DROP. CABLE Th|s |nvent|on reIates to suspended cabl es and t he "Eiggfﬂg ¢
particul ar - but’ not exclusively .-to suspended transm ssion |i r:>n7 Q?
above ground routes, a cable, known in this context as a drop cable, may be
suspendedjfrontpoles so that the cabl e hangs lbet ween each adjacent pair of

pol es i ®"a catenary. Typically, a drop cable conprises a strength nmenber
made of tensile steel which supports the |oad, and a carried nenber, which
may for exanple be a nore delicate trans®ROP 6ABLEi ne or lines.  The

carried -nmenber |s attached, either. continually or. at intervals, to the

strength menber. . [ n t e ween .-
pol es is 200 feet tr?glﬁs é@%r@gaé% ?&eg%&‘{éﬁd&y%éf& n% gﬂ% l‘ﬁ&b i
sags due to its own Wd8ghin = paneicudar eput oot th&C1H§&‘§F1Yont0| raslsaend@m on

bei ng determ ned by" ttlin-gngﬂlggiaplg_ﬁhst he drop cable, and being designed to be

wi thin a range of values determ ned by the acceptable drop cable tension

and the acceptable extent of eventual sag to avoid hazard. I n

addition to the suspena‘hm grondd ofout be, \&e capvite, oknawneiml this cconkext @sel f,

an external | y- nount edﬂ %Pjﬁe 'm%ysHPJ @ﬁﬁpe%n@e@dfjéoﬁn' %ﬂs V?%ramtt onleoadl ng

due to wnd force I'ce
This additional I oé’éb hangs| tl?tWFﬁnst?Qﬁhn adjacent Dadp OEbIPOLedmi &m Ri | |

?f L ect all L he Iel eLTEfehﬁelﬁi‘ryT. he m&éﬁlwchudtdiﬂ dabﬁ% Cévmpr ks lan%(:ﬁéngtﬁ)pt : IcalOI
i a previ ousl y- suop BRBEEF dPER Raisele . sERLo BT AEREERY oisubed aibor o
a duct along which aa catttiedi nerbepacéhagke maanfm'eexalgztlal bead horea ldelimateni que
R e T Mttt o s oo
International Appli éGataghed, either contmual y or at intervals, to the
strength member. Por transmission 1lines, the typical
distance between poies is 200 feet, that is 69 metres.
Between the poles, the drop cable sags due to its own
weight, the extent of the sag on installation being
determined by 'the tension in the drop cable, and being
designed to be within a range of values determined by the
acceptable drop cable tension and the acceptable extent of
eventual sag to avoid hazard. In addition to the
suspension load of the weight of the drop cable itself, an
externally-mounted drop cable is subject to additional
variable loading due to wind force and settling of
L moisture or ice formation. This additional loading
results in strain in the drop cable which will affect all
the elements of the cable including the carried line(s).

Optical fibre or other lightweight transmission lines may
be conveniently installed in a previously-suspended drop
cable the strength member of which supports a duct along
which a 1lightweight package can be installed by the
technique known as fibre blowing, this technique being
described in our European Patent specification No. 1085S90. .
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-2- This technique involves blow ng conpressed fluid, usually gas, along a
duct into which the transmission line is to be installed, ahd feeding the
transmssion line into the duct at the sane tine, so that it is urged al ong
by the viscous drag 5 of the fluid flow A particular feature of this
technique is that it enables sensitive transm ssion |ines, ESDECIally}J

t hose containing optical fibres, to be2installed after the l aying, or - ..
suspendi ng, of the duct, and the transm ssion line is, therefore, free .-
from. any . stress. resul.tjng. fro 10 i_nstal |-ati on suspensi on . of

“the ducpia’ FoShRLGHR ATURIVRY y BIOMIES RNRERRed nEludy ARAthENed

to a preyaswséyoﬁgsaeadeﬁ iatoenptikbh mebe:h:ansmtssitdn Qires id e&sllred :
conveni eng ev. tran Sj e

after susprésnts?:'(‘)n %E ?%dé rdglnrbq tghr?errﬁansnﬁlssg}ls?nl %Ef‘g Jr} ggeﬁ‘ grr%tstl |
subj ect ecthe® samre ditine, mlthaferl'fabise wrged ralong WY ithe fvicamm&e &waigor.
wind | gady AG fRE AR AP RCpa AR BLTRS féQ%ukavﬁfttﬁ’{‘s | S dWnPERY Iirjier in

conveni ent. neans for suspending a carried roma strengt | Jent
a 20 cat Ay d¥d BaPAAR bidSRANVE B mERRRErY SELOMCEENGE s ai 9P RRPIANLY i ve

el enent s. tl:.jmt bohtaifAing bptircall ctara:eman&fbé ﬁ.ﬁdﬂﬁﬂ.m_ﬁrﬁt ety atte
experi ence sensitive .errent a.catenar st.em e present

i nventio ?J’F%%?’de%r Edetis afi}"g%geﬁﬂété% rﬁﬁaf%ﬁ’ﬁigs#)’r?%fl
second support thexedome nudinsee eI 5ngmt e anyensi tresmadreand ying stfmgt h :
Tembeq ot ACUPEBECEN 0N, SRR i\Gh Sal e SUPPART S, aiat St il Terber

supportlnqb# Suita se in e bl'owi ng process, at Teast 5
a portiorf e%%ﬁ‘ﬁi%l-:fl beth§ dé’é‘(ﬁ}”ﬁleéd fidaM t HBa%t rBAgt hafBRBer thet eby..
limted %eﬁa\ﬁ%iyceaépeh@aeatseﬂeﬂ§t§a|ﬂeﬁﬁésngtﬁuﬂermﬂs Cafs OQEs  \J
wi t hout S|c%n eI oqgatlon of sald d.ugt ' .
ven e owever, even a transmlssion line is
installed after suspension of the strength member, it is in
15 present systems still subjected to the additional variable
strains resultlng from ice and/or w1nd loadlng on the drop

cable

An aim of the invention is'to prQVide a:eonvenient means for
suspending a carried member from a Streﬁgth_member in a
20 catenary and to inhibit_enviscnmentellj-produced strain on
sensitive elements. Another aim isbto'proVide a means for
reducing the strain.expefienced by sehsitive:elements in a
catenary system. _ _ ' | b' ' -

The present invention provides a suspended cable arrangement'
comprising first and second supports, .a continuous, elongate,
tensile- 1oad—carry1ng strength member extendlng between and
secured to said supports, the strength member supporting a
duct, suitable for use in a fibre blowing_process, at least

5 a portion of said duct being decoupled from the strength
member, whereby limited but significant elongation of said
strength member can occur without significant elongation of
said duct. '



-3 ‘The invention will now be -.described, by way of exanple, with reference

to the acconpanyi ng drawi ngs in which: Figure 1 schematically illustrates a"-
first enbodi ment of the invention; 5 Figure 2 schematically illustrates
part of~the first embodi ment; “Figure 3 schematical liy*|lustrates a second

embodi Wnt of the invention; Filgure 4 schematically illustrates a third
enbodi nent of the 10 invention; and Figuré& 3 is a crosstsection through a
si npl e drop cable for use with the third enbodi nent of the invention.

Referring.to Figur catepary s oles 1 ich ch ave. .
a:‘connecti on: r: ﬁ gnY%ngﬁ?Bh gf{eﬁg¥5%eq% %#%%bp %%w‘ %ﬁ% ﬁ%%FES"'
of a drop cableeﬂerenaetaohsuevaacampenweogldmaynogpennnUMD@h 5. '
Al ternative nmeans for attaching the strength nenber 3 to poles 1. -4-
may be utilised, the arrangement shown_being typical of presently
transmission Figerealisehepatically illushgates ehgihrs hepmerd Bmgﬁbp%$t§h%
carried nenberjigventfohpbul ar nenber 7, which nmay be nade integrally with
the carried nenber 6 or attached to it by other neans, extends around the
st.rength nmenber (nore clearly seen by reference to Figures 2 and 3) and
is sufficiebt|pigopee 2o schematiehldliyveilldngitiratiesal paoctenef bDeteveefd tde
t ubul ar nenber QQ 1P8n§trength_nenber. Prior to attachnent of the
strength nenber % pole 1, the carried nmenber 6

Figure 3 schematically illustrates a second embodiment of the
invention;

-

Figure 4 schematically illustrates a third embodiment of the
10 invention; and

Figure 5 is a cross-section through a simple drop cable for
use with the third embodiment of the invention.

Referring to Figure 1, a catenary system comprises poles 1
which each have a connection ring 2 to which a tensile load

15 supporting strength member 3 of a drop cable 4 is attached
via a connection stopper member 5. Alternative means for
attaching the strength member 3 to poles 1.

C



separates fromthe strength menber and is |ekt slack as it bypasses the
pole, and then rejoins the strength nenber of the next span after its
attachment to the pole. In an external, _suspended drop cable - system
there are initial |oading and tension fattors which are deterni ned by the
drop cable weight and the selected installation tension, and superi rrsted

on this there a'inSyCBémQ@ﬁlséd‘ 'i&h‘éd'a? rﬁ;@ﬁeﬁto Jhéﬁﬁoli&l U‘E?p&% o and w nd. .
Typi cal val ues maé§ be:a tot dro ab to 0. 5 Newt ons per

~nmetre run, but &h %ﬁYren? 5 %sf%’&us c!l'?? ora%%¥sby a ®eaddi ng of
ice to a. thi cknessemgfthamnbaneb tsipporte &|cmtried menibeyi 8¢ SlAb!:@mileddtO wi-ng: -
| oading) may in edh S {i t 5to 6
Newt ons per nmet ?‘éﬁ?%n 7t %W %&hége%‘ﬁ ol\rfll%#ﬁ#y ja%]i té rTg?/& 3Eeat |y
exceed the caBrBbekebghr aﬂtéﬁkﬁdnéo Hndy otheri meansasegtendsdarawpdses

i ncreased tensi @Re aB@'ré?@ﬂﬁemexﬂiéi‘ ?h@fwaéleﬁf‘ly “sééﬁe b"y“%?@%@ capl e. The
total [err] on_a cable |ven h{‘ u(;]gf_i, C%@i ghtferr +wnd -
| oad[err]) and FoPUhese 2va"11 $3 ‘?/ LY 5 ﬂ%s%ftq henablger of

Unit ed Ki ngdom redtdne ﬁn‘gnwd:ﬁé?l’ movemen tn Het weet thépf)ﬁbulat'lm”mher 0 3% or
greater —are expgr 'tﬁé‘cﬁgrdengi:lg mex@{e?c' 56%1:?? Y5 %ﬁlﬂgﬁﬂd o?”t

cross-sectional size ul us engt nenber 3.
Strains of thisStkength agphast bete oFerPQi-%d 1y nthe| Fééﬂ@dt MeABer s6i on |ines

such as those cee% a'ﬂéé‘@fr@ﬂttl@abtfén@f:ﬁﬁnemﬁ\éﬁ tanhgs q&r@naaaﬁrgs ghown in
Figure 1, it ca e,

d | oad ble 4
taken by the st as%@?i% ané &ﬁ(@ﬁo&ﬂ@gﬁlﬁ)é‘g ‘ﬂ?ggﬁébg &ﬁ{p g?r a?n |IsS
sol el y experi enthel rteyttslnnsaﬁtengttls athachmend b@d:aaspnlehe tubul ar menber 7.,

slides upon the strength nenber by virtue - -
‘In an external suspended drop-_.ca_ble" system - there  are
initial loading and tension factors which are determined
by the drop cable weight and the selected installation
tension, and superimposed on this there are -changes in
loading due to factors such as ice -and wind. Typical
values may be a total drop cable weight of 0.3 to 0.5
Newtons per metre run, but environmental loading (caused
for example by a cladding of ice to a thickness of Smm and
the ice clad -cable being sub-jectéd to wind loading) may
increase the ﬁeight respectively by up to 2 to 3 and 5§ to
6 Newtons per metre run. Thus, the enVirqhmental' loading
may greatly exceed the cable weight loading, and the _,,...\'
increased load imposes increased tenmsion and conse .ent e _
elongation in the suspended cable. The total loa .« . on
a cable is given by:

Jlice clad weight? + wind load?)

and for the values mentioned above strains of the order of

United Kingdom Patent off’ f‘eJ
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of its loose fit and the t ubul-ar manber S re5|stance to reI at |‘ve rmverrent
with respect to t he strength member bei ng less than-its own resistance to
ext ensi on. The slack in the carried manb_eg 5 is sufficient to take up the
extensjen of the strength menber 3 without Strain. . Thus, the tubular
nmenber ¥, and any line carriedfwithin it, remain sub""t.;.,a.ntlally free from

environmental |y indgcsgl s agﬂeatbherahy expﬂahemael eyt prédise avalue
sensitive to Stl’al n

transmi ssion |jnes, d{eéelf@én%atopl | n&gsai%egiﬁqa& i/l t%%dRe eel | ?‘ﬁg‘%ﬁow in.

nmore-detail- to Fi guHQd!Elust [} tdteo@tneabtle membem3r i sdkrains of dldlibyemenb
passageways constit ghhfkt bEetdl?éEéﬂe‘ﬂdlﬁm&@?.%at@ @Pé?xshﬂﬂi'oﬁrliﬁ@bfﬁcﬂas

ishown, the two passagevvays ar.e, of sl.ze, but 1t Is possib for them
to differ in size ofNfh cﬁ%"@é"b%?ﬁ Wﬁsbe provi ded, as shown for
.exanple in Figure 2a. Conveni ent |y, the passageways may be fornmed by

an integral plast e T th
menber 3 passes al o%&i %te @3&9%‘&%’& Co stlxtlséli%ﬁré'tﬁﬁ iFu‘t‘j‘?ﬂ ?,3 %{@ga

this being normall yth%hlt@eelbaldyof thheacnmpdeter drop rcéhbe 4 dentakenty dhgh t he
passageway, a'thougﬁtféifg'&h”ﬂedﬁ@kt @d K'Wi\ﬁﬁ’%ﬂf%&ﬂ‘tlﬁr&éé?& Petle strain

I nternational Applicatiion e st ren
menber may al so be p8sQSHE: expeq—q.pélcsg aﬁg%aﬁr' n&erné]rhqqgus&irt Ped
menber 6 supports attbuwlagnesiben 7 isldédés \mpomfthemngusmhbad,bya#muéorms

part of the carri ede T lo'gggt gitnean% %ﬁg‘?“ﬂ?t'ﬁéﬂ{b Bf's | sibtinde O e

passageway pri or sta enary.
case of |ightweight relaetdym govenent| with respast deopddiealstyengthostenber

cont\ani ng optical bbleeSieskt than C DY €Bine Hes i Gk anBE 66 | extishbme O Tho
slack in the carried member 6 is sufficient to take up the
extension of the strength member 3 without strain. Thus,
the tubular member 7, and any line carried within it,
remain substantially free from environmentally induced
strain, thereby enabling elements that are sensitive to
strain such ‘as optical < fibres or other delicate
transmission lines, to be carried in a drop wire system.

Referring now in more detail to Pigure 2, the drop cable 4
comprises two side-by-side passageways constituting the
carried member 6 and tubular member 7. As shown, the two
passageways are of equal size, but it is possible for them
to differ in size or for more passageways to be provided,
as shown for example in Figure 2a. ‘Conveniently, the
passageways may be formed by an integral plastics
extrusion of side-by-side tubes. = The strength member 3
‘passes along the passageway constituting the tubular
member 7, this being normally achieved by threading the
strength member through the passageway, although forming

[ Gnited Kingdom Patent Office )
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‘its passageway by the fibre blow ng technique described-in EP108590, and
this technique is conveniently.utilised after suspensi on -of. ‘the drop cable
4 in the catenary. To enhance blowahigity when using a fibre bl oW ng
technique, and for long termretention of good bl owi ng characteristics, .

It 1S conveni ent to use a lubricant-inpregnated plastic for t\he
drop cable-4. hét passageeay barqussithee dtrengithai mempend may 0\adbo | bey and the

frechan cal pr opghLd Rhe o whe hagiadly CRIGAING the LfRRahdlep Pl 25t oo

material .or omaBTen nat er | a nor e- nearly\.'
“opt i.mum proper t Be SUPRALHS ba; &E?ﬂ%%%ﬂ-qnf kipe- %a@%ev\w}e"co’rﬁﬁu%r ng, t-he -

carried nmenber ﬁlscs fdrmedpautt dracsd fdeteed mhastlm mﬁ@rg adayf pem t hat used
for the rest of ,t p cabl I& .structure. 'Iéhe I| the drop

cable structurdhs be"n d BAS5aeYaYe o RELSF °6r of |?&§§F
si nul t aneousl y, installation ef ctheexatemaryn oin beieasecrf r lighbweightcess

respectively. Agrﬂm%é%ﬁ' YLibdie |l Jellfeci AP ARRGES RonER LG UL I ND the

carried nenber |rst operation remal Nder
the drop cabl éPtiF@élyfihféﬁnglt flérﬁ%fl}'e%ﬂbte &etngta j(rﬁhﬁuﬂ-é%e SvdBrs or days '
later as apprOpﬁtetp%)ssbqewaytuw&henfmémwwhﬁg |Ueﬁhmi@1ue dédcghbeteiai ty

relorrod s HOBEIERORr pard Tes o coontiath ide: ChFehfonty, vERHSsel ke ngtom

Patent Office P&Fted BuspenammnﬁltthQrOR:awm‘l in the cakeratwati c grade
car bon. A concentration in.the range of 5% to 10% antistatic grade

carbon is preferred nost . efe ny %1 ) I cal ext sron rates are
of the order of °10e‘FPéF‘F%s gvne Phe rﬁn ‘?'Emﬂo ext ruded,

it wll typicaktbhiqhe, &nd? fdro loﬁg SImm |retention of good blowing o/
characteristics, it is. convenient  to 'us‘e a '
lubricant-impregnated plastic -for the drop cable 4. | it
"may not Dbe poss:l.ble to obtain good blowability and the
mecham.ca_l._propertles desired for the. drop cable 4 from a
single plastics material or from -a blend of ~ plastics
materials.  Optimum, or more nearly _-dpt.imum__ ‘properties,
can be achieved if the passageway constitutin_g. the carried
member 6 is lined with a different plastics mater_ial from
that used for the ‘rest of the drop cable structure. The
lining and the drop cable structure may be formed
‘simultaneously, or almost - simultaneously, ~using a
co-extrusion or series extrusion process respect:.vely
Alternatively, the lining of the. passageway constituting
the carried member 6 may be formed in a first operation,
the remainder of . the drop cable body being formed
subsequently (minutes, hours or days later as approp’riate)
by extrusion about the lining. Hitjh ‘density polyethylene
(HDPE) is a 'p.r:efe_rred lining material.  Particularly
preferred is HDPE incorporating a solid lubricant such as

S
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t hi ckness, * noreé typi caI'I_y 0.25 to O. 35nm - V\_hére ‘the lining is produced
other -than-in a co-extrusion process, - the lining wall . thickness may
preferably be sonewhat greater, for exarg)he up to 1 nm Typical internal
di-anet ems for the passageway -gonstituting the carried nmenber 6 are in the
range ¥'to 7nm preferably 5 t® 6mm These di mensi‘ok g;are particularly
suitable for use of _{] ] sse ] [ag i
transm ssion |ines sa&{(::ﬁgtgggés%Q%Icg%%kaglggo%ﬂﬁ% e gfrl tEr?%ngén eogpt i cal
fibres: In.Figure 35% todiGY cantistabiar gradeerarbons i | REAEPERS. WL has
-an: opénabl e.-si-de’ t 0 pPEsdHaB1§ Ny I UDWyBicATE R bxtrasbén CRGRICGrar @¢Ndnha = - -
.strength nmenber 3 where t_:hfe glngﬁ‘l S not cqQnveni en&lH T&lkea fas .
applicability to refF8¢s ¢? ng aPBYhts Pebr AHPBLRs y ¥€IRen 89 (i ch may
be a strength menbercoeertyuded,a it owidhbltypicallydi bey #.8t rengObSmrentier )
where access to the §idels, Miire® GpiaIG. 0.24 "td NG, RS Miershng. the
openhabl e by vir

side of the tubul ar member 7 1's "by virtue of a parting line at the
‘base of the right haAsing dé predugpdvRINEr kAN HA AaCOTERLINEION PERRESSof t he

‘material of the tubgneffaaing ewanll ofiicRBess hhdygepréferAyt Obe Okoddat ubul ar
;menber. . The confranti ng Z}[des of .t he g&rtl ng lrne are provided with a
e _

.cooperating ball an@rﬁfﬁ oghe}?@pl%p MBus| y nentioned, it is

necessary for the resistance of the tubular nmenber 7 to extension to be

| ess than the slidi {&3i ﬂ@}ﬁﬂApvf&?%ae??gﬁgleih%gééégggtgbdgitiﬁ%ig'? ngdom
t Ri

Patent O fice PCT In grnatlona 0 expa t hout
stretching the tubultBf GAEFbed member; fjare dpdthe range dckq 7BB: PrEEEEaRLB  por at e

means.-to reduce thespessannl! i tiheod difiensibnengehparibelardy barkeably for
>~ use of fibre blowing processes for installation of
transmission lines such as suitably packaged multimode or
~ monomode optical fibres.
In Figure 3, a modified tubular member 7 is illustrated.
which has an openable side to enable the tubular member to
be engaged around a strength member 3 where threading is
not convenient. This has applicability to retro-fitting
around a previously suspended line (which may be a
strength member only or a drop cable including a strength
member) where access to the ends is not available. In
the embodiment shown, the side of the tubular member 7 is
openable by virtue of a parting line at the base of the
right hand side (as viewed) and the natural resilience of
the material of the tube effectively forming a hinge at
the top of the tubular member. The confronting sides of
the parting line are provided with a. cooperating ball and
cup catch 10. ' "

As previously mentioned, it is necessary for the
resistance of the tubular member 7 to extension to be less
than the sliding resistance which enables the strength

United Kingdom Patent Off’ce]
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. caught, or otherw se stuck in the tubular nenber 7. In general t he
.strength nenber 3 will be nade of a corrosion-resistant naterial

such as stainless steel, which nay be further coated or oiled (for

exanpl e silicone oil ed) to ease fri cti'(')r% bet ween t he strength member and

]Eha t_tubul ar rrenber 7, and/or further aid corrosion resistance. v[OW
riction coatln S c a I

utilised for th nsi g]etgurié nd Qﬁoﬁﬁ %)aj f’l Hr‘r%O"'ru%j,'i.ty me IJ|Fnriygglnzg)albe

will conprise a9 ddiscendat éf—l ds. dean@éﬁer‘}f’l ANCATRGraee o?eaélﬁl &ing is

i Ciong Lof .t Fie: st ngéd YiRITpREsiBiNdnicr the. §trevber meib&er3 becdmingeduce the

pOSSIbI|Ity of this hap en| .vent 1.(Fi d at th

| ow poi nt of ead?ugikre E%%’rsetﬁ i r#‘ !tgﬁ @bﬁ%ﬂ@gggp@?v@feff rome

- the tubul ar nentgeneral,| nthdne strerigtht ymember he3 vohlls be madep ©fads may be

provided to ai d GhARNGhL}EdlsBlnt" hiFerdipy AEAMARONE B M4 N stbeL, St rength
u

menber 3 and the Ant | - we étln ,and/or | ow -

_friction coati nghichgsayebe HUrtRan cantedk A 91188 JEOF g’ﬁ’f@g% SRS wat er .
Drip beads or Otdl%dLofdméds@nfirmom Between U skel suredgﬂcmemhee adry of

wat er, either direct ‘hﬁé bydnergﬁnm ng A%ﬁﬂfggg}&héfgﬁﬁ'ar%%l& into the

tubul ar member 7°N& ance may be.
provi ded by |anasdsttglceat lowasriction ceabings.arsucht agngtlicerensr 12 (see

S:J)%:J[?aﬁil 'gtﬁg%&‘]ﬁ{étr‘églﬁ&?gﬂ?@égr ma?erﬁl%b 1ryea uE’inseﬁaE)?tY} u%iﬁéc}el nto a -
pl astics tubul arinfdf®eFurfachy of %epF%H(iﬁ’ésm"r"ég ?ar’!&’é‘:ff ral
Eﬁrenr)rer; ?t g;ealrlgf‘(b)k@m c@ltpr&ﬁ%al Yarlst\icstmateriﬁl i t% pobe!gaalvsnum‘oef.dﬁ ci ent Qf;.«j\_
t he enbodi Ironant S % g’(ﬁ'ib8 stuf'ﬁggg%xmry ?’gﬁ'ufiﬁ wn@érvagega;w
continue across tlﬂlmlmr amémlmt' the @ rresicerether PQSSIDAHTé'd ®f niliin Patent
Ofice PCT Intefnabhie?! vertdPhi CEliglFe 1) may be provided at the low

point of each catenary span, the vents enabling egress of

water from the tubular member 7. In- the vicinity of the

vents 11, drip beads may be provided.to aid channelling of

drips away from contact with the strength member 3 and the

tubular  ‘member = 7. = Anti-wetting agents and/or low

friction coating inside the tubular. member aid(s) the

egress of water. Drip beads or other formations may also

be used to dlscourage entry of water, ‘either dlrectly or

by running along the strength member 3, .into the tubular _

member 7 at.-its -opén ends. Additional strain resistance o

may be provided by in_cluding_'. at least one auxiliary "’

strength member 12 (see Figure 3) in the wall of the

tubular member 7. Preferably, the auxiliary strength

member 12 is made of polyaramide, is extruded into a

plastics tubular member, and also provides resistance to

temperature-induced - strain by virtue of its negative

coefficient of thermal expansion. ' An auxiliary strength

member may also be provided in thé, embodiment shown in

Figure 2. The auxiliary strength member 12 may continue

across the slack of the carried member 6. .

»
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-9- It wll be realised that t he degree of sl'ack in the * : carried
menber 6.between its attachment points to adjacent spans of the strength.
nmenber 3 needs to be sufficient to take up any elongation in the strength
nmenber lue to environnental Ioadl ng and/ ot @Ry sliding of the tubular
menber7 to an asymetric p05| *ion on the span. 0k gonveni ence of

instal lation, the carried nenber 6 nay be provided in“engths,. and the

| engt hs connected biE ceild! ihey realksed (ghat ddhendlegrees of 35130k gH‘rethel)

':N‘lere a " bl 0\|Nn fléarre%%a rm%hséﬂ 8t bmebﬁcml Stlfachﬁentsgdir%t% t@deajhbeﬂt-hte b RS

transmi.ssion.”line in the carri an e tube - .

connectors 13 to fotRfeff - gﬁe’ﬁggﬂb B %r&eeﬁén@%& s&%ﬁﬁ?{g’?t r}:é’akage of

t he gas used for bltakengpi sarmvceldnghtmnChnccthesetrémhsluemen edugt o, some

| eakage can general ] E n'feﬁtflr ﬁ31rr%faﬁdg8rpéﬁfaﬂ \&g,y?s SO tdbhng t he
e

t ubul ar nenber 7 an carrie forme ntegrally, such as by
a plastics extrusi owembeepdr 0 GA, aBWMMELRLR | BRSikien 1@ athe, SP8Ror t FAfNg of

thet ! Ielng: hs of TLUbt%%aﬁrFﬁTﬁﬁESromemQﬂm&&W rghd aérzltlbtﬂ ﬁéhlbtet' 6f may be .

i nstal l.ation. e tubu relative eng
nmenber 3 at one endPtS 8?'3%& 15%9%@@?@%0‘5‘&@ %@ﬁt?&ﬁ c"ﬁﬁl ﬁpﬁf‘gcontrol
the direction of slwithnguber cobngotersn3 uFégune ctled r $herd ve I"obeyn udi nal
I di Fi 4 " f h
sliding. Figure 4 s %‘é@ alggtma@{mag%éegm 0 ié“e?xé&ﬁe%' QRstL 1K eac

of the strength ne ope o ol.es, suppor.ting the
drop cabl e system vfrrénﬁmnlsélla%t]iléel4%%33«5‘:“5%%@8@?” Ret J&’H?EE ty a
helical spring 33. forCengepitniconectbes SK¥ itog£8sh melmseaméedmnts he pol e

via a ring mountin rS’a:%|48t 0 rvvk'n ch 8l ﬂaak%éco% |alléa9§s (Ifs[&rl ?&) kﬁgwﬁg t he

next..Sspan or catena
is av01ded. Of course, for short lengths, some 1eakage

can generally be tolerated

If the passageways constituting the tubular member 7 and

the carried member 6 are formed integrally, such as by a

plastics extrusion, separation, termination and relative

shortening of the lengths of tubular member may be
- performed at the point of installation.

The tubular member 7 mey be fixed relative to the strength

member 3 at one end, or at some intermediate location, in

order to control the direction of slldlng, or to prevent
W, ' unrestricted relative 10ng1tud1nal sllding.

Figure 4 shows a third embodiment of the invention in
which each of the strength members', 31 is attached to onme
of the poles supporting the drop cable system via an
elastic linkage, provided in this example by a helical
spring 33. Conveniently, the spring 33 is attached to
_ the pole via a ring mounting 34 to which an elastic
linkage (spring) 33 of the next span or catenary length is
also attached. Preferably, each catenary length of
strength member 31 is provided with an elastic linkage 33

»
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also attached.  Preferably, each catenary Ilength of strength nmenber
31 is provided with an elastic |inkage 33 United Kingdom Patent Office

- 10 - at each end. Wth this arrangenent, when the drop cable is

subj ected to additional |1oading, the elastic |inkages 33 extend and, as. .
will be shown |ater, thereby enables reduction in the strain experiencéﬁjin

the cable. ' Thezcagidchedpdrenmd Iths%higrﬁﬁgéﬁég%ﬁe's%gﬁi% lak&}® 2B shown)’, - .

nmust be conti nuoys, -and So, .wher. %‘rg} e

. adj acent st rengt kS nijestes to,addy

| I nkage, 33,is_attached to the
- “from the str.engt 53 nextend anéiv aoneilt beedhown tlater) atlidreby. i etadies, and .- o
conti nues separ aj ' i el j C | cfof. awsh - di st e unti’l it
rejoins the st re%%é‘%t%%rﬁgie’# @Ft_ & ?%fﬁle éépas 1 ?’:_eés.ej(::% ?%1% %%}eﬁ thgﬂénbodi ment
shown, the el astC%mlﬁﬁk&g@e_BB_33t f?hetllﬁjctréﬂs_llll‘-iél%xltin&dj(a@érﬁhovaienary
length i tshal S? bﬁ(tlibt%ﬁ%dcdn%iﬁ‘%df@ﬂtéxigl%,s vi_hlﬁ_?@ _dheé%’é&ié{‘ﬁnﬁaén%'ﬁdﬁm?be[] 32
rej oins e stren er o auxiliar re nmenper ot shown -
_but simlar to tﬂ&%ﬁ&% the ?ﬂa??cﬁ'g" _ﬁ:éﬁ?ffﬁgdx?'ﬂ’qhgfc(hﬁ'ﬁ?%’d‘%nééger 32 to
aid in its suppothe hzrnteh member isvsepattatadhfiomt thpostrengtib3nembér t he _
el astic |inkages e Sk eng (A]=Y RN PERTISERY | ) [W NoTe] o) supported’
carried nenber 3&“&53 40?18{\;'/# gg_&wﬁfh{:% @grgg%c gjf]m]s{?%%)l{- ft:aﬁlgtelggﬁfg%lg?east equal
to the maxi mum efeparately tfmem thee edpatic dinkageager B3shoght distapee dges wil |

:J_ndﬁr go. ggebi nve:mﬂlohrlth%jbﬁenhﬂnlel ts&-i»'éxfffgttacli mbwéw?ﬂeépjv't&é Oél_.lgﬁ_f:i@ as; : c
Pt Vi 1 on of ¢ ioSSIERT ¢ 1 ik, SUCSRELS: sBdwy Eue HiaPELe JiRkaHE a7 th i i mum
i nconveni ence, satickhe leadsof etit mexbnddjaced] dakergry rlengbh cisealsoto be .-~
interrupted for §eolEgs GANRCGHMdS 18 BEKGS: the BRI member 32 "/
rejoins the strength member 31. . An auxiliary ~strength ' .
member (not shown but similar to the member 12) may be
provided in the carried member 32 to aid in its support
between the two attachment points 53 of the elaStic
linkages 33 to the stréng_th- in_embér 31. The loop. of
unsupported It__:_arried member 32 is provided with a degree of
slack-that is at least equal to the maxlmum ‘extension that
the elastic linkages 33 that it bridges will undergo.
~ The invention has been illustrated by the provision of
elastic linkages 33 between the stréh_gtt_i- membe"xj_s_' 31 and
the poles. This enables provision of two elastic linkages
33 for each "catena_ry length, with minimum inconvenience, BN
since the strength members 31 have, in any event, to be o
interrupted for secure connection to the poles. However, '
a more general principal of the invention is to provide an
elastic linkage anywhere in the strength member, and for
the carried member to be separated from the .strength
member for at least the length of the elastic linkage and
provided with sufficient slack to accommodate the maximum
expansion of the elastic linkage. Such an elastic
linkage or linkages could be provided at any location in
each catenary length. ' |

United Kingdem Patent Office |
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a nore general principal of t-he |nvent|on i s to prOV|de an elastlc I|nkage
anywhere in the strength nenber, and for the carried nenber. to be .
separated fromthe strength menber for atllleast the |l ength of the elastic
| i nkagé_'and provided with suff|C|ent sl ack to acconnndate t he maxi num
expanéfbn of the elastic [nka Such an :ékasti.c I|nkage or

|i nkages coul d be piflo\dN¥e®REerNady SF%BP,%GP@ndFQP e‘%@éﬂ%ﬁ?%ry thergytare united
Ki ngdom Patent O f Ii@x@tmT 1ohBiy ali esmdioheEadtors WHLicANMrexéetermineauspended

Getor mnod by the dopteadtes e Yasaft Are SAAC shEEC AURlTRGIOTL TG O

and superi nposed ortenhian,t laade superimposege oni rthisathere anee changesacimor s
such as ice and Wigaing | fue | € SPickBEA SBch Lagt 1é@eaﬁd3|@£dd°n5f1‘cp fish @

catenary between the catenary di stance L

bet ween pol es, the §tablisped eEIhqtoaHgV\FB@tlﬁBﬂi@ riE}n aofatenary: beteesd e, and
the tension T in thtedicapenzyl earopn(tme enaxlimeshﬁs 'D,D theL di¥¥dhEe- L - - -

i ncreases wt h poI é’egg %ﬁgﬂ‘é) gﬁ%%ﬁ@hﬁg 18%@ %ggsfﬁ%l@?h%teﬂ@mgwdr?’ﬁe

princi pal of the prd;‘QEnGahlmenntﬁ othq semgian |'1¥n1rliatthe drop ¢able, cashdeges in
the tension T by aldzwedt@gads:i ncrease in the catenary drop D, in order to
conpensate for the additional |oading which would affect Win the above
equation. Wiile it is preferred to use the previously described drop cable
together with the IpEulfyWw/ar enary - system- it~ is=-poss+bt e #0{l)se the sprung
catenary systemwi th a 'solid drop cable of the type shown in Figure 5.

I n.such a drop
' A - from which it can be seen that the drop increases with

" pole separation and load, and decreases with tension.
The principal of the present invention is to eliminate, or -
reduce, changes. in ‘the tension T by allowing an. increase
in the catenary drop D, in order to compensate for the
additional loading which would affect W in the above
equation.

' While it is preferred to use the previously described drop
cable together with the sprung catenary system, it is
possible to use the sprung catenary system with a 'solid!
drop cable of the type shown in Figure 5. In such a drop
cable, there is no freedom for relative movement between

N\ ' . the strength member 3 and the surrounding plastics
' material. As before, the carried member 32 is intended
for the ins_tallation of transmission lines by means of a
'blown fibre' technique, subsequent to installation of the
drop cable. Consequently, the details given above with
reference to the carried member 32 of the drop cables of
Figures 1, 2 and 3, apply equally to the drop cable of
Figure 5.

United Kingdom Patent Off'ce
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~cable, there is no freedomfor relative novenent. bet ween t he strength
menber - 3 and the surrounding plastics material. - As before, "the
carried merrber. 32 is intended for the installation of transmi ssion |ines
by neans of a 'blown fibre' technique, supsequent to installation of the.
drop cabl e. Consequently, the details given above with reference to the/
carried menber 32 of the drop cables of Figures 1, 2-and 3, apply equally"
to the drop cabl eThe éffpot ivenesdnof ed Itestident E?zhmlenin Cl:lie:estl?@ifgth :

- International. AbDhddfigk! 38 now- &énfmg éf ftldry& i gé‘,n AHeSidihpil Link i n-_" N

“the strength. rrenber 'S now_de numerlca Iy usi ng:t he.srnple. drop‘.'.,-'
cabl e shown in FiéfifPecable; shaun o d"ﬁ@%‘?ﬂeﬁt ighth arkangegeRte shown im t he

eve{lt”th?t thte dr Pigueabd e Iin(ﬂlﬁnte?ittﬂna& dhé fd@bprﬁabdeslsgahar@édtttﬁ? U
installation tensjo a | val ues
wi || change, and ?t&%‘?rgﬁ' %eézg'g’argf St&l%rrgﬁ%ceag&?#iggp&%ﬁ%ﬁg gﬁ é%% in the
avai | abl e ext ensi bengrth mechenged.l then rihageemerical tvabuqmmpbhermange. o )
cal cul ating the cEg?ar?aPﬁemaldet cbﬁ'e@ gtét e is ab

nm coat i ng of |ce over e su ace e Cl?i? |s |ce cl ad
cabl e is subject etha é"%t’-]\ﬁp?ﬁ%i ex5enRiAp Bx the ?ﬁlc 9?-‘5‘ further assuned
that the entire load is borne by the strength menb_e_r, and that the

rel ati onship of Y, ' Lst fo} 0 tensile
steel strength ne h% %ﬁ?é]ﬂgﬂgrgf aﬁ%ﬁf&ipﬁé@%ﬁn&x@ﬂf?g@t é'el{‘tﬂirength :
menber has a crwdesettllﬁndssmedathiﬁ thererggla] 8rmy coaking bt &e wei ght of
the cable, incl udbm %e' Rk fddee bl | theC cABLKAGMA ithab BRfs NRM-eNeg per metre
run, and 5 nm of eiﬂ ueb

ca is subjected to a wind loadmg of 80km/hr. It “is _ ‘*U

~ further assumed that the entire load is __ bo;ne by the .

strength member, and that the relationship of Young's

Modulus = stress/strain holds for the tensile steel

strength member.

In the drop cable of Figure 5, the steel strength member
has a cross-sectional area of 1.7671 mmz. The total
weight of the. cable, including an installed fibre package,

is 0.364 Newtons per metre run, and 5 mm of radial ice
-adds a weigh-_ﬁ .of 1.98 Newtons per metre: run to give a
total ice clad weight of 2.344 Newtons per metre run.
Using the factors and formulae for wind loadlng from . _
Constrado, Publlcatlon 1/75 (1975), 'Wind forces on unclad. | U

tubular structures" the ice-clad cable presents an
effective size of 0 015m, and an sokm/hr wind load

provides a load of 5 438 Newtons per metre run.

Thus, the total maximum load on the drop cable is given by
J(ice clad welght:2 + wind load? )=
J12.3442 + 5.438%)

= 5,92 Newtons per metre run

United Kingdom Patent Off’sel
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adds a wei ght ,of 1.98 Newt ons: per rretre run to g| ve a-total ‘ice clad wei ght
‘of 2.344 Newtons per netre run. Using the factors and formulae for w nd
| oading from Constrado, Publication 1/75 (1975), 'Wnd forces on uncl ad
tubul ar ~ structures', the |c_e clad cabreldr esents an effective size
of 0.%15m and an 80km hr fwind |oad provi des:ai] oad of 5.438 Newt ons

P e o G5, Al

5.438ferr]). = 5 92 Mak ofs thés valuee 5.92 Ufewtons mern'galehl‘e Fnimentlscmw ce PCT

Internatlonal [errTas sumedl?’ - For..thi's purpose qf -the-exanple, a. rmaxinum .
distributed | oad of thIS val ue, '5.92 Newt ons per netre run, is now assunmed.
In order to ascertain the required properties of the elastic |inkage, it
i's necessary to finhtbedereqto r asterkaimstisn tegquined epeepetrbiescadentliey drop
sufficiently to kee t ng teal t i bl e
limts. Upon instal Flaisltﬂgzr:] im"“% 9 Hgab?é#ga (Ii):ﬁl I}ﬂé\&h Ew ggqg&p%%e) a
catenary drop of O. extensiafs 405 mrw@e@abpéthde smiwgmm staal ue in

equation (1), wt hkéépe t%@bltené’i%hgﬁhd Oﬁerﬁ:e3§ﬂe Neprla9f Swiiin "REEdptabIe f OF @

span | ength of 68 s provides: 0.7 682 x 0.364/ 8T which gives an
installation tensio ~300. 56 Newt ons. USI ng an Iterative conputer
pr ogram it can be denonstrated that, in order to support a distributed

load of 5.92 Newt ongn3SIHIEA 1800 1%.! GHGPRable 1338 MY S wind or

ice), a catenary -drop of 0.7 metres is an acceptable

W standard. Using this value in equation (1), with the
cable weight of 0.364 Newtons per metre run for a span
length of 68 metres provides:

= 682

X 0.364/8T

which gives an installation tension T=300.56 Newtons.
Using an iterative computer program, it can be
demonstrated that, in order to support a distributed load
of 5.92 Newtons assumed above, a tension of 1350 Newtons
is required. Thus, the ice and wind load provides an
increase in load of 1050 Newtons.

\\/ In the absence of any spx_‘ings, using the relationship
Youngs Modulus = stress/strain for the increase in tension
in the strength member, a value of 160 x 103 Newtons per
square mm for Young's Modulus for the tensile steel, and a
_cross-sectional area of 1.7671 squaré mm for the strength
member gives:

strain = load/(area x Young's Modulus).

~'strain = 1050/(1 7671 X 160 x 10 ) =3.7137x 10 -3,

Unlted ngdom Patent Offige
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S is reguired.” Thus, the I ce and Wi nd 1 oad provides an increase in |oad of
. 1050 Newtons. I'n the absence of any Spri ngs, using the rel ati onshi p Youngs
“Modul us = stress/strain for the mcreasein tension in the strength nmenber,
a value of 160 x [err] Newtons per square mm for Young's Modul us for the.,
tensile steel, and a cross-sectional area of 1.7671 square mmfor the “\./

strengt h nenber - es tr Y3489 dud u rain ="
1050/ (1. 7671 x 1 th% ?hﬂt:‘?n%?)gééﬁnerr O% tggl%)nfggdofn% Pg‘i ent .Office«:
-~ -PCT - knternati on%ﬁcesﬁp?ﬁ ipgEmissible gor gt eptigade £ikrA-t i HY thestrain is

- .0:37% which is faddlwoxmcsaﬁmf didab ey Tte dnal ﬁi:fdouoadln pnascaéexf ibre..

~Only the additional n Q_the ice an d,] oadi n been -
consi dered, as i%° "ﬁé{é rtﬁ?éna%s &féa ???&t aﬁ'}@egp% FL? ?Fég%a?]*#st alled
after suspensi onwasf Jmhbaliledpaﬂadrl enspendions afhghef drop cable,sabdeis to the
drop cable insg n; 61:9”.5.11}5;]% ef 300y V\q!'.lts fidpXxi mum-
accept abl e straij n}?%rlh%&té) ? F\/\hltghqf S i n@;c?dﬂ':lgo eﬁﬁlaor&gpt I cal
_fibres but servekensdon af,3Q¢ ¥e¥tanSe point), then the maxi num catenary
length that is acceptable can be calculated. The catenary Iength of the

unl oaded, installgd ca a t only
changes f rom -t hattel %%g?#eﬁ hitmgétg‘g&g{%él}qu%%% +%?al eé ?%B _
Catenary |ength Ewhich {g el |fpeb4tdoehigh i fest aptinalcibmear hut cegves = 68 + _
(0.344[err] x 68{&r11hﬁét(r%€exth%0§$ﬁft')l)tlren6§h@h321nﬁﬂt eeéenérp 1%ageel ongation
gi ves 68.0172 x 025 ?
that is acceptab e can be calculated. _
The catenary length of ‘the: unloaded, mstalled cable is _ W
calculated. first, since again it is only changes from that '
length that effect a subsequently—installed fibre.

Catenary length = L + w2 13)/24 TZ

installed cat’enary length =

2 g 68 )/(24 x 3002) = €8. 0172 metres

68 + (0.344"
A 0.25% elonga_tion gives .
68.0172 X 1.0025 = 58 , 1873 metres L T .

Thus, to support a 5 92 Newton per: metre run. distributed
load with only a 0. 25% stram 1ncrease, the following is

- known:
initial installation tension = 300 Newtons.
distance between poles = 68 metres

distributed weight (under
maximim ice/wind loading)
permissible catenary length

5.92 Newtons per metre run

LUmted ngdom Patent Office
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Thus, to suppor_'t a 5.92 Newton per rTetre rund| stributed load with only a
0.25% strain increase, the follow hg-is known: initial installation tension

= 300 Newt ons. distance between pol es = 68 netres distributed weight
(under -maxi mum'i ce/ wi nd | oadi ng) = 5-915 Newt ons per netre run

perm %1 bl e catenary length United Kingdom Patent Office PCT

| nternational Application 15 (calcul ated aho ¥ = 68.1873
metres The additi onmamehsﬂﬁnabweg cabl e exT er@g'eﬁéﬁn?ftrgs maxi num

"pérni.ssible strain (0.25%° can be found wusing. the relationship:

SOUIOT R SR e LT R e

i_on
Youngs Mbdul us x st peimissibirecastrain u$0R§%)hecam| bes EPURSn BEHIY ert,gethi s

gi ves Tension = 160 ; 0'&9%5 Xpddulfy' 1l = 60Festfstiadhonsor ntheher
words, ~a 0.25% s ]ailtﬁ'aﬁ%qléit!on y ~enable [

) A maxi ensi ' he

cabl e of 1006.84 Nednereasei ik, stnadn; nandy g ?é’cﬁ\‘tﬂ‘%sﬁg‘%} 3 ﬁ(baé]vt%ns pl us
the increase of 7063843 Rewéd e arlationskip.above). In order to reduce the
tension fromthe previously calculated maximum tension of 1350 .New ons
to the perm ssible tension of 1006.84 Newtons (so as not to exceg;?l t he
0.25% strain) the caessiony= dowtds Madulus KnekeaidcX aned AndncPEHWe YR | ength

cannot.be provided Ry,the 43B) eeélttﬂg,_l.'f {88 Yivés Vienbion nerses t10d &t rain),
but is provided by the Springs._ The c%t n rx length required to reduce
the tension 0.0025 x 1.7671 = 706.84 Newtons

L In other wo:ds, a 0.25% strain limit only enables-a

| maximum tension in the cable of 1006.84 Newtons (i.e. the
installation tension of 300 Newtons plus the increase of
706.84 Newtons calculated above).
In order to reduce the tension from the previously
calculated maximum tension of 1350 Newtons to the
permissible tension of 1006.84 Newtons (so as not to
exceed the 0.25% strain) the catenary length has to
increase. This increase in length' cannot be provided by
the cable itself (as this would increase the strain), but
is provided by the springs.

The catenary length required to reduce the tension

W :  gufficiently can be ol_:tained from the relationship:
= gl 13
catenary length =L + W_ L
24 T2

where L = diétance between poles
W = weight per metre run
T = tension

United Kingdom Patent Office
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sufficiently can be obtained fromthe relationship: catenary length = L + -
[err] 24 [err] where L = distance between poles W= weight-per metre run T
= tension United Kingdom Patent Oficeij®Cl International Application - -
16 - and, using the established values, this gives catenary length = 68 +
5. 92[err] X 68[err] 68. 4529 24 x 1006.84[err] Thus, the requi redu
catenary | engt hand,n m:iuhgr tJhe w;eahilaheﬂaxvam“.t ebisorgiyes 10@&1194? Newt ons for
a 5.92 New ons ; caBS 68- tres. The naxi rrumlength of
.the cabl e for. OE%% stra| n . 28 sug%(z)?gt’ig.‘iOOG 84 Newtons) is 68.1873 .
etres. ‘Therefore, . the:spr: %gslq%aﬁther elastic |'inkages) nust. provide an
ext ensi on of the addltlonal catenary |length required, 68.4529 - 68.1873 =

0. 2656 nmetres o a 7 Wt f i Qgs are
provi ded at eacﬁﬁ‘éﬁ"{d té‘? 33‘@@ gaé%t“g;‘é Pe%g?ﬁsl\gl rdgaérrtéad 3;1%?& Qf 5.31 NVmm
for each springmaxinunstensionoof §@05{ﬂ$sgﬁm@st §°I|br50\5|-8% NeWEonfgPer hat woul d

take up the inohgblobifios] Asngs Asthmer@nt that the fibre was not
subsequently insta or. for different maX| mumstrain. |f the nmaxi nrum

strain is about half that allowed above, i. 0.125% for exanple, then the
spring extensi ohé amaxinowl Hengtbdofotltsa mphe ofmm& 85y strabh etwhithe

enbodi ment desc%bﬁg%u%&e .SLSOQS SUICRL gRPid730metitdk. t he el asti ci t'y may

be provi ded by ans” suc as an e)l astic. poI ynmer material i.e. in the
form of an entropy

Therefore, the sprlngs (or other elastic 11nkages) must

provide an exten51on of the additional catenary length )
requlred, 68 4529 - 68. 1873 = 0. 2656 metres over a tension _ o/
charge of 706 84 Newtons. If springs are prov1ded at each

end of each span, thlS y1e1ds a requlred rate of 5.31 N/mm

for each sprlng._ ' -

It 1s, of course, possible to prov1de springs ‘that would
take up the 1nsta11atlon straln in’ the event that the
fibre was not subsequently J.nstalled, or for a different
 maximum strain. If the maximum strain is about half that
allowed above, i.e. 0. 125% for example, then the spring
extension rate‘ would need to be approximately doubled.

The embodment described utilises a mechanlcal spr1ng, but o
the elastlcity may be provided by other means such as an ' \U
elastic polymer materlal i.e. in the form of an entropy

spring rather than an energy spring.

In Figure 4 it will be observed that each spring 33 is
connected to its attachment point 53 via a stopper member
36. Each stopper member 36 comprlses a small diameter
(for example 1 or 2 cm) helix with a comparatively long
pitch length, so that the turns are extended and open.

United Klngdom Patert Off' 'e‘l |
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spring rather than,an energy sprl ng...ln, 4 it will be observed that
each spring 33 is connected to its “at achn”ent -point 53 via a stopper .nenber
36. Each stopper nenber 36 conprises a small dianeter (for exanple 1 or 2
cm helix with a conparatively long pitch- &hgth, so that the turns are

ext endedl and open. United Kingdom Patent O fice PCT Interrnational

Appl i cation -17- The end of. the drop cable streﬁth menber 31 fromthe

drop cable is wouRlie andupfl thgedraporahler pEresgth memben 3dafrof hgydropenber
36 so that, . under . teasieonis t oumd raehd RREDepepULAmEL Bt the ammal the

f th mber_and. h h
ocrcnent "ot *a EF IRt 1 35 WAL, | iR Lane il DU Be ot o

in existing cat enamgmberys[mébs tightdy oagainsto tied tgrnsppoﬁgthe t $topper f ace of
‘the stopper nenber Z&nB ﬁo?éd&g a\ngﬁgr@.ﬂpl Ofnifs & égg g@,lt ggch as
istri

car borundum powder or progressi ve uted_gri pping
action may be provi éeét%ﬂ%&vi’“ﬁ@bﬁi’ \/Jdlryq npldrakettaPPRE| memberyish wekk t ur ns

taferldng ;romTﬁ Iﬁr lﬂ@éwnfjlﬁit”fEéﬁstﬁﬁgtbet@agyV\/@%&mﬁhe ihr?@dézh ﬂ@”tbﬁd 31 1s
i ntroduce e heligcal. sto i N0 ynciion grip
the drop cable st r.eﬂﬁ’f Hinpet® 3"'1u % uE nﬁ%&’gﬁ v@% Fi agth respec_t
to the strength menbeatedl with mrnigbufmqtjzorprmriaid ssaboali raagbomundume

i nvention, the st opg eggr&eta :ﬁ@C' ﬁotfl‘aﬁ.ﬁ%de'AnthgéﬁsHvéM dh 51@@:‘:&7‘&%9&3' ated

el astic Ilnka e 33 u 0S (o] a st qpper nber whi ch
S bAF LR OATkIon WA De| REoYIdel YaAviRS 1 TATSRES] bi o

I's separate from b
for the sanme di anet dfamteni helix,orwiehathe etstmndapdriiy ofroge)a tXarger m t he

fr'g'd/ stopper menmbeg; 46.BY k' YWHE YhngSTWhble kA ChE ength member 31 1s
introduced. The helical stopper member 36, in order to
function to grip the drop cable strength member 31, must
be comparatively rigid with respect to the strength member.
In a particularly preferred embodiment of the invention,
the stopper member 36 is formed integrally with the
associated elastic linkage 33 (although it is possible to
use a stopper member which is separate from, but connected
to, an elastic' linkage). It is possible for the same
diameter of wire (for example standard 10 gauge) to form
the rigid stopper member 36 by virtue of small diameter
turns, and then be formed into substantially larger turns
to provide the elastic linkage. It will be realised that,

U within the general context of the expression 'strength
member', the stopper member and the elastic linkage will
comprise, or constitute, the strength member by virtue of
their attachment to, or continuation‘ from, the drop cable
strength member.

A further advantage of incorporating an elastic linkage,
and one of general applicability, is that, upon initial
installation, the spring should extend to an initial
length éorresponding to the desired installation tension
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turns, ‘and then be f or med |nto substantlally targer - turns to prOV|de t he
elastic linkage. It will be realised that, within the general context of .
t he expression 'strength nmenber', the stOpper nmenber and the el astic

|l i nkage will conprise, or constitute, th¥ strength menber by virtue of . _
their attachnment to, or continuation from the drop cable strength nenbgy

A further advantage of inco ting an elastic e, .and .one of genéral.
applicability, i$SHENg &Bﬁﬁfﬁﬁg}‘?ﬂagsl FRELie a?‘ftorY'lQF‘Hg" ShEnifdcaroul d extend -
~toan.initial | cemtibommental pdoading ) o ahde ideseffectivedy alal. album-iren5| on .. .

Uni t ed :Ki ngdom E&tsg&; afu?ge Pﬁl |- r]_tserp%ttl ﬁf&rlx[ e{éllevan gl‘l'lénadl ng)

_installation is carrried: t hout sign vronrren
and is effectivelagtiq binkages narerusedn togzaduce - logding. $ nﬁ%lr‘tﬂilQ:ul arly

ol ook o o (e oot SALP kg s handece gupee (10
ul ati i i
tension, and, t?ﬁgﬁlﬂgt &Pﬁ)sitopgn af’éhsilgnlége fi@'f'%ﬁ?ﬂ’tﬂ‘i‘ {4805 rect

. degree of t ensi odnflfets,ethemythleol:omcprdegrelechf tertddorvrelief tntag nete of an
e os w205 UbRloAadE, O AEGRSLEN ORORsd 00 U3 lealil! Aihicage O el

cat enari es wher ston relief 1s 'nofl necessary
Ki ngdom Pat ent diUTeEE PETA |tEREIARa1IYBR f°‘Ap‘§ﬁq o’d’t |Jé‘|$tallln919"—h311 A
suspended cabl | ecatehffi@eMWNérec @RS icai BaLilefr $§ ‘notndecareany HBYPRLEG S, a
conti nuous, el ongeat Earl tlenS| | e-1 oad- : '
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carrying strength nenber. extendlng betmeen and - secured to
the strength nenber supporting a 5 - " duct, ‘suitable for “
bl owi ng process, at |east a porti on of said duct bei ng decou ﬁ“ﬂm\ “‘ ﬁ‘

strength nenber, whereby Ilimted but significant el onga L Sal ds
streng¥h nenber can occur without si gnifi ad;t el ongation of said duct.
2. A cabl e arrangenent as clained in H%i™ 1 wherein a tubul ar nenber

| oosel y-surrounds the strength menber, the duct being supported by said

.stren th - menber b d a
as cl g.l med [Ttr?ecl alymrﬁzea%ﬁe]rgénéééhe} #@'Lg Erﬁﬂggﬁeflar °r‘r’é“?§éfsé‘mr?§ @%L—Qg are
each part of a one- Sficand ByEPostsp| asePrtinwews; slongate, Kengile- 1°ad'

arrangenent as cl ai RGrivi rig ettmellgmeheme&hekeeaaﬁngmeeweénram s%&lﬁ%&s
t he duct providing a cont between all the supports. A

uous
cabl e arrangenent a§°c|%1?4'r€dsuﬁpé’lr§ism 1Ehe EF&PW& ¥ tﬁEPEHEFing a
diverges fsomthe silduengt lsuttdidre doxd hisesuppar tilbreablewders dratgiss ofatt he

duct being provided IS r
claimed in claim %%S@% 33%%9' ofﬁsaé'r?ld'a CCthJec ﬁade%%%?%r ei rfaq e dauct
conprises plural di séxengihar menhsimed Vthﬁj@hier Limidiedenduto- edgni ficant

relationship, the | Qi¥nyReloMe e ter@ldpaééﬁeastﬁgmsuﬁéicaeahabb)suea%itﬁmt |
7. A cabl e arrangenent_.as clainmed i.n any one of clains 1

wherein the inner s&iEfdEiganteIRRgation ofijpdf i8net-pl ast | cs mat er | aI

i ncorporating a Iubri cant -20- 8. A cabl e arrangenent. as cl ai ned
in claim Zowrel n tAh cab berlé:raxr%n!ggmgﬂ | gtsatcll%.:L %d%.rfarpalm 1 where:.n a
o/ tubular member loosely surrounds the strength member,
‘the duct being supported by said strength member by

means of said tubular member.

3. A cable arrangement as claimed in claim 2 wherein the
15 tubular member and the duct are each part of a one-
piece body of plastics material. '

4, A cable arrangement as claimed in c¢claim 1 wherein
there are three or more supports, the duct providing
a continuous path between all the supports.

20 5. = A cable arrangement as claimed in claim 1 or claim 4
wherein the duect diverges from the strength member at
the supports, an excess length of the duct being
‘provided at the supports.

6. A cable arrangement as claimed in claim 5, as

25 dependent on claim 4, wherein the duct comprises

plural discrete parts joined together in an end-to-end

relationship, the 3joints between the parts being
substantially gas tight.

7. A cable arrangement as claimed in any one of claims 1
30 to 6 wherein the inner surface of the duct is provided
by a plastics material incorporating a lubricant.



9. A cabl e arrangerrent as clainmed in any ‘one wherein

t he body .of the duct is provi ded .by a 5 - pla “ﬂICh S
different to that which provides the inner surfacem!} Wﬂ ““

cabl e arrangenent as clained in any one of the pre at e wHerein ,the
duct has a bore dianeter in the range 3.0 7 mm 10 11. A cabl e -«,,L
arrangenent as clainmed in claim2 or %ﬂw one of clains 4 to 11 as

dependent on claim 3, wherein the tubuI ar nmenber is provided with at |east

one_vent org i Nt ef AURHEA b ATUerRI WS SIA M 3 ohdam 7 MY the

_-arrangerrent as ‘cl'ai me | alm 2 any. .one - claims. 3 to 11,
as dependent on clléﬁhﬁlfa‘!tn%ﬁhlwits&?q%lﬁ%dWQS prow ded with an’

auxiliary strength nmenber.. 13. A cabl e arrangenent as cI aimed in claim
12, in which the _auxiliar stren

AL IR P CLAMCATS NG 50 AE RV P
claims 3 to 13, adtod@perw.tartem thai boyi pfutiheh duet tiduprovideebyhas

| ongi t udg nal partEﬁQsLt erial! GROLS Jd AROLFROLnES ¢ ALHRE WhiA One

of the 2 rece |ng ‘clarnms, whereéin a Ity of ducts are
supported by sai dP¥OVERGEh thenfigmer gurfage ééﬁolté‘ear@%errent as claimed in
any one of clalns 1to 3 mhereln an elastic linkage is prOV|ded in the
strength el astic linkage.

Vi, Ng. - extensgion
rate per u I en@t hcie’ﬂjogt AfiaR9sPfteatér ?%%eigxtae’h%l SRer a?g % he
strength nmenber, phrecsddingoeilag msr erhieded nyvitthie dwicfti diagnta dloaek diamteddea: up

t he extension of gge.tgeagéin%é ij)l@,l_ge, \Mn{_hout_ st:_rai n.

-

")

10 11, A cable arrangement as:cléimeg_in claim- 2 or in any
one of claims 4 to 11 as"-depe_nde_nt on claim 3, wherein
the tubular member is provided with at least one vent
or interruption to permit_éqreés of water.

12, A cable arrangement as claimed in claim 2 Oor any one

15 of claims 3 to 11, as dependent on claim 2, in which

the tubular member is provided with an auxiliary’
strength-mémber. |

13. A cable arrangement as claimed in claim 12, in which
the auxiliary strength member is made of a | . .
20 polyaramide. - _ _ . : "UJ;

14, A cable arrangement as claimeq in claim 2 or any one
of claims 3 to 13, ad dependent on claim 2 in which
the tubular member has longitudinal parting line.

15. A cable arrangement as claimed in any one of the
25 preceding claims, wherein a plurality of ducts are
supported by said strength member.

16. A cable arrangement as claimed in any one of claims 1

to 3 whereln an elastic linkage is provided in the
strength member, the elastic linkage having an



517. A drop cabl e arrangement: as clalned |n claim-16, in which the

el astic- Ilnkage is a nechanical spri‘ng.” "18. ‘A cabl e arrang AT : N
claimed in claim16 or claim 17 wherein the eI astic |inkage i ﬂmmuﬂm‘“““ "”!li
the strength nenber at the end of a catenary length, and 10 *

part ®¥ attachnment means for attaching_the strength nenber to a supportlng

pole. 19. A cabl e arrangement according to claim18, in which the
attachment means further conprises a helical stopper; nenber, and the

el astic Linkage is ékﬁé)ﬁﬁén fate. per- drfitUSlEéncj'tfH 'ear '.ﬁnﬁarceyhgkeaaér
st.opper nmenber - and~%£ gﬁﬁrtln ol e. -anfan ggenti
according to claihRdRg éﬁﬁnﬁa?% BFaFﬁﬁlf 53P %FSpFPﬁg

is a helical springdﬁotnbdlngtpgb&ﬁﬂpdmwthInnﬁﬁannnt:Hlack to tekbenp
21. ~ Acable affaeggﬁsﬂéeagfsadgﬁgtkg 204838 Ohnkhdkhi Lokl %gralrh

which an elastic |inkage s provided at ea R end o h cat enar engt
22. A cabl e arrangenent accordlng to any one of clains 16 25

21, in whighyghe oraegeBpelaiies alff&&?gy@méﬁ@vagleélammeat eRSiAAMIH 04 |§ﬁ5t
2. 5 nm per Newton, over a catenar able ca able of .

bei ng suspended frdﬁ?bﬁpegh?neéa€5¥8n§F9kﬁﬁ8 %ﬁlﬁaﬂpggga °gleSPE e cabl e

30 -arrangenent of claim1, conpr|5|ng a duct suitable for

B P %%al d u%{hi%rélgxﬁabljé‘gerren t"ﬁasmf ensi ,{T%aqimcqgnsgt Sfaiﬁ &

integral wt e-10ad- carry
strength 'nunber, wherein sthe ebestleonb;nsegeplagt|330ﬁaﬂed|ais the

body of the duct CogPréfgPH Rember at the end of a catenary length, and
W, 10 forms part of attachment means for attachiﬁg the
strength member to a supporting pole.

19, A cable arrangement according to claim 18, in which
the attachment means further comprises a helical
stopper member, and the elastic linkage is disposed,

15 in use, intermediate the helical stopper member and
the supporting pole.

20. A cable arrangement according to claim 19 when
appendant to claim 17, in which the spring is a
helical spring formed integrally with the stopper

20 member. |

21, A cable arrangement according to any one of claims 18
to 20, in which an elastic linkage is provided at each
end of each catenary length. '

22. A cable arrangement according té any one of claims 16
25 to 21, in which the or each elastic linkage provides
an extension of at least 2.5 mm per Newton, over a

catenary span.

23. A drop cable capable of being suspehded from poles in
a - catenary and sultable for use in the cable
30 -arrangement of claim 1, comprising a duct suitable for



w5 . first plastics material, and the inner: surface | ' .
provi ded by a second plastics material. '24. © A drop[ﬂHWElEﬂiﬁU/ﬁr“ﬂl n :
claim 23, wherein the second plastics naterials is hkghcdé s

pol yethylene. 25. A drop cable as clained in claim23 or claim24, 10 ..
wherein said second plastics material is a polymer inc ERONG.
solid lubricant. 26. A cable as clained in claim?25 mherein'ggygég%??dig

| ubricant is an antistatic grade of carbon. 27. A cable as «clainmed in
. .claim- 26, --wherein- the 15. concentratimn-of carbon in said second S
~plastics material isinthe.range 5 to 10 per cent ‘by -viei ght. 28. '-A cable:
as claimed in any one of clains 23 to 27, wherein said inner surface is '
provi ded by used iimndibae )l awilg cknesessn tamgd reeryes ofofindctedl tton o20
29. A drop, | S . &lal ned 4 y e LI [ O e aid
means corrprf'g%%ggr ugﬁ-ﬁg}_gﬁg%g}ﬁ% Fﬁ?ne%?ékﬁ%ﬁg ‘gﬁ:féﬁat?%nrre éereig%éi be
recei ved. 3Garmyidgpstaengtis sumbessd | Whanpdne 82id| dwet 2 omprbseés t her
conpri sing idee- lhaedr I t gyt Dol ' £ € ' aid
means. 31. %}tcagli}fiedsguggt%gﬁ%angynggéher el hbggg%es&c%ﬁ?begg\}ﬁmg?gswgy;rince
to the éccoﬁﬁ&ﬁﬁ @&qﬁﬁiﬁﬁuﬂﬁte ial, and the inner surface of the duct

being provided by a second plastics material.

24. A d;op cable as <claimed in claim 23,-wherein ﬁhe
second plastics materials is high density polyethylene.

25. A drop cable as claimed in claim 23 or claim 24,
10 wherein said second plastics material is ‘a polymer
incorporating a solid lubricant.
26. A cable as claimed in claim 25 wherein said solid
lubricant is an antistatic grade of carbon.
27. A cable as claimed in claim 26, wherein the
15 concentration of carbon in said second plastics material is
in the range 5 to 10 per cent by weight.
28. A cable as claimed in any one of claims 23 to 27, QJ

wherein said inner surface is provided by a lining having
a thickness in the range of 0.2 to 1 mm.

20 29. A drop cable as claimed in any one of claims 23 to 28,
wherein said means comprises a tubular member within which
the strength-member'can'be'receiVed.

30. a drop cable as claimed in'anyoné of claims 23 to 29
further comprising a tensile¥load-carrYing'strength member
25 engaged with said means.

31. A cable substantially as hereinbefore described'with
reference to the accompanying drawings.




