone
\_ ' or of polyetherimide.

10 9. An opticél fibre'element as claimed in Claim 6,
wherein the flexible tube has embedded in the tube wall
at mutually spaced positions a plurality of resilieﬁt
elongate reinforcing elements, each of which is so
resiliently set as t¢o cause the central longitudinal

‘15 axis of the tube fo folIOW'thé path of fequired form.
10. An optical fibre element as claimed in any one of
Claims 1 to 5, wherein the flexible tube is made of a

.reésilient metal or metal alloy.
11. An optical fibre element as claimed in any one of

20 the preceding Claims,.wherein'thé or each optical fibre
ioosely housed in the resiliently set flexible tube is
unsupported.

12, An ﬁptical fibre element as claimed in any one of
- Claims 1 to 10, wherein two or more optical fibres are

.25 component parts of at least one optical fibre ribbon

structure loosely housed in the bore of the resiliently

Set flexible tube.

/
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18. 13. . An optical fibre element as clainmed in Caim12, wherein the or
e ptical fibre ribbon structure conprises two:or nore optical fibres
an ne or nore than one flexible elongate reinforcing elenent arranged 5 ~
side by side with one.another and mholly P partially enbedded in.a

- flexible elongate body of plastics material "or arranged side by side and

secured to one ﬂ?lorAﬁuéﬁgﬁganf@b?heéighgnEa g c%%fmed iRpLﬁg?l E?bre
el enent as clainmed in any one of 10 the prece I ng WNEr ér n

resiliently setwhéexihl enéube éScﬁUb§E@B§lakEMrﬁ'Pk@gthEQPgQQUFe'tS bengt h
W th a water-inperneabl e medium of a grease |ike nature which is of §qgh a

consi stency thatonpeiseseaeh opthenk bbbieadr ribeedr agachnepbi-Cabrbi bre

ri bbon 15 structure is free to nove relative to the tube when the tube is
bent or otherwitkad|exedf148ibha epongatef rbtereretmpt easmehai ERAahge@ ai m
14, wherein the greasy water-inpernmeabl e medi um consists of, or conprises
as a major constiffiehy K skdei¢bhe gee. apothes. and whohdd of eﬁfetalmg a
resilient set in the flexible plastics tube of the optical fibre el enent
claimed in any YPPoMeedfl e & ﬁgeﬁi'?beBel?\hé?EFnb?ﬁé efibelagtinsthe optical
fibre or fibres Iooselg housed in the bore thereof, is caused to travel in

the 25 directi deB¥ 135 Pendfhenénd %H@%nEYnﬁi?ﬁbé“Fssﬁ%&féﬂ hﬂd°F§ t hen
partially wrappegy &t ouide £86M T2 2 PLYT R L W ape.

14, An optical fibre element as claimed in any one of
10 the preceding Claims, whérein‘the resiliently set
flexible tube is substantially filled throughout its
length with a water-impermeable medium of a grease like
nature which is of such a consistency that the or each
optical fibre or the or each optical fibre ribbon
15 structure is free to move relative go the tube when the
tube is bent or otherwise flexed.
15. An optical fib{e element as claimed in Qlaim 1y,
wherein the greasy water=-impermeable medium coﬁsists of,
or comprises é;,a major cons;ituent, silicone gel. \“)
20 16. A method of effecti?g a resilieﬁt set in the
: flexible plastics tube of the optical fibre element
claimed in any'of one of Claims 6 to 8, wherein the
tube, with the optical fibre or fibres loosely housed
in the bore thereof, is caused to travel in the
25 direction of its length; the advang¢ing tube is héated

and is then partially wrapped around each of a plurality

R



19: of transversely spaced, longitudinally staggered fornmers of @
substantially circular or partially circular cross-section travelling im :
the sanme direction as the advancing tube, thg direction of wap around one
former 5 being in the opposite circunferential direction to the direction

of Virap-around thgrok r@AGH 3@jedGe Rl alc@MENn odRd thide nGi1NGUEf Qe rOHmINs
of wap around each of the fornmers being such that the tube undulates in

the direction of iots suesgtahriandy whirlesll arhert Waetiis11G partdualdry wrapped
around, the forners, the tube is cooled or permtted to cool so that it is
resi-liemt|y set iwrrassrseichtlipncomagelunidg din el crame Hirek tiwinhead afhe
effecting a resilient set in the flexible tube-of the optical fibre el enent
clainmed in 15 d aiamvengd nB0 .t ubleer &ie tdie ectlion wift hriape agptunglalo nfe rogr mer
fibres | oosely housed in the bore thereof, is caused to travel in the '
direction of its [b&igEhln fdeadPRRGiitG tcdlfe ymg ef?&t"‘t"'i.iélll )ﬁl\ﬁleé’ﬁﬁé’d‘ droie
each of a plurality of transversely spaced, Ion%itudinaILy st agger ed
formers of 20 sub$t&RETHARY Ofi HEGPaR SMYartti®aloTy &% @R CERds -°8&E&N G d
travelling' in the_sane.direction. as.the advanci ng tube, the directiqn of
wrap around one f5?’??13?’il.‘fé’iur‘{l eirr?"ttﬁgloﬁ §Si \{"e °§ir § eal"@r'i'tni%aleadllhr e°cf|t ic{h’cl)'lrie to
the direction of WoaRALOW] NS Ak ¢3GR AUAGEN, | IR A 130 lbe
circunferential extent of mmaﬁ around each of the
direction of its length;_and, whilst the tube is
W, 10 partially wrapped around the formers, the tube is cooled
6r permitted to cool so that it is resiliently set in a
"smoothly curved unduiating form.
17. A method of effecting a resilient set in the
flexible tube of the optical fibre element c¢laimed in
15 Claim 9 or 10, wherein the tube, with the optiéal fibre
or fibres looseiy housed in the'bore thereof, i3 caused
to travel in the direction of 1its length; the advancing
tube is partially wrapped around each of a plurality of
transversely spaced, longitudinally staggered formers of
20 substantially ecircular or partially circular
cross-seetion travelling in the same direction as the
advancing tube, the direction of wrap around one former
being in the opposite c¢circumferential direction to the
direction of wrap around the or each adjacent former and

25 the circumferential extent of wrap around each of the

formers being such that the tube undulates in the

-_
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for s being such that the tube undulates in the 20. direction of its
| e and the tube is wwthdrawn fromthe forners resiliently set in a-
sno |y curved undul ating form 18. A nethod as clainmed in Caim16 or
17, wherein the 5 advancing tube is causeg to pass between two sets of
transversely extending, longitudinally spaced formers carried on a pair of

advanci ng endl egs.betisn Bheltgrﬂea§tﬁn aRa bgkt tuBkersengaaiapavherwean the
formers on the other belt. 10 19. An optical cable conprising at |east one

optical fibre etggepbrhepsetyshoysndliynsatbane aexhendinag kergelaw se within
.thé cable, wherein the or each optical fibre element is an optical fi%sse

el ement as cl ai ordulatang onemof Claims 1 to 15. 15 20.- An optical cable
conprising a tube of plastics material having | oosely housed in its bore at
| east one opticaB.fi Breethedenas asadmadmia pﬁaényléneroﬂ7elHmﬁﬁelntéhES

21. An optical cable as clained in Caim20, wherein 20 the tube of the
optical cabl 8 hagvapbénde8uph #PSCQaFPdatﬁI@Péﬁl ?tdﬁeﬁuﬁﬁﬁlﬁft§p§€ed
separate elongate reinforcing | e conprising two

or nore than tmb’ééﬁ&?é?élﬂu6é§eBFiﬁﬁasﬂP8§iﬁ&FéPﬁéﬂYa§§éﬁﬁﬁeﬁ°?8§€?her

carried on a pair of advancing endless belts, ;he
formers on one belﬁ inter—engaéiné between the foﬁmers
on the other belﬁ.

10 -19' An optical éable cémprisihg at least one optical
fibre element loosely housed in a bore exﬁeqding
lengthﬁise within the cable, wherein the or each optical
fibre eleﬁent is an oﬁtical fibre_element as claimed in
any one of Claims 1 to 15.

15 20. An optical cable comprising a tube of plastics
material having loosely housed ih its bore at least one
optical -fibre element as élaimed in any ong of Claims 1

to 15,

21, An optical cable as claimed in Claim 20, wherein \&}

20 the tube of the qpﬁical ?able has embedded in its wall a
plurality of mutually Spaced separate elongate
reinforcing members. 
22, An optical cable comprising two or mﬁre than two
separate tubés of plastics material assembled together

25 and, surrounding the assembied tgbes,.an outer sheath of

plastics material, the bore of at least one of the tubes

A
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25 and, surrounding the assenbl ed tubes, an outer sheath of plastics 3532
material, the bore of at |east one of the tubes * C L M S

21. having | oosely housed therein at |east one optical fibre el enent as
claimed in any one of Clainms | to 15. 23.. An optical fibre el enent
substantially as hereinbefore described witBlreference to and as shown in
Figure 1, 2 or 3 of the acconpanying draw ngs. 24. A nethod of
manuf act uri ng an %@Y?%&IlPPbgBYeF%Héﬁﬂ'§DB§?éﬁtF&Ilyaa§ peeePRbéfatefibre

descrikbed with reference to Figure 4 of the acconpanying draw ngs. 1111111
11111T$1111 1111919997%13% cldgped ja angjonegof Claims 1 to 15

23. An optical fibre element substantially as
hereinbefore described witp reference to and as shown in
Figure 1, 2 or 3 bf the accompanying drawings.

24, A method of manufacturing an optical fibre element
substantially as hereinbefore described with reference

to Figure U4 of the accompanying drawings.
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