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A device for controlling an electric field at a high voltage comp o n e nt comprises a resistive layer (2) for field control, an insula tin
g layer (6) arranged on said resistive layer and a semi-cond u c ti n g or conducting layer (8) arranged on the insulating layer. The
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A device for electric field control

TECHNICAL FIELD OF THE INVENTION AND PRIOR ART

The present Iinvention relates to a device ftor controlling an
electric field at a high voltage component, said device compris-
Ing a resistive layer adapted, for field controlling purposes, to be
arranged along a said component and which at one end is
adapted to be electrically connected to a live high voltage part
of the component and, at its other end, adapted to be electri-
cally connected to ground potential, an insulating layer arranged
on said resistive layer and extending outside thereot from said
one end towards said other end while ending by a tapering field
controlling geometry without reaching at a distance to said other
end, as well as a semi-conducting or conducting layer arranged
on the insulating layer and extending outside thereot past the
end of the insulating layer towards said other end of the resis-
tive layer, so that said resistive layer, said insulating layer and
sald semi-conducting or conducting layer meet at a triple point
at saild end of the insulating layer.

The high voltage component may carry an alternating voltage or
a direct voltage, and it may for instance be a high voltage cable,
In which the device may be used in a cable joint or a cable ter-
mination. Other high voltage components are also conceivable,
such as bushings in switchgears and vacuum breakers.

A device of this type Is known through for instance WO
00/74191 A1. A device of this type I1s used for distributing the
electric tield where this I1s crucial and by that avoiding electric
fleld concentrations and damaging of different type of equip-
ments, such as cables. The electric potential between the live
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part and ground Is distributed by means of a material with a
suitable resistance forming said resistive layer. By combining
the resistive field control and a geometrical field control ob-
tained through said insulating layer the risk of harmful charges
building up and ot high stresses upon said component, such as
a cable, arising at rapid changes of the voltage thereof, Is re-
duced with respect to such a device having only a resistive field
control through a said resistive layer.

However, when using known electric field control devices ot the
type defined in the introduction for voltages above a determined
limit, which 1s depending on the material used for the ditterent
layers, the device will be damaged limiting the use of such a de-
vice with respect to the level of said high voltage. It has turned
out that the device will be damaged in the region of said triple
point, where the Insulating layer, the semi-conducting or con-
ducting layer and the resistive layer meet.

SUMMARY OF THE INVENTION

It Is an object of the present invention to provide an electric field
control device of the type defined in the introduction which may
be used for higher voltages than such electric field control de-
vices already known without being damaged.

This object 1s according to the invention obtained by providing
such a device In which said resistive layer and said insulating
layer are close to said end of the insulating layer designed so
that the interface between these two layers ends in said triple
point by making an angle to said semi-conducting or conducting
layer of 60°-120°.

It has been found that said angle of said interface strongly influ-
ences the behaviour of the materials in said triple point, and that
considerably higher voltages may be taken by these materials
without damaging the device in this region by selecting said an-
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gle within said interval thanks to the advantageous extension of
the equipotential lines In the resistive layer and the insulating
layer close to said triple point. This also means that for a given
voltage level less material may be used tor said resistive layer
while still being able to take the voltage, which results in a con-
siderable reduction ot costs, since this field controlling material
Is expensive. This angle i1s preterably obtained by the new ap-
proach to work and shape the resistive field controlling layer at
said triple point.

According to an embodiment of the invention the resistive layer
and said insulating layer are close to said end of the insulating
layer designed so that said interface therebetween ends in said
triple point by making a said angle to said semi-conducting or
conducting layer of 70°-110°, advantageously 80°-100°, and
preferably 85°-95°. It has been found that it is in most cases
with respect to the stresses on said triple point most favourable
to have said angle close to 90°, but angles within said intervals
may be chosen for ease of manufacturing or other reasons while
still giving the desired result with respect to preventing damage
In the region of the triple point.

According to another embodiment of the invention said insulat-
Ing layer ends In the extension thereof from said one end to-
wards said other end by a substantially sharp edge forming a
transversal surtace continuing into the resistive layer for forming
a step in said resistive layer and making this thinner in the di-
rection towards said other end for obtaining said angle In said
triple point. A device of this type Is easy to manutacture and re-
sults In comparatively small waste of the expensive field con-
trolling material ot said resistive layer.

According to another embodiment of the invention said resistive
layer has a recess In the region of said triple point receiving an
end portion of said insulating layer for obtaining said angle In
said triple point.
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According to another embodiment of the invention said resistive
layer has a tip-like elevation In the region of said triple point
with the tip ending In said triple point and having said insulating
layer on one side thereotf and said semi-conducting or conduct-
Ing layer on the other side thereot for obtaining said angle In
sald triple point. Such a tip-like elevation may be manufactured
while very reliably defining said angle to the value desired, but
the manufacturing thereof will result in a greater waste of said
field controlling material than tor the two previous embodiments.

According to another embodiment of the invention said superim-
posed resistive layer, insulating layer and semi-conducting or
conducting layer form a sleeve tfor receiving said high voltage
component with the resistive layer being the innermost layer of
the sleeve.

According to another embodiment of the invention the device Is
adapted to control electric fields at high voltage components
having an alternating voltage or a direct voltage on said live
high voltage part, and it is adapted to control electric fields tfor
high voltages being above 1 kV, above 50 kV, above 100 kV,
130 kV-400 kV, 200 kV-400 kV or 250 kV-350 kV. The invention
IS the more interesting the higher the voltage is, although it may
also be tavourable for voltages being low In this context, which
means for instance in the order of 10 kV. The invention is espe-
cially applicable to voltages in the region ot 100 kV-400 kV, for
which damage of the region of said triple point constitutes an
obstacle to raising the voltage turther in for instance high volt-
age cable joints or cable terminations.

The invention also relates to a cable joint for joining two high
voltage DC-cables or AC-cables provided with a device for elec-
tric field control according to the invention, as well as a cable
termination for terminating a high voltage DC-cable or AC-cable
provided with a device for electric field control according to the
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invention. These are two preferred uses of a device for control-
ling an electric field of this type, since they are often sensitive
parts of a large power transmission system, in which there is an
ongoing attempt to raise the voltages for reducing power losses.

The invention also relates to a method for manufacturing a de-
vice for controlling an electric field comprising the following
steps: the resistive layer is wound around a carrier in a number
ot sub-layers and then ground to the desired shape, the insulat-
ing layer is then wound outside the resistive layer in a number of
sub-layers and then ground to the desired shape, and the semi-
conducting or conducting layer is wound in sub-layers outside
the insulating layer and the resistive layer, and the resistive

layer and/or the insulating ayer are in the previous steps ground
for obtaining said angle in said triple point.

According to an aspect of the present invention there is
provided a device for controlling an electric field at a high voltage
component, said device comprising:

a resistive layer adapted, for field controlling purposes, to be
arranged along said high voltage component and which at one end is
adapted to be electrically connected to a live high voltage part of the
high voltage component and, at its other end, adapted to be
electrically connected to ground potential:

an insulating layer arranged on said resistive layer and extending
outside thereof from said one end towards said other end while
ending by a tapering field controlling geometry without reaching and
at a distance to said other end: and

a semi-conducting or conducting layer arranged on the iInsulating

layer and extending outside thereof past the end of the Insulating
layer towards said other end of the resistive layer, so that said

resistive layer, said insulating layer and said semi-conducting or
conducting layer meet at a triple point at said end of the Insulating
layer,

wherein said resistive layer and said insulating layer are close to
said end of the insulating layer designed so that an interface between
these two layers ends in said triple point by making an angle to said
semi-conducting or conducting layer of 60°-120°.
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Further advantages as well as advantageous features of the In-
vention will appear from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follow a spe-

cific description of embodiments of the invention cited as exam-
ples.

In the drawings:

Fig 1 iS a cross-section view of a cable joint provided with an
electric field control device according to an embodiment
of the present invention,

Fig 2-4 are enlarged simplified cross-section views of a part of
electric field control devices according to different em-

bodiments of the invention in the region of said triple
point,
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Fig 5 and 6 are views of the embodiments according to fig 2 and
4 1llustrating the extension of the equipotential lines In
the case of a high voltage on a cable connected to the
cable joint, and

Fig 7 Is a simplified view illustrating a cable termination pro-
vided with an electric tield control device according to
an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

A cable joint 1 1s shown In cross-section In fig 1. This cable joint
has an inner resistive layer 2 with electric tield controlling prop-
erties adapted to be arranged along a cable 3 and to be at one
end 4 connected to a live high voltage part of the cable and at
It's other end 5 electrically connected to ground potential by

being connected to the outer semi-conducting sheath of the ca-
ble.

An insulating layer 6 Is arranged outside the resistive layer and
extend towards said other end 5 while ending by a tapering field
controlling geometry 7 without reaching and at a distance to this
end 5.

A semi-conducting or conducting layer 8 is arranged outside the
Insulating layer and extend past the end of the insulating layer
towards said other end 5 of the resistive layer, so that the resis-
tive layer, the insulating layer and the semi-conducting or the
conducting layer meet at a triple point 9 at said end 10 of the In-
sulating layer. The material of the ditterent layers 2, 6 and 8
may for example be EPDM-rubber or silicone rubber with ditter-
ent additives giving the ditferent layers the properties desired.

A detlector 11 having nothing to do with the present invention Is
arranged In the region of the end of a live part of the respective
cable tor protection against discharges and the like.
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The appearance ot the resistive layer 2, the insulating layer 6
and the semi-conducting or conducting layer 8 in the region of
sald triple point 9 I1s shown by an enlargement A. This corre-
sponds to the embodiment shown in fig 2, which will now be de-
scribed. The live part or conductor 12 and the insulating layer or
sheath 13 as well as the outer semi-conducting sheath 14 of the
cable have been shown here, and in this figure and fig 3 and 4
only a halt ot one end of the cable joint iIs shown In cross-sec-
tion. It 1Is shown how the insulating layer 6 ends by a substan-
tially sharp edge forming a transversal surface 15 continuing
Into the resistive layer while making this thinner in the direction
towards said other end 5. This result in an angle made by the
Interface between the resistive layer 2 and the insulating layer 6
to sald semi-conducting or conducting layer 8 in said triple point
of close to 90° resulting in the advantages described above.
This geometry may be easily obtained by grinding the resistive
layer and the insulating layer after having been wound as de-
scribed above.

Fig 3 Is a view similar to fig 2 ot an embodiment differing from
the embodiment according to fig 2 by the fact that here a recess
20 has been created In said resistive layer close to the triple
point 9 and this recess receives an end portion 21 ot the Insu-
lating layer 6 for obtaining a said angle close to 90°.

Fig 4 shows how said angle in said triple point is instead ob-
tained by providing the resistive layer with a tip-like elevation 17
with a tip defining said triple point with the insulating layer and
the semi-conducting or conducting layer arranged on each side
of said tip.

Fig 5 and 6 illustrates how the equipotential lines 18 will extend
very smoothly in the region of said triple point 9 thanks to the
appearance of this triple point with the angle between said In-
terface 16 and said semi-conducting or conducting layer 8 close
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to 90°, such as 70-110°. This means that for a given material
and thickness of the resistive layer the voltages of said live part
of the cable may be increased considerably with respect to ca-
ble joints according to the prior art without causing damage of
the cable joint in the region of the triple point 9.

Fig 7 illustrates a cable termination 19 having an electric field
control device according to the present invention, and parts of
this device corresponding to such of the device according to fig
1 have been provided with the same reference numerals with
addition of a prime. Said triple point is also crucial for the
strength of such a cable termination, and the design of the dif-
ferent layers In connection with this triple point results in the
same advantages as described above for a cable joint.

The invention iIs of course not In any way restricted to the em-
bodiments described above, but many possibilities to modifica-
tions thereot would be apparent to a person with ordinary sKkill in
the art without departing from the basic idea of the invention as
defined in the appended claims.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A device for controlling an electric field at a high voltage component, said
device comprising:

a resistive layer adapted, for field controlling purposes, to be arranged along
said high voltage component and which at one end is adapted to be electrically
connected to a live high voltage part of the high voltage component and, at its
other end, adapted to be electrically connected to ground potential,

an insulating layer arranged on said resistive layer and extending outside
thereof from said one end towards said other end while ending by a tapering field
controlling geometry without reaching and at a distance to said other end; and

a semi-conducting or conducting layer arranged on the insulating layer and
extending outside thereof past the end of the insulating layer towards said other
end of the resistive layer, so that said resistive layer, said insulating layer and
said semi-conducting or conducting layer meet at a triple point at said end of the
Insulating layer,

wherein said resistive layer and said insulating layer are close to said end of
the insulating layer designed so that an interface between these two layers ends
In said triple point by making an angle to said semi-conducting or conducting
layer of 60°-120°.

2. A device according to claim 1, wherein said resistive layer and said
Insulating layer are close to said end of the insulating layer designed so that said
interface therebetween ends in said triple point by making said angle to said

semi-conducting or conducting layer of 70°-110°.

3. A device according to claim 2, wherein said resistive layer and said
insulating layer are close to said end of the insulating layer designed so that said
interface therebetween ends in said triple point by making said angle to said

semi-conducting or conducting layer of 80°-100°.



CA 02653452 2014-04-14

10

4. A device according to claim 3, wherein said resistive layer and said
insulating layer are close to said end of the insulating layer designed so that said
interface therebetween ends in said triple point by making said angle to said

semi-conducting or conducting layer of 85°-95°.

5. A device according to any one of claims 1 to 4, wherein said insulating
layer ends in an extension thereof from said one end towards said other end by a

substantially sharp edge forming a transversal surface continuing into the
resistive layer for forming a step in said resistive layer and making this thinner in
the direction towards said other end for obtaining said angie in said tripie point.

6. A device according to any one of claims 1 to 4, wherein said resistive
layer has a recess in a region of said triple point receiving an end portion of said

insulating layer for obtaining said angle in said triple point.

7. A device according to any one of claims 1 to 4, wherein said resistive
layer has a tip-like elevation in the region of said triple point with a tip ending in
said triple point and having said insulating layer on one side thereof and said
semi-conducting or conducting layer on the other side thereof for obtaining said

angle in said triple point.

8. A device according to any one of claims 1 to 7, wherein said

superimposed resistive layer, insulating layer and semi-conducting or conducting
layer form a sleeve for receiving said high voltage component with the resistive

layer being the innermost layer of the sleeve.

0. A device according to any one of claims 1 to 8, wherein it is adapted to
control electric fields at high voltage components having an alternating voitage or
a direct voltage on said live high voltage part, and it is adapted to control electric
fields for high voltages being above 1 kV, above 50 kV, above 100 kV, 130 kV-

400 kV, 200 kV-400 kV or 250 kV-350 kV.
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10. A cable joint for joining two high voltage DC-cables or AC-cables, wherein
the cable joint is provided with a device for electric field control defined in any

one of claims 1 to 9 at each end thereof.

11. A cable termination for terminating a high voltage DC-cable or AC-cable,
wherein the cable termination is provided with a device for electric field control

defined in any one of claims 1 to 9.

12. A method for producing a device for controlling an electric field according
to any one of claims 1 to 9, the method comprising the following steps:
a) the resistive layer is wound around a carrier in a number of sub-layers and
then ground to a desired shape,;
b) the insulating layer is then wound outside the resistive iayer in a number
of sub-layers and then ground to the desired shape; and
c) the semi-conducting or conducting layer is wound in sub-layers outside
the insulating layer and the resistive layer,
wherein the resistive layer, the insulating layer, or both are in step a) and b)

ground for obtaining said angle in said tripie point.
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