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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to a cable fitting for connecting a high-voltage cable to a high-
voltage component according to the introductory part of claim 1. Such a cable fitting usually is
designed as a cable end termination, in particular as a high-voltage outdoor cable end
termination for application in a voltage range from 52 kV up to 1100 kV. The cable end
termination can also be designed as a high-voltage indoor cable end termination, typically for a
transformer or for a high-voltage gas-insulated switchgear component.

[0002] In general the high voltage can range from at least 1 kV to more than 1200 kV.
Furthermore the cable fitting is typically designed as a high-voltage cable end termination but
can also be designed as a high-voltage cable joint.

[0003] Most of the cable fittings are designed as high-voltage outdoor cable end terminations
and are made with a hollow-core insulator which is filled with insulating oil. The cable is fixed to
a base part of the cable end termination by means of a cable clamp and enters the interior of
the cable end termination through an elastomeric stress-relief cone. The function of the stress-
relief cone is to provide a smooth transition of the very high electric field in the electric
insulation of the cable into a much lower electric field in the interior of the cable end
termination. The cable end termination is built as a hollow-core insulator closed at its bottom by
the base part of the cable end termination and at the top by a head electrode. In the head
electrode the end of the conductor of the cable is stripped of its insulation and is electrically
connected to a bolt of the high-voltage terminal of the cable end termination. The hollow-core
insulator is filled with insulating oil. The oil serves both to provide sufficient dielecrtic withstand
to the electric field around the stress-relief cone and around the insulation of a current path
which passes the cable end termination and to transport heat generated by the electric losses
in the cable end termination outside towards the external surface of the cable end termination.

[0004] Oil fiing poses a number of disadvantages. Filling of a cable end termination or any
other cable fitting, like a cable joint, with oil has to be done on-site at the construction spot and
requires special care to assure cleanliness of the filled oil and to avoid risk of oil spill and
contamination of the outer parts of the cable fitting and of the environment. A risk of oil leakage
and, in consequence, of environmental pollution persists also in operation during the service of
the cable fitting. Oil typically is not fire-resistant which poses a risk of fire or even explosion in
case of a failure of the cable fitting.

[0005] In order to improve most of the afore-described properties of the cable fitting, like the
high-voltage cable end terminations or the high-voltage cable joint, a liquid-free dry insulation
is substituted for the filled oil all-over in the device.
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[0006] Known dry high-voltage cable end terminations and cable joints typically comprise
coaxially arranged around an axis a rigid conical insulator, an electrically insulating,
elastomeric stress-relief cone matching the rigid conical insulator through a conical interface
and an axially aligned current path. The current path connects a cable conductor, which is
encased in an insulation of the cable, to a high-voltage current terminal arranged on top of the
rigid conical insulator and which is provided for connection to the high-voltage component.
During operation the current path in general continuously conducts a rated current.

[0007] The rigid conical insulator can be configured as a condenser core and then comprises a
plurality of at least two electrically conductive field-grading layers which are arranged
concentrically around the axis and a rigid polymeric matrix which embeds the field-grading
layers. The condenser core usually is manufactured in resin impregnated paper (RIP)
technology in which a number of layers of paper is wound onto a mandrel of cylindrical shape.
During the winding, when defined diameters of the wound paper are achieved, electrically
conducting layers, typically in the form of sheets of aluminum foil, are inserted between the
layers of the paper to form the cylindrical field grading layers. The number, the insertion
diameters and the dimensions of the field-grading layers are adjusted to the size of the HV
component and to its performance parameters so as to ensure a proper grading of the electric
field in the device. The mandrel, together with a wound core comprising the wound paper and
the enclosed field-grading layers is placed in a cylindrical mould which is filled with a
hardenable resin. During the filling process the paper is impregnated with the resin. Following
the complete filling and impregnation of the wound core the resin hardening process is carried
out. Hardened resin together with the paper and the foil form a material with high mechanical
resistance and good electrically insulating properties, which are required for the condenser
core. After the resin is hardened, the condenser core is machined to the desired shape of the
rigid conical insulator.

[0008] There is known a number of solutions providing such a dry cable fitting. Some of these
known solutions are discussed as follows.

PRIOR ART

[0009] EP 1 774 632 B1 describes a high-voltage outdoor cable end termination in which SF6
gas or a gel-like insulating medium replaces the filling oil. However, the SF6 gas poses risks
related to environmental pollution in case of leakage, whereas the gel-like insulating medium
typically comprises a low breakdown strength and thus requires the diameter of the insulator to
be very large. These properties combined with the low thermal conductivity of the materials
replacing the filling oil limit the thermal transport of the heat generated in a current path of the
cable end termination and thus limit the maximal electric current rating of the known cable end
termination.

[0010] A fully solid-state-insulation high-voltage cable end fitting, like a cable end termination
and a cable joint, is described in EP 0 731 994 B2. The described cable fitting consists of a
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rigid insulator and a matching cable connector featuring a stress-relief cone with elastomeric
insulation. The matching of the rigid insulator and the elastomeric stress-relief cone may be
done according to an inner cone resp. to an outer cone interface, wherein the elastomeric
stress-relief cone fits into a hollow conical space within the rigid insulator resp. the rigid
insulator fills a hollow conical space in the elastomeric stress-relief cone.

[0011] In an embodiment configured as an outdoor cable end termination the rigid insulator
features a conductor of a current path, which together with the rigid insulator is covered with a
rubber sheath forming an outdoor insulator. The current path is electrically connected to an
end section of the cable conductor within the rigid insulator. The rigid insulator can feature a
non-linear material which forces spreading of the equipotential lines of the electric field, thus
reducing the axial component of the field. However, the cable end termination lacks any means
for reducing the radial component of the electric field within the rigid insulator.

[0012] A similar solution of a high-voltage outdoor cable end termination featuring the inner
cone type of interface, is described in EP 1 254 497 B1 and EP 1 269 594 B1. However, this
solution comprises a strong electric field in the region of the stress-relief cone. The strong
electric field decreases slowly towards the outer surface of the known cable end termination
and, in consequence, a large insulation thickness is needed in order to achieve a strength of
the electric field outside the cable end termination not exceeding values which could cause
corona discharges. This makes the external terminal diameter of the cable end termination
large and requires large amounts of insulating material for its manufacturing. Moreover, the
components of an electric contact arrangement between a conductor of the rigid part and the
cable conductor make the diameter of the current path locally much larger than the diameter of
a conductor integrated in the rigid insulator. This pushes the electric field even more outside
and requires an additional increase of the diameter of the cable end termination. Furthermore,
the electric resistance of the contact arrangement causes the generation of additional heat.
The ability to evacuate this heat outside of the termination is limited due to the large thickness
of the insulation thus, in turn, limiting the maximal current rating of the cable termination.

[0013] DE 199 45 148 A1 discloses a further solid-state-insulated high-voltage outdoor cable
end termination. The cable end termination comprises an outdoor insulator which encloses a
condenser core with concentrically arranged electrically conductive field-grading layers. The
layers are positioned around a conductor extension running centrally through an outdoor
insulator. The conductor extension at its bottom end has a contact socket for receiving a
matching plug of a cable connector with an outside cone and at its top end has a head
electrode for connection to a high-voltage power application. The condenser core, the
conductor extension and the contact socket are embedded in a hardened polymeric mass
which together with the outdoor insulator forms a rigid insulator with an inside cone. The
conductor of the high-voltage cable is electrically connected to the contact socket by means of
the matching plug. The field-grading layers form a capacitive field-grading system which makes
the radial component of the electric field inside the rigid insulator of the known outdoor cable
end termination more uniform. The axial component of the electric field at the outer surface of
the rigid insulator is also made more uniform. The field at the end of the cable is shaped by a
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stress-relief cone which matches the rigid outdoor insulator through an inner-cone-type
interface. The capacitive field grading solves the problems listed for the aforediscussed cable
fittings only partly. The minimum diameter of the field-grading system is limited by the large
diameter of the electric contact formed by the socket of the conductor extension and the plug
matching it. This again makes the outer diameter of the termination large and at the same
times poses strong limitations on the ability to remove heat from the socket-plug contact and
from the conductor extension.

[0014] EP 2 375 423 A1 discloses a condenser bushing having field-grading properties.

[0015] EP 1 798 740 A1 discloses a high voltage bushing with condenser core comprising a
sheet-like spacer impregnated with an electrically insulating matrix material and with
equalization elements in appropriate radial distances from the axis.

[0016] WO 2011/144254 A2 describes a DC cable termination apparatus having at least one
field grading layer positioned around a current-carrying device, the at least one field grading
layer being electrically connected to a conductive shield and electrically connectable to an
electrical conductor.

DESCRIPTION OF THE INVENTION

[0017] It is an object of the invention as described in the patent claims to specify a cable fitting
of the afore-mentioned type which is small-sized and which at the time is capable to carry high-
rated continuous currents.

[0018] The invention supplies a cable fitting for connecting a high-voltage cable having a cable
conductor and a cable insulation, which encases the cable conductor, to a high-voltage
component. The cable fitting comprises coaxially arranged around an axis a rigid conical
insulator, an electrically insulating, elastomeric stress-relief cone matching the rigid conical
insulator through a conical interface and an axially aligned current path which connects the
cable conductor to a high-voltage current terminal arranged on top of the rigid conical insulator
and provided for connection to the high-voltage component. The rigid conical insulator is
configured as a condenser core and comprises a plurality of electrically conductive field-
grading layers which are arranged concentrically around the axis and a rigid polymeric matrix
which embeds the field-grading layers. A section of the cable conductor, which is stripped-off
the cable insulation, extends from the conical interface to the high-voltage current terminal and
forms the current path. The condenser core comprises an axially aligned tubular duct which
receives the stripped-off section of the cable conductor and which passes two opposing front
faces of the condenser core. Furthermore, a gap in the tubular duct between an outer surface
of the cable conductor and an inner surface of the condenser core is filled with an electrically
insulating, thermally conductive material, and the thermally conductive material comprises at
least one of a solid, a powder or a gel.
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[0019] The cable fitting according to the invention distinguishes over prior art cable fittings with
a small electric resistance of the current path which is formed as an uninterrupted cable
conductor having a well-defined constant cross-section and running through the condenser
core without any electric connection, thus having small ohmic losses and generating small
amount of heat. Another advantage is the small diameter of the current path of the cable fitting
on the whole length of the condenser core thus allowing for a small diameter of the innermost
field-grading layer and, in consequence, a small diameter of the whole condenser core. This
allows for manufacturing the condenser core using less amount of insulating material and also
decreases the radial thermal resistance of the condenser core improving its ability to dissipate
heat from the cable conductor running through the condenser core. The small ohmic losses of
the current path combined with the large ability to dissipate heat from the current path allow for
a significant increase of the current rating of the cable fitting when compared to the known
constructions.

[0020] These advantages are particularly beneficial for a cable conductor which is formed as a
conductor of segmented type. Such conductors are typically installed in AC cables of highest
current ratings and are optimized so that the increase of the AC resistance due to the skin
effect is minimized. Hence, the ohmic losses under AC current are also minimized and are
much smaller compared to those in a rod or tubular conductors applied in known constructions.

[0021] According to the invention a gap in the tubular duct between an outer surface of the
cable conductor and an inner surface of the condenser core is filled with a thermally conductive
material. An advantage of this is the decreased overall radial thermal resistance between the
conductor and the outer surface of the cable fitting which leads to a higher heat dissipation rate
of the cable fitting and to a higher current rating.

[0022] The thermally conductive material comprises at least one of a solid, a powder or a gel.
The solid material can comprise at least a hardened resin, in particular on the basis of an
epoxy, a polyester or a polyurethane, or an elastomer, in particular on the basis of a silicone,
or a polyurethane. The hardened resin can comprise a thermally conductive filler, in particular
on the basis of a powder comprising a mineral, like quartz, a metal, like copper or aluminium, a
nitride, like silicon nitride or boron nitride, on the basis of fibres, like carbon fibres or
nanofibers, or on the basis of nanotubes. The powder material can comprise at least one of a
silica sand, in particular quartz sand, or a metallic powder comprising metal grains or spheres.
The gel material can comprise at least one of a silicone gel or a polyurethane gel.

[0023] The condenser core can comprise an electrically conducting central tube which forms
an outer surface of the tubular duct, and the high-voltage current terminal can be fixedly
secured to a top end of the central tube and can be electrically connected to a free end of the
stripped-off section of the cable conductor. The central tube facilitates the mounting of the
high-voltage current terminal and at the time favors the dissipation of heat generated in the
section of the cable conductor running through the condenser core. The central tube can be
connected to an innermost of the plurality of field-grading layers.
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[0024] The central tube can run down from the high-voltage current terminal at most to the
upper edge of the innermost field-grading layer. The diameter of the innermost field-grading
layer then can be made smaller than the outer diameter of the central tube, thus resulting in a
smaller overall diameter of the condenser core resp. of the cable fitting.

[0025] In order to enable outdoor applications of the cable fitting an external insulator can be
molded directly around the outer surface of the condenser core.

[0026] The condenser core can comprise a net-shaped spacer, which is wound in spiral form
around an axis. Each of the plurality of field grading elements can be inserted between
successive windings of the spacer, and the polymeric matrix can penetrate the spacer and can
embed the spacer and the field-grading layers.

[0027] The elastomeric stress-relief cone can be part of a stress-relief element. The stress-
relief element can comprise the elastomeric stress-relief cone and a housing which encloses
the elastomeric stress-relief cone. An upper part of the housing on the one side can comprise
a first opening, which receives a conical lower end of the condenser core and on the other side
can be fixedly secured to a mounting flange supporting the condenser core. A lower part of the
housing can comprise a second opening, which receives a section of the high-voltage cable
and a cable clamp, which fixes the cable to the housing.

[0028] In order to achieve a uniform distribution of the electric field inside and outside of the
cable fitting the elastomeric stress-relief cone can comprise coaxially arranged an elastomeric
insulator, a deflector and in case of a conical interface with an outer cone with respect to the
condenser core additionally a connector shield which surrounds an end section of the cable
insulation and an end section of the outer cone of the condenser core at a joint between these
two end sections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other characteristics of the invention will be clear from the following
description of preferential forms, given as non-restrictive examples, with reference to the
attached drawings, wherein the figures 1 to 5 each show a view on a section extended along
an axis A of one of five embodiments of the cable fitting according to the invention each of
which being shaped as high-voltage cable end termination.

DETAILD DESCRIPTION OF PREFERENTIAL EMBODIMENTS OF THE INVENTION

[0030] In the figures same reference symbols are used for identical parts and repetitive
reference symbols may be omitted.
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[0031] The five cable fittings shown in the figures 1 to 5 are configured as high-voltage cable
end terminations, each of which comprising coaxially arranged around an axis A a rigid conical
insulator which is designed as a condenser core 10, an electrically insulating, elastomeric
stress-relief cone 20 matching the condenser core 10 through a conical interface 30 and an
axially aligned current path. The conical interface 30 forms a joint having a substantially conical
shape. The substantially conical shape can taper along the axis A linear (forming a cone as
defined in mathematics) or can taper according to any further function, for instance like a
parabola, which allows the formation of the conical interface 30 when the condenser core 10
and the elastomeric stress-relief cone 20 are plugged together. The current path connects a
cable conductor 42 of a high-voltage cable 40 to a high-voltage current terminal 43 which is
arranged on top of the condenser core 10 and which is provided for electrical connection to a
high-voltage component, like a high-voltage outdoor line, a transformer or a component of a
gas-insulated switchgear arrangement. If the cable fitting is configured as a cable joint the
high-voltage component is formed as a second cable.

[0032] The condenser core 10 comprises a tubular duct 11 which is aligned along the axis A
und which extends from a front face 12a arranged on a lower end 15 of the condenser core 10
through the whole length of the condenser core to a front face 12b arranged on an upper end
16 of the condenser core. The tubular duct 11 receives a section 41 of the cable conductor 42
which is stripped off the cable insulation 44, which passes the two opposing front faces 12a
and 12b of the condenser core 10 and which forms a current path for the current rated to the
cable end termination. The condenser core 10 comprises a plurality of at least three electrically
conducting field-grading layers 13a, 13b and 13c, which are arranged concentrically around
the axis A. A rigid polymeric matrix 14 embeds the field-grading layers 13a, 13b and 13c. The
innermost field-grading layer 13c is electrically connected to the section 41 of the cable
conductor forming the current path and thus is kept on high-voltage potential, whereas the
outermost field-grading layer 13a is electrically connected to a rigid metallic mounting flange 50
which his kept on ground potential. The remaining intermediate layers 13b are kept on floating
potential such that the set of the field-grading layers form a capacitive field-grading system.

[0033] The condenser core 10 is fixedly secured to the mounting flange 50 which can be used
to attach the high-voltage cable end termination to a support. The upper end 16 of the
condenser core is of conical shape, but can also be of cylindrical or any further symmetrical
shape. The lower end 15 of the condenser core 10 is of conical shape and forms an outer
cone (as shown in figures 1 to 3) or an inner cone (as shown in fig.5). The lower end 15
matches the stress-relief cone 20 through the conical interface 30.

[0034] The stress-relief cone 20 is enclosed in a housing 61 of a stress-relief element 60. An
upper part of the housing 61 comprises a first opening which receives the conical lower end 15
of the condenser core 10 and which is fixedly secured to the mounting flange 50. An lower part
of the housing 61 comprises a second opening which receives a section of the high-voltage
cable 40. A cable clamp 62 serves the fixing of the cable 40 to the housing 61.

[0035] In order to achieve a uniform distribution of the electric field inside and outside of the
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cable end termination the elastomeric stress-relief cone 20 comprises coaxially arranged an
elastomeric insulator 21 and a deflector 22, the lower end of which being connected to an end
section of a conductive or semiconductive layer arranged on the outer surface of the cable
insulation 44.

[0036] If the conical interface 30 comprises an outer cone with respect to the condenser core
10 (embodiments according to figures 1 to 4) the elastomeric stress-relief cone 20 further
comprises an electrical conducting or semiconducting connector shield 23 which surrounds an
end section of the cable insulation 44 and an end section of the outer cone of the condenser
core 10 at a joint 70 between these two end sections. The stress-relief cone 20 can be made
using known technologies such as multi-step molding of electrically insulating material
(elastomeric insulator 21) and conducting or semiconducting elastomeric material (deflector
22, connector shield 23).

[0037] The stress-relief element 60 has a hollow space matching the lower conical end 15 of
the condenser core 10 through the interface 30 which in case of the embodiments according to
figures 1 to 4 is of outer cone type and in case of the embodiment according to fig.5 is of inner
cone type. The conical interface 30 is achieved with a pressure which urges the conical surface
of the elastomeric stress-relief cone 20 against the conical surface of the lower end 15 of the
rigid condenser core 10. The pressure is generated with a compression system which excerts
force on the elastomeric stress-relief cone 20 resp. on the interface 30.

[0038] The condenser core 10 can be produced using the technology described in WO
2006/010280 and WO 2007/068130, in particular it can be manufactured by winding sheet-like
net-shaped spacer around a mandrel or around the central tube. The field-grading layers are
inserted between the layers of the spacer sheet material during the winding process. The
wound core is subsequently impregnated with a hardenable resin, typically an epoxy resin
comprising inorganic filler particles, and hardened. Detailed materials possible to be used are
listed in WO 2006/010280. The application of inorganic filler particles in the epoxy resin has the
advantage of increasing the thermal conductivity of the material building the condenser core
10, thus allowing for higher rate of heat transfer from the cable conductor 42 towards the
outside environment and consequently for a possibility to apply higher current ratings.
Alternatively the condenser core 10 can be produced using resin-impregnated paper
technology in which crepe insulating paper is used as the spacer sheet material.

[0039] The uninterrupted section 41 of the cable conductor 42 running through the cable end
termination keeps the electric resistance in the cable end termination small. Thus the ohmic
losses and the generation of heat within the cable end termination are kept small.

[0040] Furthermore the small diameter of the current path resp. of the stripped-off section 41
of the cable conductor 42 on the whole length of the condenser core 10 allows a small
diameter of the innermost field grading layer 13c and, in consequence, a small diameter of the
whole condenser core 10. This allows for manufacturing the condenser core 10 using less
amount of insulating material 14. This material decreases the radial thermal resistance of the
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condenser core 10 and thus improves its ability to dissipate heat from the current path resp.
the stripped-off section 41 of the cable conductor 42.

[0041] A cable end termination with an additional improvement of the ability to dissipate heat is
shown in Fig.2. In this embodiment a gap 17 between the outer surface of the current path
resp. the stripped-off section 41 of the cable conductor 42 and the inner surface of the
condenser core 10, which borders the tubular duct 11 to its outside, is filled with a solid,
powder or gel material which increases the radial thermal conductivity between the stripped-off
section 41 of the cable conductor and the condenser core 10. The examples of the materials
that can be used for the gap filling are as follows.

[0042] Solid materials:

e hardenable resins, e.g. epoxy resin, polyester resin, polyurethane resin,
» elastomeric materials, e.g. silicone elastomer, polyurethane elastomer,

the above-mentioned resins or elastomeric materials filled with a thermally conductive additive
such as e.g. quartz, copper,
aluminum, silicon nitride, or boron nitride powder, carbon fibers, nanofibers or nanotubes.

[0043] Powder materials:

» quartz sand or other silica sand,
= powder consisting of metal grains or spheres.

[0044] Gel materials:

= silicone gels, polyurethane gels.

[0045] The advantage of this solution is the decreased overall radial thermal resistance
between the current path and the outer surface of the cable end termination which leads to
higher heat dissipation rates and higher current ratings of the cable end termination resp. the
cable fitting.

[0046] In the embodiment shown in fig.3 the condenser core 10 comprises an electrical
conductive central tube 18 which typically is made of a metal, like an aluminum alloy, and which
forms the outer surface of the tubular duct 11. The high-voltage current terminal is configured
as metal fitting 43 and is mechanically fixed and electrically connected to the upper end of the
central tube 18, typically by menas of screwing. At the same time the metal fitting 43 also
makes an electric connection to the current path resp. to the stripped-off section 41 of the
cable conductor 42, typically by screwing or crimping.
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[0047] The central tube 18 is electrically connected to the innermost field-grading layer 13¢ by
means of a short high-voltage conductor 181 providing high-voltage potential to this layer. The
metallic mounting flange 50 which can be made of an aluminum alloy is electrically connected
by means of a ground connection 182 to the outermost field-grading layer 13a and provides
ground potential to this layer. A section of the outer surface of the condenser core 10
extending from the front face 12b down to the upper edge of the mounting flange 50 is covered
with an external insulator 19 with a number of sheds providing sufficient creepage length for
wet or polluted environments. The external insulator 19 is molded over the condenser core 10
and typically is made of a silicone elastomer. In this embodiment of the cable end termination
the gap 17, here arranged between the outer surface of the current path resp. the stripped-off
section 41 of cable conductor 42 and the inner surface of the central tube 18, is filled with the
material for increasing the radial thermal conductivity between the stripped-off section 41 of the
cable conductor and the tube 18 resp. the condenser core 10.

[0048] The embodiment shown in fig.4 differs from the embodiment according to fig.3 in that
the central tube 18 is arranged only in the top part of the condenser core 10 and extends close
to the top end of the innermost field-grading layer 13¢ to which the lower end of the central
tube 18 is electrically connected by means of the short high-voltage connection 181. Thus the
diameter of the innermost field-grading layer 13¢ can be made smaller than the outer diameter
of the central tube 18. For that reason the condenser core 10 and thus the cable end
termination comprise a smaller overall diameter than in the embodiment according to fig.3.

[0049] In the embodiment presented in fig.5 the condenser core 10 comprises a hollow space
in its lower end 15. The stress-relief cone 20 is configured as an outer cone and matches the
hollow space of the condenser core 10. Thus the condenser core 10 and the stress-relief cone
20 are joined with an interface 30 of the inner cone type. The stress-relief element 60 is held in
position with a compression system 63 which excerts force on the elastomeric stress-relief
cone 20 resp. on the interface 30 towards the upper end 16 end of the condenser core 10
resp. of the cable end termination. The interface 30 of the inner cone type completely
eliminates the use of the connector shield 23 as afore-described in the embodiments according
to figures 1 to 4.

List of Reference Signs

[0050]

10

condenser core
11

tubular duct
12a, 12b

front faces
13a, 13b, 13¢



field-grading layers
14
rigid polymeric matrix
15, 16
ends of the condenser core

17
gap
18
electrically conductive central tube,
19
external insulator
20
elastomeric stress-relief cone
21
elastomeric insulator
22
deflector
23
connector shield
30
conical interface
40
high-voltage cable
41
section of the cable conductor 42
42
cable conductor
43
high-voltage current terminal
44
cable insulation
50
mounting flange
60
stress-relief element
61
housing
62
cable clamp
63
compression system
70

joint
181
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high-voltage connection
182
ground connection
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KABELFORSKRUNING TIL FORBINDELSE AF ET HOJSPANDINGSKABEL TIL EN
HOJSPANDINGSKOMPONENT

PATENTKRAV

1. Kabelforskruning til forbindelse af et hajspaendingskabel (40) med en kabelleder
(42) og en kabelisolering (44), der indkapsler kabellederen, med en

hajspaendingskomponent,

hvilken forskruning i et koaksialt arrangement rundt om en akse (A) omfatter en
stiv konisk isolator, en elektrisk isolerende, elastomerisk aflastningskegle (20), der
passer til den stive koniske isolator gennem en konisk greenseflade (30), og en
aksialt justeret strembane, der forbinder kabellederen (42) med en
hejspaendingsstramterminal (43), der er anbragt @verst pa den stive koniske
isolator og tilvejebragt til forbindelse med hajspeendingskomponenten,

kendetegnet ved,

at den stive koniske isolator er udformet som en kondensatorkerne (10) og
omfatter en flerhed af elektrisk ledende feltstyringslag (13a, 13b, 13c), der er
anbragt koncentrisk rundt om aksen, og en stiv polymermatrix (14), der indlejrer

feltstyringslagene,

at et afsnit (41) af kabellederen (42), der er fijernet fra kabelisoleringen (44),
streskker sig fra den koniske greenseflade (30) til hgjspeendingsstremterminalen

(43) og danner strembanen,

at kondensatorkernen (10) omfatter en aksialt orienteret rerformet kanal (11), som
optager det afisolerede afsnit (41) af kabellederen (42), og som passerer forbi to

modsatliggende forsider (12a, 12b) af kondensatorkernen (10),

at et mellemrum (17) i den r@rformede kanal (11) mellem en udvendig overflade af
kabellederen (42) og en indvendig overflade af kondensatorkernen (10) er fyldt

med et elektrisk isolerende, varmeledende materiale, og

at det varmeledende materiale omfatter i det mindste ét af et fast legeme, et pulver

eller en gel.

2. Kabelforskruning ifalge krav 1, kendetegnet ved
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at kabellederen (42) er en leder af den segmenterede type.
Kabelforskruning ifalge krav 1, kendetegnet ved

at det faste legeme omfatter i det mindste én haerdet harpiks, saerligt pa basis af
en epoxy, en polyester eller en polyurethan, eller en elastomer, saerligt pa basis af

en silikone eller en polyurethan.
Kabelforskruning ifalge krav 3, kendetegnet ved

at den heerdede harpiks eller elastomeren omfatter et varmeledende fyldstof,
seerligt pa basis af et pulver, der omfatter et mineral som f.eks. kvarts, et metal
som f.eks. kobber eller aluminium eller en bornitrid, pa basis af fibre som f.eks.

kulfibre eller nanofibre eller pa basis af nanorer.
Kabelforskruning ifalge krav 1, kendetegnet ved

at pulvermaterialet omfatter i det mindste ét af silikasand, seerligt kvartssand, eller
et metalpulver, der omfatter metalkorn eller metalkugler.

Kabelforskruning ifalge krav 1, kendetegnet ved
at gelmaterialet omfatter i det mindste én af en silokonegel eller en polyurethangel.
Kabelforskruning ifalge et hvilket som helst af kravene 1 til 6, kendetegnet ved

at kondensatorkernen (10) omfatter et elektrisk ledende centralt rer (18), der

danner en udvendig overflade af den rgrformede kanal (11), og

at hejspandingsstremterminalen (43) er fastgjort solidt pa den everste ende af det
centrale rar (18) og er forbundet elektrisk med en fri ende af det afisolerede afsnit
(41) af kabellederen (42).

Kabelforskruning ifalge krav til 7, kendetegnet ved

at det centrale rer (18) er forbundet elektrisk til en inderste (13c) af flerheden af

feltstyringslag.
Kabelforskruning ifalge krav 8, kendetegnet ved

at det centrale rer (18) hgjst Isber ned fra hgjspeendingsstreamterminalen (43) til
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den @verste kant af det inderste feltstyringslag (13c).
Kabelforskruning ifalge et hvilket som helst af kravene 1 til 9, kendetegnet ved

at en udvendig isolator (19) er formet direkte rundt om den udvendige overflade af
kondensatorkernen (10).

Kabelforskruning ifalge et hvilket som helst af kravene 1 til 10, kendetegnet ved

at kondensatorkernen (10) omfatter et pladeagtigt, netformet afstandsstykke, der

er snoet i spiralform omkring aksen (A),

at hver af flerheden af feltstyringselementer (13a, 13b, 13c) er indsat mellem pa

hinanden felgende viklinger af afstandsstykket, og

at polymermatrixen traenger igennem afstandsstykket og indlejrer afstandsstykket
og feltstyringslagene.

Kabelforskruning ifelge et hvilket som helst af kravene 1 til 11, kendetegnet ved

at den stive polymermatrix omfatter en haerdet epoxyharpiks, der omfatter et
uorganisk fyldstof.

Kabelforskruning ifalge et hvilket som helst af kravene 1 til 12, kendetegnet ved
at den elastomeriske aflastningskegle (20) er en del af et aflastningselement (60),

at aflastningselementet (60) omfatter den elastomeriske aflastningskegle (20) og

et hus (61), der omgiver den elastomeriske aflastningskegle (20),

at en gvre del af huset (61) pa den ene side omfatter en farste abning, der optager
en konisk nedre ende (15) af kondensatorkernen (10), og pa den anden side er
fastgjort solidt p4 en monteringsflange (50), der understetter kondensatorkernen

(10), og

at en nedre del af huset (61) omfatter en anden abning, der optager et afsnit af
hajspaendingskablet (40) og en kabelklemme (62), der fastger kablet (40) til huset
(61).

Kabelforskruning ifalge krav 13, kendetegnet ved
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at den elastomeriske aflastningskegle (20) i et koaksialt arrangement omfatter en
elastomerisk isolator (21), en deflektor (22) og i tilfeelde af en konisk greenseflade
(30) med en udvendig konus i forhold til kondensatorkernen (10) desuden en
konnektorafskaermning (23), der omgiver et endeafsnit af kabelisoleringen (44) og
et endeafsnit af kondensatorkernens (10) udvendige konus ved en samling (70)

mellem disse to endeafsnit.
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