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(57) Abstract

A method of installing an optical cable in an overhead power transmission line which comprises supporting an optical
cable (1), which has an overall protective sheath of electrically insulating material, in long lengths between towers employed to
support at least one electric power transmission line (2) which is on load and, after the optical cable (1) has been so installed and
while the overhead electric power transmission line is on load, providing on or in the supported optical cable at least one longit-
udinally continuous path (11) which extends throughout substantially the whole length of the supported optical cable and which
is sufficiently electrically conductive to carry along the cable (1) any currents that may be capacitively induced. The method en-
ables a cable that will not be subject to dry-band arcing to be installed without danger to personnel during installation.
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OVERHEAD OPTICAL TRANSMISSION SYSTEM

This invention relates to optical cables for use
in optical transmission systems, and especially to
cables for use in overhead optical transmission systems
in which the cable is supported along the route of the
system by means of towers, masts or other upstanding
supports that are also employed to support electrical
power cables.

In systems of this kind it is the general'practice
to earth the optical cable or cables at the towers,
masts or other supports (hereinafter simply referred to
as towers). When the electrical power lines are on |
load, electrical currents may be capacitively induced on
the optical cable due to the distributed capacitance
between the cable and the power lines. The voltage
induced on the optical cable will reach a maximum at mid
span between the towers, while the current flowing along
the cable will be greatest in the region of the towers.
Under dry conditions the induced currents will be

relatively small due to the relatively high longitudinal
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resistance of the cable, e.g. in the regionrof 1012 Ohm
n! but under wet conditions when the surface resistance
of the cable is much lower, e.g. in the region of 10M

Ohm m™ !

, much higher currents will be induced. Joule
heating of the cable surface by the induced currents can
cause a short length of the cable surface to'become dry,
usually in the region of a tower where the current is
highest. When this’happans the major part of the
ipduced voltage on the,cable is dropped across the short
dry band due to its high longitudinal resistance, and so
called "dry-band arcing" may occur which can cause
severe damage to the cable. |
It is possible ta overcome the problém of dry-band

arcing by providing tha optical cable wiﬁh a
longitudinally extruding electrically conductive path.
However, an optical cable having such'arlongitudinally
gontinuous electrically'aonductive path has the
disadvantage that it cannot be installed safely between

‘towers of an overhead electric power transmissions line
that is on load in view of the danger of it touchiﬁg one
of the transmiasion lines; moreover, it is not always
possible or desirable to interrupt the electrical power
transmitted by the overhead electric power transmission
line for a time sufficient to enabie such an optical
cable to be installed.

| It is an object of the present invention to

provide an improved,method of installing,in an overhead
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power transmission line which is on load an optical
cable which has an overall protective sheath of
electrically insulating material and which has,
extending throughout substantially the whole of its
length, at least one longitudinally continuous path
sufficiently electrically conductive to carry along the
cable any currents that may be capacitively induced.

According to the invention, the improved method
comprises supporting an optical cable, which has an
overall protective sheath of electrically insulating
material, in long lengths between towers, employed to
support at least one electric power transmission line
which is on load and, after the optical cable has been
so installed and whilst the overhead electric power
transmission line is on load, providing on or in the
supported optical cable at least one longitudinally
continuous path which extends throughout substantially
the whole iength of the supported optical cable and
which is sufficiently electrically conductive to carry
along the cable any currents that may be capacitively
induced.

During installation of the optical cable, the
optical cable may also be suspended at at least one
position intermediate of its ends by a tower support
employed to support the overhead electric power

transmission line.
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Preferably, but not necessarily, at each end of
the supported optical cable and, if desired, at oﬁe or
more than one of said intermediate positionsiat which
the optical cable is suspended.from,a tower the or each
longitudinally continuous'electricaiiy conductive path
on or in the optical cable is directly or indirectly
electrically ( e.g. capacitively) connected to the
tower, mast, or other upstanding support to which the
optical cable is seéﬁred or from which the optical cable
is suspended.

As stated above, the longitudinaily continﬁous
path is sufficiently‘electrically,condﬁctive to carry
along thercable any cﬁ:rents that may be capacitively
induced. The path may have any resistance within a wide
iange, for example up to 10 Mohm m !, although if a very
high resistance path is employed there may be a danger
of overheating of the pathlby the joule heating effect,
and so the path preferably has a resistance of up to 1

1

Mohm m ~. Normally, however, the path will be

considerably more conductive, having a resistance of not
more than 10, especially not more than 0.1 ohm o L.
Preferably the electrically conductive path is
stretchable in order to prevent it cutting into, and
damaging, the opticalacable.
Where a longitu&inally continuous electrically

conductive path is to be provided on the supported
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optical cable, preferably a flexible element, e.g. a
wire, of electrically conductive metal or metal alloy or
of carbon or a carbon-based composite may be helically
wound around the supported optical cable. In one
method, the flexible element which is helically wound
around the supported optical cable is of a composite
form and comprises a flexible tube in which is loosely
housed throughout the length of the tube a wire of
electrically conductive metal or metal alloy or of
carbon or a carbon-based composite, the wire having an
overall length greater than that of the tube; this
alternative method has the important advantage mentioned
above that, when the supported optical cable is in
service and is caﬁéed to stretch due to wind or ice
loading, the risk that a wire constituting the helically
wound flexible element will cut into the cable sheath is
substantially reduced. In another alternative method, a
flexible element of electriéally conductive metal or
metal alloy is arranged to lie substantially parallel to
and in longitudinally continuous contact with the outer
surface of the supported c&ble and is secured to the
supported cable by a helically wound lashing or by
longitudinaiiy spaced clips or other longitudinally
spaced fastening means. The flexible element or lashing
preferaBly is helically wound around the supported cable

using a known form of self-propelled winding machine
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which will travel along the suppd:ted cable and wind the
flexible element or lashingrtherearound.

A particularly preferred conductije path according
to the invention comprises an extruded length of an
elastomer around which one or more elongate conductors
have been wound, for example by braiding. This form of
conductive path is resiliéntly stretchable. The pitch -
of the windings of the conductors increases and the
winding radius decreaées as the conductive path is
stretched, while the resilient nature of the elastomer
will cause the condﬁctors tb return to their original
shape when the conductive path is relaxed.

Where a longitudinally-continuous electrically
conductive path is to be-pro§ided in the supported
.optical cable, preferably a flexible element of
electricaily'conductive metal or metal alloy is
éccommodaﬁed throughout thé length of at least one
longitudinally continuous bore or other passage within
the supported cable by'infroducing a leading end of the
length of flexible elemént'ihto an end of the bore 6:
other passage and by propelling the flexible element
aldng the bore orrpassége of the supported cable by
fluid drag of a gaseous medium which is passed through
the bore or passage in the;deéired direction of ad#ance
at such a pressure that the length of flexible element

is carried along the bore or péssage until the length of
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flexible element is loosely housed in and throughout the
length of said bore or passage of the supported cable.

The invention also includes an overhead optical
transmission system in which the or each optical cable
has been installed by the improved method hereinbefore
described.

two methods according to the invention will now be
described by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a schematic diagram of an optical cable and
electric power line indicating the distributed
capacitances;

Figure 2 is a graphical representation of the induced
voltage and current on the optical cable in dry
conditions;

Figure 3 is a graphical representation of the induced
voltage and current on the optical cable in wet
conditions;

Figure 4 is a schematic view of a conventional optical
cable on which a dry band has formed;

Figure 5 is a schematic view of a section of cable
formed according to one method according to
_the present inveﬁtion; and

Figure 6 is a schematic view of a section of cable
formed according to another method according to

the invention.
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Referringrto the accompanying drawings, Figure 1
illustrates a conventional "all dielecﬁric self-
supporting” (ADSS) optical cable 1 that is supported
between a pair of towers that are also employed to
support an -electric power cable 2. The ADSS cable 1 is
supported at the tower by means of a metallic clamp or
fitting 4 which is earthedrby means of the tower. In
this system there is a distributed capacitance between
the optical cable 1 and the power cable 2, indicated by
lumped capacitances Cyr and a distributed capacitance
between the optical cable 1 and groﬁnd, indicated by
lumped capacitances C,. In addition the cable has a
large but finite longitudinal resistance indicated by
lumped resistances ﬁ.

Under dry conditions induced-voltqges (Vd) and
currents (I ) occur 6n.the cable as shown in Figure 2.
The induced voltage is highest at mid-span, typically
reaching a #alue of ué-to 60 kV on a 400 kV line, and is
cléarly at earth potenﬁial at the tower, whiierthe
current will be at a maximum at the tower, for example
having a value of up to 5 microamps. Under wet
conditions the longitudinal resistance of the optical
cable is éonsiderably lower, with the result that the
maximum voltagél(vw) on the optical cable is lower but
the induced current (I ) has risen considerably to a

typical value of 1 to 10 mA, as shown in Figure 3.
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Under these conditions, as shown in Figure 4, a
dry band 6 of typicql length 60mm may form on the cable
1 in the region of the clamp 4 at the tower, due to
joule heating of the surface water on the cable. This
has the result that almost the entire induced voltage is
dropped across this length of cable, and arcing may
occur at this point with consequent damage to the cable
jacket.

Figure 5 shows a short section of an "All
Dielectric Self Supporting" (ADSS) optical fibre cable 1
that has been formed by a preferred method according to
the present invention. The optical cable 1 comprises a
number of optical fibres (not shown) being suitable for
transmission of light having a wavelength within the
range of 0.8 to 2.1 micrometres and is suspended between
towers at which points it is grounded. A conductive
path has been provided-along the length of the ADSS
cable 1 by winding an elonéate conductive element 11
around the cable in known manner using a conventional
winding machine, while the phase conductors, also
carried by the towers, remain on load.

The conductive element 11 comprises an insulating
silicone elastomer core 12 of 2mm diameter on which a
braid has been formed from eight stainless steel wires
13 of diameter approximately 0.25mm. The braiding pitch

is about 10mm and the element is stranded on to the ADSS

PCT/GB93/00947
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cable 1 with a pitch of about 75mm. - The elohgate
conductive element 11 as a whole is relatively
resiliently stretchable, having a lower modulus of
elasticity than that of the ADSS cable 1, since the
braid can stretch in the longitudinal direction by
increasing its pitch. As the elongate conductive
‘element 11 is stretched, for'e#ample due to ice on the
cable, the braided wires 13 "bed down" on the
elaétomericrcore 12, and when the tensile force is
removed, the natufal resilience of the core 12 will
force the braided wires 13 back to their origihal
position. By this design of conductive element 11,
damage to the ADSS cable 1 Sy the element 11 is
prevented whe# the whole assémbly is stretched.
7 Fiéure 6 shows a éection of an alternative form of
optical cable 1 comprising a number of optical fibres 22
or optical fibres bﬂndles, and a cable jacket 23. A
hollow tube 24 is loéated offset from the axis ofrthe
cable 1 and preferably adjacent to the cable jacket 23.
When the optical cable has been installed on the towers
bj‘conventional means arconductor, e.g. a metallic wire
25 is inﬁroduced into the hollow tube 24 and loosely
housed therein so that it undulates élong its length in
the tube 24 along its.léhgth in order to accommodate any
change in length of the cable due to stretching. the

wire 25 is introduced into the tube 24 by blowing it in.

PCT/GB93/00947
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In such a procedure a leading edge of the wire is
introduced into the tube 24 and the wire is propelled
along the tube by fluid drag of a gaseous medium.
Although the wire 25 is not directly grounded to
the towers, it is capacitively coupled to the towers via

’ the optical cable clamp or other fittings which extend

around the cable typically for a metre or more.
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CLAIMS

1. A method of installing an optical cable in an
overhead power transmission'liné which comprisés
supporting an optical cable, which has an overall
protective sheath of electrically insulating material,
in'loﬁg lengths beﬁween towers employed to support at
least one electric power transmission line which is on
load and, after the optical cable has beenVSO'installed
and while the overhead electric power transmission line
is on load, providing onior in the supported optical
cable at least one longiﬁudinally continuous path which
extends throughout substantially the whole length of the
supported optical cable and which is sufficiently
electrically conductive to carry along the cable any
currents that may be éapacitively induced.
2. A method as claimed in claim 1, wherein the
optical cableris.sﬁsPended at aﬁ least one position
intermediate of its endsrby a tower employed to support
- the overhead electric power'iine.
3. A method as claimed in claim 1 or claim 2 wherein
the electrically conductive path on the of each
conductive cable is directly or indirectly connected to
the or each tower.
4; A method as claimed in any one of claims 1 to 3,
wherein the elecfriéally:conductive path is provided by
winding an electrically conductive flexible element

helically around the optical cable.
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5. A method as claimed in claim 4, whrein the
electrically conductive flexible element comprises a
flexible tube in which is loosely housed throughout its
length a wire of metal or metal alloy or of carbon or
carbon-based composite, the wire having an overall

" length greater than that of the tube.
6. A method as claimed in any one of claims 1 to 3,
wherein a flexible element of a metal or metal alloy is
accommodated throughout the length of at least one
longitudinally continuous bore or other passage within
the cable by introducing a leading end of the length of
flexible element into an end pf the bore or other
passage and by propelling the flexible element along the
bore or other passage by fluid drag of a gaseous medium
which is passed through the bore or passage in the
desired direction of advance at such a pfessure that the
length of flekible element is carried along the bore or
passage until the length of flexible element is loosely
housed in and throughout the length of said bore or
passage of the supported cable.
7. A method as claimed in any one of claims 1 to 4,
wherein the electrically conductive path comprises an
extruded length of an elastomer around which one or more
elongate conductors have been wound.
8. A method as claimed in claim 7, wherein a
plurality of elongate conductors have been braided on to

the extruded length of elastomer.
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