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DESCRIPTION

[0001] The present invention relates to a joint for high voltage (HV) impregnated cables, as
well as a power supply line comprising at least one of such joints, and a method of jointing HV
impregnated cables.

[0002] More specifically, the invention relates to joints for HV cables for direct current (DC)
and alternate current (AC) transport, preferably for terrestrial (possibly underground)
applications.

[0003] In the present description and claims:

¢ with "high voltage" or HV it is meant to indicate voltages higher than 35 kV, thus
encompassing a range sometimes indicated as "extra high voltage" (EHV) used for
cables capable of transporting voltages higher than 200 kV;

« with "impregnated cable" it is meant to indicate a cable insulated with paper or paper-
polypropylene laminate (PPL) which is impregnated with a viscous compound, especially
designed for high voltage transmission, terrestrial as well as submarine; the viscosity of
the impregnating compound is typically of about 900-1500 ¢St at 60°C for DC application
and of 4-180 cSt at 40°C for AC application;

« with "joint" it is meant to indicate an assembly adapted to mechanically and electrically
connect two electrical cables;

« with "conductive core" it is meant to indicate an electric conductor surrounded by an
inner semiconducting layer in direct contact thereto;

» the terms "radial" and "longitudinal" are used to indicate a direction, respectively,
perpendicular and parallel to a reference longitudinal axis of the cable ends and jointing
assembly; the expressions "radially inner" and "radially outer" are used to indicate a
position along a radial direction with respect to the abovementioned longitudinal axis,
while the expressions "longitudinally inner" and "longitudinally outer" are used to indicate
a position along a direction parallel to the aforementioned longitudinal axis and with
respect to a reference plane perpendicular to said longitudinal axis and intersecting the
joint in a central portion thereof;

* a size along the axial direction is termed "length", while a size along the radial direction
is termed "thickness";

» "tapering degree" is used to indicate the ratio maximum thickness to length of a portion
having a radial size variation;

« the terms "conductive", "insulated", "connected" and other terms that might have a
thermal or mechanical meaning are used in the electrical meaning, unless otherwise
specified.

[0004] For the purpose of the present description and of the appended claims, except where
otherwise indicated, all numbers expressing amounts, quantities, percentages, and so forth,
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are to be understood as being modified in all instances by the term "about". Also, all ranges
include any combination of the maximum and minimum points disclosed and include any
intermediate ranges therein, which may or may not be specifically enumerated herein.

[0005] High voltage electric power networks or transmission systems are used e.g. to transmit
electric power from a power generating plant to a user, such as a city, a factory or other entity.
Such networks may comprise impregnated cables.

[0006] Impregnated cables are usually used for carrying high voltage direct current (HVDC).
HVDC cables are mainly used for submarine applications because of the long span lengths
involved, which render the use of AC cables impractical due to the high losses for capacitive
current. Terrestrial applications of HVDC cables are often limited to the land portions of
submarine connections due to high transportation and laying costs.

[0007] In terrestrial spans of impregnated cables, due to the large weight per unit length of
such cables (of about 30 to 60 km/m), each cable portion may be about one kilometre long
only, which means that a joint is required correspondingly often.

[0008] Jointing portions of impregnated cables according to the state of the art is a time-
consuming and expensive operation because it involves the reconstruction of all of the cable
layers, and in particular of the insulation layer.

[0009] For example, U.S. 3,017,306 discloses the construction of the insulation in joints for
high tension electric cables that are insulated with impregnated paper. The bared conductors
are mechanically and electrically connected by means of a ferrule; then, after having removed
the desired length of metallic sheath from the cable ends to be jointed, a portion of the
insulation is removed from the cable conductors so as to leave a pencilled-down or step-profile
of insulation on the conductors, and then, the insulation is reconstructed by means of paper
tapes or tubes, generally to a diameter greater than that of the original cable insulation. More
specifically, there is wound, on the outer helical layer of paper of each cable core to be joined,
an auxiliary tube of paper, which paper may be impregnated with oil insulation or other suitable
insulation and of small thickness. The space between the auxiliary tubes is then filled either
with an auxiliary paper tube or with a series of paper tapes or tubes up to the external diameter
of said auxiliary paper tubes, so as to obtain a uniform cylindrical surface. On this surface a
single preformed outer paper tube is assembled. Thereafter, the excess portions of the paper
tubes are removed. A continuous electric screening may be applied on the outside of the outer
paper tube by winding thereon a wire or metal woven tape in close coil formation, which
winding is then connected to the metal sheath of the cable.

[0010] GB 916 946 A and DE 912 593 C each disclose a joint for electric cables wherein it is
shown that a portion of the insulation is removed from the cable conductors so as to leave a
step-profile of insulation on the conductors, formed of several steps of decreasing diameter
towards the free end of the cable conductor.
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[0011] WO 2008/087151 A1 and U.S. 4,822,952 disclose joints wherein a portion of the
insulation is removed from the cable conductors with a one-step profile. However, in the first
document the space left by the removed insulation layer is filled with a central connector and
with high-permittivity mastic material, the second document does not relate to impregnated
cables and the space left by the removed insulation layer is filled with a semiconductive
conductor shield member.

[0012] U.S. 1,979,150 discloses another cable joint.

[0013] A low tapering degree is imparted to the cable insulation during its removal mainly
because of the necessity of creating, after the insulation reconstruction, pathways long enough
so as to prevent the propagation of possible discharges. The insulation is typically removed
manually.

[0014] Due to the diameter of the insulation and the low tapering degree, a large amount of
insulation is to be first removed and then reconstructed. Each joint usually requires about a
working week to be completed. The joint itself can have a length of up to 8 meters that implies
sheltering and cost problems.

[0015] The reconstruction of the insulation also takes place manually, by tightly winding
bobbins of a stretch paper strip.

[0016] The overall jointing operation is to be carried out in a controlled environment, e.g. at a
controlled humidity, at least up to the protection of the insulating layer. A hut or similar shelter
has to be raised about the joint.

[0017] There is therefore the need of shortening the jointing operation of HV impregnated
cables, both in terms of time and space - and, accordingly, of cost -, while preserving the
accuracy and efficiency thereof.

[0018] The Applicant faced the technical problem of providing a jointing technique which is
accurate and cost-effective.

[0019] The Applicant understood that an acceptable electric field can be attained in an
impregnated paper insulation joint even without removing the cable insulation according to a
profile with a low tapering degree.

[0020] In particular, the Applicant found that the above problem can be solved by the following
provisions:

A joint for splicing two HV impregnated cables comprising respective conductive cores made of
conductors wrapped in inner semiconducting layers, cable insulation layers impregnated by a
viscous compound, radially external to the conductive cores, outer semiconducting layers
surrounding the cable insulation layers, and protecting layers radially external to the outer



DK/EP 2681820 T3

semiconducting layers, the joint having a longitudinal axis and comprising:mechanically and
electrically connected conductors; impregnated cable insulation layers having faces cut
essentially perpendicular to the longitudinal axis of the joint for the entire thickness of the cable
insulation layers, and being shorter than the respective conductors; a conductive insert
interposed between the faces of the impregnated cable insulation layers, leaving at most an air
gap between the conductive insert and the faces of the impregnated cable insulation layers; an
intermediate semiconducting layer surrounding the conductive insert and abutting on portions
of cable insulation layers adjacent to the conductive insert; a stratified insulation, impregnated
with a viscous compound, longitudinally overlapping the impregnated cable insulation layers
and covering the intermediate semiconducting layer; an external semiconducting layer
wrapping the impregnated stratified insulation and the impregnated cable insulation layers; a
metal casing enclosing the external semiconducting layer and extending over the outer
semiconducting layers; and a viscous compound contained in said metal casing. In this way the
constraint of having a "pencil-like" interface between the original and the applied insulating
layers to lengthen the pathway and to avoid possible discharges is relieved. Also, the resulting
electric gradient is uniform in the cable joint. Moreover time and space for the cable jointing are
considerably reduced.

[0021] The Applicant found that the provision of a stratified impregnated insulation
overlapping the original impregnated insulation can have a further beneficial effect i.e. that of
avoiding the reconstruction of other cable layers removed for baring the insulation and the
conductor, typically metal layer/s and polymeric jacket/s, hereinafter referred to as "protecting
layers".

[0022] The Applicant found that, in a cable joint wherein a stratified insulation overlapping the
original insulating layer is applied, the removed protecting layers can be functionally replaced
by positioning of a metal casing containing an impregnating viscous compound, which casing
advantageously includes a volume compensating device, preferably enclosed within the
casing. The metal casing provides protection to the cable joint and retains the viscous
compound impregnating the insulating layers.

[0023] Accordingly, in an aspect the present invention relates to a method of jointing two high
voltage impregnated cables, each comprising a conductive core, made of a conductor wrapped
in an inner semiconducting layer, a cable insulation layer, impregnated with a viscous
compound, radially external to the conductive core, an outer semiconducting layer radially
external to the cable insulation layer and at least one protecting layer radially external to the
outer semiconducting layer, the method comprising the steps of:

e exposing a length of said impregnated cable insulation layer of each cable end by
removing the at least one protecting layer and the outer semiconducting layer,

* exposing a terminal length of the conductor of each cable end by cutting with one cut
essentially perpendicularly to the longitudinal axis of each cable the entire thickness of a
portion of said impregnated cable insulation layer and by removing the inner
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semiconducting layer,

« mechanically and electrically connecting said conductors,

« filling the space left by the removed impregnated cable insulation layer with a conductive
insert, leaving at most an air gap between the impregnated cable insulation layer and
the conductive insert,

* providing an intermediate semiconducting layer to surround the conductive insert and
abutting on portions of cable insulation layers adjacent to the conductive insert,

* applying a stratified insulation, impregnated with a viscous compound, longitudinally
overlapping the exposed length of impregnated cable insulation layer of each cable end
and covering the intermediate semiconducting layer,

» electrically screening the conductors, and

» tightly containing the viscous compound.

[0024] The viscous compound impregnating the cable insulating layer can be the same as or
different from the viscous compound impregnating the stratified insulation, but the two viscous
compounds have, preferably, substantially the same viscosity.

[0025] In the present description and in the attached claims, by "cutting essentially
perpendicularly to the longitudinal axis" it is meant that a cut is made with cut face flat or
slightly tapered to form, at each radial position, an angle preferably not greater than 2°with a
plane perpendicular to the longitudinal axis.

[0026] Preferably in said step of exposing a terminal length of the conductor of each cable
end, the cutting for removal of said impregnated cable insulation layer is effected at a distance
from the end of the cable suitable for the electrical and mechanical connection of the
conductors to be joined.

[0027] Advantageously the step of mechanically and electrically connecting the conductors of
the cables to be joined is carried out increasing the outer diameter of the conductive
connection with respect to the outer diameter of said conductors. This simplifies the connection
procedure, avoiding the collapsing operation of the welded zone and/or of a connecting ferrule
which would be required to have an outer diameter substantially equal to that of the connected
conductors.

[0028] The step of filling the space left by the removed impregnated cable insulation layer with
a conductive insert preferably comprises arranging a metal insert having substantially the
same outer diameter as the outer diameter of the impregnated cable insulation layer.

[0029] The step of applying a stratified insulation preferably comprises the step of providing
rolls of impregnated insulation at both sides of the intermediate semiconducting layer, said first
rolls having substantially the same outer diameter as said intermediate semiconducting layer
so to form an even cylindrical surface.
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[0030] The step of applying a stratified insulation advantageously comprises the step of
arranging at least one further layer of impregnated insulation material over the first rolls of
impregnated insulation and the intermediate semiconducting layer.

[0031] Preferably the method further comprises the step of shaving the stratified impregnated
insulation at the longitudinal edges to obtain an even surface with a sigmoid profile.

[0032] The step of electrically screening the joint is advantageously carried out by wrapping
the stratified insulation - and the underlying layers and portions, as a consequence - with a
layer of semiconductive material (hereinafter referred to as "external semiconducting layer")
substantially analogous to the outer semiconducting layer of each cable to be joined.

[0033] Advantageously, the method of the invention further comprises a step of providing a
volume compensating device.

[0034] In another aspect, the invention relates to a joint for splicing two HV impregnated
cables comprising respective conductive cores made of conductors wrapped in inner
semiconducting layers, cable insulation layers, impregnated by a viscous compound, radially
external to the conductive cores, outer semiconducting layers surrounding the cable insulation
layers, and protecting layers radially external to the outer semiconducting layers, the joint
having a longitudinal axis and comprising:

» mechanically and electrically connected conductors;

* impregnated cable insulation layers having faces cut essentially perpendicular to the
longitudinal axis of the joint for the entire thickness of the cable insulation layers and
being shorter than the respective conductors;

* a conductive insert interposed between the faces of the impregnated cable insulation
layers, leaving at most an air gap between the the conductive insert and the faces of the
impregnated cable insulation layers;

* an intermediate semiconducting layer surrounding the conductive insert and abutting on
portions of cable insulation layers adjacent to the conductive insert;

« a stratified insulation, impregnated with a viscous compound, longitudinally overlapping
the impregnated cable insulation layers and covering the intermediate semiconducting
layer;

« an external semiconducting layer wrapping the impregnated stratified insulation and the
impregnated cable insulation layers;

* a metal casing enclosing the external semiconducting layer and extending over the outer
semiconducting layers; and

» a viscous compound contained in said metal casing.

[0035] Preferably, the joint splices two high voltage direct current cables.
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[0036] Preferably, the conductive insert comprises a metal insert. Said metal insert is
advantageously made in two semi-cylindrical hollow halves.

[0037] The metal insert is preferably made of aluminium, copper or a composite thereof.

[0038] Advantageously the intermediate semiconducting layer has edges with a tapering
degree of at most 1:10, preferably of at most 1:15. The maximum tapering degree suitable for
the intermediate semiconducting layer depends on many factors such as the length of the joint,
the kind of semiconducting material used for making such layer, the electric field generated in
the spliced cables.

[0039] Preferably the intermediate semiconducting layer is made by a roll of carbon paper.

[0040] The intermediate semiconducting layer overlaps portions of cable insulating layers to
an extent suitable to cover the interface between such layers and the conductive insert. Such
extent can vary from few, for example, 5 mm to 80 mm or more.

[0041] The impregnated stratified insulation can comprise at least one roll of wrapped sheet of
impregnated insulation material, preferably at least two, more preferably at least three.

[0042] Advantageously, said at least one roll has edges with a tapering degree of at most
1:10, preferably of at most 1:15, as said in connection with the intermediate semiconducting
layer construction.

[0043] The tapering degree of the rolls of the stratified insulation preferably increases while
increasing the radial distance of the rolls from the longitudinal axis of the joint.

[0044] Advantageously, the edges of at least one roll of one layer of the impregnated stratified
insulation are longitudinally offset with respect to the edges of at least one roll of a radially
adjacent layer. This increases the electrical strength of the stratified impregnated insulation.

[0045] Preferably, the innermost layer of the impregnated stratified insulation comprises two
rolls of impregnated insulation material positoned at both sides of the intermediate
semiconducting layer and having substantially the same outer diameter thereof.

[0046] Advantageously, windings of stretch paper are interposed in the spaces between
edges of longitudinally adjacent rolls.

[0047] Preferably, the joint of the invention comprises a volume compensating device
operatively connected to the metal casing.

[0048] Advantageously, the volume compensating device is positioned within said metal
casing.
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[0049] Preferably, the metal casing is composed by two halves joined, preferably, substantially
at the middle longitudinal plane of the joint.

[0050] In another further aspect, the invention relates to a power supply line comprising at
least one joint as disclosed above.

[0051] The features and advantages of the present invention will be made apparent by the
following detailed description of some exemplary embodiments thereof, such a description
being provided merely by way of non-limiting examples, and being made with reference to the
attached drawings, wherein:

FIG. 1 shows the structure of an embodiment of a HVYDC impregnated cable;

FIG. 2 shows an embodiment of a joint according to the invention;

FIG. 3 shows a particular of the impregnated stratified insulation of the invention; and
FIGs. 4 and 5 are magnified views of details of FIG. 2.

[0052] FIG. 1 shows the structure of a typical mass-impregnated HVDC cable 10. Cable 10 is
formed of a conductor 12 sized for current transport, and made, for example, of copper or
aluminium. Conductor 12 is surrounded by an inner semiconducting layer 14 made, for
example, of carbon paper tapes. Conductor 12 and inner semiconducting layer 14 form
together the cable conductive core 13. A cable insulation layer 16, made of paper or
paper/polypropylene laminate (PPL) wound tapes impregnated with a viscous compound, is
provided about the inner semiconducting layer 14. The viscosity of the impregnating compound
is, for this kind of cable, typically of about 900-1500 cSt at 60°C (for example, T2015
Impregnating Compound marketed by H&R ChemPharm Ltd., UK). An outer semiconducting
layer 18, made, for example, of carbon paper tape, surrounds the cable insulation layer 16 and
is surrounded, in turn, by a lead or lead alloy sheath 20. Sheath 20 is a continuous tube having
the function of confining the impregnating viscous compound; it also has the function of
electrostatically screening the conductor 12. Inner polymeric jacket 22, metallic tape
reinforcement 24, and outer polymeric jacket 26 are provided for mechanical protection. Inner
and outer polymeric jacket 22, 26 can be made of polyethylene.

[0053] Cable layers 20, 22, 24, 26 can be collectively referred to as "protecting layers".

[0054] With reference to FIGs. 2-5, a method according to the present invention for jointing
two impregnated cables 10 and the resulting joint is shown.

[0055] Ajointing zone of each cable end 10a, 10b is prepared by stripping off the layers 14-26
so as to leave an exposed portion of a suitable length of each layer, as will be understood from
the further description hereinbelow.

[0056] In particular and contrarily to the known technique, the cable insulation layer 16 is cut
essentially perpendicular to the longitudinal axis X of the cable ends 10a, 10b and stripped off
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for a predetermined length. The cut face 16a of the cable insulation layer 16 (FIG. 4) may be
flat, preferably, or slightly tapered, and will form, at the radially outer position, an angle
preferably not greater than 2° with a plane perpendicular to the longitudinal axis X (an angle of
about 88° to 92° with the longitudinal axis X).

[0057] The cut can be made with a cutting edge at a distance from the surfaces 10c, 10d of
the cable ends 10a, 10b so as to allow the electrical and mechanical connection of the
conductors 12a,12b. The length of removed cable insulation layer 16 should be as short as
possible both to easily take the insulation layer off and, more importantly, to expedite the
subsequent jointing steps. The length of removed cable insulation layer 16, for each cable end,
can be 10% greater than the length suitable for performing the connection of the conductors
12a,12b. The tapered, pencil-like removal of insulation layer is avoided.

[0058] Before or after having so prepared the jointing zone of each cable end 10a, 10b, a
metal casing 100 (Fig. 2), formed of two halves, is temporarily slid around both cable ends
10a, 10b, away from the jointing zone.

[0059] Thereafter, conductors 12a, 12b are electrically and mechanically connected at their
exposed lengths. Reference is made to Fig. 4. When the conductors 12a, 12b are made of
copper, the connection is preferably accomplished through a conductive connector or ferrule
30. Ferrule 30 is a tubular body having, at a longitudinally intermediate position, an internally
protruding annular flange 32 so as to form two seats, each for receiving a respective one of the
ends of the exposed conductors 12a, 12b abutting onto the flange 32.

[0060] Notably, the connection of the conductors 12a,12b through the ferrule 30 takes place
dispensing with a step of collapsing the ferrule, which would be required to make it have an
outer diameter substantially equal to those of the conductors 12a,12b.

[0061] Conductors 12a,12b can also be welded to each other, e.g. through an arc welding
process, without any ferrule, and again without the need of a subsequent collapsing step.

[0062] Once connected the conductors 12a,12b, a metal insert 40 is inserted between the
opposed cut faces 16a,16b of insulation 16. Metal insert 40 can be composed of two
semitubular halves each having, at the longitudinal ends, internally protruding annular flanges
42. The two halves are suitably joined together, for example with a pin-and-hole connection at
44,

[0063] Metal insert 40 may be arranged around the ferrule 30 to encase it, leaving an air gap
46 all around ferrule 30. Gap 46 may also be filled with an insulator, e.g. the viscous
compound used for impregnating the insulation layer 16. An example of viscous compound
suitable for the present invention is T2015 Impregnating Compound (H&R ChemPharm Ltd.,
UK).

[0064] Metal insert 40 abuts with its flanges 42 onto the inner semiconducting layer 14a,14b,
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which extends into the gap 46. The exposed conductors 12a,12b also extend into the air gap
46.

[0065] Metal insert 40 is suitably electrically connected with the conductors 12a,12b by a
metal link 36, e.g. a metal thread inserted in a hole 35 and optionally wound around one of the
conductors 12a, 12b.

[0066] The outer diameter of metal insert 40 is substantially the same as the outer diameter of
insulation layers 16 of the cable ends 10a, 10b.

[0067] The longitudinally outer face 42b of each flange 42 may be in contact with the cut face
16a of the cable insulation layer 16 or may leave a small air gap in between. The longitudinally
outer face 42b of each flange 42 may be perpendicular to the longitudinal axis X of symmetry
of metal insert 40, or may be depart from being perpendicular in much the same manner as
disclosed above in connection with the cut of the insulation layer 16.

[0068] The jointing zone of cable ends 10a, 10b is prepared so that the cable insulation layer
16 is removed for a length essentially equal to half the length of the metal insert 40, and the
exposed portion of conductor 12 of each cable end 10a 10b has a length slightly longer (for
example 10% longer) than half the length of ferrule 30 but shorter than half the inner length of
metal insert 40.

[0069] Metal insert 40 can be made of the same conductive material as conductors 12a, 12b,
e.g. copper or aluminium. In view of the above disclosed geometry and feature (metal link 36),
metal insert 40 is at the same electric voltage as conductor 12 and inner semiconducting layer
14.

[0070] A layer 50 of semiconducting paper is then formed around the metal insert 40 and the
nearby terminal portion of exposed cable insulation layer 16. This intermediate semiconducting
layer 50 is formed, for example, by winding several turns of a sheet of carbon paper having the
shape of an isosceles trapezium, wherein the slant of the edges of the sheet is so selected,
with respect to the outer diameter of the cable insulation layer 16 and of the metal insert 40,
that the adjacent turns of semiconducting paper will be increasingly shorter as the diameter of
the layer 50 increases. Thus, at its longitudinal ends, intermediate semiconducting layer 50
results to be tapered as shown at 52, with a "tapering degree" of for example, 1:15 thickness to
length ratio.

[0071] The function of intermediate semiconducting layer 50 is electrically shielding the
electric field gradient. The low tapering degree of its edges 52 aids to provide an electric field
gradient sustainable by the thickness of a stratified impregnated insulation discussed below
with reference to Fig.3.

[0072] The intermediate semiconducting layer 50 overlaps a portion of 50 mm of each cable
insulation layer 16.
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[0073] Longitudinally on each side of the intermediate semiconducting layer 50, two rolls 60 of
impregnated insulating paper are similarly formed from sheets having the shape of a right-
angled trapezium, wherein the side adjacent to the intermediate semiconducting layer 50 is the
tapered one. The slant of the tapered side is such that the longitudinal end 62 of impregnated
insulating roll 60 has also a tapering degree of, e.g., 1:15. The other longitudinal end 64 of
impregnated insulating roll 60, formed from the right angle side of the trapezium, is essentially
perpendicular to longitudinal axis X.

[0074] Insulating rolls 60 have the same thickness as the intermediate semiconducting layer
50. Insulating paper rolls 60 are each formed at a short distance from intermediate
semiconducting layer 50 onto the exposed surface of the cable insulation layer 16, the distance
increasing as the diameter increases due to the tapered shape of rolls 50 and 60. Each space
between intermediate semiconducting layer 50 and one insulating paper roll 60 is filled by
tightly wrapping an impregnated stretch paper tape 70 for several turns longitudinally offset
back and forth, until the outer diameter of rolls 50 and 60 is reached, having thus formed an
essentially cylindrical surface with an essentially uniform outer diameter.

[0075] A plurality of superposed insulating layers 80 is then constructed about the cylindrical
surface formed by intermediate semiconducting layer 50, insulating paper rolls 60 and stretch
paper wrappings 70.

[0076] Reference is made to FIG. 3. To form such plurality of superposed insulating layers 80,
sheets of impregnated insulating paper are used forming more than one layer of rolls of paper,
each layer comprising one or more rolls. The edges of rolls of one layer - for example rolls 84,
82 - are longitudinally offset with respect to the edges of rolls of a radially adjacent layer - for
example rolls 94, 92. Similarly to intermediate semiconducting layer 50 and insulating rolls 60,
each roll 84, 82, 94, 92, 104 is preferably formed from a sheet having the shape of an
isosceles trapezium (rolls 82, 92, 102) or of a right-angled trapezium (rolls 84, 94, 104), and
the spaces between rolls of a same layer are filled with stretch paper 86, 96 similarly to
wrappings 70.

[0077] The tapered longitudinal edge(s) of each roll 82, 84, 94, 92, 104 can have a tapering
degree of at most 1:10, for minimizing the risk of short circuits. Such tapering degree can
increase while increasing the distance of the roll from the longitudinal axis of the cable. If, for
example, the tapering degree of the intermediate semiconducting layer 50 and of the insulating
rolls 60 is of 1:15, the tapering degree of rolls 84 and 82 can be of 1:13, and that of rolls 92,94
can be of 1:12 and so on.

[0078] In the embodiment shown, a layer of the stratified insulation comprises a central roll 82
formed from an isosceles trapezium, longitudinally centred with respect to the underlying
intermediate semiconducting layer 50, and two lateral rolls 84, each formed from a right-angled
trapezium. The spaces between roll 82 and each roll 84 are filled with stretch paper 86, and
are preferably offset with respect to stretch paper 70 of the "underlying" layer. This offset
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construction aids in electrically containing the electric field gradient.

[0079] Another layer laid radially outside of the above-mentioned one comprises a central roll
92 formed from an isosceles trapezium, and two lateral rolls 94, each formed from a right-
angled trapezium. The spaces between roll 92 and each roll 94 are filled with stretch paper 96,
and are offset with respect to stretch paper 86 of the underlying layer.

[0080] Another further layer laid radially outside of just mentioned layer comprises a single roll
104 formed from an isosceles or right-angled trapezium.

[0081] The stratified insulation is composed by the plurality of superposed insulating layers 80
plus the insulating rolls 60 and the impregnated stretch paper tape 70.

[0082] It will be immediately recognised that, besides having avoided the pencil-like removal
of the original cable insulation layer 16, also the application of the stratified insulation is very
fast compared with the prior art, in that it involves the formation of rolls from wide sheets of
impregnated paper, and the use of narrow strips of impregnated stretch paper only in the small
gaps between adjacent roll edges.

[0083] As shown in the right side of the joint in FIG. 2, the longitudinally external edges of the
stratified insulation are then "shaved" with a suitable cutting edge, so as to form a smooth
outer surface having a sigmoid shape that joins the maximum outer diameter of the stratified
insulation with the outer diameter of the cable insulation layer 16.

[0084] An external semiconducting layer 98 is then arranged about (and radially outside of)
the stratified insulation, and about the nearby portions of exposed original cable insulation
layer 16 until longitudinally reaching and being at some extent superimposed to the exposed
outer semiconducting layers 18 of the cables. In the present joint, the electrical screening
function of the outer semiconducting layer 18 is performed by the external semiconducting
layer 98.

[0085] Metal casing 100, previously temporarily slid around both cable ends 10a, 10b, away
from the jointing zone, is slid at the jointing zone and electrically and mechanically connected
to the lead sheaths 20 of each of the cable ends 10a, 10b, thus reconstructing the electrical
continuity of lead sheath 20 and grounding.

[0086] Casing 100 forms essentially a hollow, preferably cylindrical, shield, so as to form, once
so mechanically connected to the lead sheaths 20, an enclosed space for protecting the
stratified insulation and for containing the viscous compound for impregnating the stratified
insulation and cable insulation layer 16.

[0087] Metal casing 100 is made of two portions 101a, 101b each having a tubular wall 102a,
102b having an inner diameter larger than the outer diameter of the stratified insulation. An
annular flange 106 protrudes radially outwards from the tubular wall 102a, 102b of each
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portion 101a, 101b at the end of engagement with the other portion 101b, 101a.

[0088] Reference is also made to FIG. 5, wherein an annular flange 110 radially protrudes
inwards from the tubular wall 102a, 102b, and an annular flange 112 protrudes radially
outwards from a tubular sleeve 114.

[0089] To mount the casing 100, the two tubular walls 102a, 102b are first moved away from
each other. Each sleeve 114 is then welded to the underlying exposed lead sheath 20. At least
one volume compensating device 130 better disclosed below was inserted in connection with
one of the two opposite protruding flanges 112 before the sliding of the casing portions over
the cable ends to be joined. The two tubular walls 102a, 102b are then slid towards each other,
until the longitudinally inner flanges 106 contact each other and each of the longitudinally outer
flanges 110 contact the flanges 112 protruding from the sleeves 114. Metal casing 100 further
comprises a lug 182 for ground connection.

[0090] The radially outward protruding flanges 106 of the two casing portions 101a, 101b are
electrically and mechanically connected, such as through bolt and nut connections 108. A
sealing gasket (not shown) is preferably provided between the flanges 106.

[0091] The contacting flanges 110, 112 are similarly electrically and mechanically connected,
such as through bolt and nut connections 116. A sealing gasket 118 is preferably provided
between the flanges 110, 112, such as in an annular groove 120 of flange 112.

[0092] Casing 100 comprises two plugs 122, 124 preferably placed at diametrically opposed
positions; plug 122 and plug 124 protrude outwards from cylindrical surface 102a, 102b. A
viscous compound, preferably the same as that impregnating the original cable insulation layer
16 and the material constituting the stratified insulation, or at least a viscous compound having
substantially the same viscosity, is filled under pressure into casing 100 from plug 122 until it
spills from the plug 124. The above described sealing gaskets avoid leak of the viscous
compound.

[0093] As briefly stated, casing 100 comprises a volume compensating device 130 to account
for the volume changes of the viscous compound as the cable operating temperature changes.

[0094] In the embodiment shown in FIG. 5, volume compensating device 130 comprises a
two-walled cylindrical bellows 130. More specifically, volume compensating device 130
comprises a first annular disk 132 which is fixed on the longitudinally inner face of flange 112
that protrudes from sleeve 114 on one end of casing 100 (the left end in FIG. 2) such as with
screws 134, an axially freely moving second annular disk 136, and two concentric bellows
shaped walls 138 and 140 longitudinally extending from the first to the second annular disks
132, 136. Walls 138, 140 are preferably made of stainless steel.

[0095] A cylindrical spacer 142 is preferably fixed to moving disk 136 and cantilever projects
toward the other disk 132 between the two bellows shaped walls 138, 140, so as to limit the
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shortest length of bellows 130. An abutment annular wall 144 is also preferably provided to
similarly limit the maximum length of bellows 130. In the embodiment shown, annular wall 144
projects radially outwards from a sleeve 146 fixed to the first annular disk 132 of volume
compensating device 130, which sleeve 146 is slid about sleeve 114 of casing 100.

[0096] The stroke of bellows 130 as allowed by spacer 142 and abutment wall 144 is suitably
sized so as to maintain the volume within casing 100 and thus the pressure of the viscous
compound within the expected ranges. At the jointing step, the temperature of the viscous
compound should be e.g. of 50-100°C to lower its viscosity and to have a compound suitably
fluid to be pumped into the space delimited by casing 100. The stand-by temperature, when
cable 10 is not transporting any electrical current, corresponds to the environmental
temperature, and can be e.g. as low as 5°C to 10°C or even lower. At such low temperature,
the viscous compound undergoes a volume decrease and could leave some portion of the
paper insulation not suitably impregnated, possibly causing subsequent impairment in the
insulation performance. To ensure that the viscous compound impregnates all the paper of the
joint even in the stand-by condition, its pressure should not be allowed to fall below e.g. 3 bar,
while a maximum allowed pressure, at the moment of pouring into the metal casing 100,
should be e.g. of 15 bar. During operation, when cable 10 is transporting electrical current, the
temperature can reach up to 55°C at the maximum in the case of impregnated paper insulation
16, of about 85°C in the case of impregnated PPL insulation 16.

[0097] The cable layers radially outer with respect to the lead sheath 20, such as inner
polymeric jacket 22, metallic tape reinforcement 24, and outer polymeric jacket 26, which have
been removed at the joint, are not reconstructed at all according to the invention. A suitable
heat shrinkable sheath (not shown) may be provided on each side of the casing 100 from the
outer polymeric jacket 26 to a position very near the adjacent end of the casing 100, or even a
single heat shrinkable sheath extending about the casing 100 itself from the outer polymeric
jacket 26 of one cable end 10a to the outer polymeric jacket 26 of the other cable end 10b.

[0098] Table 1 below sets forth preferred ranges of sizes of an exemplary embodiment of
cable joint according to the invention. These figures are provided solely as a guide and to allow
the improvement with respect to prior art joints to be appreciated. Any adjustment to the
figures below in view of the specific cable size and type, as well as in view of the environmental
conditions, is within the common knowledge of a skilled person in the light of the above
disclosure.

Table 1
Cable and Joint Properties Values
Maximum DC voltage 500 kV
Conductor cross-section (copper) 1400 mm?2
Insulation outer diameter 83.8 mm
Cable outer diameter 120 mm
Cable weight per unit length 45 kg/m
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layer

Cable and Joint Properties Values
Length of ferrule 100 mm
Length of metal insert 145 mm
Thickness of intermediate semiconducting 5 mm

Thickness of stratified insulation

3 layers of 10 mm each + 1 partial

layer of 5 mm
Metal casing diameter 220 mm
Metal-casing length 2440
Joint length 2500
Length of bellows 198.6 mm
Average length of paper rolls 1500 mm
Minimum distance between adjacent rolls 5 mm

[0099] Of course, a skilled in the art can make further modifications, replacements and

omissions of the various components and of the various method steps described above in
order to satisfy specific and contingent application requirements, in any case encompassed
within the scope of protection as defined by the following claims. The following should only be

taken as an example.

[0100] The dual walled bellows 130 may be replaced by another volume compensating
device, e.g. comprising an external circuit, including a reservoir, for the viscous compound.

[0101] The above disclosed metal casing 100 may also be used, possibly with the volume
compensating device 130, when the impregnated insulation layer of the cable is reconstructed

according to the prior art.

[0102] The above disclosed technique for insulating the joint, which advantageously avoids
the pencil-like removal of the original impregnated insulation layer and considerably shortens
the length of the joint, may be advantageously used also when the lead alloy sheath 20 and
the layers radially outer thereto are reconstructed in a conventional way, without using the

metal casing 100.
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Patentkrav

1. Fremgangsmade til at samle to impraegnerede hgjspaendingskabler (10,
10a, 10b), der hver isser omfatter en ledende kerne (13), som er fremstillet af
en leder (12, 12a, 12b), der er indhyllet i et indvendigt halvledende lag (14,
14a, 14b), et kabelisoleringslag (16), der er impraegneret med en viskas for-
bindelse, radialt uden for den ledende kerne (13), et udvendigt halviedende
lag (18) radialt uden for kabelisoleringslaget (16) og mindst et beskyttende
lag (20, 22, 24, 26) radialt uden for det udvendige halvledende lag (18), hvil-
ken fremgangsmade omfatter trinnene med:

- at blotleegge en leengde af det impreegnerede kabelisoleringslag (16) af
hver kabelende (10a, 10b) ved at fjerne det mindst ene beskyttende lag (20,
22, 24, 26) og det udvendige halvledende lag (18),

- at blotlaeegge en endelaengde af lederen (12, 12a, 12b) af hver kabelende
(10a, 10b) ved at skaere med et snit, der er i det vaesentlige vinkelret pa den
langsgaende akse (X) af hvert kabel, hele tykkelsen af en del af det impraeg-
nerede kabelisoleringslag (16) og fierne det indvendige halvledende lag (14,
14a, 14b),

- mekanisk og elektrisk at forbinde (30, 36) lederne (12, 12a, 12b),

- at fylde det tilbageveerende rum efter det fiernede impraegnerede kabeliso-
leringslag (16) med en ledende indsats (40), der hgjst efterlader et luftmel-
lemrum mellem det impraegnerede kabelisoleringslag (16) og den ledende
indsats (40),

- at tilvejebringe et mellemliggende halvledende lag (50) til at omgive den
ledende indsats (40) og stode op til dele af kabelisoleringslagene (16) ved
siden af den ledende indsats (40),

- at pafore en lagdelt isolering (60, 70, 80), der er impraegneret med en vi-
skos forbindelse, der langsgaende overlapper den blotlagte leengde af im-
preegneret kabelisoleringslag (16) af hver kabelende (10a, 10b) og dackker
det mellemliggende halvledende lag (50),

- elektrisk at afskaerme (98) lederne (12, 12a, 12b), og

- fast at indeslutte (100) den viskgse forbindelse.

2. Fremgangsmade ifolge krav 1, hvor trinnet med at fylde det tilbageveeren-
de rum efter det fjernede impreegnerede kabelisoleringslag (16) med en le-
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dende indsats (40) omfatter at anbringe en metalindsats (40) med i det vee-
sentlige samme udvendige diameter som det impraegnerede kabelisolering-
slags (16) udvendige diameter.

3. Fremgangsmade ifolge krav 1, hvor trinnet med at pafare en lagdelt isole-
ring (60, 70, 80) omfatter trinnet med at tilvejebringe ruller (60) af impraegne-
ret isolering pa begge sider af det mellemliggende halvledende lag (50), hvil-
ke ruller (60) i det veesentlige har den samme udvendige diameter som det
mellemliggende halvledende lag (50) til dannelse af en jeevn cylindrisk over-
flade.

4. Fremgangsmade ifalge krav 3, hvor trinnet med at pafare en lagdelt isole-
ring (60, 70, 80) omfatter trinnet med at anbringe mindst et yderligere lag (80)
af impraegneret isoleringsmateriale over rullerne (60) af impreegneret isole-
ring og det mellemliggende halvledende lag (50).

5. Fremgangsmade ifglge krav 1, endvidere omfattende trinnet med at tilskae-
re den lagdelte impraegnerede isolering (60, 70, 80) ved de langsgaende
kanter til for at opna en jeevn overflade med en S-formet profil.

6. Fremgangsmade ifalge krav 1, hvor trinnet med elekirisk at afskaerme
samlingen udfgres ved at indhylle den lagdelte isolering (60, 70, 80) med et
lag af halvledende materiale (98).

7. Fremgangsméade ifalge krav 1, endvidere omfattende et trin med at tilveje-
bringe en volumenkompenserende indretning (130).

8. Samling til sammenfojning af to impreegnerede hgjspaendingskabler (10,
10a, 10b), der omfatter respektive ledende kerner (13), som er fremstillet af
ledere (12, 12a, 12b), der er indhyllet i indvendige halvledende lag (14, 14a,
14b), kabelisoleringslag (16), der er impraegneret med en viskas forbindelse,
radialt uden for de ledende kerner (13), udvendige halvledende lag (18), der
omgiver kabelisoleringslagene (16), og beskyttende lag (20, 22, 24, 26) radi-
alt uden for de udvendige halvledende lag (18), hvor samlingen har en
langsgéende akse (X) og omfatter:

- mekanisk og elektrisk forbundne ledere (12, 12a, 12b, 30);
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- impraegnerede kabelisoleringslag (16) med flader, der er skaret i det vee-
sentlige vinkelret pa samlingens langsgéende akse over hele tykkelsen af
kabelisoleringslagene (16) og er kortere end de respektive ledere (12, 12a,
12b);

- en ledende indsats (40), der er anbragt imellem de impraegnerede kabeliso-
leringslags (16) flader, og som hgjst efterlader et luftmellemrum mellem den
ledende indsats (40) og de impraegnerede kabelisoleringslags (16) flader;

- et mellemliggende halvledende lag (50), der omgiver den ledende indsats
(40) og steder op til dele af kabelisoleringslagene (16) ved siden af den le-
dende indsats (40);

- en lagdelt isolering (60, 70, 80), der er impraegneret med en viskgs forbin-
delse, der langsgaende overlapper de impraegnerede kabelisoleringslag (16)
og deekker det mellemliggende halvledende lag (50);

- et eksternt halvledende lag (98), der indhyller den impraegnerede lagdelte
isolering (60, 70, 80) og de impraegnerede kabelisoleringslag (16);

- en metalbekleedning (100), der indeslutter det eksterne halvledende lag (98)
0g straekker sig over de udvendige halvledende lag (18); og

- en viskgss forbindelse, der er indeholdt i metalbeklaedningen (100).

9. Samling ifglge krav 8, hvor samlingen sammenfgjer to hgjspaendingsjsevn-
stramskabler (10, 10a, 10b).

10. Samling ifglge krav 8, hvor det mellemliggende halvledende lag (50) har
kanter (52) med en tilspidsningsgrad pa hgjst 1:10.

11. Samling ifglge krav 8, hvor det mellemliggende halvledende lag (50)
overlapper dele af kabelisoleringslag (16) i et omfang, s& det dackker green-
sefladen mellem sadanne lag (16) og den ledende indsats (40).

12. Samling ifglge krav 8, hvor den impraegnerede lagdelte isolering (60, 70,
80) omfatter mindst to ruller (60) af omviklet bane af impraegneret isolerings-
materiale.

13. Samling ifelge krav 12, hvor den impraegnerede lagdelte isolering (60, 70,
80) omfatter mindst tre ruller (60, 82, 84, 92, 94, 104) af omviklet bane af im-
praegneret isoleringsmateriale, hvor kanterne af en rulle (60, 82, 84, 92, 94,



10

15

DK/EP 2681820 T3

104) af et lag af den impraegnerede lagdelte isolering (60, 70, 80) er forskudt
i l;engderetningen i forhold til kanterne af en rulle (60, 82, 84, 92, 94, 104) af
et radialt naboliggende lag.

14. Samling ifelge et af kravene 12-13, hvor viklinger af stretch-papir (70, 86,
96) er anbragt i rummene mellem kanterne af i laengderetningen naboliggen-

de ruller (50, 60, 82, 84, 92, 94, 104).

15. Samling ifglge krav 8, omfatter en kompenseringsindretning (130), der er
positioneret i metalbekladningen (100).

16. Stramforsyningsledning omfattende mindst en samling ifalge krav 8.
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