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(57) L’mvention concerne un conducteur clectrique
pour enroulements de machines haute tension (10 kV a
800 kV). Ce conducteur comprend: un ou plusieurs
brins; une premiere couche semiconductrice interieure
entourant ces brins; une premicre couche 1solante
recouvrant cette premicre couche semiconductrice
intérieure; une sSeconde couche semiconductrice
exterieure (18) entourant la premiere couche 1solante; un
organe conducteur continu tel qu'un ruban de cuivre
(11), dépose sur une partie seculement de la seconde
couche semiconductrice extérieure (18); et une seconde

couche 1solante (15), recouvrant la seconde
couche semiconductrice aimnst que ledit organe
conducteur continu (11). L imvention concermne

¢galement un proced¢ de raccordement de cet organe
conducteur continu (11) a un potentiel d’¢galisation,
une partie de la seconde couche 1solante (15) €tant retirée
et ledit organe conducteur (11) raccorde au potentiel
d’¢galisation par I'interméediaire de 1’orifice (20) laisse
par la partie retirce.
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(57) An 1nsulated conductor for high voltage (10 kV to
800 kV) machine windings comprises one or more
strands, an inner, first ssmiconducting layer surrounding
the strands, a first insulating layer surrounding the mner,
first semiconducting layer, an outer, second
semiconducting layer (18) surrounding the {first
insulating layer, a continuous conductive means such as
a copper stnip (11) overlying a part only of the
outer, second semiconducting layer (18) and a second
insulating layer (15) surrounding the second
semiconducting layer and the continuous conductive
means (11). In a method of connecting the conductive
means (11) to an equalising potential, a portion
of the second msulating layer (15) 1s removed
and the conductive means (11) 1s connected to the
equalising potential through the opening (20) left by
the removed portion.
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(54) Title: AN INSULATED CONDUCTOR

(57) Abstract

An insulated conductor for high voltage (10 kV to 800 kV) machine windings comprises one or more strands, an inner, first
semiconducting layer surrounding the strands, a first insulating layer surrounding the inner, first semiconducting layer, an outer, second
semiconducting layer (18) surrounding the first insulating layer, a continuous conductive means such as a copper strip (11) overlying a part
only of the outer, second semiconducting layer (18) and a second insulating layer (15) surrounding the second semiconducting layer and
the continuous conductive means (11). In a method of connecting the conductive means (1 1) to an equalising potential, a portion of the

second.insulating layer (15) is removed and the conductive means (11) is connected to the equalising potential through the opening (20)
left by the removed portion.
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INSULATED CONDUCTOR

The present invention relates in a first aspect to an
insulated conductor for high-voltage windings in electric
machines, for example rotating machines. A second aspect of
the invention relates to a method of connecting the
insulated conductor to an equalising potential and a third
aspect of the invention relates to an electric machine, for

example a large generator in a power station, comprising the
insulated conductor.

The invention is applicable in rotating electric
machines such as synchronous machines. The invention is
also applicable in other electric machines such as dual-fed
machines, and in synchronous static current cascades, outer
pole machines and synchronous flow machines, provided their
windings consist of insulated electric conductors of the
type claimed in the claims, and preferably at high voltages.
"High voltages" here refers to electric voltages exceeding
10 kV, in particular in excess of 36 kV, and preferably more

than 72.5 kV up to very high voltages such as 400 kV to 800
kV or higher.

In large generators 1in use today, each c¢oil 1is
insulated from the slot with an insulation intended to
withstand the rated voltage of the machine to earth.
Various plastic, varnish and glass fibre materials may be
used as the coil insulation material. Usually, mica tape
comprising a mixture of mica and hard plastic is used, as
this provides resistance to partial discharges, which can
rapidly break down the insulation. The insulation is
applied to the coil by winding the mica tape around the coil
in several layers. The insulation is impregnated and then
the coil side is painted with a graphite-based paint to
improve 'the contact with the surrounding stator which is

connected to earth.
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Outside the stacked stator laminations, the winding
ends are usually provided with E-field control means, namely
so-called corona protection varnish intended to convert a
radial field into an axial field, which means that the
insulation on the winding ends is at a high potential
relative to earth. Consequently, coronae can occur in the
winding-end region, which may be destructive. Thus, the so-
called field-contrelling points at the winding ends of a
rotating machine are problematic.

It is generally known that in connecting a synchronous
generator, for example, to a power network, a step-up
transformer must be used since the voltage of the power
network usually lies at a higher level than the rated
voltage of the generator. The transformer constitutes an
extra cost and also lowers the total efficienéy of the
system. If i1t were possible to manufacture machines for
considerably higher voltages, the step-up transformer could
be omitted.

Various proposals have therefore been made for
increasing the maximum voltage of practical generators -
currently around 25-30 kV in the case o©f synchronous
machines. For example, it has been proposed to cool the
stator windings using o0il and to use a super-conducting
winding. Neither of these proposals has been successfully
implemented to the knowledge of the inventors.

A known method of making a conductor for a power
transmission line involves extruding around strands of
copper the following layers in radially outward order: a
layer of semi-éconducting material, for example polymer mixed

with carbon black, a layer of insulating material and a

second layer of semiconducting material. The conductor is
then entirely sheathed in copper, for example by wrapping
copper tape around the second semi-conducting layer and a
final layer of insulating material is extruded over the
copper sheath. The presence of the conducting copper sheath
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renders such cables particularly unsuitable for use 1in
rotating machine windings, where coils cross at the ends of
the machine and electrical contact between the conducting
parts of different coils must be avoided.

It is an object of the present invention to be able to
manufacture a rotating electric machine without complicated
preforming of the winding and to connect the exterior of the
winding conductor to an equali,sihg potential in a simple
manner.

Accordingly, from a first aspect, the present
invention provides an insulated conductor for high-voltage
windings comprising one or more strands, an inner, first
semiconducting layer surrounding the strands, a first
insulating layer surrounding the inner, first semi-
conducting layer, an outer, second semi-conducting layer
surrounding the first insulating layer, a continuous
conductive means overlying a part only of the outer, second
semi-conducting layer and a second insulating layer
surrounding the second semi-conducting layer and the
continuous conductive means.

Preferably, the first and second semi-conductive
layers comprise a base polymer filled with carbon black or
metallic particles. The volume resistivity of the first and
second semi-conducting layers is preferably between 1 and 10°
(2-Cm.

The continuous conductive means preferably comprises

at least one metallic strip or wire, for example of copper.
The continuous conductive means may be wrapped helically
around the second semi-conducting layer.

The purpose of the continuous conductive means 1s to
facilitate connection of the second semi-conducting layer to
an equalising potential, such as earth. For this reason the
second insulating layer may be translucent to render the
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continuous conductive means visible.

Accordingly, from a second aspect, the invention
provides a method of connecting the insulated conductor
defined above to an equalising potential, comprising the
steps of removing a portion of the second insulating layer
at at least one given location and connecting the conductive
means to the equalising potential through the opening left
by the removed portiori. A part of the conductive means
which is connected to the equalising potential may be
isolated from an adjacent such part by forming a
discontinuity in the conductive means. This can be achieved
by forming a break in the second insulating layer between

two said given locations and forming the discontinuity at
said break.

In an embodiment of the invention, the openings and/or
breaks in the second insulating 1layer and/or the
discontinuities are formed by cutting with a blade. Once
the discontinuities in the conductive means have been
formed, one or both of the ends of the conductilive means so
formed can be extracted through the break in the second
insulating layer and folded thereover. The connections to

the equalising potential or earth can be made, for example,
by soldering or by means of a resilient mechanical device.
If a series of N connections to the equalising potential are
made at N respective given locations, and N-1 dis-
continuities are made at N-1 breaks between each two given
locations, then a series of N separately earthed sections of
the discontinuous conductive means can be formed.

From a third aspect, the invention provides an
electric machine comprising an insulated conductor as
defined above and which conductor has been connected to an
equalising potential by the method described above.
Preferably, the conductor comprises at 1least the stator
winding of the wmachine and preferably the winding 1is
connected to the equalising potential in a plurality of
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locations outside or at the end of the stator.

In order that the invention may be more readily

understood, embodiments thereof will now be described by way

of example only with reference to the accompanying drawings,
in which: - |

Figure 1 1s a cross section through an insulated
conductor according to the invention;

Figure 2 1s a side view of the conductor of Figure 1
after being prepared for connection to earth according to

10 one embodiment of the invention:

15

20

25

30

Figure 3 is a side view as in Figure 2 but according
to another embodiment of the invention; and

Figures 4 to 6 are side views showing alternative
configurations of the initially continuous conductive means.

Referring to Figure 1, an insulated conductor 10
comprises a plurality of copper strands 12 surrounded by a
first semi-conducting layer 14. The majority of the strands
12 are insulated but one or some of the strands adjacent to
the first semi-conducting layer 14 are not insulated so as
to maintain the latter at the same voltage as the strands.

A first insulating layer 16, preferably of cross-
linked polyethylene (XLPE) but possibly of ethylene
propylene rubber, poly butylene, poly methyl pentene,
ethylene acrylate copolymer, ethylene ethyl acrylate

copolymer or 1like material, surrounds the first semi-
conducting layer 14. The first insulating layer 16 is
surrounded by a second seml-conductive layer 18. The semi-

conducting layers 14, 18 are made from a base polymer
impregnated with carbon black, suitable base polymers
including ethylene vinyl acetate copolymer/nitrile rubber,
butyl grafted polythene, ethylene butyl acrylate copolymer,
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ethylene ethyl acrylate copolymer, ethylene propene rubber,
polyethylenes of low density. By varying the amount of
carbon black, the resistivity of the semi-conducting layers
14, 18 can be adjusted. Thus these two layers are made to
have a resistivity of between 1 and 10° Q-cm, for example

about 20 Q-cm.

After the layers 14, 16, 18 have been extruded through
a suitable die around the strands 12, a copper tape 11l 1is
wrapped helically around the second semi-conducting layer
18. The copper tape 11 has a cross-sectional area of a few
square millimetres and is in intimate contact with a small
proportion of the second semi-conducting layer 18 along the
entire length of the conductor 10. Subsequently, an
abrasion-resistant polymeric second insulating layer 15 is
extruded around the conductor 10 including the copper tape
11. The second insulating layer may for example be of
medium or high density polyethylene, polyamide or
polyethylene terephthalate.

In the method of the invention, the conductor 1is
prepared for connection to the equalising potential (usually
earth) either before or after the conductor has been wound
on to a machine. In the case of a rotating machine, the
winding step comprises threading the conductor
longitudinally through the slots of the stator or rotor.
Such a winding method means that, in cross-section, the
slots need not be rectangular but can approximate one oOr
more circles for greater efficiency of the magnetic circuit.

The purpose of the copper strip is to connect the
second semi-conducting layer to earth. To achieve this, as
shown in Figure 2, openings 20 are formed at intervals along
the conductor, by cutting off a portion comprising a ring of
the outer insulating layer 15. An exposed contact portion
22 of the copper tape 11 is then connected to a grounding
lead, for example by soldering or by means of a resilient

35 mechanical device.
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In order to divide the exterior of the conductor 10

into a series of separately earthed sections, breaks 21
having a length 1 of from 5 to 30 cm are formed in the
second insulating layer 15, by cutting off the desired

5 length of this layer. The exposed copper tape 11 is then
severed at the mid-point of the break 21 and the two ends 23

of the copper tape so formed are separated by folding them
back over the surface of the second insulating layer 15.

Figure 3 shows an alternative method of grounding the

10 conductor 10 1in sections. A plurality of breaks 21 are
formed at intervals, and the cut ends 23 of the copper tape
are folded apart as described above. At each break, that
one of the two ends 23 closest to one end of the conductor

(the right hand end in the Figure) is grounded by soldering
15 or otherwise connecting to a suitable lead.

Alternative configurations for the initially
continuous conductive means are possible other than the

helical copper tape 11 which has been described. For
example, two or more such copper tapes could be provided at

20 equiangular spacings around the circumference of the
conductor.

The conductive means could comprise at least one
copper or aluminium wire. Figure 4 shows such a wire
arranged 1in an "S-Z" configuration, that is, wound in

25 alternate left-hand and right-hand directions. Figure 5
shows a plurality of wires arranged in a meandering

configuration and Figure 6 shows a plurality of wrinkled
wires.

The electrical insulation of an electrical conductor

30 according to the invention is intended to be able to handle
very high voltages, e.g. up to 800 kV or higher, and the
consequent electric and thermal loads which may arise at
these voltages. By way of example, electrical conductors
according to the invention may comprise windings of machines
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having rated powers from a few hundred kVA up to more than
1000 MVA and with rated voltages from 3 - 4 kV up to very
high transmission voltages of from 400 - 800 kV or more. At
‘'high operating voltages, partial discharges, or PD,
5 constitute‘a seriocus problem for known insulation systems.
If cavities or pores are present in the insulation, internal
corona discharge may arise whereby the insulating material
is gradually degraded eventually leading to breakdown of the
insulation. The electric load on the electrical insulation
10 in use of an electrical conductor according to the present
invention is reduced by ensuring that the inner layer of
semi-conductive material of the insulation system 1s at
substantially the same eiectric potential as conductors of
the central electrically conductive means which it surrounds
15 and the semi-conductive outer layer is at a controlled, e.qg.
earth, potential. Thus, the electric field 1n the
electrically insulating layer between these inner and outer
layers is distributed substantially uniformly over the
thickness o0of the intermediate layer. By having materials
20 with similar thermal properties and with few defects iﬁ
these layers of the insulation system, the possibility of PD
is reduced at given operating voltages. The electrical
conductor can thus be designed to withdraw very high
operating voltages, typically up to 800 kV or higher. '
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CLAIMS
1. An insulated conductor for high-voltage windings,

comprising one or more strands, an 1inner, first semi-

conducting layer surrounding the strands, a first insulating
5 layer surrounding the inner, first semi-conducting layer, an

outer, second semi-conducting layer surrounding the first

insulating layer, a continuous conductive means overlying a

part only of the outer, second semi-conducting layer and a

second insulating layer surrbunding the second semi-
10 conducting layer and the continuous conductive means.

2. A conductor as claimed in c¢laim 1, wherein the
first and second semi-conducting layers comprise a base
polymer filled with carbon black or metallic particles.

3. A conductor as claimed in claim 1 or 2, wherein
15 the resistivity of the second semi-conducting layer 1is
between 1 and 10° Q-cm.

4. A conductor as claimed in claim 1, 2 or 3,
wherein the conductive means comprises at least one metallic

strip oOr wire.

20 5. A conductor as claimed in claim 4, wherein sailid
at least one strip or wire is wrapped helically around the
conductor.

6. A conductor aci:ording to any one of the preceding '

claims, characterised in that the insulating and semi-

25 conductive layers are designed for high voltage, suitably in

excess of 10 kV, in particular in excess of 36 kV, and

preferably more than 72.5 kV up to very high transmission
voltages, such as 400 kV to 800 kV or higher.

7. A conductor according to any one of the preceding
30 claims, characterised in that the insulating and semi-
conductive layers are designed for a power range in excess
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of 0.5 MVA, preferably in excess of 30 MVA and up to 1000
MVA.

8. A method of connecting the conductive means of a
conductor as claimed in any preceding claim to an equalising
potential, comprising the steps of removing a portion of the
second insulating layer at at least one given location and
connecting the conductive means to the equalising potential

through the opening left by the removed portion.

9. A method as claimed in claim 8, wherein a part of
rhe conductive means which is connected to the equalising

potential is isolated frcm.an.adjacent such part by forming
a discontinuity in the conductive means.

10. A method as claimed in claim 9, wherein a

discontinuity is formed at the opening at the or each given
location.

11. A method as claimed in claim 9, wherein a break
is formed in the second insulating layer between two sald

given locations and the discontinuity is formed at said
break.

12. A method as claimed in c¢laim 10 or 11, wherein,
once the discontinuity has been formed, one Or both of the
ends of the conductive means so formed is/are extracted

through the break or opening in the second insulating layer
and folded over the second insulating layer.

13. A method as claimed in claim 9, 10, 11 oOr 12,
comprising forming a series of separately earthed sections
of the conductive means.

14. An electric machine comprising a winding formed
from a conductor as claimed in any one of claims 1 to 7.
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15. An electric machine as claimed in claim 14 which
is a large generator. ’
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