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SLEEVE FOR A POWER CABLE

Field of the Invention

The invention relates to sleeves suitable for use on conductors such as those in electrical power
cables, to methods for creating such sleeves, to high- or medium-voltage current-carrying
devices for power networks, such as power cables, comprising such sleeves, and to power

distribution networks comprising current-carrying devices, such as cables, having such sleeves.

Background
Operators of electrical power networks monitor the state of their networks using sensors for

voltage and current on cables in their networks. Such cables typically have an inner conductor,
surrounded by an insulating layer, a shield layer, and an outer cable sheath. Normally, only a
few sections of a cable are well accessible. It is therefore desirable that a sensor can be placed
in any position along the cable length. Also, the installation of a sensor should be simple and
quick, hence cost effective. For that purpose, sensors have been used that are protected by so-
called cable splices. A typical cable splice comprises a sleeve that can be applied around a
section of the cable. An example of such a sleeve is shown in the Japanese patent document
JP60256068 (A), where a conductive or semi-conductive member is partially wound around an
outer peripheral surface of the insulator of the cable to form a suspended electrode while a lead
wire is embedded in said electrode and connected to it. Thereafter, an insulating member is
wound around the outer peripheries of the suspended electrode and the insulator to cover both
outer peripheral surfaces thereof. Both terminals of a shielding electrode, wound around the
outer peripheral surface of the insulating member by using a semiconductive member, are
wound around the outer periphery of the cable shielding layer in an overlapped state to connect

both shielding electrodes.

A further, more advanced sleeve is described in the German patent publication DE 3702735 A1.
In the device shown in this document, a conductive layer or conductive tape, located around the
wire insulation of a high-voltage cable together with a low-voltage capacitor, forms a capacitive
voltage divider. The voltage divider can be installed subsequently by a specially shaped

connecting sleeve or by specially shaped cable terminations at any point in a cable network.

A voltage sensor for a power cable may require a plurality of electric or electronic components,

like, for example, electrodes, wires, capacitors, transistors, resistors, inductors, wire coils, or

1
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integrated circuits. These components can be accommodated outside a sleeve, but being
exposed outside the sleeve, these components may be damaged, affected by environmental
conditions, experience short circuit, or may cause a risk of personal injury by an electrical
shock. It would thus be desirable to arrange electric components in a manner that avoids these
risks. It is further desirable to arrange the electric components in a mechanically stable and
orderly manner, close to each other for facilitating electrical connections between them. The
sleeve, that is to protect the cable in the section where a voltage sensor is installed, should

furthermore be easy to apply to the cable.

Summary
The present invention addresses these needs. The invention provides, in a first aspect, a sleeve

for a high- or medium-voltage power cable, the cable comprising an inner conductor defining
axial and radial directions, wherein the sleeve comprises a tubular sleeve body having a first
axial electrode section, which section is electrically conductive or semiconductive, characterized
in that the sleeve is radially expandable and arrangeable radially outward of the inner conductor
when expanded, such that the first axial electrode section is radially separated from the inner
conductor by at least an electrically insulating spacer layer, and in that the sleeve further
comprises a circuit board, at least partially arranged radially outward of the sleeve body,
comprising a first electrical contact which is electrically connected with the first axial electrode

section.

In a second aspect, the invention provides a sleeve for a high- or medium-voltage power cable,
the cable comprising an inner conductor defining axial and radial directions, wherein the sleeve
comprises a tubular sleeve body having a first axial electrode section, which section is
electrically conductive or semiconductive, characterized in that the sleeve is radially shrinkable
into a position radially outward of the inner conductor when shrunk, such that the first axial
electrode section is radially separated from the inner conductor by at least an electrically
insulating spacer layer, and in that the sleeve further comprises a circuit board, at least partially
arranged radially outward of the sleeve body, comprising a first electrical contact which is

electrically connected with the first axial electrode section.

The word “sleeve” implies an arrangement around a cable or elements of a cable. The sleeve
according to the disclosure comprises a body and a circuit board. It may further comprise an
electrically non-conductive jacket, arranged radially outward of the sleeve body, and at least a
part of which is arranged over the circuit board. The circuit board is thereby arranged between

the sleeve body and the jacket, i.e. in the sleeve, at least partially. In other words, it is
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embedded in the sleeve, at least partially. The jacket may protect the circuit board and may help

avoiding risks of damage or injury.

Generally, the circuit board can carry a number of electric or electronic components that may be
part of a sensor. The circuit board can thus provide a mechanically stable platform for the
components and facilitates electrical connections between the components mounted on it.
Generally, it is understood that electronic components are a subgroup of electric components.
The sleeve is radially expandable or radially shrinkable. It can thus be positioned on the cable at
any desired position. An expandable sleeve can be pushed on a cable into a desired position. A
shrinkable sleeve can be positioned on a cable in a desired position, and can then be shrunk
down on the cable in that position. In both types of sleeves, friction between the sleeve and the

cable keeps the sleeve in position.

The sleeve according to the disclosure can be used with medium-voltage or high-voltage power
cables. Such cables typically have an inner conductor that carries the power. The inner
conductor typically has a circular cross section and extends in the length direction of the cable.
The length direction of the inner conductor thereby defines axial directions of the cable and the
sleeve, i.e. directions along the cable length. Directions perpendicular to the axial directions are
radial directions, i.e. directions pointing away from the center of the circular cross section of the
inner conductor. Typically, an electrically insulating layer is arranged around the inner conductor
of the cable. The insulating layer is often arranged directly on the inner conductor. Most cables
have further layers, arranged radially outward from the insulating layer, e.g. a semiconductive
layer, a layer of shielding wires, and a cable sheath as outermost layer. The sleeve according to
the invention can be arranged radially outward of the inner conductor such that the first axial
electrode section is radially separated from the inner conductor by at least an electrically
insulating spacer layer, e.g. by an axial section of the insulating layer which is arranged around
the inner conductor. For arranging the sleeve, a cable thus may need to be stripped, i.e. the
cable sheath and any outer layers may have to be removed down to the inner conductor, such
that the sleeve can be arranged around the inner conductor. In certain embodiments, the sleeve
can be arranged directly on the inner conductor. In some of these embodiments, the sleeve

comprises the electrically insulating spacer layer.

In certain other embodiments, the sleeve can be arranged directly on the insulating layer of the
cable, which is arranged on the inner conductor. In some of these other embodiments, the
electrically insulating spacer layer comprises a portion of the insulating layer of the cable. In

these other embodiments, the cable may only need to be stripped down to the insulating layer
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which is arranged on the inner conductor. Generally, the sleeve has a tubular body, hence the

sleeve can be pushed over an end of the cable and can then be positioned on the cable.

The sleeve according to the disclosure comprises a tubular sleeve body, a jacket, and a circuit
board. The sleeve body may comprise the radially innermost layer of the sleeve. The tubular
sleeve body may have one or more axial sections. An axial section of the body is a section of
the body extending in an axial direction. The sleeve body has a first axial electrode section. The
first axial electrode section is electrically conductive or electrically semiconductive. It may be a
tubular section, but may alternatively have a different shape. In certain embodiments, the first
axial electrode section extends over a complete circumference, but in other embodiments it may
extend over only a part of the complete circumference, without this affecting the first axial
electrode section being operable to form an electrode of a sensing capacitor of a voltage sensor
for sensing a voltage of the inner conductor of the power cable. The same applies to further
axial electrode sections. In the context of the present disclosure, the term “(semi-) conductive” is
to express that an element is electrically conductive or electrically semiconductive. The first

axial electrode section is radially expandable or radially shrinkable.

In a radially expandable sleeve, such as a push-on sleeve, the first axial electrode section
and/or other axial electrode sections may be radially expandable. The first axial electrode
section and/or other axial electrode sections may be tubular. In an axial direction, an axial
electrode section may have a through-hole, which can accommodate a section of the inner
conductor and optionally a section of the insulating layer of the cable. Before expansion, the
through-hole may have an inner diameter that is smaller than the outer diameter of the inner
conductor or of the insulating layer of the cable, around which the sleeve is to be arranged. The
sleeve may be expanded by pushing it over the insulating layer or over the inner conductor at
an end of the cable. Generally, this push-on technique of arranging an expandable sleeve over
an inner conductor or over an insulating layer of a power cable is known. Often, grease is used
to facilitate the pushing of an expandable sleeve over a layer of the cable. Once an expandable
sleeve according to this disclosure is pushed over the inner conductor of the cable, the radially
innermost layer of the sleeve body may be in direct mechanical contact with the radially outer
surface of the inner conductor. Once a different expandable sleeve according to this disclosure
is pushed over the insulating layer of the cable, the radially innermost layer of the sleeve body
may be in direct mechanical contact with the radially outer surface of the insulating layer. The
sleeve body may be radially expandable. The first axial electrode section may comprise an
elastic, radially expandable electrically (semi-) conductive silicone. The first axial electrode

section may be operable as an electrode of a capacitor. The capacitor may form a part of a
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capacitive voltage divider, which is comprised in a capacitive voltage sensor for sensing a

voltage of the inner conductor.

In a radially shrinkable sleeve, the first axial electrode section and/or other axial electrode
sections may be radially shrinkable. The first axial electrode section and/or other axial electrode
sections may be tubular. In an axial direction, an axial electrode section may have a through-
hole, which can accommodate a section of the inner conductor, and optionally a section of the
insulating layer of the cable. The sleeve body may comprise an axially extending through-hole.
When the sleeve is in an expanded state, i.e. before shrinking of the sleeve, the through-hole
may have an inner diameter that is larger than the outer diameter of the inner conductor or of
the insulating layer, around which the sleeve is to be arranged. A shrinkable axial electrode
section or an entire shrinkable sleeve body may be held open by a support element, arranged in
the through-hole, such that the sleeve body or an axial electrode section can be radially shrunk
down upon removal of the support element. The sleeve may be shrunk down after positioning it
over the inner conductor or over the insulating layer at an end of the cable. Generally, this
technique of shrinking down a heat-shrinkable or a cold-shrinkable sleeve over a layer of a
power cable is known. Once a shrinkable sleeve according to this disclosure is shrunk down
over the inner conductor of the cable, the radially innermost layer of the sleeve body may be in
direct mechanical contact with the radially outer surface of the inner conductor. Once a
shrinkable sleeve according to this disclosure is shrunk down over the insulating layer of the
cable, the radially innermost layer of the sleeve body may be in direct mechanical contact with
the radially outer surface of the insulating layer. The first axial electrode section is electrically
(semi-) conductive. The first axial electrode section of a shrinkable sleeve body may comprise
an elastic, radially shrinkable, electrically (semi-) conductive silicone. The first axial electrode
section may be operable as an electrode of a capacitor. The capacitor may form a part of a
capacitive voltage divider, which is comprised in a capacitive voltage sensor for sensing a

voltage of the inner conductor.

In at least one embodiment, the sleeve according to the present disclosure further comprises an
electrically non-conductive jacket. The jacket may be, at least partially, arranged radially
outward of the sleeve body. At least a part of the jacket may be arranged radially outward of the
sleeve body and on the sleeve body, i.e. in direct mechanical contact with the sleeve body.
Alternatively, at least a part of the jacket may be arranged radially outward of the sleeve body
and at a radial distance from the sleeve body, i.e. not in direct mechanical contact with the

sleeve body. In this latter case, an intermediate layer or an intermediate element may be



10

15

20

25

30

35

WO 2014/120792 PCT/US2014/013629

arranged between that part of the jacket and the sleeve body. The jacket may be, at least

partially, arranged radially outward of the circuit board.

The jacket may be tubular. It may have an inner bore, defining a radially inner surface of the
jacket. The inner bore may be adapted to accommodate a section of the sleeve body. It may
further be adapted to accommodate an intermediate layer or an intermediate element like, for
example, a circuit board, that may be arranged between the jacket and the sleeve body. The
jacket may comprise a radially outer surface. The outer surface may support other layers or
other elements which are not part of the jacket. It may, for example, support electrically

conductive layers or electrically conductive elements.

The non-conductive jacket may be shrinkable, expandable or, in general, elastic. The jacket
may thereby shrink or expand, when the sleeve shrinks or expands. This may allow the jacket to
form a tight seal and protect elements arranged radially under the jacket before and after
shrinking/expanding of the sleeve. The jacket may comprise an elastomer, like, for example,
silicone or a synthetic rubber like EPDM (ethylene propylene diene monomer). The jacket may
comprise a transparent portion. This may help to visually inspect elements arranged radially
inward from the jacket, e.g. the sleeve body or elements arranged between the jacket and the

sleeve body.

Generally, a first portion of the jacket may be arranged on a radially outer surface of the circuit
board, and a second portion of the jacket may be arranged on a radially outer surface of the
sleeve body. The first portion of the jacket may comprise an axial section of the jacket. The
second portion of the jacket may comprise another axial section of the jacket. This may allow
the jacket to cover and thereby protect the circuit board with the first portion, and at the same
time be attached to the sleeve body with the second portion. The jacket may thereby seal the

space between the jacket and the sleeve body, so that water and dust cannot enter that space.

In an alternative embodiment, the jacket is not attached to the sleeve body. Instead, it is a
separate tubular layer that may be placed over the sleeve body and over the circuit board
before or after these are installed on the cable. If the separate jacket is applied after the sleeve
body and the circuit board are installed on the cable, the jacket body is preferably a shrinkable
jacket that can be held open by a support element having a sufficient diameter to easily fit
around the sleeve body and the circuit board. The support element can then be removed to

cause the jacket to shrink down over the sleeve body and the circuit board.
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In a further alternative embodiment, the jacket comprises extended ends that can extend over
and beyond the ends of the sleeve body once the sleeve is installed on the cable. In this
manner, the extended ends can be used to cover the exposed portions of the sleeve body, and
optionally of a (semi-) conductive layer of the cable. Use of a separate insulating element to do
so is then not necessary. In at least one embodiment, the extended ends can be folded back
over a central portion of the jacket until the sleeve is fully installed on the cable. Once the sleeve
is fully installed on the cable, the extended ends can be pushed or rolled off of the central

portion, so that they make physical contact with the outer cable sheath.

The sleeve according to the present disclosure comprises a circuit board, arranged radially
outward of the sleeve body. The circuit board may provide a support for electric or electronic
components, that can be mounted on the circuit board. It may also provide electrical
connections between such components, e.g. by providing conductive traces or conductive paths
on one of its surfaces. The circuit board may be a printed circuit board. The circuit board may
comprise an electric or electronic component. The electric or electronic component may be
operable as a component of a sensor for sensing a voltage or a current or a temperature of the
inner conductor of the power cable. The circuit board may comprise at least a capacitor
element. The capacitor element may be operable as a secondary capacitor in a capacitive
voltage divider, operable for sensing a voltage of the inner conductor of the power cable. This
capacitive voltage divider may further comprise a sensing capacitor, the electrodes of which
may be the first axial electrode section of the sleeve body and the inner conductor of the power
cable. The circuit board may comprise a coil, in particular a Rogowski coil for sensing a current
of the inner conductor. The coil may be wound around the circuit board. It may be advantageous
to mount components of a voltage sensor or current sensor on the circuit board, because the
circuit board may be arranged very close to the inner conductor of the power cable, so that
resistive losses in a sensor circuit are reduced. A circuit board also provides an orderly
mounting structure for electronic and electric components, which may save space for mounting
such components. A circuit board may further provide a mechanically stable and rugged support
for electric or electronic components, which may increase the reliability of a circuit comprising
these components. Also, the circuit board is at least partially covered by the jacket, so that
electric or electronic components mounted on the circuit board may be mechanically protected

by the jacket.

The circuit board may have a curved portion. The curved portion may be curved such that the
curvature of an inner surface of the curved portion corresponds to a curvature of an outer

surface of the sleeve body. This may allow an intimate mechanical contact between the curved
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portion of the circuit board and the sleeve body. The circuit board may comprise a rigid portion,
a flexible portion, or both. A flexible circuit board or a circuit board having a flexible portion may

provide for an easier assembly of the sleeve according to the present disclosure.

The jacket is, at least partially, arranged radially outward of the circuit board. The jacket may

thereby provide mechanical and/or electrical protection to the circuit board.

The circuit board comprises a first electrical contact, which is electrically connected with the first
axial electrode section. The first electrical contact may be in direct mechanical contact with the
first axial electrode section. The circuit board may comprise a first major surface and an
opposed second major surface. The first electrical contact may be arranged on the first major
surface. In that case, electrical or electronic components may be mounted on the second major
surface. The first electrical contact may comprise a conductive region, which provides an
extended contact area or an extended surface contact area. The conductive region, and in
general a conductive region on the circuit board, may be in mechanical and electrical contact
with the first axial electrode section. An extended contact area facilitates a reliable electrical
contact with other elements, e.g. with the sleeve body. A conductive region may extend over a
geometric area of 1 cm? or more. A conductive region may be arranged on the first major
surface of the circuit board. It may comprise, for example, 50%, 75% or 100% of the first major

surface.

A conductive region may be in mechanical and electrical contact with the sleeve body in two
dimensions and/or over an extended area. A conductive region of the circuit board may form a
contact for electrically and mechanically contacting the sleeve body. A conductive region
providing an extended contact area is particularly advantageous for establishing intimate
mechanical and electrical contact between the first electrical contact and the sleeve body,
because it may provide many potential contact points and may maximize the contact area,
which results in a more reliable contact and less resistive losses. In embodiments in which the
inner electrical resistance of the sleeve body material is not negligible, this arrangement may
provide for shorter paths which electrons need to travel through the sleeve body before reaching
a contact point of the first electrical contact. This may reduce the effect of the inner resistance of
the sleeve body. In general, the fact that the first electrical contact of the circuit board is not a
single conductive point, but a conductive region providing an extended contact area, may
enhance the accuracy and reliability of a voltage sensor, of which the sleeve body may
comprise a capacitor electrode. An extended two-dimensional surface contact area may be

larger than the area of a single contact point. It may, for example, have an area of 1cm? or
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more. Because of its extension, it may touch the sleeve body in a great number of contact

points. These contact points may be distributed over the extended contact area.

A conductive region of the circuit board may comprise a layer of conductive metal, e.g. gold,
silver, or copper. In particular, it may comprise a copper layer. The copper layer may be gold-
plated for enhanced electrical contact and/or for protection against environmental influences,

e.g. against corrosion.

A conductive region of the circuit board may provide a continuous surface contact area or a
patterned, i.e. interrupted, non-continuous, surface contact area. All parts of the patterned
surface contact area may be electrically connected with each other. A patterned surface contact
area may require less conductive material for manufacturing it, while having only a negligible
influence on reliability of the electrical contact and resistive losses. A patterned surface contact
area may also enhance the mechanical flexibility of the circuit board, thus reducing the risk of
layer cracking when the circuit board is bent, and of flaking. In a specific embodiment, the
conductive region comprises a patterned gold-plated copper layer. The pattern of the contact

area may, for example, comprise a grid with a square-shaped or a diamond-shaped pattern.

The circuit board may comprise a flexible portion. The conductive region as described above
may be arranged on the flexible portion. In particular, the circuit board may comprise a flexible
printed circuit board (“PCB”). A flexible portion of the circuit board and in particular a flexible
PCB may allow the circuit board to conform better to the sleeve body. This, in turn, may
enhance the electrical contact between the circuit board and the sleeve body and thereby may
make the contact more reliable, reduce resistive losses, and facilitate higher accuracy of a
voltage sensor. A flexible portion of the circuit board may also allow the circuit board to conform
to insulating layers of different diameters, so that the same circuit board can be used in sleeves
for different cables. In a specific embodiment, the circuit board comprises a flexible double-

sided PCB. In general, the circuit board may be a one-sided or a double-sided circuit board.

The circuit board may comprise an extension section which may extend, in an axial direction,
further than the jacket, so that a portion of the extension section is externally accessible. An
externally accessible portion of the circuit board or of the extension section is a portion that can
be accessed from outside of the jacket and/or from outside of the sleeve. An externally
accessible portion of an extension section of the circuit board may facilitate connection of wires
to the circuit board or may facilitate the connection of external devices to the circuit board. Other

portions of the extension section and/or other sections of the circuit board may be arranged
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radially inward of the jacket, e.g. under the jacket, so that they are mechanically protected by
the jacket. Alternatively, the circuit board may have no extension section, but a portion of the

circuit board may be externally accessible through an opening in the jacket.

In a sleeve according to the present disclosure, the circuit board is arranged radially outward of
the sleeve body. The circuit board may be arranged on the sleeve body. It may be arranged, at
least partially, radially outward of the first axial electrode section of the sleeve body. It may be
arranged, at least partially, on the first axial electrode section. In a sleeve in which the circuit
board is arranged, at least partially, radially outward of the first axial electrode section, but not
on the first axial electrode section, an intermediate material may be arranged radially between
the first axial electrode section and a portion of the circuit board arranged radially outward of the
first axial electrode section. The intermediate material may be a layer of intermediate material.
The intermediate material may comprise an electrically conductive material or it may be
electrically conductive. The intermediate material may comprise a conformable material. The
conformable material may decouple a movement of the first axial electrode section from a
movement of the circuit board. Such a conformable material may be conformable at room
temperature and/or manually conformable. Such a conformable material may be electrically
conductive. The intermediate material may comprise electrically conductive mastic. The
intermediate material may be in direct mechanical contact with the circuit board and the first
axial electrode section. The intermediate material may be in direct mechanical contact with the
first electrical contact of the circuit board and the first axial electrode section. If the intermediate
material comprises electrically conductive material or is electrically conductive, it may
electrically connect the first axial electrode section with the first electrical contact of the circuit
board. An intermediate material may, in general, facilitate mechanical and/or electrical contact
between the circuit board and the sleeve body. In particular, an intermediate material may
facilitate mechanical and/or electrical contact between the first electrical contact and the first
axial electrode section. A conformable intermediate material may help prevent the circuit board
from cracking when the sleeve body is expanded or shrunk. An electrically conductive
conformable intermediate material, e.g. an electrically conductive mastic, may further provide
improved electrical contact between the sleeve body and the circuit board, and in particular
between the first axial electrode section of the sleeve body and the first electrical contact of the

circuit board.

In a sleeve according to the present disclosure, the jacket is arranged, at least partially, radially
outward of the circuit board. The jacket may be arranged on the circuit board. In a sleeve in

which the jacket is arranged, at least partially, radially outward of the circuit board, but not on

10
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the circuit board, a cover material may be arranged radially between a portion of the circuit
board and a portion of the jacket. The cover material may be a layer of cover material. The
cover material may comprise an electrically insulating material or it may be electrically
insulating. The cover material may comprise a conformable material. Such a conformable
material may be conformable at room temperature and/or manually conformable. Such a
conformable material may be electrically insulating. The cover material may comprise an
electrically insulating tape. The cover material may be in direct mechanical contact with the
circuit board and the jacket. If the circuit board has first and second opposed major surfaces,
wherein the first major surface is oriented towards the sleeve body or towards the first axial
electrode section of the sleeve body, the cover material may be in direct mechanical contact
with the second major surface of the circuit board. A cover material may, in general, reduce
mechanical friction between the circuit board and the jacket. A cover material may reduce
friction, or provide mechanical slippage, between a radially outer surface of the circuit board and
a radially inner surface of the jacket, thereby reducing the risk of the circuit board cracking or

otherwise being damaged when the sleeve body is expanded or shrunk.

In an aspect of the disclosure, the first axial electrode section may be operable to form an
electrode of a sensing capacitor of a voltage sensor for sensing a voltage of the inner conductor
of the power cable. A voltage sensor for sensing a voltage of the inner conductor of the power
cable may comprise a capacitive voltage divider comprising a sensing capacitor. The sensing
capacitor may comprise a first and a second capacitor electrode. When a sleeve according to
the present disclosure is arranged around the insulating layer of a power cable, the first axial
electrode section of the sleeve body may be operable as the first electrode of the sensing
capacitor, and the inner conductor of the power cable may be operable as the second electrode

of the sensing capacitor.

When a sleeve according to the present disclosure is arranged around the inner conductor of a
power cable, the first axial electrode section of the sleeve body may be operable as the first
electrode of the sensing capacitor, and the inner conductor of the power cable may be operable
as the second electrode of the sensing capacitor. The spacer layer, which may be comprised in

the sleeve, may be operable as a dielectric of the sensing capacitor.

The spacer layer may be comprised in a sleeve according to the present disclosure. In this
case, the spacer layer may be the innermost layer of the sleeve. The sleeve may then be
arrangeable directly on the inner conductor of the cable, such that the spacer layer separates

the first axial electrode section of the sleeve body from the inner conductor.
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Alternatively, the spacer layer may be a layer of the power cable. In this case, the spacer layer
may, for example, comprise a portion of an insulating layer which is arranged around the inner
conductor of the power cable. In particular, the spacer layer may be the insulating layer of the
cable. The sleeve may then be arrangeable directly on the insulating layer, such that the
insulating layer separates the first axial electrode section of the sleeve body from the inner
conductor. The insulating layer of the cable may be operable as a dielectric of the sensing

capacitor.

The sleeve body may comprise a second axial electrode section, which is coaxially aligned with
the first axial electrode section, and which is electrically conductive or semiconductive. The first
axial electrode section and the second axial electrode section may be separated, in an axial
direction, by a first axial separation section which is electrically non-conductive. The first axial
electrode section may have a tubular shape, i.e. it may be tubular. The second axial electrode
section may be tubular. The first and the second axial electrode sections may have a same
inner diameter and/or a same outer diameter. They may be arranged side-by-side with respect
to each other, i.e. coaxially aligned and arranged like two axial sections of a tube. The second
axial electrode section may be made of the same material as the first axial electrode section.
The first axial separation section may be coaxially aligned with the first and/or the second axial
electrode section. The first axial separation section may be arranged between and/or adjacent
to the first and the second axial electrode section. It may be in direct mechanical contact with
the first or with the second axial electrode section, or with both. The second axial electrode
section may be operable to mechanically and electrically contact a (semi-) conductive layer
arranged on an insulating layer of the power cable, on which the sleeve may be arranged. It
may be operable as an electrical stress control means. The second axial electrode section may
be arranged in the sleeve such that it is radially separated from the inner conductor of the cable
by at least the electrically insulating spacer layer, when the sleeve is arranged on the power

cable.

The first axial separation section of the sleeve body is electrically non-conductive and may
therefore provide electrical and mechanical separation between the first and the second axial
electrode sections. This may allow the first and the second axial electrode sections to be on
different electrical voltage levels. This may facilitate the first axial electrode section to be
operable as an electrode of a sensing capacitor of a voltage sensor for sensing a voltage of the

inner conductor of the power cable, on which the sleeve is arranged.
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In certain embodiments of the present disclosure, the circuit board comprises a first and a
second major surface and a second electrical contact. The first electrical contact and the
second electrical contact may be arranged on the first major surface. The first electrical contact
may comprise a first conductive region providing an extended contact area, as described above.
The second electrical contact may comprise a second conductive region providing an extended
contact area. The second conductive region may have the same properties as were described
above for the first conductive region. The first conductive region may be in mechanical and
electrical contact with the first axial electrode section, and the second conductive region may be
in mechanical and electrical contact with the second axial electrode section. This may allow
electric or electronic components mounted on the circuit board to pick up different voltages from
the first and from the second axial electrode section and hence to determine a voltage

difference between the first and the second axial electrode sections.

A sleeve body, comprising a second axial electrode section and a first axial separation section
as described above, may comprise a third axial electrode section, which may be coaxially
aligned with the first and the second axial electrode section, and which is electrically conductive
or semiconductive. The second and the third axial electrode sections may electrically cooperate
for providing a more homogenous electrical field at the position of the first axial electrode
section. The first axial electrode section and the third axial electrode section may be separated,
in an axial direction, by a second axial separation section which is electrically non-conductive.
The third axial electrode section may be tubular. The first and the third axial electrode sections
may have a same inner diameter and/or a same outer diameter. They may be arranged side-by
side with respect to each other, i.e. coaxially aligned and arranged like two axial sections of a
tube. The third axial electrode section may be made of the same material as the first and/or the
second axial electrode section. The second axial separation section may be coaxially aligned
with the first and/or the third axial electrode section. The second axial separation section may
be arranged between and adjacent to the first and the third axial electrode section. It may be in
direct mechanical contact with the first or with the third axial electrode section, or with both. The
third axial electrode section may be operable to mechanically and electrically contact a (semi-)
conductive layer on an insulating layer of the power cable, on which the sleeve is arranged. It

may be operable as an electrical stress control means.
The third axial electrode section may be arranged in the sleeve such that it is radially separated

from the inner conductor of the cable by at least the electrically insulating spacer layer, when

the sleeve is arranged on the power cable.
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The second axial separation section of the sleeve body is electrically non-conductive and may
therefore provide electrical and mechanical separation between the first and the third axial
electrode section. This may allow the first and the third axial electrode sections to be on
different electrical voltage levels. This may facilitate the first axial electrode section to be
operable as an electrode of a sensing capacitor of a voltage sensor for sensing a voltage of the

inner conductor of the power cable, on which the sleeve is arranged.

In a sleeve in which the sleeve body comprises a first, a second and a third axial electrode
section and a first and a second axial separation section, as described above, the circuit board
may be operable to provide an electrical contact, or an electrical connection, between the
second axial electrode section and the third axial electrode section. This may allow the second
and the third axial electrode sections to be held on a same electrical voltage. The circuit board
may further be operable to provide an electrical contact, or an electrical connection, between
the first axial electrode section and the second axial electrode section. The circuit board may
further be operable to provide an electrical contact, or an electrical connection, between the first
axial electrode section and the third axial electrode section. This may allow the second and/or
the third axial electrode section to be held on a same electrical voltage as the first axial
electrode section. The circuit board may further be operable to provide an electrical contact, or
an electrical connection, between the first axial electrode section and the second axial electrode
section temporarily. The circuit board may further be operable to provide an electrical contact, or
an electrical connection, between the first axial electrode section and the third axial electrode
section temporarily. This may allow to put the first axial electrode section on the same voltage
as the second or third axial electrode section at times, when it is not necessary to determine a

voltage difference between the sections, e.g. at times when a voltage sensor is not operated.

The present disclosure also provides a high- or medium-voltage power cable, comprising an
inner conductor, and comprising a sleeve as described above in this disclosure, the sleeve
being arranged radially outward of the inner conductor, such that the first axial electrode section
is radially separated from the inner conductor by at least an electrically insulating spacer layer.
The present disclosure also provides an electrical power distribution network, or an electrical

power network, comprising such a power cable.

A high- or medium-voltage power cable is one representative of a broader class of high- or
medium voltage current carrying devices for power networks. A sleeve according to the present
disclosure may be used on other high- or medium voltage current carrying devices for power

networks than on power cables. It may, for example, be used on an electrically conductive metal
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rod, which can carry current in a power network. The rod may be regarded as an inner
conductor of a current-carrying device. The rod may be adapted to be connected to respective
power cables on its two ends, e.g. by splices or by connectors. A sleeve according to the
present disclosure may then be arranged radially outward of the inner conductor, such that the
first axial electrode section is radially separated from the inner conductor by at least an
electrically insulating spacer layer. The spacer layer may be an insulating layer, arranged
around the rod. Alternatively, the spacer layer may be comprised in the sleeve. Generally, and
independent from any particular embodiment, the present disclosure provides a high- or
medium-voltage current-carrying device for a power network, such as a high- or medium-voltage
power cable, comprising an inner conductor for carrying the current, further comprising a sleeve
as described above, the sleeve being arranged radially outward of the inner conductor, such
that the first axial electrode section is radially separated from the inner conductor by at least an
electrically insulating spacer layer. The present disclosure also provides an electrical power
distribution network, or an electrical power network, comprising such a high- or medium-voltage

current-carrying device.

A traditional expandable sleeve may be upgradeable to a sleeve according to the present
disclosure. The present disclosure therefore also provides a method of providing a expandable
sleeve according to the present disclosure, as described above. The method comprises, in this
sequence, the steps of:

a) providing an expandable sleeve for a high- or medium-voltage power cable, wherein the
sleeve comprises a tubular sleeve body having a first axial electrode section, which section is
electrically conductive or semiconductive, wherein the sleeve is radially expandable and
arrangeable radially outward of an inner conductor of the cable when expanded, such that the
first axial electrode section is radially separated from the inner conductor by at least an
electrically insulating spacer layer; providing an electrically non-conductive jacket; and providing
a circuit board comprising opposed first and second major surfaces and a first electrical contact,
arranged on the first major surface;

b) arranging at least a part of the circuit board radially outward of the sleeve body such that the
first electrical contact is electrically connected with the first axial electrode section;

¢) arranging at least a part of the jacket radially outward of the circuit board and radially outward

of the sleeve body.

Similarly, a traditional shrinkable sleeve may be upgradeable to a sleeve according to the

present disclosure. The present disclosure therefore also provides a method of providing a
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shrinkable sleeve according to the present disclosure, as described above. The method
comprises, in this sequence, the steps of:

a) providing a shrinkable sleeve for a high- or medium-voltage power cable, wherein the sleeve
comprises a tubular sleeve body having a first axial electrode section, which section is
electrically conductive or semiconductive, wherein the sleeve is radially shrinkable and
arrangeable radially outward of an inner conductor of the cable when shrunk, such that the first
axial electrode section is radially separated from the inner conductor by at least an electrically
insulating spacer layer, providing an electrically non-conductive jacket, and providing a circuit
board comprising opposed first and second major surfaces and a first electrical contact,
arranged on the first major surface;

b) arranging at least a part of the circuit board radially outward of the sleeve body such that the
first electrical contact is electrically connected with the first axial electrode section;

¢) arranging at least a part of the jacket radially outward of the circuit board and radially outward

of the sleeve body.

In both methods, an additional step a1 can be introduced before step b. This step al is to
provide an electrically conductive intermediate material on at least a portion of the first major
surface of the circuit board or on at least a portion of the first electrical contact. In both methods,
and independent of a step a1, an additional step b1 can be introduced before step ¢. This step
b1 is to provide an electrically insulating cover material on at least a portion of the second major

surface.

These methods may allow to provide existing expandable or shrinkable sleeves with additional
functionality by adding a circuit board and a jacket to them. In particular, the methods may
facilitate the integration of electric or electronic components into a traditional expandable or
shrinkable sleeve. In particular, the methods may facilitate the addition or integration of
components of voltage sensors or current sensors or temperature sensors into traditional

expandable or shrinkable sleeves.

Brief Description of the Drawings

The invention will now be described in more detail with reference to the following Figures

exemplifying particular embodiments of the invention.

Fig. 1 Longitudinal section of a first sleeve according to the present disclosure;
Fig. 2 Longitudinal section of the sleeve of Figure 1, arranged on an insulating layer of the

power cable;
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Fig. 3 Longitudinal section of a second sleeve according to the disclosure, with the circuit
board embedded;

Fig. 4 Longitudinal section of a third sleeve according to the disclosure, comprising three
axial electrode sections;

Fig. 5 Longitudinal section of a fourth sleeve according to the disclosure, comprising three
electrode sections and a circuit board with three electrical contacts;

Fig. 6 Longitudinal section of the sleeve of Figure 5, arranged on a power cable;

Fig. 7a,b Longitudinal section of a fifth sleeve according to the disclosure, comprising core
layers, before and after arrangement on a power cable;

Fig. 8a-c Schematic of an assembly process of a sleeve according to the disclosure; and

Fig. 9 Longitudinal section of a further sleeve according to the disclosure, arranged on a
cable, and comprising an alternative jacket, the end portions of which are folded back

over a central portion.

Detailed Description

Herein below various embodiments of the present invention are described and shown in the
drawings wherein like elements are provided with the same reference numbers. In the drawings,
some elements are not drawn to scale. Some dimensions and some distances have been
exaggerated for greater clarity in one or more directions. It is to be understood that other
embodiments are contemplated and may be made without departing from the scope of the

present invention. The following disclosure, therefore, is not to be taken in a limiting sense.

Figure 1 is a longitudinal section of a first sleeve 1 according to the present disclosure. The
sleeve is a radially expandable sleeve 1 and comprises a tubular sleeve body 10, a jacket 20
and a circuit board 30. The sleeve 1 is for use on a power cable, the length direction of which
defines axial directions indicated by arrow 40, and radial directions perpendicular thereto, one of
which is indicated by arrow 50. The sleeve body 10 comprises a single axial electrode section
60, generally also called the first axial electrode section 60. The sleeve body 10, i.e. the first
axial electrode section 60, is made of an electrically conductive silicone rubber. The sleeve 1 is
radially expandable. The inner diameter of the sleeve body 10 is chosen such that when the
sleeve 1 is not expanded, its inner diameter is slightly smaller than the outer diameter of a cable
insulating layer, arranged around an inner conductor of a power cable, onto which the sleeve 1
is to be pushed. When the sleeve 1 is pushed onto the insulating layer, the sleeve body 10 can
be expanded and forms a tight elastic fit around the insulating layer after pushing it on. In this
specific embodiment, when not expanded, the sleeve body 10 has an inner diameter of about

25mm, but the inner diameter of other sleeve bodies 10 may be different, depending on the size
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of the inner conductor or an insulating spacer layer of the cable. The sleeve body 10 has a

cylindrical outer surface 70.

Radially outward of the sleeve body 10, the circuit board 30 is arranged. It is arranged on the
sleeve body 10 and conforms to the cylindrical outer surface 70 of the sleeve body 10. It covers
about half of the circumference of the sleeve body 10. The circuit board 30 is a flexible printed
circuit board (“PCB”). The circuit board 30 has two opposed major surfaces, a radially inner
major surface 80 and a radially outer major surface 90. The inner major surface 80 is in
mechanical contact with the outer surface 70 of the sleeve body 10. A first electrical contact 100
is arranged on the inner surface 80 of the circuit board 30 and forms a part of that inner surface
80. In other embodiments, it may be separate. It is in mechanical and electrical contact with the
outer surface 70 of the sleeve body 10, i.e. with the first axial electrode section 60. The circuit
board 30 comprises an extension section 110, which extends in an axial direction 40 far enough
beyond the jacket 20 to be not covered by the jacket and hence to be externally accessible.
Electrically conductive traces (not shown) on the circuit board 30 lead to the externally
accessible portion of the extension section 110, so that wires can be connected to the
conductive traces or electrical contacts can be made to the conductive traces. This is useful for
picking up electrical signals or electrical voltages or currents from the circuit board 30, or

connect electric or electronic devices to the circuit board 30.

The jacket 20 is arranged radially outward of the sleeve body 10 and of the circuit board 30. In
an axial center portion of the sleeve body 10, the jacket 20 is arranged circumferentially all
around the sleeve body 10, i.e. it there envelopes the sleeve body 10 completely. Where the
circuit board 30 is arranged on the sleeve body 10, the jacket 20 contacts the circuit board 30
and is arranged on the circuit board 30. It thereby protects the circuit board 30. The jacket 20 is
electrically non-conductive, and does therefore not interfere with conductive traces on the outer
surface 90 of the circuit board 30 or with electric or electronic components (not shown) arranged
on the outer surface 90 of the circuit board 30. Where the jacket 20 is not arranged on the circuit
board 30, it is arranged on the sleeve body 10. In particular, the portions of the jacket 20 close
to its axial edges (i.e. the outer right and outer left portions in Figure 1) are arranged directly on
the sleeve body 10. These portions are in intimate contact with the sleeve body 10 and
therefore form a seal, which prevents humidity or dust from entering the space under the jacket
20. This helps to avoid corrosion or short-circuits on the circuit board 30. The portions of the
jacket 20 which are arranged on the circuit board 30 (i.e. the middle portions in the upper part of
Figure 1) cover the circuit board 30 and thereby provide mechanical protection against abrasion

or impact to the circuit board 30. The jacket 20 is made of a transparent expandable silicone.
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This facilitates expansion of the jacket 20 with the sleeve body 10 when the sleeve 1 is pushed
onto a cable and is thereby expanded. The transparency facilitates visual observation of the
circuit board 30 and of any electric or electronic components (not shown) arranged on its outer
surface 90. The jacket 20 is arranged over a part of the extension section 110. It is in intimate
contact with the upper surface 90 of the extension section 110 of the circuit board 30. The lower
surface 80 of the extension section 110 is held in intimate contact with the sleeve body 10 by
the jacket 20. This arrangement provides sealing against dust and humidity also in the area

where the extension section 110 protrudes from the jacket 20.

Figure 2 shows, in longitudinal section, the sleeve 1 of Figure 1 arranged on an insulating layer
140 of a power cable 120. The Figure is not to scale, and some radial and axial dimensions
have been exaggerated for greater clarity. The cable 120 comprises a central inner conductor
130, which has a circular cross section and extends in the length direction of the cable 120. It
defines axial directions, indicated by arrow 40, and radial directions, one of which is indicated by
arrow 50. The inner conductor 130 is surrounded by an insulating layer 140. The sleeve body 10
of the sleeve 1 is arranged directly on the insulating layer 140. Except where the sleeve 1 is
arranged on the cable 120, a semiconductive layer 150 is arranged on the insulating layer 140,
and a protective cable sheath 160 is arranged on the semiconductive layer 150. The insulating
layer 140, the conductive layer 150 and the cable sheath 160 are arranged concentrically
around the inner conductor 130. The sleeve body 10 is operable to form an electrode of a
sensing capacitor of a voltage sensor. The inner conductor 130 can form the second electrode
of the sensing capacitor, while the insulating layer 140 can form the dielectric of the sensing
capacitor. The sensing capacitor can thereby be used to sense a voltage of the inner conductor

130, e.g. versus electrical ground.

The expandable sleeve 1 has been pushed or placed onto the insulating layer 140 of the cable
120 and has thereby been radially expanded. In order to expose the insulating layer 140, the
cable 120 has been stripped, i.e. the conductive layer 150 and the cable sheath 160 have been
removed. The sleeve body 10 is elastic: Once pushed or placed onto the insulating layer 140,
the sleeve body 10 tries to regain its original, unexpanded diameter, and thereby forms a tight fit

between the sleeve body 10 and the insulating layer 140.

Figure 3 is a longitudinal section of an alternative expandable sleeve 2 according to the present
disclosure. The Figure is not to scale, and some radial and axial dimensions have been
exaggerated for greater clarity. The alternative sleeve 2 is similar to the sleeve 1 of Figures 1

and 2 in that it comprises a tubular, radially expandable sleeve body 10, which has one single

19



10

15

20

25

30

35

WO 2014/120792 PCT/US2014/013629

axial electrode section 60, a jacket 20, and a circuit board 30 having a first electrical contact
100. The circuit board 30 is arranged circumferentially around the sleeve body 10. Unlike in
Figures 1 and 2, electric components 170 are shown, which are arranged on the circuit board
30. In contrast to the sleeve 1 of Figure 1 and 2, the circuit board 30 extends along more than

half of the circumference of the sleeve body 10.

A layer of electrically conductive mastic 180 is arranged between the inner major surface 80 of
the circuit board 30 and the outer surface 70 of the sleeve body 10. The mastic 180 acts as an
intermediate material. It is conformable and may thus, alternatively, be arranged in other shapes
than in a layer. It is coextensive with the circuit board 30. The mastic layer 180 is conformable
and soft at room temperature. While maintaining the electrical contact between the first
electrical contact 100 and the sleeve body 10, it permits the circuit board 30 to flow on the outer
surface 70 of the sleeve body 10. The mastic layer 180 decouples a small movement of the
sleeve body 10 from a movement of the circuit board 30. When the sleeve 2 is expanded, the
circuit board 30 can be displaced to some extent on the outer surface 70 of the sleeve body 10,
and thereby compensate for the larger diameter and circumference of the sleeve body 10 after
expansion. This helps to reduce mechanical load on the circuit board 30 during and after
expansion of the sleeve body 10, and avoids damage to the circuit board 30 when the sleeve 2

is radially expanded.

The sleeve 2 shown in Figure 3 further comprises a layer of silicone 190. The silicone 190 acts
as a non-conductive cover material. It is conformable and may thus, alternatively, be arranged
in other shapes than in a layer. The silicone layer 190 is applied radially outward of the circuit
board 30, and it is applied directly on the outer major surface 90 of the circuit board 30 and on
the electric components 170, so that it is arranged between the circuit board 30 and the jacket
20. The silicone layer 190 is electrically non-conductive, so that it insulates the electric
components 170. The silicone layer 190 is formed by a self-adhesive silicone tape. The silicone
layer is soft at room temperature, so that it conforms to the outer surface 90 of the circuit board
30 and any features protruding from that outer surface 90, like the electric components 170. The
radially outer surface of the silicone layer 190 is smooth. Due to the softness of the silicone
layer 190 and its smooth outer surface, the silicone layer 190 can flow with respect to the
radially inner surface of the jacket 20. In order to ensure or enhance this flowing, a separating
layer can additionally be provided on the outer surface of the silicone layer. The silicone layer
190 thereby decouples a small movement of the jacket 20 from a movement of the circuit board
30. When the sleeve 2 is expanded, the jacket 20 expands with it. Due to the silicone layer 190,

the circuit board 30 can be displaced relative to the inner surface of the jacket 20, and thereby
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compensate for the larger diameter and circumference of the jacket 20. This helps to reduce
mechanical load on the circuit board 30 during and after expansion of the sleeve 2, and avoids
damage to the circuit board 30 when the sleeve 2 is radially expanded. Instead of a silicone
layer 190, a layer of non-conductive mastic can be used. As a further alternative to silicone
tape, the silicone layer 190 may be formed by casting a liquid, non-conductive silicone over the
outer surface 90 of the circuit board 30, and letting the silicone solidify. A separating layer can
be provided by a mould release agent on the outer surface of the solidified silicone. Liguid
silicone is advantageous in that it fills gaps between the electric components 170, which in turn

enhances stability.

In the embodiment of the expandable sleeve 2 shown in Figure 3, the circuit board 30 is
embedded or “sandwiched” between two conformable and soft layers, namely the mastic layer
180 and the silicone layer 190. This embedding allows certain circuit boards 30, in particular
larger circuit boards 30, to be embedded in an expandable sleeve 2 and reduces the risk of
damage to the circuit board 30 during and after expansion of the sleeve 2. A specific circuit
board 30, not shown in Figure 3, may comprise an electric component 170 that is a coil, e.g. a
Rogowski coil, suitably oriented for picking up a magnetic field of an electric current in the inner
conductor 130. The coil may be arranged on one surface of the circuit board 30, or it may be
wound around the circuit board 30. This specific circuit board 30 may be embedded or
“sandwiched” between two conformable and soft layers, e.g. a mastic layer 180 and a silicone
layer 190, such that the coil is embedded, together with the circuit board 30, between the two

conformable and soft layers.

While the sleeve bodies 10 of the sleeves 1, 2 shown in Figures 1, 2 and 3 have a single axial
electrode section 60, an alternative expandable sleeve 3, shown in Figure 4, comprises a
radially expandable sleeve body 11 having three axial electrode sections, namely a first axial
electrode section 60, a second axial electrode section 61, and a third axial electrode section 62.
These axial electrode sections 60, 61, 62 are electrically conductive. The second axial electrode
section 61 and the third axial electrode section 62 cooperate electrically to shape the electric
field such that it is more homogenous in the position of the first axial electrode section 60, where
a voltage of the inner conductor 130 of the cable 120 is sensed. This increases the precision of
the voltage measurement. The axial electrode sections 60, 61, 62 are made of an electrically
conductive silicone rubber. They are separated by a first axial separation section 200 and
second axial separation section 201, respectively. The separation sections 200, 201 are
electrically non-conductive. The axial electrode sections 60, 61, 62 and the axial separation

sections 200, 201 are radially expandable. The inner diameters of the axial electrode sections
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60, 61, 62 and of the axial separation sections 200, 201 are identical and chosen such that
when the sleeve 3 is not expanded, their inner diameters are slightly smaller than the outer
diameter of an insulating layer, arranged around an inner conductor of a power cable, onto
which the sleeve 3 is to be pushed or placed. When the sleeve 3 is pushed or placed onto the
insulating layer, the sleeve body 10 can be expanded and forms a tight elastic fit around the
insulating layer after pushing it on. The sleeve body 10 has a cylindrical outer surface 70. A
circuit board 31 with its first electrical contact 101 is arranged on the first axial electrode section
60. It extends circumferentially around more than half of the circumference of the first axial
electrode section 60. The circuit board 31 is identical to the circuit board 30 shown in Figures 1
to 3, except that its first electrical contact 101 covers the entire inner major surface 80 of the
circuit board 31. The contact 101 comprises a conductive region which provides an extended
surface contact area. This results in a more reliable electrical contact between the first axial
electrode section 60 and the first electrical contact 101. Electric components are arranged on
the outer major surface of the circuit board 31, but they are not shown in Figure 4. The jacket 20
is similar to the jacket 20 shown in Figures 1 to 3. It covers the circuit board 31 and extends
axially far enough to cover the axial separation sections 200, 201 and portions of the second

and third axial electrode sections 61, 62, respectively.

Figure 5 is a longitudinal section of a yet alternative sleeve 4 according to the present
disclosure. The Figure is not to scale, and some radial and axial dimensions have been
exaggerated for greater clarity. The sleeve body 11 comprises three axial electrode sections 60,
61, 62, and two axial separation sections 200, 201, identical to the axial electrode sections and
axial separation sections explained in the context of Figure 4. In the sleeve 4 of Figure 5,
however, the circuit board 32 extends axially such that it is arranged radially outward of the first
axial electrode section 60, and of the second and third axial electrode sections 61, 62. Further
to the first electrical contact 100, the circuit board 32 comprises a second electrical contact 102
and a third electrical contact 103. The first, the second and the third electrical contacts 100, 102,

103 are arranged on the inner major surface 80 of the circuit board 32.

The first electrical contact 100 is electrically connected with the first axial electrode section 60
and is arranged directly on the first axial electrode section 60. The second electrical contact 102
is electrically connected with the second axial electrode section 61 and is arranged directly on
the second axial electrode section 61. Similarly, the third electrical contact 103 is electrically
connected with the third axial electrode section 62 and is arranged directly on the third axial

electrode section 62.
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The first axial electrode section 60 can be operated as a first electrode of a sensing capacitor
for sensing a voltage of an inner conductor 130 of a power cable 120, on which the sleeve 4 is
arranged. As described above, the inner conductor 130 of the cable 120 can be used as the
second electrode of the sensing capacitor, and the insulating layer 140 can be used as the
dielectric of the sensing capacitor. The first electrical contact 100 can thus pick up a voltage of
the first electrode, i.e. of the first axial electrode section 60. The second and/or the third
electrical contacts 102, 103 can pick up voltages of the second and third axial electrode
sections 61, 62, which can be arranged on portions 151, 152 of a conductive layer of the cable
120, as shown in Figure 6. These two or three voltages are thereby available on the circuit
board 32. They can be processed on the circuit board 32 and a result of the processing can be
made available externally, i.e. on the outside of the sleeve 4, through electrical interface
contacts 210 on the extension section 110 of the circuit board 32. Alternatively, the voltages
themselves can be made available externally through the interface contacts 210 on the
extension section 110. The interface contacts 210 are electrically connected with electric or

electronic components 170 or conductive traces (not shown) on the circuit board 32.

Like in the sleeve shown in Figure 4, the jacket 20 extends axially from the second axial
electrode section 61 over the first axial electrode section 60 to the third axial electrode section
62. It envelopes the full circumference of the electrode sections 60, 61, 62. The jacket 20 covers

the circuit board 32 completely.

As is shown in a further longitudinal section in Figure 6, the sleeve 4 of Figure 5 can be
arranged such that a portion of it is arranged on an insulating layer 140 of a power cable 120
and that the second axial electrode section 61 is arranged directly on a first portion 151 of the
conductive layer of the cable 120, and such that the third axial electrode section 62 is arranged
directly on a second portion 152, electrically insulated from the first portion 151 of the
conductive layer. The second and the third axial electrode sections 61, 62 can thereby be in
electrical contact with these portions 151, 152 of the conductive layer. An electrical connection
between the second axial electrode section 61 and the third axial electrode section 62 can be
established by electrically connecting the second electrical contact 102 with the third electrical
contact 103 on the circuit board 32. This connection can be established, for example, by a
conductive trace on the circuit board 32. The connection may be switchable, e.g. by a transistor
on the circuit board 32, such that at a first time an electrical connection between the second and
the third electrical contacts 102, 103 exists, while at a second time, no such connection exists.
The first portion 151 of the conductive layer of the cable 120 can thus be brought in electrical

connection with the second portion 152 of the conductive layer of the cable 120 via the second
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axial electrode section 61, the second electrical contact 102, an electrical connection on the
circuit board 32 between the second electrical contact 102 and the third electrical contact 103,
the third electrical contact 103 and the third axial electrode section 62. Electrically connecting
the two portions 151, 152 of the conductive layer of the cable 120 can be useful for electrical

stress control.

In the sleeves 1, 3, 4 shown in Figures 1, 2, 4 and 5, a conductive intermediate material, e.g. a
mastic layer, may be arranged between the circuit board 30, 31, 32 and the axial electrode
sections 60, 61, 62. Independent of a conductive intermediate material being present or not, in
the sleeves 1, 3, 4 shown in Figures 1, 2, 4 and 5, a non-conductive covering material, e.g. a

silicone layer, may be arranged between the circuit board 30, 31, 32 and the jacket 20.

In at least one embodiment, a sleeve according to the disclosure can be arranged on an inner
conductor at or near the end of a suitably stripped power cable. Such a sleeve is shown in
simplified cross section in Figures 7a and 7b. The Figures are not to scale, and some
dimensions are exaggerated for clarity. Figure 7a shows the sleeve 5 alone, while Figure 7b
shows the sleeve 5 arranged on an end portion of a power cable 120. This sleeve 5 is radially
expandable and it comprises a sleeve body 11 having first, second and third axial electrode
sections 60, 61, 62, separated by first and second separation sections 200, 201. The circuit
board 32 has first, second and third electrical contacts 100, 102, 103. The sleeve 5 of Figure 7a
can be arranged directly on an inner conductor of a power cable. An end portion 255 of the
sleeve 5 is suitable to accommodate also an insulating layer 140 and a portion 151 of a (semi-)
conductive layer 150 of the cable, as is shown in Figure 7b. The sleeve 5 comprises a jacket 20
which has two umbrella-shaped skirts 220 for suppressing surface leakage. Certain alternative
sleeves may have no such skirts 220, one skirt 220 or more than two skirts 220. In the sleeve 5
shown in Figure 7a, the sleeve body 11 is not an innermost layer of the sleeve 5. The sleeve 5
comprises an insulating core layer 230 and an electrically conductive core layer 240. The
insulating core layer 230 and the electrically conductive core layer 240 are radially expandable.
They are arranged radially inward of the sleeve body 11. The conductive core layer 240
provides physical and electrical contact to the inner conductor 130 of a power cable 120 on
which the sleeve 5 can be arranged. The insulating core layer 230 forms a spacer layer, which
separates, in a radial direction, the first axial electrode section 60 and the second and third axial
electrode sections 61, 62 from the inner conductor 130, when the sleeve 5 is arranged on the
cable 120. The conductive core layer 240 has an annular cross section. The insulating core
layer 230 of the sleeve 5 also has an annular cross section and is arranged directly on the

conductive core layer 240. The sleeve body 11, in turn, is arranged directly on the insulating
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core layer 230. The conductive core layer 240 forms an axial bore 250, extending through the
sleeve 5, which can accommodate the inner conductor 130. The inner diameter of the bore 250
is chosen such that, in a relaxed, non-expanded state, it is slightly smaller than the outer
diameter of the inner conductor 130, on which the expandable sleeve 5 is to be arranged. The
sleeve 5 can thereby be pushed onto the inner conductor 130 at an end of the power cable 120.
When the sleeve is pushed on, it thereby expands radially slightly so that the conductive core
layer 240 forms a tight fit around the inner conductor 130 of the cable, and the insulating core
layer 230 forms a tight fit around the insulating layer 140 of the cable in the end portion 255 of
the sleeve 5, and such that the second axial electrode section 61 forms a tight fit around the
portion 151 of the (semi-) conductive layer 150 of the cable in the end portion 255 of the sleeve
5. When the sleeve 5 is pushed on the inner conductor 130, the conductive core layer 240 and
the insulating core layer 230 are expanded, too. The sleeve 5 is then held in position on the
cable by friction. The sleeve 5 is shaped to be pushed from the cable end (right side in Figure
7a) onto the inner conductor 130 up to a position, in which the end portion 241 of the conductive
core layer 240 overlaps over a short distance with the end of the insulating layer 140 of the
cable. This position is shown in Figure 7b. In the end portion 255 of the sleeve 5, the inner
diameter of the bore 250 is larger, so that it can accommodate the insulating layer 140 and a
portion 151 of the (semi-)conductive layer 150 on the insulating layer 140 of the cable.
Alternatively, the inner diameter of the bore 250 in the end portion 255 may be the same as in
the other axial portions of the sleeve 5. In this case, the sleeve 5 may require more force to
push its end portion 255 over the insulating layer 140 of the cable 120. Tapering the edge of the

insulating layer 140 and/or using grease may help avoid the need for excessive push-on forces.

When the sleeve 5 is arranged on an inner conductor 130 of a cable 120, the inner conductor
130 and the conductive core layer 240 can be used as a first electrode of a sensing capacitor,
the first axial electrode section 60 can be used as a second electrode, and the insulating core
layer 230 can be used as a dielectric of the sensing capacitor. The thickness and the electrical
properties of the insulating core layer 230 can be determined precisely when manufacturing the
sleeve 5. Precise knowledge of these parameters is helpful in sensing the voltage of the inner
conductor 130 with a greater precision. The sensing capacitor formed by the electrodes and the
dielectric can be electrically connected with a second capacitor to form a capacitive voltage
divider, which can sense the voltage of the inner conductor 130. The second capacitor may, for
example, be one of the electrical elements 170 (not shown in Figure 7a) arranged on the circuit
board 32. The voltage of the inner conductor 130 versus ground can be sensed, if, for example,
the second or third axial electrode section 61, 62 or both are electrically connected to ground.

The second axial electrode section 61 and the third axial electrode section 62 can be electrically
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connected with each other via one or more electrical components 170 on the circuit board 32.
This electrical connection is switchable, such that at one time such a connection exists, while at

a later time, no such connection exists.

The circuit board 32 comprises a tongue-shaped extension section 110 which extends, in an
axial direction, further than the jacket 20. The extension section 110 occupies a small portion of
the circumference of the insulating core layer 230 on which it is arranged. A portion of the
extension section 110 is externally accessible, so that a voltage, a current, or a signal, available
on the circuit board 32, are made available externally of the sleeve 5 through contacts on the

extension section 110.

The sleeve 5 of Figure 7a comprises a first electrical stress control element 260, arranged over
a portion of the third axial electrode section 62 and a portion of the insulating core layer 230. In
alternative embodiments, this first electrical stress control element 260 is not required. The first
stress control element 260 is electrically semiconductive for providing refractive stress control
and thereby to avoid excess of electrical stress between the third axial electrode section 62 and
the electrically conductive core layer 240, when the sleeve 5 is arranged over the inner

conductor 130 of a cable.

A second semiconductive electrical stress control element 270 is arranged in the sleeve 5 such
that it can physically and electrically contact a portion 151 of a (semi-) conductive layer 150 on
the insulating layer 140 of the cable 120, when the sleeve 5 is positioned on an end of the
cable, and the conductive core layer 240 contacts the inner conductor 130 of the cable. Also the
second stress control element 270 provides refractive stress control so as to avoid excess
electrical stress between the inner conductor 130 of the cable and outer (semi-) conductive
layer 151 of the cable, which is normally put on ground potential. The insulating core layer 230
of the sleeve 5 extends axially far enough to cover the second stress control element 270. In a
location between the end of the conductive core layer 240 and the second stress control
element 270, the insulating core layer 230 is in mechanical and electrical contact with the
insulating layer 140 of the cable, when the sleeve 5 is arranged over the end of the cable, as

shown in Figure 7b.

In the sleeve 5 of Figure 7a, the second axial electrode section 61 is put on electrical ground.
This is achieved by the second axial electrode section 61 extending axially beyond insulating
core layer 230 towards the left (in Figure 7a). At the cable side (i.e. the left side in the Figure)

end of the sleeve 5, the second axial electrode section 61 is the innermost layer of the sleeve 5.
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It can thereby contact electrically and mechanically the portion 151 of the (semi-) conductive
layer 150 on the insulating layer 140 of the cable, once the sleeve 5 is pushed over the end of
the cable, while the conductive core layer 240 contacts the inner conductor 130 of the cable.
The (semi-) conductive layer 150 of the cable and its portion 151 is normally put on electrical

ground.

The sleeve 5 can be used as part of a cable termination for an end of a power cable 120. The
sleeve 5 of Figure 7a is an expandable sleeve. The same sequence of layers shown in Figure
7a can be used to provide a shrinkable sleeve. In a shrinkable sleeve, the conductive core layer
240, the insulating core layer 230, the sleeve body 11 and the jacket 20 are elastic and
shrinkable. In a cold-shrink type shrinkable sleeve, an expansion element would be arranged in
the bore 250 to hold the sleeve in an expanded state before the sleeve is pushed or placed over
the inner conductor 130 of a cable 120. Once the expanded sleeve has been positioned over
the inner conductor 130 of the cable 120, the expansion element can be removed, whereby the
sleeve is shrunk over the inner conductor 130 and the insulating layer 140 such that the

conductive core layer 240 is in a tight mechanical contact with the inner conductor 130.

Figures 8a-c are illustrations of stages of a process to make a sleeve according to the present
disclosure. Firstly, as shown in Figure 8a, a tubular sleeve body 11 is provided. The sleeve body
11 can be radially expandable or radially shrinkable. A radially shrinkable sleeve body 11 may
be held in an expanded state by a cylindrical hollow plastic body inside the sleeve body 11, that
can be pulled out axially when the sleeve body 11 is to be shrunk. Alternatively, a radially
shrinkable sleeve body 11 may be, for example, a heat-shrinkable sleeve. A radially expandable
sleeve body 11 may, for example, comprise an elastic silicone rubber body. In the embodiment
shown in Figures 8a-c, the sleeve body 11 comprises an electrically conductive first axial
electrode section 60, an electrically conductive second axial electrode section 61 and an
electrically conductive third axial electrode section 62. The axial electrode sections 60, 61, 62,
are separated by electrically non-conductive separation sections 200, 201. Also, an electrically
non-conductive jacket 20 and a circuit board 32 having a first electrical contact 100 are
provided. In a second step, shown in Figure 8b, the circuit board 32 is arranged radially outward
of the sleeve body 11, such that the first electrical contact 100 is electrically connected with the
first axial electrode section 60. In the embodiment shown, the first electrical contact 100 is
arranged on the radially inner major surface 80 of the circuit board 32 and is arranged directly
on the first axial electrode section 60. In a third step, shown in Figure 8c, the jacket 20 is

arranged radially outward of the circuit board 32. The jacket 20 may, for example, be arranged
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by moulding a curable, liquid, non-conductive silicone over the circuit board 32 and let the

silicone cure and solidify, so that it forms the jacket 20.

Figure 9 is a longitudinal section of a sleeve 4, identical to the sleeve 4 of Figure 6, except for
the jacket 21. The jacket 21 is longer, in an axial direction, than the jacket 20 of the sleeve of
Figure 6, and its end portions 280, 290 are folded back over a center portion 300 of the jacket
21. The center portion 300 covers the circuit board 32. Once the sleeve 4 is installed over a
cable 120, the end portions 280, 290 can be pushed or rolled off of the center portion 300. The
jacket 21 then extends, in axial directions, beyond the ends of the sleeve body 11, and thereby
covers the exposed portions of the sleeve body 11 and some of the exposed portions of the
portions 151, 152 of the conductive layer of the cable 120. The left (in the Figure) end portion
280, folded back on the cable side of the sleeve 4, is long enough to make physical contact with
the outer cable sheath 160 of the cable 120 after being pushed or rolled off of the center portion
300.

The following claims includepotential embodiments of a sleeve according to the disclosure.
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Claims

1. Sleeve (1, 2, 3, 4, 5) for a high- or medium-voltage power cable (120), the cable (120)
comprising an inner conductor (130) defining axial and radial directions (40, 50),
wherein the sleeve (1, 2, 3, 4, 5) comprises
- a tubular sleeve body (10, 11) having a first axial electrode section (60), which section
(60) is electrically conductive or semiconductive,
characterized in that the sleeve (1, 2, 3, 4, 5) is radially expandable and arrangeable
radially outward of the inner conductor (130) when expanded, such that the first axial
electrode section (60) is radially separated from the inner conductor (130) by at least an
electrically insulating spacer layer (140, 230),
and in that the sleeve (1, 2, 3, 4, 5) further comprises a circuit board (30, 31, 32), at least
partially arranged radially outward of the sleeve body (10, 11), comprising a first electrical

contact (100, 101) which is electrically connected with the first axial electrode section (60).

2. Sleeve (1, 2, 3, 4, 5) for a high- or medium-voltage power cable (120), the cable (120)
comprising an inner conductor (130) defining axial and radial directions (40, 50),
wherein the sleeve (1, 2, 3, 4, 5) comprises
- a tubular sleeve body (10, 11) having a first axial electrode section (60), which section
(60) is electrically conductive or semiconductive,

characterized in that the sleeve (1, 2, 3, 4) is radially shrinkable into a position radially

outward of the inner conductor (130) when shrunk, such that the first axial electrode section

(60) is radially separated from the inner conductor (130) by at least an electrically insulating

spacer layer (140, 230),
and in that the sleeve (1, 2, 3, 4, 5) further comprises a circuit board (30, 31, 32), at least
partially arranged radially outward of the sleeve body (10, 11), comprising a first electrical

contact (100, 101) which is electrically connected with the first axial electrode section (60).

3. Sleeve (1, 2, 3, 4, 5) according to claim 1 or claim 2, further comprising an electrically non-

conductive jacket (20, 21), at least partially arranged radially outward of the sleeve body

(10, 11), and at least partially arranged radially outward of the circuit board (30, 31, 32).

4. Sleeve (1, 2, 3, 4, 5) according to any one of claims 1 to 3, wherein the first axial electrode

section (60) is operable to form an electrode of a sensing capacitor of a voltage sensor for

sensing a voltage of the inner conductor (130) of the power cable (120).
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5. Sleeve (1, 2, 3, 4, 5) according to any one of claims 1 to 4, wherein the circuit board (30,

31, 32) comprises a first major surface (80) and a second major surface (90), and wherein
the first electrical contact (100, 101) is arranged on the first major surface (80) and
comprises a conductive region, arranged on the first major surface (80), wherein the
conductive region provides an extended contact area and is in mechanical and electrical

contact with the first axial electrode section (60).

Sleeve (1, 2, 3, 4, 5) according to any one of claims 3 to 5, wherein the circuit board (30,
31, 32) comprises an extension section (110), which extends, in an axial direction, further
than the jacket (20, 21), so that a portion of the extension section (110) is externally

accessible.

Sleeve (3, 4, 5) according to any one of the preceding claims, wherein the sleeve body (11)
comprises a second axial electrode section (61), which is coaxially aligned with the first
axial electrode section (60), and which is electrically conductive or semiconductive, wherein
the first axial electrode section (60) and the second axial electrode section (61) are

separated by a first axial separation section (200) which is electrically non-conductive.

Sleeve (3, 4, 5) according to claim 7, wherein the circuit board (32) comprises a first major
surface (80) and a second major surface (90) and a second electrical contact (102), and
wherein the first electrical contact (100, 101) and the second electrical contact (102) are
arranged on the first major surface (80), wherein the first electrical contact (100, 101)
comprises a first conductive region providing an extended contact area, wherein the second
electrical contact (102) comprises a second conductive region providing an extended
contact area, and wherein the first conductive region is in mechanical and electrical contact
with the first axial electrode section (60), and wherein the second conductive region is in

mechanical and electrical contact with the second axial electrode section (61).

Sleeve (3, 4, 5) according to claim 7 or claim 8, wherein the sleeve body (10, 11) comprises
a third axial electrode section (62), which is coaxially aligned with the first axial electrode
section (60) and the second axial electrode section (61), and which is electrically
conductive or semiconductive, wherein the first axial electrode section (60) and the third
axial electrode section (62) are separated by a second axial separation section (201) which

is electrically non-conductive.
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Sleeve (3, 4, 5) according to claim 9, wherein the circuit board (32) is operable to provide
an electrical contact between the second axial electrode section (61) and the third axial

electrode section (62).

Sleeve (1, 2, 3, 4, 5) according to any one of claims 3 to 10, wherein a first portion of the
jacket (20, 21) is arranged on a radially outer surface (90) of the circuit board (30, 31, 32),
and wherein a second portion of the jacket (20, 21) is arranged on a radially outer surface
(70) of the sleeve body (10, 11).

Sleeve (5) according to any one of the preceding claims, wherein the spacer layer (230) is

comprised in the sleeve (5).

Sleeve (1, 2, 3, 4) according to any one of claims 1 to 11, wherein the spacer layer (140) is
comprised in the power cable (120), and wherein the spacer layer (140) comprises at least
a portion of an insulator layer (140) of the power cable (120), the insulator layer (140) being

arranged concentrically around the inner conductor (130) of the power cable (120).

Method of providing a expandable sleeve (1, 2, 3, 4, 5) according to any one of claims 3 to
13, comprising, in this sequence, the steps of:

a) providing an expandable sleeve for a high- or medium-voltage power cable (120),
wherein the sleeve comprises a tubular sleeve body (10, 11) having a first axial electrode
section (60), which section is electrically conductive or semiconductive, wherein the sleeve
(1, 2, 3, 4) is radially expandable and arrangeable radially outward of an inner conductor
(130) of the cable (120) when expanded, such that the first axial electrode section (60) is
radially separated from the inner conductor (130) by at least an electrically insulating spacer
layer (140, 230);

providing an electrically non-conductive jacket (20, 21); and

providing a circuit board (30, 31, 32) comprising opposed first and second major surfaces
(80, 90) and a first electrical contact (100, 101), arranged on the first major surface (80);

b) arranging at least a part of the circuit board (30, 31, 32) radially outward of the sleeve
body (10, 11) such that the first electrical contact (100, 101) is electrically connected with
the first axial electrode section (60);

¢) arranging at least a part of the jacket (20, 21) radially outward of the circuit board (30, 31,
32) and radially outward of the sleeve body (10, 11).
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. High- or medium-voltage current-carrying device (120) for a power network, such as a high-
or medium-voltage power cable (120), comprising an inner conductor (130) for carrying the
current, further comprising a sleeve (1, 2, 3, 4, 5) according to any one of claims 1 to 13,
the sleeve (1, 2, 3, 4, 5) being arranged radially outward of the inner conductor (130), such
that the first axial electrode section (60) is radially separated from the inner conductor (130)

by at least an electrically insulating spacer layer (140, 230).
Electrical power distribution network, comprising a high- or medium-voltage current-carrying

device (120) for a power network, such as a high- or medium-voltage power cable (120),

according to claim 15.
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