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AN INPRCMED OPTI CAL FIBRE ELEMENT® 2160678 This invention relates to
optlcal fibre elenents for the transnission of the ultra-violet, visible
ant infra-red tegions of the el ectromagnetic Spectrum mhich regions for

conveni ence, will herein d t J gram'™ Qght "
and especially, but not AN JugHovdls oerPEALTIRIARE W% g"“ﬂﬂrU Bs?egl n

t he communi cations field adapted for transm ssi on of Iight haV|ng a

wavel ength within the range 0.8 to 1.9 nicrometres. It is an

obj ect of the presenmmva@we%#&pfayaéssaeo' w%gu%tw@'eieméﬁts

el enent whi ch, inits preferred form 1Is espeC|a t not exclusively,

sui t abl e e 5L tﬂeaErQBEhﬁgszH”6E(¥h8tH@ErﬁﬂWﬂd¥¥ﬂ(”bﬂﬁfﬁfetgﬁﬁe is a
risk that optical fibres 15 wll be subjected to a tensile force.

Accordi-ng to ffyersD¥eal reliddde d iy edl 88t komhghid¥it &pd@iiuRPRRLEES
tape of plastics material "having transversely spaced on and secured to one

of its surfacgasgpbnsfagbr! Writeifildide | NGLL At Bd rRlidGifdy 2011 cgaduct ors
extending | engthw se of the tape, a second tape of plastics materi al

overlying saandi fereaed La the gerunid Sebimspacgal asid spasidnlied put
el ectric conductors to form between the or each adjacent pair of plastics

i nsul at ed confiet #x61881i0eqRgaitd PPDEaIEAibZe @lémdmsetfdr hosigedni n the
el ongate conpartnent or in at |east one of the elongate conpartnents, at
| east . one the communications fleld adapted for transmission of

'light. having a wavelength within the range 0.8 to 1.9

N~ micrometres. |
10 " It is an object of the present invention to
provide an improved optical fibre element which, in its
preferred form, is especially, but not exclusively,.
' suitable for use in an optical cable or other
application where there is a risk that optical fibres
15 will be subjectedlto a tensile force.

Agcording to the invention, the improved opticél
fibre element'comprises a tape of plastics material
having transve:éely spaced on and secured to one of its
surfaCes at least two plastics insulated electric

20 cdnductbrs extending lengthwise of the tape, a second
tape of plastics material overlying and secured to the
transversely spaced pléstics insulated electric
conductors to form betweén the of-each adjaceqt pair of
plastics'insﬁlated conductors an elongate compartment

25 and, loosely housed in the elongate compartment or in at

least one of the elongate compartments, at least.one

It



2. optical fibre ribbon conprising a plurality of optical Ii@ges arranged

side by side and enbedded in an el ongate body of "pl astics rial, the -

di aneters of the plastics insulated el ecgtic conductors each being

substantially 5 greater than the smaller transverse dimension of the’

optical fibreptiikldn fdrne < hel tramsevenpel sisgaacelheale sy ofi o prdiaalof

-plastics insulated electric conductors being substantially greater than the

‘larger trans¥dbsesdiareragignd ofidheddptidel andbembeidddnini@n elongatkhe

pl astics insul ated conductors .are preferably secured to the surfaces of the

pl astics t ap®9dBy ofuPiee HARINRF VL d» ahhendtrReirEse of afpde ¥l aesFeor

ot her adhesive. Wiere the inproved optical fibre elenent is to be 1§~ used

‘in an opticatreapr&es ediafh” LHtIndNT b hnereht ReLB S| §ukstiaat Laddy opti cal

.fibres will be subjected to a substantjal tensile force, preferably each

el ectric eon8hiégser $hgm aﬁ"reesﬁ“?a}le]n?" Faps ¥eragt L BEPSSQ N Rd/ % ach

pl astics tape is of resilient plastics terial 20 d.each plastics

i nsul at ed regPFiﬁﬁﬁ 3H&ﬁ§jﬁfghﬂéiﬁﬁ%rt%ﬁd 5?"%&8558|ggﬁﬁégcﬁaﬁgaﬁf%&n in

such a form¢gh the optJ cal_ f, - ENE o] p f .snpot hly
tali‘gngaeip e }alast?Jse Pﬁf\?ﬁgéee{:i ék??’gr?c %tol;ld%ctto%%

curved undul whose dxes of curva nsverse to

| ongi t udi nal b@f'h%t qubts*lﬁngz'rigﬁ‘%{? g {6y 8¢ r@ﬁﬁf?”@ﬂ t@grg@%i Qg'.a?ig%rtsheat’ when

t he undul ating opti cal el’enent 1s subjecte t ensi’ force, the
el ement dimension of the optical fibre ribbon. : .
10 The plastices insulated conductors are preferably
secured to the surfaces of the-plqstics tapes by fusion /

bonding or.by an intermediate layer of resin or other
adhesive.
Where the improved optical fibre.element is to be
15 wused in an optiea;-cable or other application-where‘
“there is a risk that optical fibres will be subjected to
a substantial tensile force, preferably each 9lectric
conductor is of a resilient metal or metal alloy and/or
each plastics tape is of a resilient plastices ma;erial
20 and each plastics insulated resilient electric conductor \‘)J
and/or each plastics tape is sgt in such a fprm that the
optical fibre element follows a path of smoothly curved
undulations'whose_axes of cufvatube lie transverse to
the longitudinal axis of the element, the arrangement
25 being such that, whén_the undulating op;ipal fibre.

element is subjected to a tensile force, the_element.

.
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wll tend to straighten in a | engthwi se direction against the action of the
undul ating plastics’insulated resilient electric conductors and/or the
undul ati ng pl astics tapes thereby reducing the tensile force 5.applied to
the optical fibres and, when the tensile force is renoved, the optical
fibre element will return towards its origin undul ating form Preferably,
the axes of curvature of the undulations |ie parallel to one another and 10

bstantial | y norngl, t he, l.ongj.t udi g f Lcal .fib I t.
For optical 11 bres v s et dftefils §i2 588 RRLpETa: agbecR oT™"
f bly th di f t | f l.ati
Coti cal et o of onthe et ENSHEA FERhGIHIGLLOIE plfSeaBd iRt il e

undul ations in thenpERRQWSE %qtémha‘ié&&@é@mta@a%ﬁraﬂbyuﬁgmfa%ﬁgd.by

causing the optical fibre elenment to travel 1n the direction of Its ngt h

and to be partially;weanRad tafdd & RAb P S0 20 P UERE | £¥n 8T 16T 2B5%Er Sely
extending, longitudinally spaced fornmers of substantially circular or

partially circubar appa3eused ittie topueddl oL bred hen&anknehr €EkI @@nag 1lhe
advancing optical fibre elenent and at such a speed that there is

substantially no rebakieva smremBiid 2% Hetowened her pslvenel 8geh or wELS 2Rd urle
optical fibre elenent travelling therebetween, the direction of wap
towards 1its original undulating form,
Préferably. the axes of curvature of the
undulations lie parallel to one another and
10 substantially normal to the longitudihal axis of the
optical fibre element.
For optical fibres having an overall diameter of
250 micrometres, preferably the radius of curvature of
each undulation of the undulating optical fibre element
15 1s not 1less than_ﬁOmm.
The smoothly curved undulations in the'improved
optieél fibre element preferably are formed by causing
the opﬁica; fibre element to travel in the direction of
its length and to be partially wrapped around each of a
20 plurality of transversely extending, longitudinally
spaced formers of substantiallylcircular or partially
'circuiar cfoés-section travelling in the same direction
as the advancing optical fibre element and at such a
speed tha£ there is substantially no relative mo&ement
25 between"the advancing formers and the opticél fibre

element travelling therebetween, the direction of wrap

§



4. around one forner being in the opposite circunferentfal$direction to the ¢

direction of wap around the or each adjacent former and t -
circunferential extent of wap around each of the formers I'ng such that .
each plastics 5 insulated resilient electric conductor is set in such a
formthat the optical fibre element follqgws a path of smpothly curved
undul ati ons whose axes of curvature lie transverse to the |ongitudinal axis

of the el ement, % &fghabky mEPebEriﬁ%s\i?xr ey ﬁﬁﬁw@%ﬂﬁcgﬁfggaﬁggéﬂa' ly

r
spaced fornmers are carried on a pair of advancing endl ess

formers on ong; gkt bAt €5- CREAAILPE RELNEVT tha J UrBid OPhd herOLhehn bl t.
Each of the formers may have a radius of curvature substantially Iesg}#han

the desired ragljagewt £5r&dpvahdr ¢hel car@ummidmiion oftéme spdukapl Ng
optical fibre elenent since, during manufacture of the undul ating opti cal

fibre el ementardired eégerndri sheaftsedera belilngvsuqmithal saewt piyscveyed
undul ati ons whose radii of curvature are substantially | ess -than the 20
desired msi nimswhdted fvesohiynd edegtirdicefcomeniaithr nics pee trafrensudamage i S
caused to the optical fibres which would affect-their |'ight transm ssion
efficiency orfarheithavnyheecopticrdndiforePredfegrenitl foklavwses pamthhefpl astics
i nsulated 25 resilient electric conductors is nechanically forned by
causing the a&fcefhhy oprvedl ungpretdoasemhose wxes of curvature lie

transverse to the longitudinal axis of the element.
Preferably, the transversely extending -
10 longitudinally spaced formers éne carried on a pair of R
advancing endless belts, the formers on one belt
inter-engaging betwWween the formers on the other belt.
Each of the formers may have a radius of
curvature substantiaily less than the desired radius of
15 curvature of each undulation of the undulating optical
fibre element since, during manufacture of the
undulating opgicéllfibré element, the element is caused
to follow a path of smoothly curved undulations whose
radii of curvature are substantially less than'the \.J:
.20 desired minimum value for-only.é very brief period,.no
permanent damage is caused to the optical fibres which
would affect their light trénsmission efficiency or
“their long term strength.
Preferably, the set in the plastics.;nsulated
25 resilient electric conductors is mechanicaily.formed by .

causing the advancing optical fibre element to be
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5. partially wapped around each of a plurality of formers of such dianeter Jl
and so spaced apart-and staggéred in respect to the rectilinear advancing
opfical fibre element that the plastics insulated resilient electric 5
conductors are deformed beyond their elastic limt. Additionally or
alternatively, each of the plastics tapes 4TRY be of polyethyl ene :
teraphthal ate or other resilient plastics material and, in this case, each

resilient tape ”BYFQ?t§‘§.t].1iyn WYY YarHing b dléh p(fwdyleilinoa?iby Bﬁa%bpqlewae |

advanci ng optical fibre el énent 'upstream of the urality of transversely

ext endi ng, "l ongi t ugienglley wRAGRE droldR o SSWaddd % &PCaRk UsCaBbered in
apprOX|an6Iy 1500C and, as t:he optical fibre elenent is passing through

the plurality of 1pebged®rso @0l ir@tithe i amesdvarte Ong bypbl euingiepkd air
on to the fornmers, to such an extent that undul ati ons having the desired

radi us of - curvatur elamensethian tthe rpAsidtiiond irapeba©éd thes el earot e1dberic
invention also includes-an aoptical cable 20 having an outer sheath of :
pl astics materi &l anddhationg, aret elediorgpedromgdroditt hdé br | ehgsbical ibéast one
bore in which Is | oosely housed at | east one inproved optical fibre el enent
as herei nbefore descri bedAdiiig iohmadilly rary ddamhat sveahy e ddck eft hdi ng 25
along the length of the optical cable or it may surround
- plastics tapes may be of polyethylene teraphthalate or
oﬁheb resilient plasties material and, in this case,
each resilient tape may bé set in smoothly curved
10 undulations by heating the advancing optical fibre
element ﬁpstream of the plurality of transversely
extending, longifudinally spaced formers, Say to a
temperatﬁre of appfoximately 156°C and, as'the optical
fibre element is passing through the plurality of
15 formers, cooling the element, e.g. by blowing ¢cold air
on to the formers, to such an extent that undulations
having the desired radius of curvature afe set in the
_reSilient tapes of the element.
The invention also includes an optical cable
20 having an outer shéaﬁh of plastics maﬁerial and having,
extending throughout its length, at least one bore in
which is looseiy houséd at least'one improved optical
fibre element as heréinbefore described.
-The sheath may'bound a single bore extending

25 along the length'of the obtical cable or it may surround

two or more sepérately formed tubes of plastics



two or. nore separately forned tubes of plastics 6. material, the bore of
at | east one of said tubes having | oosely housed 't herei n at ast one

i mproved optical fibre elenent as hereinbefore described. In"all -cases, the ,
or each bore |oosely housing an 5 inproved optical fibre elenment nay be
substantially filled throughout its lengtH*with a greasy water-inperneable

2ol of conot PASBR Shrer 0T CHA T eP Ty TEot SAPERCR LY, SN garossrgta ving™ °°

‘The T nventi on, s fu) erddd USRERLE BY e88RCLRA I Gb ot p o Sxanml e,

o o
of a preferred opti re elenen erencé to the accompa yi g

drawi ng whi che$hOWS o Wk HY ©4U % 9°8; 368k Bre2abERRIYRKSE CF 0SS sect | ongf

view of the optical | enment . erring to the draw ng,

the preferred opticalydidye &8Nt RONBF 8881 bbARE 1bo¥e 1R %tddﬁqmreri al
which has a width of . 6rmand a t hi ckness of 500 m cronetres.an ich has

transverseby $RPE8Y e cPYL SLLUF £6k & O DBReAt Mb§ DY 5ABAL it Nl13st i CS
i nsul ated 20 copper conductors 2 extending | engthw se of the tape and

having an ovepahhed amicaigitdut Mts PesgtAnditapa Frefasy astics material of
the sane width and thickness as tape 1 overlies and is fusion bonded to the
_transversely eaaeedlﬁgnnmezbiemnkdued.cspparaaqaduatem&i&ﬂarda!ﬁme
medium_consiﬁting of; or comprising:as a major
'conStiguent, petroleﬁm jeliy, or with'a siliéone gel.

10 The.invention is further iilustratedlby a | i_)
_description, by way pf example, of a preferred optical
fibre elemgnt wiﬁh reference t6 the accompanying
.drawing which shows, on an enlarged scale, a transverse
eross-ﬁectiohal'vigw of the optical fibre element.

15 Referring to the drawing, the.preferred optical
fibre élement_comprises a tape 1.of piastiés materiél
which has a width of 6mm and a.thickness of 500
gicrometres and which_hés transversely spaced on and
secured to one of its surfaces two plastiés insulated \‘}=

20 copper conductors 2 extending 1engphwise qf the tape and -
having an overall diameter of lmm. A éécond tapé 3 of
plastics material of the same width and ﬁhibkness as
tape 1 oveflies.and ;s fusion bonded to the trans?érsely
spaced p;aétics 1nsqlated copper conductbré 2 to form

25 between the conductors an elongate compartment U,

Loosely housed in the elongate éompartmedt 4 is an



T . . i
25 between the cagnductors an el ongate conpartnent 4. Loosely housed in tﬁh;
el gngate conpartnent 4 is an = optical fibre ribbon 5 conprising a
plarality.of optical fibres 6 arranged side by side and enbedded in an

el ongate body 7 of plastics material. Each plastics insul ated copper
conductor 2 and each tape 1, 3 is. set 5in s@ch_a formthat the optical

fib I t-foll f hi | at i f

curvature Tie 1ot el b vhe PEREPELE: RHRPESsERE! < ma MRANER, e {2
dul at i tical, fil,bre el ' j e o -

ol eront 31 tend {0 CETOheed SRILPLTGRS, SoCEanaRASY S T

action of X he undua s &op $OBHUGE 958 1 8s2Rd v uRIubal | A dPAR S b

i
t hereby reducing the tensile torce applied to the optical fibres 6 a

when t he teDSi|53fﬁHé&ié@e&eﬁyyﬁéb &@Edﬁ@&b?ab-BhGr%a%he@%$%‘M||3rf§¢5éh
towards 15 its original undulating form 8. CLAIMs: 1. An opti cal

fibre el ement GONAM Yulh 2a tE@En Of n@t a6heCEpBRELANLI 21 HPRAV ieN@nlenANPANISALY a

spaced on and secured to one of its surfaces at |east two plastics

insul ated el ectri paxMdUCtsMGo Xl gneurngeicagihnastonb whose axes of

| curvature lie transverse to the'longitudinal axis of the

element. When the undulating optical fibre eiement is
subjected to a tensile force, the element will tend to

~ 10 straighten in a lengthwise directionfagainst the action
of the undulating copper conductor; 2. and undulating
tapes 1, 3 thereby reducing the tensile force applied to
the'qptical fibres 6_and, when the tensile force 1is

removed, the optical fibre element wiil return towards

15 1its original undulating form.



e second tape of plastics material overlying and.ggcured to.the .
Iﬁ m Eﬁd plastics insulated electric conductors -form bet ween
nt pair of plastics insulated conductors an el ongate 1
conpartnent and, | oosely housed in the el ngat e -conpart nent. or in at |east
one of the elongate conpartments, at |east” one optical fibre ribbon

conprising a pl yygbity of optical fibres arranged side by side and enbedded
in an eIongarngng of- plastics material, the diameters of the plastics

insulated elegtric Cﬂﬂdust%ale%qf&rféelmm%m@t@au;sxaiAyngrsaksPht Ban the

smal l er transverse dinension of the optical fibre ribbon and e tran§verse

di stance betvweeds6ped Rater2alPhasitings. ﬂﬂ%ﬁi&@ér@e%} egh&£Ed CORAHRKOT SWPEI Ng
substantially greater than the |arger transverse dinension of the optical

fibre ribbon.séeured 98 opei 02l iftishisuralyentarsi €ast nedoi p1&boiesl,
wherein the plastics insulated conductors are secured to the surfaces of

the plastics trepebabydf eseenriendiongiuckors exyernpingal esgbneiskenpent as
claimed in aim1l, wherein the plastics insulated conductors are secured
to CLAI M5 the ttepeyr basesoold ttlapeplogStoles tiapemdyemhal noeenkgiage | ayer
of resin or other adhesive. 4. An optical fibre elenent as clalned I n
any one of .and secured to the transversely spaced plastics
insulatéd electric conductors to form between the or
each adjacent pair of plastiés insulated conductors an
eiongate compartment and, loosely housed in the _ \\)
.elongate compartment or in at least one of the elongate
compartments, at least one optical fibre ribbon
comprising a plurality of optical fibres arranged side ' -
by side and embedded in an elongate body of plastiecs:
material, the diameters of the plastics insulated
electric conductors each being substantially greater
than the smaller transverse dimension of the optical

fibre ribbon and the transverse distance between saiq

pair of'plastics insulated electric conductors being

e ™

substantially greater than the iarger transverse
dimension of tne optical fibre ribbon.

2. An optical fibre element as claimed in Claim 1,
wherein the piasties insulated conductors are secured to
the surfaces of the plastiés tapes by fusion bonqing.
3.- An optical fibre element as claimed in Claim 1,

wherein the plastics insulated conductors are secured to



t he preceding C aims, wherein each electric conductor is of a resilient
metaal or metal alloy and/or each plastics tape is of aC”mum "
materi al and each plastics insulated resilient -electri Wﬁ ﬂmm
each plastics tape is set in such a formthatqthe optical f% bte 8] ebrem
follows a path of smoothly curved undul ati ons”whose axes of curvature lie
transverse to the ¢hyQngd s fid é’f“%é’%i&?t?b&”@&best B ah' %Q%%’étdﬁec'eng

such that, when the undul ating optical fibre elenent IS subjected

tensile force t hq a8leameyt Midintendot wesSt s@ahghbien.in a Iengthmnse
dlrect|0ﬁgaga|nst the action of the undul ating plastlcs i nsul ated resilient
el ectric conductomns and/ ain tdyes ewhll of bng plaséheSabapesihber aby angdwsid b
the tensile force applied to the optical fibres and, when the tensile force
is renpved, the omMauﬁréddﬂﬁngﬂ&nﬁﬁmsymWhereluraabnma&dstbus eoingiuedtlor 1is
undul ating form 5. An optical fibre elenent as clained in Cdaim4,
wherein the axes of @umestilricernt métealinoit| metahsalieypandl/bel eeaghopdastices
anot her and substantially normal - to the | ongitudinal axis of the optical
fibre elenment. 6. tape AB qft ixalesibient| pheatias nhbtenddli and giaeh4 or 5,
wherein the or each optical fibre has an overall 10 di aneter of 250[err]
and the radius of Pé@®fdtafr & iofulealet it bt poh 8l eeheianaaprduchgrognid/ar
fibre elenment is

each plastics tape is set in such a form that the
optical fibre element follows a path of smoothly curved
undulations whose axes of curvature lie transverse to
the longitudinal axis of the elemeﬁt, the arrangement
being such that, when the undulatihg optiéal fivre
e;ement is subJected to a tensile force, the element
will tend to straighten in a lengthwise direction
against thé aeﬂion of the unduiating plastics insulated
resilient eléctric conductors and/or the undulating
plastiecs ta§e$ fhereby reducing the tensile force
applied to the optical fibres énd, when the tensile

\_ force is removed, the optical fibre element will return

HE

towards 1ts original undulating form;

5. ) An optical fibre element as claimed in Claim y,
wherein the axes of curvature of the undulations lie
parallel to one another and_substantially normal to the
longitudinal axis of thé'opt1cal fibre element.

6. | An 6ptieai fibre eiemenﬁ as claimed in Claim & or .

5, ﬁherein the or each ophical fibre has an overall



+

not l ess than 40mm 7. An optical fibre etement as claiqged in any one .«

' ai ms, wherein each of the plastics tape s of

mﬂmrnﬂﬁmuﬁww hal ate. 8. An optical cable having an outer sheath :
asti c¥ matetial and havi ng, extending t hroughout its length, at |east

one bore in which is | oosely housed at ﬁgﬁt one optical fibre elenent as

claimed in any one of the preceding d ai An optical cable having

an outer shea&iha@?a), agh ?§OF§[ gﬁhakh\gnhgrai%grioﬁur&bore r-é)ro

separately forne ubes o stics materi al eas?hone of

sai d tubes h%méppé&'af heuéeqnan%eliafafopt%%tl qqeorcaotéblaﬁeéé bf grelement

as clainmed in any one of C alns An opti cal e as clai’™&d in

Caim8 or 9,,9dhey&dd ¢ hen Ohogach bore 1 oosel y housing an optical. fibre
el-enment is substantially filled throughout it-s length with a greasy

wat er - i nper negbl e Negh UpOIcait hidrei klearatgels chlais¥u Opiigmy hbrer
el ement substantially as hereinbefore described with reference to and as
shown in theﬁﬁhxnﬂxﬁaun@gdchmlng, wherein each of the plastics

tapes is of polyethylene terephthalate. |

8. An optical cable having an outer sheath of

plastics material and having, extending throughout its-

length, at least.one bore in which is loosely housed at J
'least one optical fibre element as c¢laimed ih.any one of '
the preceding Claims. | |
9. An'opticai oahle'havihg an outer sheath-of
piasties material which surrounds two or more.
seoarately.formed tubes of plastics matehial; the bore
of at least one_of-said tubes having loosely housed
therein at least one optical fibre eélement as claimed in

any one of Claims 1 to 7.

10. An optical cable as claimed in_Claim 8 or 9, wherein'

the or each bore loosely housing an optical.fiore
element is substahtially filled throughout its length
with a gheasy water-impehmeable medium'or with a
silicone ?ei; | | o

'11. An.optical fibre element substantially as
hereinbefore described with reference to and as shown in

the accompanying drawing.




