AﬁJkNPRCMED QPTI CAL FI BRE RI BBON STRUCTURE This invention relates to
optircal fibre ribbon structures for the transm ssion of the Mgp
visible and infra-red regions of the el ectromagnetic spectruzu%al

regions, for convenience, will 5 hereinafter all be included in the gener
terﬁ1"llght"‘and especi ally, but not exclusively, to optical fibre ribbo _

.isﬁct ures for use in gg ; ...Téﬁ%éi?ﬂéﬁl ﬁ.&%@daﬁﬁbﬁ%.rkbewm on -

t having a wavel en
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.The invention is particularly concerned with an optical fibre rlbbon_

structure-of the kind conprising a plurality of optical fibres arranged

si de by side and erbafgigd sy e Shionia) £ 087K oDlopiiand] os BRECELBber | 1 S

an object of the present Invention to provide 1 roved optical fibre

(i bbon st ruct Uiy AlcLhgedf @casante kéf‘éinm?glbﬁ %Sﬂoeai@'aytrhuhaqtet,

excl usively, suit use in an optical cable or other application
where there is ¥diskel Bl QpifrGRlrdd DFE§ivhl! o2 tHiD] @Péééréﬁa@nfe%&% le

force. 20 According to the inventidon, the I nproved optical fibre

ribbon Strlﬂﬂl”ébééw@ﬁm§e&h§dﬁlﬁééiéﬂS?fEGEtb%ﬂvenﬂéﬂ&é§ wigjat Ieast one
fl exi bl e el ongate reinforcing el enent of substantially resilient materi al

arranged 52, ydslel by £ELECaANd BETHRNEIEEdLE 2R hA e PDEYLBEm "light"

and eépecially, but not exclusively, to optical fibre
ribbon structures for use in the communlcatlons field
adapted for transmission of llght having a: wavelength
within the range 0.8 to 1.9 mlcrometres.

10 The invention is pa:ticﬁlarly concerned with an
optical fibre ribbon-structure of the kind comprising a
piurality of optical fibres arranged side by side and

embedded in an elongate body of plastics material. ,
It is an object of the present invention to provide

15 an improved optical fibre ribbon structure of the
aféresaid kind which is especially, but not exclusively,
suitable for use in an optical cable or other
application where there is a risk that optical fibres
will be subjected to.a tensile force.

20 : According to ghe invention, the improved optical

| fibre ribbon structure comprises a plurality of optical

.. fibres and at least one flexible elongate reinforcing

element of substantially resilient material arranged



Y

pl astics material, wherein the or each resilient reinforcing elenent is setJ
in such-a formthat the ribbon structure follows a path of snoothly curved-
~nddl ati ons whose axes of curvature lie transverse to the |ongitudinal
f- the ribbon structure, 4he arrangenent being such that, when the ?

u at i ng ribbon structure is subjected to a tensile force, the 7ibbon )
st’ =6 | {04 Q8 g _ 'Sindhi@ﬂgdﬁbfﬁﬁﬂ siLe1l0 the action of o
t he u%géﬁaﬁy{lgé r'esi??g'n?m?el n ort(.:lil'lyr!lg el enent™ or e engn%g t her eby reduci ng \g’

the t. @égg'g_‘ﬁzrﬁgﬁggie'dmggﬁ ophacal faakiesraddiivhen the tensile force ™

is re e ribbon structure returns towards its original undulating

form é?nfo:cid?g edLembhy, ild1BAXhn OhubH! WAlAE 9 Ofndheryadul ations lie
paralfe to one anot her and substantially normal to the |ongitudinal axis

of thgiBBonC YetidEdrs &_quj.lcsisr UCtpd€h. bige sﬁ&&ﬂﬂ* ngugpliacal . fibre ribbon

structure 20 preferably includes two.or nore than two flexible elongate

reg nf ghauld Ll V8ol axey ¥¥ i ditvativel 19W dPdREvabsdnitlormy spaced
across the width of the ribbon structure. In a preferred enbodlnent{'the

undul ghisNA coRfiitiediha Dr axiisha e Upibpen BYifesutep thexible 25 °
resilient reinforcing elenents between which the separate optical fibres
are aappadgeénfenic byisgdguch thief|whehl ehecurndEldeifgnEebbiciy el enents
structure is subjected to a tensile force, the ribbon . |
structure straightens in a lengthwise direction against
10 the action of thé undulating resilient reinforecing.
element or elemengsjthereby reducing the-ﬁensile'force.
"applied to the-cptical fibres and, when the tensile
.férée is removed, the-fibbon st:uéture-returns towards
"its original undulati#g'forms |
15 | Preferably, the axes of curvature of the. e
.undulations lie~pafailel.to one another and
substantially normal to theflongitudinal“axis of the
optical fibre ribbon structure}
The updulating optical.fibre=ribbon structure
20 preferably includes tﬁc or more than.tWO-flexible
elongate reinforciﬁg~elements of substantially resilient
material uniformly spaced across the width of the ribbon -
‘structure. In a preferred embodiment, the undulatin§ .
optical fibre ribbon structure includes two flexible -
25 .resilient reinforcing elements between which thé :

separate optical fibres are arranged side by side.



Rrgferably of a nmetal or netal alloy, coppgr or stainless steel bei pg
pre

ferred, but where the undul ating optical fibre ribbon structure ' be
used 5 in applicati omheglréxibeepresdldend reiffofeifil &l ahds i\g
destrable, the reinforcing elenents nay be nade of a.non-netallic restlient

material such apredeteidly epf hemephlhratmetdDrabpbi;akdpgE®sohavi ng an
overal | dlaneter of 10 250 m cronetres, preferably the radius of curvature

-qf reach undul at seaiefl édwe smdelabemggomtnsmérfear ebatbivhersd riipd ure i s not
"less. than 40 mllimetres. The undulating optical fibre ribbon structure

preferably is . madudatimny dycieali f§bxreplnibibon ysotutburepdrsates dpei askd
fibres and at |east one flexible elongate reinforcing el enent of
substantial | § réai kpplticetional wherer aihel prdseéncei offl metiade dxy medalin
the directions of their lengths with their axes lying in a substantially
comon plane; applpynd s motededizabiley 2heptetnfotchngs edrehdnt s heay be
advancing resilient reinforcing el enent or elenents an overall coating of a
pl astics mat er i mideo dbrannoptmetatdicoatesd kit ongstdripli caicH ids e array;
feeding the plastics coated reinforced optical fibre array between a pair
of 25 advanci ngpedyeshysianectengphhbadatanci ng taped plastics coated
reinforced optical fibre array to a curing 4.
For optical fibres having an overall diameter of
10 250 micrometres, preferably the radius of curvature of
each undulation of the undulating optical fibre ribbon
structure is not less than 40 miliimetres.
The undulating optical fibre ribbon structure
preferably is manufactured by causing a plurality of
15 separate optical fibres and at least one flexible
.elcngate reinforcing element of substantially feéilient
material to travel substantially side by side in the '
directions of their lengths with their axes lying in a
substantially common plane: applying to the advancing
20 optical fibres and to the advancing resilient
reinforcing element or elements an overall coating of a
plastics material_to form a plaétics'coated'reinforced |
optical fibre array; feeding the plastics coated
reinforced optical fibre array between a pair of
25 advancing tapes; subjecting the advancing taped plastics

" coated reinforced optical fibre array to a curing
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operatioon to cure the plastics material and cause it to bond both to the & -
embg@®sd optical fibres and regilient reinforcing elenent or elenents’ and :
[ to the tapes; peeling the tapes away fromthe reinforced optical
fibrigération o Qe aneiplos€edsonbieatiall i rédo@ strugture; and
befor'e or after the tapes have been peel'ed away, causing the advancing

ri bbeéndt bgehUre ithe anlidddéd | ypvieapedidr@snGricresil feptural ity of .
transversely extending, longitudinally spaced forners of 10 substantiallygéﬁx
Ci r chébhforchagt iedldmernt ronl elements- andt ildghitlayeld i tige i taplg;sane "
direction as the advancing ribbon structureand at. such a speed that there

i s spéeelingi ahey tapese|andw efmom etpat rdnforeedh opiveaki fibfer mrers and the
ri bbon structure travelling 15 therebetween, the direction of wap around
dhe durayrtbefogm @ tednfgreéed copticaif Sidme aiihbarection to the direction
of wap around the or each adjacent fornmer and the circunferential extent

of vewpugruusd andhbefans anrafeerpthegtapes have threnrpeatdresilient
reinforcing 20 elenent -is set in such a formthat the optical fibre ribbon
str RWAY e FRRFIRG FheaAdvEnaiRPt FiHPen: SEFUGTRAEDRR® whose axes of
curvature lie transverse to the Iongitudinal axis of _the ribbon structure.

Pr efRAEHE L LYW WTRPRSS, &TURR S dPRga 2B urddditY ®%hal |y spaced formers

are-carried on_a pair of, advanci ng endl e belts, the formers_on one belt
ot R AR B RASERALAE 1 o ORY L GALRAL LY, RBedsd (formers of

10 substantially circular or partially circular

cross~section travelling in the same direction as.ihe
advancing ribbon structureand at such'afspeed.ﬁhat-there
is substantially no relative movement between the
adwancing formers and the ribbon structure ﬁfavelling'

15 thérebetween,-the=diré¢£ion of wrap arcund one fofmer 
being in the opposite circumferential direction to the
direction of'wrap.arouna ‘the or each &djaceht former and
‘the circumferential extent of wrap around each of the |
forme;s~being such that the or each resilient reinforcing

26 element is set in such a form that the opticai fibre;'
ribbon structure follows a path of smooﬁhly curved H
undulations whose axes of curvature lie transverse to the
longitudinal axis of the ribbon structure. i

Preferably, the transversely extending~

.25 ldngitudihally spaced formers are carried on a pair of

advancing ehdless belts,.the formers 6n one belt

inter-engaging between the formers on the other belt.



_1§¥iod, no permanent

. ,Each of the fornmers will have a radius of curvature substantially |es
than the desired radius of curvature og:each undul ati on of the undul
optical fibre ribbon structure but sinte, during manufacture of the 3 1)
undal ating opti cal fihr i,.hho r t i Qban <st.Lucture j aused
tosfoll ow a-<path oFgggogthIt?gC{}rd\%&déﬁén&ﬂfﬁi%%s’g\/\,goggd?'ggi |% ofc(?lczlty}vta uére
are substanti gl b¥+La$SatiRan 1t d8Ssid e, & & a - f.Qr I ) bri ef

! _ _ _ _ggr]fagne J'!ers.;e!?'caus_ed_ t oéQﬂéeg%g%aliggFaiggf P%pgsﬁr%ﬁﬂg%ul d
affect their bkgbhchl aRavistiidh & HENEYaRlatRET obRRGah CleTisitd engt h.
Where the or each resilient reinforcing elenent i§ of copper or other netal
or netal alloyivpoff ekzblorurite Ma! dihdde desihheRbnheabkare F &rent is
mechani cal ly 15 forned by causing the advancing optical fibre ribbon
structure 50 brdpaatiag ypviamleEibre neisiven stracphpeal the ofivberners of
.such dianeter- and so spaced apart and staggered with respect to the :

-rectilinear astsuctutkeisdcansied) o tmllewracpath tfasmbbehlgsidurardd

reinforcing 20 elenent is deforned beyond its elastic limt. Were the or
each resiliemsndelatdoosnyhosenwadiiis of @urvatuyeecaret eubsitamaliald yor
other non-netallic resilient material, preferably the set in the resilient
rei nforcing elesenthap ther deisiyed mimitgm heatuagfoneondyancivegymdicsf 25
fibre ribbon structure upstreamof the plurality of transversely extending,

-1 ongi t udi nal | pespedednpopemanent damage is caused to the optical

10 fibres which would affect their light transmission
efficiency or their long term strength.

Where the or each resilient reinforcing element is
of copper or other metal or metal alldy; preferably the
set in the resilieht reinforcing element is mechanically

15 formed by causing the édvancing optical fibre ribbon

structuré to be partially wrapped éround each of a

plurality of formers of.such'diaméter.and.so spaced apar£
and staggered with respect to the rectilinear axis of'the
advancing ribbon structure that the resilient reinforcing

20 element is deformed beyond its elastic limit. Where the

| or each resilient reinforcing element is of polYethylene
‘terephthalate or other non-metallic reéilient'material,'
preferably the set in the'resilieht-feinforcing element
is thermally formed by heating'the advancing optical

25 fibre ribbon structure upstream of the plurality of

transversely extending, longitudinally spaced formers,
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6. say to a tenperature of approximately [err], and, as the optical fibresw

ri bbop.structure is passing through the plurality of fornmers, coolingithe =

ri bbg ~{ructure, e.g. by blowing cold air on to the forners, to such an

3y that undul ati ons.ha®rng the desired radius of curvature are set’

\ esilient reinforcing el ement of the rjbpon structure. The’invention
ROl Es LAMRARILUN @ c3b| APRECKAFALS IUtI0 SFeaPQof 28| 588 cs naterial

and havi ng, 1Q_-extendi ng throughout .its |ength, .at |east. one bore in whi Chyy.

i s | BB&&FRIN eﬁ{b _tsBﬁBQ%HﬁFb&Edﬁﬁiﬁ - $REPRIR| BBSn structure as

her ei nbef qr.e _described. The sheath baund a singl e bore extendi ng al ong

the PERERILSH (He STTRET: CGEPELBE Moy TRT GUFAITHRR S5 68 - mor e |

Ly f.or med tubes_of ' jal,.th i at | of
o) PPuBb AR P i ey R oEckhen PR (e FudSrprBoRE opti cal

~

ot oEF 5 HAP AT ESAT, g oSoar S of P RmBAEEL wort &y
be sybg! gak! 3l %ﬂé |46tk 1160 0BRYR ok bt Wilbaildd! SeSthboone gel or with a

greasy wat er -1 npernmeabl e nedi um- such as "a wat er-1 nper neabl'e nmedi um-

cons%ibbgg Qe rudeZYPri sing as a major constituent petroleumjelly, or 25
a silicone grease, the silicone gel or the greasy water-inperneabl e nmedi um

bei ng of Qﬁ%hﬁ%ﬂéﬂ%ﬂ&ﬁQﬂP&otbﬁ&ludes-an_optica; cable having

an outer sheath of plastics material and having,

10 extending throughout its length, at least one bore in

which is loosely housed at least one imp:bvgd optical

fibre ribb§n_stru¢turg as.héreinbefote described.

., The shgath may bound a single boré gxtending_albng'_
the length of the optiéal.cable-o: it may surround two

15 or more separateiy fo:@ed tubes of plastic$ material, the
bore of at least one éfjéaid_tubes“having lbosely housed
therein at least one improved optical fibre ribbon
structure as hereinbefqre described.

In a11 caéés, the or each bore loosely housing an

20 undulating opticai-fibre ribbon structure.may_be
subétantially filied throughéut_its length with a
silicone gel or with a greasy water-impermeable medium,
such as a watgr—impérmeable.ﬁedium consisting of, or
comprising as a major éonstitggnt petroleum jelly;'or_

25 a silicone grease;.the silicohe.gel or the greasy.
water-impérmeable medium being of such a consistency that
the or each undulating optical fibre ribbon structure is
free to move relative to the wall of the Eore in which it
is loosely house&.

The invention is further illustrated by a

description, by way of éxample. of the preferred



th_ or each undul ating optical fibre ribbon structure is free to nove

ré&l.ative to the wall of the bore i.n. which 7t is |oosely housed. The <fZi§
invention is further illustrated by a description, by way of exanple

the'preferred upnBuldEihgt bplierlll Glbrd brfbhohber riduitid!rend@ndekt ethod
metthod of manufacture and of one preferred formof optical cable

i ncorporating apfunitdtaceuept ead Ji We rpbesarredauEctng é’f'dopticgﬁt kable
qL,nanufacture with reference to 5 the acconpanying draw ngs, in which:-

Figure 1 is an iigeerpgdratingr aimunduldting dopelcal Fiuwd afUssoncal e, of
the preferred undul ating optical fibre ribbon structure; Figure 2 is a

schemati c repr esthiit e Odndhe t30 metticd refl tehhddcauzgnubioth uteferehee to
undul ating optical fibre ribbon structure shown in Figure 1; Figure 3 is a
transverse cB0s:mecdaompanytwgodrawirefses red whtichal- cabl e i ncor porating
the preferred undul ating optical fibre ribbon structure shown in 15 Figure

1, Figure 4 is a semixgu&esldésvauNuﬁoméﬁrnwtdtagrammdﬁidEﬁ%@wpndrHWn on
line IV - IVin Figure 3, and, Figure 5 is a schematic representation of
the preferred mmﬂu:hkﬁrgeduéaaﬂenlmﬁtﬁhﬁppeéﬁerrédopmdnﬂaﬁihgabptlshﬂwn

in Figures 3 and 4.
fibre ribbon structure:
Figure 2 is . a schematic'representatidn.of the
10 preferred method of manufacturing the undulating optical
£ibre ribbon structure shown in Figure 1: |
"Figure 3 is a transverse cross-secticual'viaw of a
preferred optical cable incorporating thelpraferred.
undulating optical.fibra'ribbon structure shown in
15 Figure 1;. |
-Figure 4 is a secticnallside Vieu of the 6ptical:
cable'taken‘gu the line IV - IV in Pigure 3, and,
| Figure 5 is a schematic representation of the
. preferred method of manufacturing the preferred optical
20 cable shown in Eigures 3 and 4. |
Referring to Figure 1, the preferred undulating
optical f£ibre ribbon structure 11 comprzses eight optical
- £ibres 1 and two resilient copper wires 2 arranged side by
side and embedded ln-an-elongate body 3 of silicone
2§_ acrylate; the eight optical fibres-being arranged betwaen"

‘the two copper wires. BEach of the optical fibres 1 has an



Referring to Figure 1, the preferred undul ati ng optical fibre ribbon Nt
structure 11 conprises eight optical fibres 1 and two resilient coppet
w rBsp2 arranged side by side and enbedded in an el ongate body 3 of .

i ohe 25 acrylate, the eight optical fibres being arranged between the
pper wires. Each of the optical fibres 1 has an overal I di anmeter”
of Oum Each of the copper &res 2 has a dianeter of  200umand is - D
coated with a |ayer of heat curable plastics material which inproves L
adhesicsrenssk hedhampsezo e r2SPwm. andache of dheit ecPPPRL3 WE-2#sS s2| i cone . 5 '
acryl ate and_whi ch does not absorb an undesirable anount of infra-red '

radi ahiagh andbametes O AQ0umrIndt dsorcaaked | witht 8 Bayen LLuredthy
ultra-violet radiation. The plastics_coating on each copper wire 2 may be
‘col ouicaratle sl astics manerirhgvhiachojmmedves hadhesiies) hatvweenre. 10
- Each of the optical fibres 1 may_have a coating of a colour different from .
that &hen RRPPRgWAR2AAE Ghe nelongateRads 313 pPéssilisaneopper wire 2
is set in such a formthat_the ribbon structure follows a path of snoothly
cuPve@CFYhALER | 3RS Whiiehe 1QRR. PRJRPSER R ARy MiRMesSsFabie ARGWRE mately
40mm and whose axes of_ .curvature lie parallel to one another_and

subst 2% i%é){ﬁ'n’éﬁﬁaﬁél@ﬁé%@?ﬁdﬁ&l silicqne | AeTBpRE@CT (HHe i bbon
structyre. Wien -t he yndul ati ri bbon structure 1],is,subjected to a

ens: SIHSARS BRAY, LB0GVERY Y LRLEERr TGN FAdL A8 5o

di recti.on agai nst the action q; t he unduLatng

: Plastics coating on each copper wire 2 may be coloured to

assist in identifying the 6ptical fibre ribbon structure.
10 _Each of the optical fib;es 1 may have a coating:cf_a.
colour-different f:dm‘that.of a.coating cn each of’the.
other optical fibres. Each copper wire 2 is set in such a
form that the ribbon structure-folicws a path of smoothly
curved undulations_4.which have radii cf.curvature of
15..app:oximately 40mm and‘wﬁose-aieQ of curvature lie -
parallel to one_another and substantially ngrmal:to the
longitu¢inal axis of thé_optical fibre ribbon structure.
When the undulating ribbon structure ll is subjected to a
ténsile'force,_the ribbonfstruéture straightens in a
20 1lengthwise direction,against-the action of the undulating
resilient copper wires.z:thereby reducing the tensiie
force that would otherwise be applied to the optical
fibres 1. After—:heftéhsilegfo:ce is removed, the.
. resilient copper wires 2 cause the ribboﬁ-structure to

25+ return towards its original undulating form.



resisl i ent copper wires.2 thereby reducing the tensile force that woul d

ot herwi s¢ be applied to the optical fibres 1. After the tensile force is.
renoved, the resilient copper wires 2 cause the ribbon structure to 25z—x'
return towards it's original undul ating for@- In the preferred rret!
mantf acturing the preferred undul ating optical fibre ribbon structurle_as
shown in Figure 2, ei §ht theparatenped capthosy @f manpiachuving &reut er
cagting of an acrylate, and two copper 5 wires 2, each having an outer
coating of a headdrefesprd wnaltlaslngt @Praralafdhres seibbent paraictiuns as
supply spools (not shown) substantially side by side in the directions of
their | engths wishPWRelp Iiahng g ehdhts§ePeFRtalIgttertnAiipras landeach
with the optical fibres arranged between 1Q the two copper wires through a
bath 12 where aM®YERE ARc ORGSR GRRBINGNCECAR AT Y L2 %9pl fRE ¥ |ROPPET
advancing optical, fibres and_copper wires to forman, acrylate- coated
reinforced opti CEFefphle 2ACH NAViNG ARt PEEMTOFCRATL DR B 12 Beps cupable
tapes 15 of oriented polyethylene 15 terephthalate bein gramn from su
spool s 16 are f REAHFERSt FEteTWA Lt 2EBaCRESES HHITRIVSht FEIM ﬁ%%r?&}gls

14 between a paif of pinch.rolls 17 which urge the t S [nto _contact wth
t he opposite najé?°?agégw39tﬁﬂ?%ﬁﬁ%*%?%;goé QGIQ¥r§§§%eHnOEPFC Oerens

array. ane 20 SaLIg Lok el Ao oated i et 0Ll GRS a1y
éommon plane and with the optical fibres'arranged between
10 . the two copper wires through a bath 12 where an overall
| coating l3-of an acrylate is applied to the advancing
.optiéal_fibres and copper wires to form an acrylate-.
coated reinforced optical fibre array l4. Downstream of
the bath 12, a pair of tapes 15 of oriented polyethy{gne
‘15 terephthalate being drawn from supply spools 16 are fed,
wiﬁh the acrylate-coated reinforced_optical fibre arr%y 14
" between a-pair of pinch rolls 17 which urge_the tapes into
contact with the opposite major faces of the
acrylate-coated reinforced optical fibre array. The
20 advancingftaped acrylate coated reinforced optical fibfe_
array 18 then passes through an oven 19 where the acrylate .
in which the optical,fibres are embedded is cured by
ultra-violet radiation to cause the acrylate to bond both
to the embedded acrylate-coated optical fibres 1 and
25 plastics-~coated copper wifes 2 and lightly to the tapes

15. Downstream of the oven 19, the tapes 15 are peeled



i'n which the optical fibres are enbedded is cured by ultra-violet, radiati oy
to cause the ‘acrylate to bond both to the enbedded acryl ate-coated optical:
fibriegsh1l and 25 pl astics-coated copper wires 2 and lightly to the tapes 15.
Down&¥} eam of t he oven 19, thelapes 15 are peel ed 10. away fromthe °
optical . fibre array on.to take-up spools 20 to forman optical fibre ribboh
st r uctaw®y 1l fromh el \aprei cglofiibral Arday onbhon takeseiprepddlsh@® passes
between a pair of endless belts 21, advancing in the 5 direction of travel \J .
of thecopforml ah lmpricdbofibreuctiobnn esciucturie Al belThecarries a i
plurality of transversely extending, longitudinally spaced forners 22 of

parti cddvancing aptirasl:- fibreoritton fstrecture dde tisdt passesengagi ng
between the formers on the other belt. The 10 optical fibre ribbon

st ructhetweeni 8 padid f yendigssd heldimdRbacadvRnciang irrtkagagi ng forners
22, the direction of-wap around one fornmer being in the opposite

ci rcurdisrention of &xnaveltoft kbediortic¢adh §ibmeagidbamdstovaturanhe

adj acent fornmer. The circunferential extent_ 15 of wap around each of the

f or nereachk o€ which heltscaarsiels entPkeppditi of raanseersalyuch-a form
that, on energing fromthe endless belts 21, the optical fibre_ ribbon

st r uctemeendingus longitndinaldyt sppqed fornegs 22 @f pavtdadlys of

curvature lie parallel to one 20 anot her and substantially normal to the
| ongi t¢iFealay cross-section, the formers on one belt o

- inter-engaging between the formers on the other belt. The.
10 ocptical fibre ribbon structure 11 is partially wrapped
around each of the inter-engaging formers 22, the
direction of wrap around one former being in the opposite
circumferentiél-direction-to the direction of wrap around
éach or ;he ad jacent former. The cir;umferential extent
15 of wrap around each of the formers 22 is such that each
resilient copper Qiré‘2 is set in such a form that, én
. emerging from the endless belts 21, thé optical fibre.
ribbon structure follows a path of smoothly curved
undulations whose axes of curvature lie parallel to one
20 another and substantially normal to the longitudinally
. axis of the opticai-fibre ribbon structure. The
undulating cptiCal-fibre ribboﬁ'étructure_has-an overall
' width of 2.5mm and an overall thickness of 0.3mm.
The preferred optical’cabie shown in Figures 3 and 4

25 comprisés a composite tube 30 which bounds a bore-31'aﬁd



axis of the optical fibre ribbon structure. The undul ating optical fibre-
.ribbon strueture has an overall width of 2.5mm and ‘an overall thickness 5%
0.3mm The preferred optical cable shoyq.in Figures 3 and 4 25 conpri @
conposite tube 30 which bounds a bore 31 and whi ch conprises a

| ongi t udi nal I'y, gxher H$¥i§é§ﬂ§Vféégk¥uﬁ&H@¥i§ngE%eﬁ&Pﬁg§2€y¥§§%ersel¥

| ongi tudi nal |l y extendi ng margi na ges overlap and are Secured togethe

adbesive, a | pagibudicadldy %@nﬁjﬁUGhoE'éaﬁSf?isﬁldiﬁQiQ?de§t_ending
plastics/al um nium pfastics conposite tape 33 whose |ongitudinally
ext endi ng narghpak n8dIRA L dREr BhpaaR@sSiarid s ddifed’ €hgathald pyspaced
fromthe overlappi ng narginal edges of the paper tape 32, and an outer -
ext ruded 5heaé&h@éi‘)%.p|aaSJIdrf§iﬂ§<§£ﬁh£b.§‘Mélx@bmﬁx’i@ﬁd@ﬂahgvbhﬁelL_Q( Of Eded
plastics coating of the conposite tape 33. Enbedded in the plastics.sheath
34 at ciraounfergstialkl/ s lumicerisl dkeiiesaiconpissi Ve f fapebBaChepsdd of
conpacted yarns of glass fibre, each of which has undul ati ons that serve to
i nprove the neshghtaainalnd: nexvéndbaghmaciyividlhi sages dveshant rtard the
flexibility of the cable. Loosely housed in the bore 31 of the optical -
cabl e is an updgiaibong ciidumfefebtialilbbepadedicfrom thesbowr laprHimyre 1.
The bore 31 has a dianeter of 8 5mm the conposite tube 30 has an overall .
di ameter of lbhargiA@l edges\vfiithebpapeen tapd 32f candcant outieyuresst Puded
5, manufacture of the undulating optical fibre ribbon : o

. sheath 34 of plastics material which is bonded to the

by

10 outer piéstics coating of the composite tape 33. Embedded
in the plastics sheath 34 at circumferentially spaced
positions are twenty fou; bunches 35 of compacted;yarnQ of

- glass fibre, each of which has undulations that serve to
improve the mechanical bonding of the bunch withih the-

15 sheath and the flexibility of the cable. Loosely housed
in the bore 31 of the optical cable is an undulating ,
optical fibre ribbon structure as shown in Figure 1. The
bore 31 has a diameter of 8.5mm: the cbmposi;e tube 30 has .
an overall diametef of 1S5mm.

20 As will be seen with reference to Fiéures_z aﬁd S,
manufacture of the undulating optical fibre ribbon
structure 11 shown in Figure 1 and of the optical cable
shown in Fiéures 3 and 4 is effected in tandem. The
undulating optical fibrg ribbon structure 1l is

25 manufactured as described with reference to figure 2 and,

on emerging from the endless belts 21, the undulating



structure 11 shown in Figure 1 and of the optical. cable shown in.Figures 3w
and 4 'is effected in tandem The undul ating optical fibre ribbon structure

11/ js 125 manufactured as described with reference to Figure 2 and, on
e#éﬁgang fromthe endl ess belts 21, the undul ating 12. optical f|bre

ri structure passes through bﬁdeV|ce 24 by neans of .which thé paper

tape 32 is longitudinally applied to and transversely fol ded around the .
advarsptipcald fidre gripbonals tiiuceurabpassis uchooughn sutévicead that -
"~ longitudinally extending margi nal edge portions of the paper tape overlap

and e meanscdf ofeidier the pépsrveaped Ihd anbohgiicugdioplipl fibre
-ribbon structure is |oosely housed in the paper tube so formed. On ener gi ng

fromagpiiledi ee 2hd ttransyersmler fdldedulatdumnd 1@heo@dvahcingre ribbon
structure passes through a device 25 where the plastics/alum niun plastics

conpaaidueliepagddpei cabgfibtienatiybenpisitatdturedihr swstersewyyf ol ded
around t he paper-covered undul ating optical fibre ribbon. structure in such

aswaxeHdwt longticudiinelly extardlinglhareigialkl edgdege ppudions of t he
conposite tape overlap at a position circunferentially spaced fromthe

over P pgpeggcaps toveslap and naper seaur<i?. tofatharr g fromthe
device 25, the conposite tape-covered, paper-covered undul ating opti cal

fi br adiddibvesandctiilie mdae.aﬁjhr@wptieaa.n fresrabborc Etrudtuira 0 whi ch

twenty four- bunches 35 -
is locsely housed in the paper tube so formed. On -
emerging from the devics 24, thé~paper-covered’undulating '

.10 optical fibre ribbon: structure passes through a device 25

. where the plastics/aluminium/plastics composite tape 33 is

%gqgitudinally épplied-to and transversely folded around
ﬁhe:paper—cove:ed~undulating-gptical fibre ribbon
ét:ﬁcture:in'such,a-wag that longitudinally extending

15 marginal edge portions of the composite tape overlap at a
position circumferentially spaced from the overlapping
edge portions of the paper tape 32. On emerging from the
device 25, the composite-tapé—covered, pape:-covere&
undulating optical-fibre ribben structure passes through

20 an extrusion machine 26 into thch twenty four-bunéhes 3s
of compactad yarns of glass'fibré'a:e fed from spools (not
shown). The extruder 26 extrudes the sheath 34 of
plastics material arcund the cdmpdsite tape-covered} péper
covered unduléting”optical fibre ribben structure.in such

25. a way that the plastics sheath is bonded to the cdﬁer
plastics coating of the composite tape 33 and each bunch

35 of compacted yarns of glass fibre is embedded in the



of conpacted yarns of glass fibre are'fé.{rcwnspools (not shown). The {
_é%_trudgr‘ 26 extrudes the sheath 34 of plastics material around the M .
ctracture i n subReseh pd 0N AEPHTR et Al R BRN A 6T s cHd, A9 T REoRs, ape
Varns of gl ass Trar S BRAR Sk RtV Kp "B BYes tnd ilcafrRaR o€
S rcunferenti al ' has uod ' C g
Brivetne rec R AN prorn AU AR g gl Boscy
Xibili , er o] : - S
- belts 21'cgrryi%g F&%1é§3&§g Zgﬁgn5Q? gpgg%e %§p§§gr8§f%%¢o t é?sﬁgg%ﬁss
34 i e cal L . |l C
that the urdlul sprLs2ont; CERTLSE Higtadiabalf 22 SaL Rk ened BE e =
oxtr uded Shoat he3T-SRarl nor 175 TRETSN i on roer naoggirmegy ML
An optical fi br§u§bah%@1§1r d £n EQTRES gt ML ALLYY cBhaUdC Ao LRSS

and at |east one flexib el'ongate reinforcing el enent”of substantially
resilient the undulating optical fibre ribbon structure emerging

from the endless belts is travelling at substantially the
10 same speed as the extruded sheath 34 emerging from the

extrusion ‘machine 26.



naterra
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i o
of the ri
undul atin

) a forn1that the ribbon structure foll ows

arranged side by side and enbedded in an 5 eIongate body of

materi al, wherein the or each reSLLLen%—%efﬂfortrﬁg—EIenent

I's set

otth curved

ns whose axes of curvature lie tranfﬂﬂl l “ﬂ[ gltudlnal axi’s
bbon structure, the %P ar r angenent wheh the ?

g ribbon structure

Subjected to a tenS|Ie force, the ri bbon

"structure stralghtens in a lengthw se direction against- the action of the
reS|I|ent rei nforcing el enent or elenents t hereby reducing the

d h le f
d ﬁéé?'c%g‘prgl retjgﬁ%lggo r e%%%ﬁjs:t["g\%;? s I'ts oré"g&l n:I tﬁgzhl :t | ggrgce
fg 0Bl Gl sl Gl AbONa AR UE! UEgaRS ol fTatkdm O aim 1, wherei n

undul

tensi#g f
isre
form

t he d% s

substgféﬁéé

structure:

rvatu atIOI'lS |e par a

n optl

whi C%Q&f?ﬂfsai'%n%dmyzﬁé $1\@e 28nk! giblaliacd qnpae reinforcing
substantially resiTient material uniformy spaced across the

el enent s

Wiglt he Pénéa€er bBA

n
claimed in Cla|n1g which i ncludes two flexible el ongate
resilient reinforcing element is set in’ such a form that

the ribbon structure-follows?a path of smoothly curved

undulations whose axes of curvature lie transverse to.

the longitudinal axis of the ribbon structure, the

_10' arrangement being such that, when the undulating ribbon

structure is subjected to a tensile force, the ribbon
<4

structure straightens in a lengthwise direction against

the action of the undulating resilient reinforcing

element or elements theteby reduqing the tensile force

15 applied to the optical fibres and when the tensile force

is removed, the ribbon structure returns towards its

original undulating form.

2.

An optical fibre ribbon structure as claimed in

Claim 1, wherein the axes of curvature of the

20 undulations lie parallel to one another and

substantially normal to the longitudinal axis of the

optical fibre ribbon structure.

.3.

An optical fibre ribbon structure as claimed in

Claim 1 or 2, which includes two or more than two

- 25 flexible elbngate reinforcing elements of substantially

resilient material uniformly spaced across the width of

the ribbon structure.

off iPiGsHitts matleriaf) WRkredn fuHY or iddew structure as

ne anot her and

gx g&&%b:gg]@e%lme Ugf”@hbﬁ’éhﬁtﬁfaltl'}e YU cabntibre ribbon

re ribbon structure as“clained in Claim1l or 2,



reLnforC|ng el enent s ‘of substantial l'y re5|I|ent material . the separg&f{7\ ,
opti-cal fibres being arranged 5 side by side therebetween. 5. An w
fibre ribbon structure as clained in any ope of 'the preceding d ai

wherein the flexible resilient relnforC|ng element or elenents is or are;of

nmet al or netadl I | oy. Pf}t glcwfl{eré‘l 4 o2 91}6@%1:&-&:%%@4#0&& £mas g_l a| med

ifcany one of Clalns exi bl é resilient Ternrorci

ellenent or el engnts; 4 S3 orwﬁi@ho&n%ﬁmgre&@‘l,l k¢ ek8P1ld Gﬂ“@ﬁe' al . 7. An

optical fibre ribbon structure as aimed 1n any 15 one precedi ng
C ai ms, wher ei n ddig, #wlb1iRg0b 1 eietdls! S usaehnkndyd1qt Iﬁgﬁléﬂe

undulatlng optical fibre ribbon structure is not |essthan 40nm 8.

met hod of manuf %&Eﬂ)éfﬂglﬁntﬁedg irat ORip€aball Q&%ﬂéé@%&}r&ffah oS
claimed in aim1l, which 20 nmethod conprises causing a plurality o

Separate optscagﬂagws¥ sideakthleatetiigad | €xi bl e el ongate reinforcing
el ement of substanti y resilient material to travel substantially side by

side in the di VGSC“OYI&;O:B]I:EBQEJJ. ifaHd T ihBont Bericdite |3d Ng1aimad in any
substantially conmon 25 ane: applying to the advancing optical fibres and

tS 0 tpe ad\llgnci n@deesdfiemé peéa&a&gigwg:ﬁﬁﬁsntw%reﬁefmé fletible L M

| resilient reinforcing element or elements is or are of .
metal or metal alloy.

10 6. An optical fibré ribbon structure as claimed in any
one of Claims 1 to 4, wherein the flexible resilient
reinforcing element or elements is or are of a
non-metallic resilient méterial.

7. An optical fibre_ribbon structure as claimed in any

15 one of_the preceding Claims, wherein the radius of

- curvature of each undulation of the undulating opticai
.£fibre ribbon stfuéture'is not less than 40mm.
8. A method of manufacturing an undulating optical
fibre ribbon structure as claimed in Claim 1, which

20 method comprises causing a plurality of separate optical
fibres and at least one flexible elongate reinforéing
element of substantially resilient material to travel
.sﬁbstantially side by side in the directions of thei; :
lengths with their axes lying in a substantially common

25 plane; applfing to the advanéing-optical fibres and to the
advancing resilient reinforcing element or elements an

e
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overall ‘coating of a plastics material to forma plastics——eeated -

x2ed optical fibre array; feeding the plasti rei nforced §
i bre array between a pair of advancing tammg ”’mﬂl he

- taped 5 plastics-coat@d reinforced opticat fTd DI a ’

curing dperation to cure the plastics material and cduse it to*bohd both to

t he everdlidcopting df b exlasticesinhteniadeitef fladme epbashicer el enents ..,

and lightly to the tapes; peeling the tapes away fromthe reinforced N

opt i ceatédbreinforgediopticalk nfibrei arseyed fgading $here ribbon ”

structure;, and, before or_after the tapes have been peel ed away, causing:

t he PER@REFAgCPRERG rﬁirnfcqm%dtap‘éécagr fidmey aF=ah RRrWeBAd2each of a .

pluralj.ty of transversely. extending, |ongitudinally spaced forners of

subsRk¥ | @F| $AYBRSLNG,IEAP ST p%‘lﬂFHgFFﬁnﬁi thE 34 FeAP®A travelling in

t he sane direction as the aq%%;cing.rigb%g-structure and at such a speed

thatP1astiEcPscoghed, iainiqrore rePELFE PERe AF IR &R t FRFRBFanci ng

formers_and thgaribbon tgtggure trave Iing t herebet ween, e direction of

S e ] AEt S HEests t:é‘_i"rac‘iﬁﬁe‘r‘étn Pal direction
ol Laﬁﬂiéﬁﬁﬁgﬁgfi%gme?@aeﬁé’%%-%é%%ﬁ%%?%%%% R ettt e g éﬁih that

¢ e e | . e ) | o

L B3 EPERCEAS, W1\ UELAGaFhoRRR' 1ALl ¥ UL Godgiln(hal 25 the
(undulelions PHESEaRERS dlay ¥t UiRe! FE1REBRRCY Ypditd ieippgl tudinal axis

of t'he ri1bbon structure.
10 array to form a reinforced optical fibre ribbon structure:

and, before or after the tapes have been peeled away,
causing the advancing ribbon structure to be partially
wrapped around each of a plurality of tranéversely
eifending.'longitudinally spaced formers of substantially'
15 circular or partially circular cross-sectiéh travelling in
the:same-directioﬁwas the advancing ribbon strucﬁure and
‘at such a speed that there is substantially no relative
movement between the adv;ncing fdrmérs'and:the ribbon
structure travelling therebetween, the direction of wrap
20 around one former being in the opposite circumferenﬁial-
direction to the direction of wrap around the or each
adjacent'former and the-circumfereﬁtial extent of wrap.
around each of the formers being such that the or each
resilient reinforcing element is set in such a form that
25 .the optical fibre ribbon structure folléws a_patﬁ of
smoothly curved undulationsfwhqse axeé'of_curvature_lie
transverse to the longitudinal axis of the ribbon

structure.



ribpon structure is caused to pass bejween two sets of transversely
extending, longitudinally spaced forners carriéd on'a pair of 5 advancin
endl’'ess belts, gt he fyor, i e i n e forners
on the other'bgrt.-fb?mﬁﬁﬁg?ﬁggngggg*g?ng F%ggﬁg%ﬁlgﬂﬁg%yﬁik%ﬁich the or
eQPh,res'l'entaﬁ%b%@@ﬂﬁ'ébéﬁé%ﬁ”@ib§eofiﬁﬁbﬁ|sQEd@%ﬁ?efﬂécahuggﬁrﬁbn the
sgl- in the resilient reinforcing 10 el ement is mechanically formed by

causi ng the adyape HetNddrs dwd i Pé€s rbbbePanbieelely exdindiaid) ally

wr apped around each of the plurality of formers which are of such dianeter
and so spaced apaii taidl rdiAgy st od t forRepectakreildde ored igdineasf axi s of

t he advancing ribbon 15 structure that the resilient reinforcing elenent is
def or med begonddvencimystemiless tbelds, Achret fottmassclon ek ipeX® aim8 or 9
in which the or each resilient reinforcing elenent is of a non-netallic
resilient nateingler-engaging eeteten nthéefoenersenn 2he aitifer et el enent
is thermally formed by heating the advancing optical fibre ribbon structure
upstream of thdOpl uRainethast as apkaioned| inekRilaani Bgor Sndgint whiiwh | thepaxred
formers and, as the optical fibre ribbon structure is passing through the
plurality of f&aebrFesdddianty nnfercingbehenentcisr €% mefadh an retaht

t hat undul ati ons _having the desired radius of curvature are set in the or
each alloy, wherein the set in the resilient reinforcing

17 9. A nmethod as clainmed in Clainfé, wher ei n the advanci ng opti cal figéggj

10 element is mechanica;ly formed by causing the advancing
optical fibré ribbon structure tolbe partially wrapped
around each of the plurality of formers which are of
such diameter and so spaced apgrﬁ and staggered with
respect to the rectilinear axis of the advancing ribbon

15 structure that the rgsilient reinforcing element is |
défdfmed beyond its elastic limit.

1l. A method-as claimed in Claim 8 or 9 in which the 6r';
each resilient reinforcing element is of a non-metallic
resilient material, wherein the set in the resilient

20 reinforcing element is thermally_forméd by heating the
advancing optical'fibrélribbon.structuré upstream of the
plurélity of transversély extending, lohgitudinally épaééd 
formers and, as the optical fibre ribbon.structure'is
paséing through the piurélity of formers,'cooling.the

25 ribbon structure to such an exﬁent that undulations having
the desired radius Of'curvéture are set in the or each

resilient reinforcing element.

* c L M s * .
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resilient reinforcing el ement. 18. 12. AR optical cable having an outer_;

sfeaph-of plastics material and having, extendiw “m ﬁnmﬂums | engt'h, at,
2 one bore in which is Loosely housed at Iden m ng opti cal

ri bbon structure_as<ﬂ;¥é?xiin 5 any one of Tdinm® 15t0*7. 13. An T

optical cable conprising- two®OY nore than two separate tubes of plastics *

Theathior N el BRbEY vANAASCRE B 0N TR Bl 2" 01
L\ AR M R S el AR A )
Cndub B8Ry O BRRf; £ SRl T LERb RSP pEREe €, L8REE, B, T S
R N e R R S T S e
Bostad PR P T o, UC ngth wi th & silicone gel . 16, An
Optifgt'fh?%Qﬁﬁ%ﬁggf ﬁaﬁi&t%kﬁFéﬁ?§§ﬁ§I§%_'?’ﬁ?“?ﬁ%egﬂgﬁfe“% described with

referénce as shown in _ acconpanyi ng draw ngs.
separaﬁé tubes of plastics material assembled together and

surrounding the assembled tubes, an outer sheath of
~ plastics mateiial, the bére~of at least one of the tubes
 16 having loosely housed thé:ein at least oné undulating
optical fibre ribbon structure as claimed in any one of;
c%aims 1l to 7.. | | | | '_ |
14. An optical cable as claimed in Claim 12 or 13,
wherein the ob eﬁch-bore,loosely hcuéing én undulatiné"'
.15 optical fibre ribbon strgéﬁune is substantially filled‘
throughout its iength'with a greasy water;impermeable
medium. |
15. An éptical éable as cléimed'in Claim 12 or 13;
Whergin the or each bore loosely housing an undulating
20 optical fibre ribbqﬁ structure is substantially fil;ed
throughout its_length with a silicone gal; .
16. An optical fibre ribbon strucﬁure'éﬁbstantially éé
hereinbefore dés;?ibed_wigh'reference o and as shown in.
Figures 1 and 2_6f the accompanying drawings. |
25 17. A.method df manufacturing an optical fibre ribbon

structure substantiaLly-as hereinbefore described'with



ZQ 17. A nethod of manufacturing an optlcal f| ture =T
sulstantially as herei nbefore described with “II Ju C L
* reference to Figure 2 of the acconpanyj §9 dr i cal ca

substantially as herei nbefore described wth reference to and as shown in

;;ggLS?cglaggbﬁe sJ%??gﬁgfgﬁpgaéh&Q%relan?%re gescFﬁﬁéggﬁéﬁi g@?uggﬁggrégg

apd as shown in g gurgs 8peﬂéa§ Wadl AELHERALYRIT vV WSeinbefore
descrlbed with reference to and as shown in Figures 3
and 4 of the accompanying drawings.
19. A method of manufacturing an optical cable
substantially as hereinbefore described with reference
to and es shown in Figures 2 and 5 of the accompanying

drawings.




