AN | MPROVED OVERHEAD FLEXI BLE ELECTRI C CONDUCTOR 2141559 Thi s invehtioﬁ

rel at es tg: overhead flexible electric conductors of the kind which conprise
one or r t han ord | EBROVED HQVERHEAD ROENIBEE ELECORIS CONDUGTOR of
el ectricy conductive netal or netal alloy 5 and which are adapted to be

freely suroénded from spaced supports in long.lengths. I'n the Conple

Speci fi.cation-of our_Patent No: 1598438 there is described and cl 1 5%?9

overhead el ectric céﬁﬁﬂ%t vertion sralates| asevenbead,flexddle hellical |y

wound bare el ongat enents of netal or ne&al al oy, at |east one el ongate

conpart ment wi tHi$F STRAFHIT R rPBuEReuk Pﬁewpéﬁét ROBPTEFE CR/IRR or

and, | oosely h | h | pngat e [t t or a east’ gqne of the

el ongat e conpaﬁ%%tdsﬂ,‘h‘gtgqe:agilg%ﬂeoég%%iﬁ?gﬂ;g Hﬁf‘f‘gak’aﬁeblg ORI  at

‘| east one opti ¢al ey ject _of t resent inventiqn_t

provi de an inp%%Ve over:%5%3+§¥§¥§§i?§|%%?§F89§8§d5§§8ﬁ Wﬁigﬁkﬁﬁbépgﬁp%tes

a plurality gof iR o | ' 0 i,NYenL t ' v/

over head 20 S?I exi I“gﬁcc%(ﬁ:fzard%&n%é ?%%gb%t f#%%’é# %ﬁgb Fgfl/‘eeg %‘? oﬁg}%&%acleﬁ%y

wound bare e|0@$y§%fﬂgﬂﬁﬁﬂfbﬂg IE%ﬁ%hQr nmetal alloy, at |east one elongate
gt _

conpartment within and extendin ougﬁout the length of the flexible
conductor and, |oosdy ¢He TEmpYetd SEeLIEHELLLONPE! BRP! PadknkC®R; ONE

optical fibre ribbon structure, which optical fibre ribbon structure
1598438 there is described and claimed an overhead
electric conductor comprising at least one layer of-

10 helically wound bare elongate elements of metal or metal
alloy, at least one elongate compartment within and
extending throughout the length of the conductor and,
loosely housed in the elongate compartmént or at least
one of the elongate compartments, at least one separate

15 optical fibre and/or at least one optical bundle.

It is an object éf the present invention to provide
an improved overhead flexible electric conducto:mwhich_
incorporates a plurality of optical fibres.

. According to the invention, the improved overhead

20 flexible conductor comprises at least one layer of
helically wound bare elongate elements of metal or metal
alloy, at least one elongate compartménﬁ.;iﬁﬂiﬁ:and -
extending throughout the length of the flexiﬂle
conductor and, loosely housed in the elongate
compartment, at least one optical fibre ribbon

structure, which optical fibre ribbon structure




2 clamprises,a plurality of-optical fibres and at |east one flexible

el gngate reinforcing el ement of substantially resilient material arrangeg

si e by side and.enbedded in an el ongate body of plastics material, the
each 5 resilient -reinforcing el enent bglng set in such a formthat the’
ribbon structure folloms a path of snobthly curved undul ati ons whose axes

b “Curved .
of vl e | el bENET Sl S Ee) 08 L) bael! obiatl Bl om
T o Lo e e e BB U Wophaeblg 0 1

direction agai n§lgj tﬂeeggft;hée]ébxg{/ hﬁtm 4 L4t éﬂ&erﬁﬁl gi?ﬂt ah8' ghBk@4ed in

el ement or el ement the tens orce otherw se
applied to the fiptd Kingdt&rEsay ndf 188 heevariglfotrna bg easmved, the
ri bbon structure wll return tomar S its origi.nal undulating form '

Preferably, 8 hareuiad @it aedetoreing éDemaRe Updihgt sagsiaf subh andora i ng
ri bbon structure lie parallel to one another and substantially normal to

t he | ongi t udi nadthexithefrililsompsteudtarér followsnaspatht ofesmbdbehdy each
undul ating optical fibre ribbon 25 structure |oosely housed in the el ongate
conpart nent or curveshsindukationscwkosegaxes cofipanrwahuseoliene
transverse to the longitudinal axis of the ribbon
structure and the arrangement being such that if, when
10 the conductor is installed or is in service, the
undulating ribbon structure is subjected to a tensile
force, the ribbon structure will straighten in a
lengthwise direction against the action of the
undulating resilient reinforcing element or elements, |
15 thereby reduc;ng the tensile force otherwise applied to
the optical fibres and, when the tensile force is
removed, the ribbon structuie will return towards its
original undulating form.
Preferably, the axes of curvature of the
20 ,undulations of the undulating ribbon structure lie
_ parallel.to one another and substantially normal to the
longitudinal axis of the optical fibre ribbon
structure.
The or each undulating optieal fibre ribbon
: 25 structure loosely housed in the elongate compartment or

at least one of the elongate compartments of the



3. flexible conductor preferably i n¢l udes two or nore than twe flexible =\J_,
el ongate reinforcing elenents of subsggntially resilient material uniformy

' %pac across the width of the ribbon structure. 1In a preferred 5 -
enb nt, £18iB1@ I cWrdigctoet | preferably ibluddd Ueho! 6ri fekedenan\o
flexi resilient reinforcing el ements between which the separate optlcak;,,/

fibres are ewbagflekiblie ddongsice FetnEoeibe almmenedtofei nforcing :
el enent's of the 10 or each undul ating optical fibre ribbon structure nmay be
of a netal subseeatially resphbentrmateriadsumifmimbei spapedf acress but, -
preferably, the reinforcing el.ements are made of a non-metallic resilient
mat eri al sutheawigtly @fhyheerisbenhsbzuetarel5 In a prefeptiedal fibres
havi ng an overal |l dianeter of 250 micronetres, preferably the radius of
curvat ur® oémbadimenmtyl tiemndulating opthcaldfikregripbonal fibre ribbon
“structure is not |less than 40nm_ The undul ating optical fibre ribbon
structure astzoctureec ingludesdtwe fhexibiljecseaillirnt coebnfidragngat ent
Application No: 84/ filed on the same day as the present

appl i cat i onelapents; hetwean:whichuthe Bepazare wntical ofbrescargart nent,
limted relative movenent between the or 25 each undul ating optical fibre
ri bbon struRFERBISAD Sdide M HB@- f| exi bl e el ectric conductor can take

| wh ' :
prace when The flexible resilient reinforcing elements of the

10 or each undulating optical fibre ribbon structure may be
of a metal or metal alloy, copper or stainless steel
being preferred, but, preferably, the reinforcing ' :
elements are made of a non-metéllic resilient material |
such as polyethylene terephthalate. . |
15 | For optical fibres having an overall diameter of
| 250 micrometres, preferably the radius of curvature of
each undulation of the or each undﬁlating optidal'fibre
ribbon structure is not less than 40mm. |
The undulating optical fibre ribbon structure as
20 above described is the subject of-auf ¢co-pending Patent
Application No: 84/ filed on the same day as the
present application. |
By virtue of being housed loosely in the elongate
compartment, limited relative movement between the or
25 each undulating optical fibre ribbon structure and the

overhead flaxible electric conductor can take place when



4..t'he conductor vibrates,-oscillates or is otherwise flexed as or
exanpl e, occur when the freely suspended flexible conductor is su ed to
wknds. Linmted (el ative novenent between the or each undulating 5 tical

fibre ribbon structure and the flexible fonductor can al so occur when the .

~eonduct ' Ibj ect ed ' h ' ' | pad duri d_af ' VS
Retallation ade FERST PORERER o5y TAPRERoEXLAA BERRERISA . whi ch
ati on it STHITET Che! e, |
Condi 1 on: af t G PNl 4 i S4F RhartBr 4, SR A vRaR ERE' BrRRTRC, TEPT M
dition; after" | . A ERESHY
Comperature. LoSTRae] F10ctoLe CoRReL - SLhobiB1spad 18, BHeRr, 1,

optical fibre rioledSreidtiche fordetfenbtodbh! €ne0BEUShGH GRAUERTRYCCUT

whi | st the conductor is in service and creep gives rise to non-elastic

ext ensi on ofg t gp it iBre | FilsHon Ot hEE8r&i AHAt tRBS£1eRiblle event that a
tensile force applied to the flexible conductor is transferred, at 20

l.east in part, dohduttd®assn yaleoseccurdvhéni theopbhdabtbrbie subjeated
structure, the ribbon structure will. straighten in a | engthw se direction

agai nst the acttora cthampingdeeénsile lead| deningecan@oafteg dkenent or
el ements to reduce any tensile force that nmight 25 otherwi se be applied to
the optical fidmstcakkhtioncduekotforces imgposedsoncityvby, winghesbsod
structure will return towards its original undulating form - -
brakes, etc. which are used in tensioning the conductor
10 to obtain a predetermined sagging condition; aftér
installation, changes'in tensile load in the flexible -
"conductor can also occur due to changes'in'extérnal
loading and in temperature. Limited relative movement
between the or each undulating oﬁticallfibre ribbon
15 strdcture'#nd the flexible conductor can also occur
whilst the conductor is in service and creep gives rise
to non-elastic extension of the conductor. In any of
these situations, in the event that a tensile force
applied to the flexible conductor is transferred, at
20 .least in part, to the loosely housed undulating optical
fibre ribbon structure.'the ribbon structure will
straighten in a lengthwise direction against the action
of the undulating resilient reinforcing element or
elements to reduce any tensile force that might
25 otherwise be applied to the optical fibres and, after.

the tensile force is removed, the ribbon structure will

return towards its original undulating form.
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‘I'n onie preferred aspect of the invention, an el ongate conpartment is Wi t hive -
and extends t hroughout the | ength of egsubstantlally C|rcunferent|aly rigid,
core of the erX|bIe conductor?®and the or each 5 |ayer of’

el |y wound b e elon el enents of neia net al .al | oy surrounds
dhtral core. e8 g F%ﬁ ARRRSE 2 tLB? ?ﬂl?néﬁ&&ﬁ t he

(v
contral bore? xise#‘%%ﬁéfeﬁﬁé?sé% RV e
crone sect | otie iudyeh 5 "E sbetanbiiil eV ¢t sﬁaﬁ%ﬁaﬁ%&&&a%ﬁl yso
cl osed, ﬁipééziwﬁét%aféﬁetﬁﬂﬁ%%n?& HdgsEal e I E A g
2 ongi Ludrnal T T ok hyt EAkLY ol *aoéé‘e Fabate Stehents o MeflY . 0G
to forma tulg ﬁ&@afbﬁﬁb I8 @2 toget Yot £af! eafgdge&nof ordg'® tape

bei ng wel ded 20 or ot se secure cases, preferably

the central ¢¥¢rdrréd éﬂﬂé&ﬂﬁbh%'%t‘%ﬂf&“éﬁ éé@”&feiﬁﬁ $nRereit | On-

Al'ternatively, the central core nmay be in the formof any one or nore of

the optional ¢ ddntta PNEora ﬂsssr 'ﬁ%?l@%t&iﬁ@é&%ﬁ@n’g&t@%m ete

.Speci fication of our Patent No:
having a central bore Which constitutes the elongate

10 compartmant. The single ‘elongate member initially may
be of substantially U-shaped transverse cross-section,
one or.e;ch of the 1imbg of the U being folded inwardly
so that the g&p between the free_endg'of_the'limbs is at
legst parﬁially.closgd, the space bétween the limbs and

15 the base of the U_constituting the elongate compartment:;
alterna?ively, the centtal core initially may be a
ongitudinally,e:tending.tape of metal or metal alloy
tfansversely folded to form a tube, the abutting

:longitudinally extending edges of the tape being welded

20 or otherwise secured together. In all cases, preférably

the central core is of substantially circular transverse
cross-section. |

Alternatively, the central core may be in the form
of any one or more of the optional constructions

25 described and illustrated in the Complete Specification
of our Patent No: 1598438.
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6..kn a further aspect of the present ihvéntion, the central core consi'sts
of two separately formed parts and conprises an inner solid el ongate nenpe:
of metal or' metal alloy having in itsgouter surface at |east one 5 _
| ongi tudinal |y extending recess and, sdrroundi ng the inner elongate ne ,
~a !__0”9' tudinally ap?h'tﬁgrla%ﬁgﬁvgﬁ%ié be! dad ARG At TolvdntdlodTBlde al | 0y,

ch tape overlies ongitu al'ly -extending recess or recesses to

form said el onggh gr82NPake"BBha26t400rCRWRBALL AR e 1y I Dar ddh i dINer
el ongate menber has in its outer surface three or four circunferentially
spaced, |ongityshpalbyscshcndhes s86T2asesonizatle, nelderswr aetdad &y the
transversely folded tape,. constitute circunferentially spaced el ongate
conpartments imetallaliegshaebagoinwiitehoanerndulraiaicrg axptlieaalt fana e ri bbon
structure is |oosely housed. In a still further aspect of the present

i nvention, $helcegitudinaidyi exbéndiogi necesesr aad,alsurirpundings aheal | oy; at
| east one | ayer of bare elongate elenments of 20 steel surrounds the central
core; and at |btumeroatongateanenbery &i Aensisuddmiadllyy appidieduous outer

| ayer of al um niumor an al um ni um based all oy surrounds the |ayer or

| ayers of steebrppprerpghyafalépdntars, o4l BatALuPrometadniddildhhadddal | oy
of the central core 25 fnd/or of .the outer ast partial%y filling

| t |
interstices bet3REOYHB §F§thBa}8“§F8H&éPélg Z%g%ﬁgﬁ?ng recess o

receéses to form sald elongate compartment or

10 compartments. Preferably, the inner elongate member has
in its outer surface three or four circumferentially
spaced, longitudinally extending recesses which, when
Surrounded-by the transversely folded tape, éonstitute
circumterentially'spaged elongate compartments in at

15- least one of which an undulating optical fibvre ribbon
structure is loosely “housed.

In a still further aspect of the present invention,
the central core is of aluminium of an aluminium-based
alloy; at 1e;st one iayer of bare elongate elements of

20 steel surrounds the central core; and at least one
substantially circumferentially continuous outer layer
of aluminium or an aluminium—-based alloy surrounds the
layer or layers of steel bare elongate elements,
aluminium or aluminium~based .alloy of the central core

25 and/or of the outer layer at least partially filling

interstices between the steel bare elongate elements,
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is case, the central core may conprise at |east one |ayer of bare~

7.

elo el ements of alum niumor an alum ni um based all oy, eath el enent

hawvi \) transverse cross-section approximting to a sector of. an annulus ~
or afi ng a transverse cross-section of such a shape that, when.the

flexible el gRoghesbedse,S the (cRhirdl dordl M redthprSsé Nat "L 8dst aghal ;
engagenent with adjacent bare elongate elenents. In all cases, those parts -

of the or eaapeel ofgbatel @loMgrd ElEmetts arf Uyl el mi/uh hex uadul at'i ng
optical fibre ribbon structure or structures may be substantially filled
w th a siliabomigtiumebaseidh alloyt,creacipeslemdnite heevliingn af transeesski ke
nature, the silicone gel or the greasy water-inpernmeabl e nedi um bei ng of
such a 15 coassssectionhapprioximatdng tdulsactor opf i anlannvivusrobbon
structure is free to nove relative to the flexible conductor when the

f1 exi bl eScohavéngr ay cpARSYErses Grasasechion of Huch s2 sharedthyhe greasy
wat er - i nper neabl e. nedi um_,may cqnsi st of, or may cgggrise 20 S a mmj or

const i t uent WheBt tBpcflexible elongake hadyinks AR fension: 3244dc current

flow ng for i mted peri,od al t-he flexible conductor, as. occur as

 Cosurt of ohematik 15, If qREatEacha) PRI RRRE SRR ROINGRAT ERES: < ( he

ri sk that heit geggraﬁed 25 during passage of the current will be conducted
to the or a®rPBEBR®sEr-TER*Eand to the optical fibres and wll

In all cases, those parts of the or each:elongate
10 compartment not occupied by the undulating optical fibre
ribbon structure or structures may be substantially
filled with a silicone gel or wiﬁh_a water-impermeable
medium of a greaselike nature, the silicone.gei or the
greasy water-impermeable medium being of such a
15 consistency that.the or each undulating optical fibre
ribbon structure is free to move relative to the
flexible conductor when the flexible conductor vibrates,
oscillates or is otherwise flexed. The greasy
water-impermeable medium may consist of, or may comprise
.20 as a major constituent, petroleum jelly.
In some circdmstances; an glectric current flowing
for a limited period along the flexible conductor, as
.may occur as a result of a fault or lightning, may be of
such a vaine that_therg is the risk that heat generated
25 during passage of the current will be conducted to the

or a ribbon structure and to the optical fibres and will



resul t i n. damage to the ri bbon structure or such damage to each optich“
fibre that Its-light-transm ssion efficigpcy I s reduced to an undesirg
extent. For exanple, the generated heat mnay cause the plastics 5 mate

of the ribbon Stlaehlr § 4 Qaiide e th& FRHE SEAhbYuLY ot %UEH damagy

. .on the optical fibres in the ribbon structure as to reduce their

- THight - transni ssigg edfch Gptiical Eikird RSt Iobs cLEgh €Lt raksmosgiogl vy, in
some circunstances, a layer- of 10 ‘thermally insulating material my be
housed in the eleFfHFientdHid (redicad s W Oardles rablduegtent. opfogal
fibre ribbon structure or structures. Preferably, the thermally insulating
| ayer is a circexample, adhe/ gendrated heéaty anayhcalse sthhenpkasticst herw se
adheres to 15 the boundary surface of the elongate conpartnent. The |ayer
of thermallySi ngateriad af dhelritborhestructyréotlctioftesuasdantially the
whol e of the boundary surface area of the elongate conpartnment, or the

| ayer of ther naicopsegientiiald yrxantnsusly BreSSER OR othe eptigaly spaced
portions of the houndary surface area, any air between the therpally

i nsul ati ng | aye£1RF@% @ e FIRPAR FERCLITS i 38 R EeNEe oFRPifher mal

i nsul ation. The_ layer of thermaliy insulati ial .is. b|
coati ng of pl astiabersAnampaten efFinfoncy £F A8 sndettPaEle] frcdnt-
rubber., pol ytetrafl ugloet i ghg 2% YR éié‘é’&:&ﬁi&@@? a layer of

10 thermally insﬁlating material may be housed in the

élongateléompartment and surround the undulating optical
£ibre ribbon structure or structures. Prgfefably. the
thermﬁlly inéulating iayer is a circumferentially
continuous 1§jer which is bonded or otherwise adheres to

15 the boundary surface of the élongate compartment.' The
layer of thermally insulating material may be firmly
bonded to substantially the whole of the boundary
.surface area of the elongate cbmpartment, 6r the layer
of thermally insulating material may be bonded to

20 mutually spaced portions of the boundary surface area,
“any air between the thermally insulating layer and the
boundary surface serving as additionai thermal
insulation. .The'léYer 6f thermally insulating material
is ‘preferably a coating of blastics thermaily ihsulating

25 material such as silicone rubber, | |

polytetrafluoroethylene and other fluoroethylene



y-Ners. and co- pol'yners, polyetheretherketone, polycarbonates,. N
‘phones, polyesters and Kevlar . For enhanced thermal insulation,

| astics materials may be in c&8slular form 5 The ,invention is ~
furt illustrated by a description, by way of exanple, of -a pref.erred

undul ati ng opoilymers. and reonpalymers, nokyatheretherkesonencad fl exible - o
el’'ectric conductor and of four preferred forns:of overhead flexible \/

el ectric con@&&ﬁﬂathpn¢¢ﬁ%ipB?gYFHéPENQQﬁhnkﬂlY@PBﬁFFcanfNﬁﬁiﬁqbbon
structure or undul ating optical fibre ribhon structures, w,th reference to

t he acconpanfpPig enhandsd tharmalc ns“ﬁiﬁﬁQ?ﬂ.F%ﬁ%ﬂ Pi8#ELLS: di agrammatic

view, drawn on an .enl arged scale, t referred undul ating 15 opti cal
may, B8, 4a; geL é‘ﬂerfs)

fibre rlbbonWQFQRﬁﬁﬁﬁa Br transverse cross-sectiona
vi ews of the four eferred orng of ov | exi bl e_ e ectrlc conduct or .
Ref erring2to Figu 1nyentieRet o fur, kifﬁﬁF Bﬁ? Xlaflbre ri bbon

structure co I S four tlcal flbres 1 i ent .el ongate
elenentf 2 o?gﬁ %;ﬁ ¥éV3¥h8Faf§ ?°§F88 ?nd enbedded
e anged”bo: BANIREChY (oBLL LR 1 B8 kéﬁ%a'é %ﬁ#ﬁ?ﬁg PR e AR of
~the Opt'ca'_%b%&ﬁiéh*?%bfibf¥e&ibbti&@“@éﬂdé£t3§ogﬂa Eéc?ogr

preferred forms of overhead fiexinie'electric condnetor
10 incorporating en dndulatin§ eétieel'fibre ripbqn
structure or ﬁnduieting epeical finre.ribbon structures,
with reference to the accompanying drawinge, in which:-
Figure 1 is an isometric diegremmetie-éiew; drawn
on an eniarged sceie; of the preferred unduiating
15 opticei fibre.rinben structure, and
Figures 2 to.S are treneversedcroes-eectional views
of the feur preferred.forme of overheed flexible.
electric conductor. - . |
_ Referring to Figure 1, the preferred undulating
20 optical fibre ribbon structure comprisee_four qptical
fibres 1 and twn_reeilient elonéate elements 2 of
polyetnylene'terephalate arranged side by side and
embedded in an elongate body 3 of silicone acrylate, the
four optical flhres being arranged between the two
25 polyethylene terephthalate elemente._-Eech-of-the.

optical fibres 1 has an overall diameter of stpm. Each



1Q of the pol yethyl ene terephthal ate el ements 2 has a dianeter of ZOOﬂﬁgga
Each pol yet hyl ene terephthal ate elenent 2 is set in such a formthat t

ri bbon structure follows a path of smoothjgy curved undul ations 5 4 which
have radii -of curvature of approxi mately 40mm and whose axes of curvature

_lie parallel tegforned it/ ibrie Rdrddtiond Yat@r #Béméses hg hagoht udi nal
"axk s’ of the optical fibre ribbon structure. Wen the undul ating ribbon

structure is sdbjaaitRit 'of RO | EdcH qeolydthyiDernié bbérephenalate
straightens in a |lengthw se direction against the action of the undul ating
pol yet hyl ene t @lemental2atiss aetnem suth ler fdym retshici tige t hitbbensi | e force
t-hat woul d ot herwi se be applied to the optical fibres 1. After the tensile
force i s renpvedructares faldsiwsg entpaki yaf haneothlyreptved| undubabienss 2
cause the ribbon structure to return towards its original undulating form
The undul at Bng4ophiich have adidh@f wurrature RE pprosinatedly 46mBf 1. 6rm
and an overall thickness of 0.3mm 20 The overhead flexible electric
_conduct or showdadh vhose axes Q) qursatiretie Parrllel t3Qre: ARAENSY 4

2ingle oxt T uded ol QU S AT YR AL P ot A2 LRl T L enn,
consti LUt 9. 23,23 oM SR TRucrllen -okgh 6R%ShtuhRnBbgL U 0ol
the.direCtiOnsr&%hh%Yd@}dauﬁyéﬂgs subjected to a tensile force, the
10 ribbon structure straightens in a lengthwise direction
against the action of the undulating polyethylene
terephthalate elements 2 thereby reducing t@e tensile
forge that would otherwise be applied to thé optical
fibres 1. After the tensile force is removed} the
15 resilient -polyethylene terephthalate'eiements 2 cause
the ribbon structure to return towards its original
undulating form. The undulating optical fibre ribbon
structure has an overall width of 1.6mm and an overall
thickness of 0.3mm. |
20 . The overhead flexible electric conductor shown in
Figure 2 comprises a central core 1l constituted by a
single extruded elongate aluminium alloy member 12 of
substantially U-shaped transverse'cross-éection, the
space 16 between the limbs of the U constituting an
25 elengate compartment. The central core 1l is surrounded
by three Iayérs 15 of helically wound round'wires of

aluminium-based alloy, the directions of lay of adjacent

— i m—  — =
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‘| ayers—~bei ng of opposite hand LobéeTy housed in the el ongate - N
conp¥rydyent 16 is an undul ati ng optic fibre ribbon structure 17 as shown .
in Fiqu$e 1. The overhead flexible elec%rlc conductors shown i.n 5 Figures

i’oﬁzﬂcfof‘r?h?ﬁ%ﬁ* PR FERY S Mer IR R A
for conven|e2§lvé§ Egﬁbggﬁh&&g&iéefébﬁg ﬁﬁEQES e ovef% dig ses 3 _

and 4, respe at Tare simlar to ose o conduct or

shown in Fi g%foeoﬁauerha%ﬂ Ve 4T UMt CEndFeauele hy ten and by twenty
than the references of the correspondi ng conponents of the flexible

conduct or shown i nrithggvRrhead) #1exiWEs "eBdciee! Condudtbtd Sh&HR WMini N
Figure 3, the central core 15 21 is a tube 22 formed by transversely

fol ding a st repgefes BMapduy MG iki dr in &basthr@etilon aydéor shown
in Figure 4, the central core 31 is constituted by a single extruded

el ongat e al urgverieadl €lexdibilea elbeiritebsdndtcebky sHowtndar Piqspesecti on,
the gap between 20 the free-ends of the |linbs of the U being partially

cl osed to retexwepbefoprdthat ifoymmt cttie fconeralbkoresand,t ufer 37 in the

el ongat e conpartnment 36. The overhead flexible electric conductor shown in
Figure 5 has comeenianceor eotpormmisiofigtheé flexiblesgunduators oshewn
parts conprising an inner extruded el ongate menber 42 of al um ni um havi ng
inits outer in Figures 3 and 4, respectively, that are similar to

10 those of theioverhead conductor shown in Figure 2 have
been givqh ?éferqnces greater by ten and by twenty than
the references of the corresponding components of the
flexible conductor shown in Figure 2. In the overhead
'e;ectric conductor shown in Figure 3, the central core

15 21 is a ;ubq_zz formed by transversely folding a strip
of'aluminium-ﬁased_allcy. In the flexible conductor
shown in ?igure 4, the central core 31 is constituted by
a single ext:uded.elongaﬁe aluminium alloy member 32 of
substantially U-shaped cross-section,'the gap between

20 the free ends of the limbs of the U being partially
closed to retain the undulating optical fibre ribbon
structure 37 in the elongate compartment 36.

The overhead flexible-glectric conductor shown in'
Figure 5 has a central core 41 consisting of two
 _25 . separately formed parts comprising an inner extruded

elongate member 42 of aluminium hawving in its outer



ig;:surfaqe f aur circunferentially'spaéed, | ongi tudi nal I y ext endi ng
recesses 46 and, surrounding the inner elongate nenber, a |ongitudi pé& i)
appl i ed, transversely fol ded tape 43 ofldkum nium which strip over{+e5¥the

5 longitudinal 'y extending recesses to formcircunferentially spaced
_elongate conpar suefase E@Ggéﬁﬁ#ﬂﬂmﬁﬁFﬁﬂtbaéHYoﬁPPﬁedﬂ(iﬁﬁﬂ%& atl¥ent s
4ﬁgis an undul ating optical fibre ribbon_structure 47 as_shown in Figure 1.
The central corextending, rieqasass (46 (ande $BLF ng; the JAne%y) | vy wound
I

round wires of alum nium based alloy, the directions . qf y of ‘adj acen

| ayers being of°69§8§ﬁﬁéﬂ%ﬂhﬂr4rPeiéFﬂgFughﬁaﬁhgk' chﬁﬁ%ﬁ§$§ﬁﬁ Yin
Fi1ed throughofPIAed FoRR 1 Th SLaRFREaRe HBLH SHELP PYFEiAee Lhe *
Conductof - conpr +ERAL SRy SR Fading FIREFRER & TR barc ef ongat e
and oxt endi ng.  FRECURERE e A Ly FRat o b BREnE e BB ottty

Figures 2 to 5,

| oosel y housed

conpart ment s,

optical fibrer

at | east one

10
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Figure 1. The central core 41 is surrounded by three
layers 45 of helically wound round.wires of
aluminium-based alloy, the directions of lay of adjacent
layers being of opposite hand.

| In each of the flexible conductdrs shown in Pigures
2 to 5, the or each elongate compartment may be
substantiélly filled throughout its length with a

silicone gel or with a greﬁsy water-impermeable medium.



10 flexible elongate reinforcing” el ement of substantlally resilient .
giarranged side by side and enbedded in an elongate body of

' §.‘“rter|al, the or each resilient reinforcing elenment being set in -

such a mh that the ribbon structure follows a path O[llﬂlﬂﬂllum”ﬁ H!"ved
undul at reris whose axes of: curvaturelleijransverse to axi s

of the ribbon structure and the arr angemnent belng such that i'f, "whén I he \4y

f1exible condyqia@mg S installed or is in service, the undulatlng ri bbon
structure is sSubfected to a 20 tensile force, the ribbon structure will
straighten inia | engl Bverhedid Elexdbla) Flererilke cdplduetor ddmprdadwat i ng
resilient reinforcing elenment or elenments thereby reducing the tensile

force ot herw st dmaistedne layeropt hallicallys wouhd baze tdlongate 1 e force

is 25 renoved, the ribbon structure will return towards its ori gi nal

undul at i ng f olehements afomeral ©mtetads ajdoyl,aiated eastClomenelongateci n t he
axes of curvature of the undul ations in the undulatlng optical fibre ribbon

structure |i ecﬁ&!?&lqt& f‘@t&’ré'l &H@ltj b B’-%\fmtytﬂi‘@rp\#ﬂnmbf he
I t udi e tica re r| on. structure 3. exi bl e
cggghcgolr n? d q&ﬁ emcf“&“"’? ﬁ%@lgpppé‘éledf LB &h& pbon

T et B4 P BHERS Sl o
compartments, at least one optical fibre ribbon
structure, Wherein-the optical fibre ribbon structure

- comprises a plurality of optical fibres and at least cne
10 flexible elongate reinforcing element of substantially
- resilient materiel arranged side by side and embedded in
an elongate body of plastics material, the or each
resilient reinfofcing-element being set in such a form
that the ribbon_étrueture follows a path of smgothly
15 curved undulations whose axes of curvature lie
transverse to the longitudinal axis of the ribbon
structure and tﬁe arrangement being such that if, when
the flexible conductor is instalied or is in service,
the undulating ribbon structure is subjected to a
20 tensile force, the ribbon structure will straighten in a
lengthwise direction against the action of the
undulating resilient reinforcing element or elements
thereby reducing the tensile force otherwise applied to
the optical fibres and, when the tensile force is

25 removed, the ribbon structure will return towards its



the. width of the ribbon structure. 4. = A LLex#bke-CUﬁaUE'or as cl ai

A

cdai'm 3, ‘wherein the optical fibre ribbon structtire incl wo fle; 7T
15 elongate reinforcing el ements of subgganti m“ \ terlal
'separate optical fibres being arranged side b i“i .

f1 exi bl e conduct QJriafi id Ri kg iatbng Soemof t e pfeceding d ai ms V\,herel n
f@e flexible resilient 20 reinforcing el ement or el emrents of the optical
fibre ribbon strigduraiflexible céndectbroasnelalimed dp. Claim X, etidstein
conductor as claimed in any one of Claims 1 to 4, wherein the flexible
resilient reinforthe@axesnehitcervaterencf thet nede;éaité@m-%f iLigr éihPS ri bbon
structure is or are of a non-nmetallic resilient material.

CL S7 Aflendlatngersical Sihreegibhornstanetore Héeprpécréﬂﬁ}
-Clains, wherein the radius of curvature of eich undul ati.on of .t he

undul ati ng opt3 c#© fONR ARPERGF %P‘FUQFHFEaPE' AoRY BOrmal kR 5 8. A
“flexible conductor as,.clajnmed i e r n ms, wherein
t he el ongat e. conpk® 49%*%51%3 h%xbﬁréfonhﬁ %gFﬁﬂt%iﬁF %lg%%ﬁ¥erentlally
rigid central core which is surrounded by the |ayer or Iayers of helically
wound bare el ongdt ¥ AFeHEAts of netal or 10 metal alloy. 9. Aflexible

conductor as Cla{f?d tﬁ flgif%§e &Qﬁ&ﬁbgor as claimed in Claim 1 or 2,

wherein the optical fibre ribbon structure includes two
10 or more than two elongate reinforcing elements of
substantially resilient material uniformly spaced acroés
the width of the ribbon structure.
4. A flexible-conductor as claimed in Claim 3, Qhérein
the optical fibre ribbon structure includes two flexible
15 elongate reinforcing elements of substantially resilient
material, the separate optical fibres being arranged
side by side therebetween.
i5. A flexible conductor as claimed in any one of the
preceding Claims, wherein the flexibie resilient_
20 reinforcing element or elements of the optical fibre
.ribbon structure is or are of metal or metal.alloy.
'6. A flexible conductor as claimed in any one of
Claims 1 to 4, wherein the flexible resilient
reinfdrcing element or elements of the optical fibrg
25 ribbon structure is or are of a non-metallic resilient

material.



" the central core is a single extruded elongate Vi centr al bore.
whi ¢hfegnstitutes the el ongate conpart ment. H!ﬂ@ I D! conduct or as
cl ai ®¥0 Cl ai m 8, MwmnntMaumHalcme MermMErofﬂ

|y U-shaped transverse ckdss-section, the space between_the
| i mbs\g base of the U constitutiing the eIongate conpartment. _2Q 11. d
f1'exi bl & condlrct or® a%lﬂjéi']r%occi’"fé‘tﬁ%ﬂ’?nﬁ% clpianed n"rbg“%rme%c‘# e he | nbs\é’

f the Uis fol ded hat th t the f ds of th
inbs 15 i IRERSSHU (AP oOFoirs HHE Tl B SRRADI SO% i e n

S of meral Gt a0 WS fhd S A R B G 10T
A ai m 8, merfdﬂ}:}ﬂﬁ'&%@ r,;-gt CdSs ithah I%t udi nally extending tape of

metal or oy which iIs transvers olded to forma tube, the

abutting I9n@s udinatl exinte Ebnthse ad énaitm ti&i)%rﬁﬁldﬁh Vst date or
ot herw se secured together. 14. A flexible conductor as clained in Claim1,

wherein the |preredimg alerimef whsdraix It;havmlruhdﬁe Ompartmered dnent s of
metal or netal alloy surrounds or surround a substantially

ci rcunf er ent it oarejiaf ceraybstanyially curtunfeneiially stigkdit el y for med

parts conprising an inner solid elongate nenber of netal or netal alloy
central core which is surrounded by the layer or layers

of helically wound bare elongate elements of metal or

10 metal alloy.

9. A flexibie.conductor as claimed in Claim 8, wherein
the central core is.a'single“extruded'elbngﬁté member
having a central bore which constitutes the-elongate
compartment.

15 10. A flexible conductor as claimed in Claim 8, wherein
the central core is a single elongate member of
substantially U-shaped transverse cross-section, the
space between the limbs and base of the U constituting
the elongate compartment.

20 1ll. A flexible conductor as claimed in.Claim 10,
wherein one or each of the limbs of the U is folded
inwardly so that the gap between the free ends of the
limbs is at least partially closed. -

:12. A flexible conductor as claimed in any one of

25 Claims 9 to 11, wherein the single extruded elongate.

member is of metal or metal alloy.



and, surrounding the inner elongate nenber, a longitudinally applied

t Fansversely fol ded 15 tape of netal or ne&gl al I oy, which tape overl

t he | ongi tudi nal |y extending recess or recesses to formsaid el ongate

- Sonpart ment or ceRRar ymefbginie. cén&h@ﬁbb'Ssceﬂﬁﬂﬁé@riﬁscﬁéﬁmn®d wiled B M
14,7 wherein the inner elongate nenber of the central -core 20 haS in its
outer surface thtae eentpdl ebreulbescDbhgltydsPATEY éOU@RA L NBdpy of
extendi ng recesses which, when surrounded by the transversely fol ded tape,
constitute circumeéadnbramkgaipatddyevbhgat bsconpasverneby i fokded east one
of which an undul ating optical fibre ribbon 25 structure is |oosely housed.
16. A flexible céﬁchFoFUHSsCFEPnEHUFhiEBalﬁﬂs%t“ﬁé¢%4hNt?ﬁ#QRQQWQUGQXﬁﬁais
of al um nium or ‘an al umi ni um base at |east one | ayer of bare

17. all oy;
el ongat e el enent §fofh8t EéPesBFFBEnHElFﬁ% e'én?Fgf"Eb?%'s%?l‘éf'%ﬂ FRERE N Yhe

o ni um based Aoy XsarPsaRaY FRESLEKELSHECHEL a8y clartaflal B den
el ongat e el erent geahy g Y 9k huTbRl HEY PaREEy Shbig bt DoafERdAl cOTC

and/ or of the outer layer at [east parti 't ng the inter ces

bet ween the Steebl@ﬂéﬁt@'9?9&&9a§|Sﬁﬁﬂéﬁal131l€yf$@Kﬁ$ﬁﬁhéxﬁ¥“§%ﬁ¥oéﬁh a
clained in aim16, 10 wherein the central core conprises at |east one

| ayer of _ substantially circumferentially rigid central core

ha‘iu/ng in its auter surface at | east one | ongi t udi nal'l y extendi ng rece
e

10 coﬁsisting gf two separately formed parts comprising an
| inner solid eiongate member of metal or metal alloy

haviné in its outer.surfﬁce at least one longitudinélly
éxtending receés and, surrounding.the inner elongate
member, a longitudinally applied transversely folded

15 tape of metal or metal alloy, which tape overlies the
longigudinally extehding recess or recesses to form said
elongate compartment or comparfments.
15. A flexible conductor as claimed in Ciéim 14;
wherein the inner elongate hemben of the central core

20 has in 1ts'outer surface three or four circumfereh?ially
spaced longitudinally extending recesseé whiéh, when
surrounded By the transversély folded tape, coﬁstitute
circumferentially spaced elongate compartments in at
leaét one of which an undulating optical fibre gibbon

25 structure is loosely housed. | -
16. A flexible'conduetor as claimed in Claim 8, wherein

the central core is of éluminium or an alumihium-based

.
Ll



bare elongate el ements of al uni ni um or " an ETUETHTG;:B;;;;’;I‘_ each ‘\J»
el havi ng a transverse cross-section appy, mnﬂ “‘Eector of an
ann or having a transverse cross-sgction m \ t, 15 when =
t he xi bl e el ongate body is in t ensibh: sal e |s *ininter-facial
engagement- wi t h_adj acent bare el ongate ele' | exi bl e conductor — -~
as clained in & Jgneaé‘f ldaﬁtrrs"’??ﬁaﬁ% WEES R_FR F Bngﬂﬁ'?r MENFS Ot 20\
substantial ly circylar transy _ . C[ OSS-section. | exi bl e conduct or
as clained in 3kFSdn&YEE S r c#?é?%?g ﬁ%remh8P8|ﬁttﬁ8?8tp§Pts of the
or each el onga A% : .'%H. h bre
Egbg%gggl :ﬁ éﬁgc %?gsu §¥l% SO#PQHPQPPG%GQQH(finy

ri bbon structure or ruc es are tra

et er i mper meaBlee TR WD ok WIRASEAL lG-DAL L Ogiogchhréoahh' aCQRR gel . the

wat er - i nper nea um or silicone ge a consi stency that

the or eachsundulbali ke QRlyerd df edl bb&fesuaﬁgaes blelefes!,0 nove
relative to the flexible c¢onductor when the fl exible conductor 5 vibrates,

oscillates or agusindim o fdlanechi Bf-baséd cxipbp 68nEnet eentradl dored in-
any one of the preceding Cainms, wherein a |layer of thermally insulating
material is hoaadfornafhahw cmmdr claysntst chegatt partiaddys findinds the
undul ating optical fibre 10 ribbon structure or structures |oosely housed
therein. 21. Aihkersflicesoimatwenn the|steel bar€l elongéte elements.

17. A flexible conductor as eleimed in CIaim 16,

10 wherein the central core comprisee at least one layer of
bare elongate elements of aluminium or an
aluminium-based alloy. ‘each element having a transverse
croee—eection approximating to a sector of an annulus or

: having a transverse cross-section of such shape that,

l5 when the flexible elongate body is in tension, said
element is in inte:-faeial engagement with adjacent bare.
elongate elements.

18. A flexible conductor as claimed in any one of
Claims 8 to l7. wherein the central core is of

20 .substentially circular transverse cross-section.

19. A_flexihle conductor as claimed in any one of the
preceding Claims, wherein those pefts_of_the or each
elongate compartment not occupied by the undulating
optical fibre ribbon structure or structures are

25 substantially filled with a water-impermeable medium of

‘4 greaselike nature or with a silicone gel, the



is a circunferentially continuous |ayer which is bonded or otherw se
adheres to the 15 boundary surface of the el onga . An
overhead flexible electric conductor substantial Hﬂlﬂﬂ"ﬂ@luﬂﬁﬂlum
dgzgribed with reference to and as sho n any one 6f Figures 2 to 5 of
t " acconpanyi ng_dr aw ngs. 20 . An..overhead, el ectric transn ssion qr

di stribution sys %‘fﬁfﬁ’c’%ﬁ%@aé{% I'%'_"a%:tu“bn%r cVerhe P fqee%(iboﬁlé’%loeébtsﬁcg‘ a
conductor as cl aj | LE&ed I 5. e ead
electric transm%sés;l?%jhé%er stri 3{1}%%54 sys%%@%ﬁr?é |cnﬁt:1f"a%':.h$inr 3,
wherein the overbagtbd | SebeEurd ofd Mfed AW UKW 21 KRS @nduct or of

the system

Yo : : ' . :
wlerein the thermally insulating |ayer in the or each efﬁﬁga%e—eeﬁpartzégg

flexible conductor when the flexible conductor

5 wvibrates, oscillates or is otherwise flexed.
20. A flexible conductor as claimed in any one of ;he
preceding Claims, wherein a layer of thermally
insulating material is housed in the or each elongate
compartment énd surrounds the undulating optical fibre

10 ribbon structure or structures loosely housed therein.
21. A flexible conductor as claimed in Claim 20,
wherein the thermally insulating layer in the or each
elongate compartment is a circumferentially éontinuous
layer which is bonded or otherwise adheres to the

15 boundary surface of the elongate compartment.

22. An overhead flexible electric conductor
substantially as hereinbefore described with reference
';o and as shown in any one of Figures 2 to 5 of the
accompanying drawings.

20 23. An overhead electric transmission or distribution
system'including at least one overhead flexible electric
conductor as claimed in any one of the preceding
Claims.

24. An overhead electric transmission or distribution

25 system as claimed in Claim 23, wherein the overhead
flexible electric conductor is an earth conductor of the

system.




