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(57) Abstract: The present disclosure relates to a bushing (1) comprising an

electrical conductor (2) comprising a terminal (3) at a first end of the bush-
ing. The bushing also comprises an electrically insulating condenser core (5)
arranged around the conductor and defining a central longitudinal through-
hole (9) through which the conductor extends. The bushing also comprises
a plurality of concentric field-grading layers (6) arranged in the condenser
core, comprising an inner field-grading layer (6a) and an outer field-grading
layer (6b). The bushing also comprises an electrically conductive head (4)
electrically connected with the conductor passing there through, forming a
gas-tight cap of the first end of the bushing outside of the condenser core,
sealingly engaging a circumferential lateral outer surface of the condenser
core and sealingly engaging the conductor. The bushing also comprises an
electrically conductive connection (11) between the inner field-grading layer
and the head.
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BUSHING WITH ELECTRICALLY CONDUCTIVE HEAD MOUNTED ON
CONDENSER CORE

TECHNICAL FIELD

[ooo1]  The present disclosure relates to a bushing, especially a high-voltage (HV)
bushing.

BACKGROUND

[0002] A HV bushing serves to direct electric current under high voltage through a

wall of on an enclosure of an electric device. Its main functions are to:

» electrically insulate the HV conductor of the bushing from the enclosure wall,

» dissipate heat generated by the current so that the insulator is not overheated,

» provide gas and/or liquid tight connection between the conductor and the enclosure,
» withstand mechanical forces applied to the conductor and/or the enclosure

[0003] Draw-lead-conductor and removable-rod-conductor type bushings are
insulators having an inner central channel typically defined by a winding tube through
which the conductor can be pulled when installing the bushing. When installed in a
metallic winding tube, along the major part of its length, the conductor has to be
electrically insulated to avoid circulating currents and/or sparking at the conductor. In
such a case, the conductor, typically flexible, has to be covered by an insulation material,
e.g. paper wrapping, before leading it through the tube. For stiff conductors, like solid
rods, electrically insulating distance sleeves can be used to physically separate the
conductor outer surface from the inner surface of the tube. Another solution is to make
the inner central channel electrically insulating. This second solution has the advantage
that a fully metallic conductor can be introduced into the central channel and its
diameter can be almost as large as that of the channel. The large diameter of the
conductor makes its electric resistance smaller and also improves the thermal contact of
the conductor to the bushing insulator which both allow for increasing the current

rating value of the bushing.

[0004] An example prior art bushing is shown in figure 1. The bushing P1 has a
winding tube P4 connected to the HV terminal P3. The tube P4 is partly embedded in
the material of the condenser core P5 of the bushing. The high-voltage terminal P3 of
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the conductor P2 provides the electrical contact between the conductor P2 and the tube

P4. The tube P4 is electrically connected to the innermost of the HV field grading layers

P6 of the bushing. The condenser core P5 is made of a curable resin which, when curing,
binds tightly to the outer surface of the tube P4. The bushing P1 also comprises a flange

P8 for fastening the bushing to the wall through which it is to extend, and an external

insulator P7 with weather sheds.

[0005] The external insulator P7 is made of an elastomeric material bound directly
to the condenser core P5, which is referred further to as a directly-moulded bushing

style.
[0006] The gas and liquid tightness of the bushing is provided:

- at the outer perimeter of the condenser core, by a fixing and sealing system of the
flange P8;

- at the inner perimeter of the condenser core, by the winding tube P4 fit against the
material of the condenser core P5 (the condenser core is made by casting polymeric
resin which is hardened at high temperature and, when shrinking during cooling,

contracts around the winding tube, thus providing the tight and durable fit);

- at the top of the bushing, by the terminal P3 fixing and sealing system to the winding
tube P4.

[0007]  This solution has the following disadvantages:

- For bushings P1 with the resin of the condenser core P5 hardened at high temperature,
the thermal shrinkage of the resin generates mechanical stresses which are particularly
concentrated at the lower end of the winding tube P4. The stresses can lead to cracks in
the condenser core P5. This can happen particularly at low ambient temperatures, when

the shrinkage of the resin is the largest.

- For bushings P1 with the resin hardened at lower temperatures, the thermal shrinkage
is small. However, when the bushing operates in high ambient temperature or in an
overload condition, the winding tube P4 can reach a temperature higher than the resin
hardening temperature. Then the resin expands more than the tube and a gap can open
between the tube and the condenser core P5, thus compromising the gas/liquid

tightness of the bushing.
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[0008] Alternatively, a bushing can be made with a fixed conductor, permanently
cast within the cured resin of the condenser core. Similarly to the solution with the
winding tube, the gas and liquid tightness of the interface between the conductor and
the condenser core is provided by the shrinkage of the resin over the conductor when
cooled down from the curing temperature to room temperature. In such a case, if a
condenser core is hardened at low temperature, the tightness of the bushing can be
compromised at high temperatures when the condenser core expands more than the

conductor and a gap opens between the two.

[0009] US 1,230,610 discloses a high-potential insulating bushing having a
condenser and a top metal cap which is sealed against the conductor by means of a

packing gasket. A similar packing gasket also seals the bottom of the bushing.

[o010]  GB 929 579 discloses a high-voltage insulating lead-in bushing where the top
is closed by a metal cap which is sealed around the conductor by a sealing ring. A similar
sealing ring also seals the bottom of the bushing. EP 3 148 027 A1 discloses a rigid
conical insulator configured as a condenser core. The condenser core comprises an
electrically conductive central tube and a high-voltage current terminal is configured as
metal fitting and is mechanically fixed and electrically connected to the end of the

central tube by means of screwing.

SUMMARY

[o011] It is an objective of the present invention to provide an alternative bushing

design which does not require a winding tube.

[0012]  According to an aspect of the present invention, there is provided a bushing
comprising an electrical conductor comprising a terminal at a first end of the bushing.
The bushing also comprises an electrically insulating condenser core arranged around
the conductor and defining a central longitudinal through-hole through which the
conductor extends. The bushing also comprises a plurality of concentric field-grading
layers arranged in the condenser core, comprising an inner field-grading layer and an
outer field-grading layer. The bushing also comprises an electrically conductive head
electrically connected with the conductor passing there through, forming a gas-tight cap
of the first end of the bushing outside of the condenser core, sealingly engaging a

circumferential lateral outer surface of the condenser core and sealingly engaging the
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conductor. The bushing also comprises an electrically conductive connection between

the inner field-grading layer and the head.

[0013] By sealing the head against the outside of the condenser core, the first end of
the bushing can be made gas tight without the need for a winding tube. The gas
tightness implies that e.g. humidity is prevented from entering the bushing and thus to
within the enclosure of an electrical device, a wall of which the bushing is configured to
pass through. Also, by the head being electrically connected to both the conductor and
the inner field-grading layer, the head and the inner filed-grading layer can be held at
the same electrical potential as the conductor, preventing flash-overs between the inner

field-grading layer and the conductor.

[0014] Insome embodiments of the present invention, the condenser core is
unconstrained at the second end of the bushing, allowing the condenser core to expand
and contract freely with changing temperature, reducing stresses and thus the risk of

crack formation.

[oo15]  Itisto be noted that any feature of any of the aspects may be applied to any
other aspect, wherever appropriate. Likewise, any advantage of any of the aspects may
apply to any of the other aspects. Other objectives, features and advantages of the
enclosed embodiments will be apparent from the following detailed disclosure, from the

attached dependent claims as well as from the drawings.

[0016]  Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise herein. All
references to "a/an/the element, apparatus, component, means, step, etc." are to be
interpreted openly as referring to at least one instance of the element, apparatus,
component, means, step, etc., unless explicitly stated otherwise. The steps of any
method disclosed herein do not have to be performed in the exact order disclosed,
unless explicitly stated. The use of “first”, “second” etc. for different
features/components of the present disclosure are only intended to distinguish the
features/components from other similar features/components and not to impart any

order or hierarchy to the features/components.

BRIEF DESCRIPTION OF THE DRAWINGS

[oo17]  Embodiments will be described, by way of example, with reference to the

accompanying drawings, in which:
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Fig 1is a schematic illustration of a HV bushing according to prior art.

Fig 2 is a schematic side view, in longitudinal section, of a bushing, in accordance with

an embodiment of the present invention.

Fig 3 is a schematic side view, in longitudinal section, of a bushing, in accordance with

an embodiment of the present invention.

Fig 4 is a schematic side view, in longitudinal section, of a bushing, in accordance with

an embodiment of the present invention.

Fig 5 is a schematic side view, in longitudinal section, of a bushing, in accordance with

an embodiment of the present invention.

Fig 6 is a schematic side view, in longitudinal section, of a bushing, in accordance with

an embodiment of the present invention.

Fig 7 is a schematic sectional side view of an electrical assembly, in accordance with

some embodiments of the present invention.

DETAILED DESCRIPTION

[0018] Embodiments will now be described more fully hereinafter with reference to
the accompanying drawings, in which certain embodiments are shown. However, other
embodiments in many different forms are possible within the scope of the present
disclosure. Rather, the following embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will fully convey the scope of the
disclosure to those skilled in the art. Like numbers refer to like elements throughout the

description.

[0019]  Figure 2 illustrates a bushing 1 having a conductor 2 comprising the HV

terminal 3. The condenser core 5 of the bushing is arranged around the conductor 2,
forming a central longitudinal through-hole g through which the conductor extends.
The condenser core 5 is typically substantially rotationally symmetrical and typically

concentric with the longitudinal through-hole 9.

[0020] The condenser core 5 may be manufactured such that the inner surface of the
through-hole 9 in the condenser core is electrically insulating. This may be
accomplished e.g. by manufacturing by winding and/or casting the condenser core on a
mandrel, the mandrel being withdrawn after hardening of the resin (e.g. Resin

Impregnated Paper, RIP, or Resin Impregnated Synthetic, RIS, bushing, depending on
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whether the wound material is paper or a synthetic material, e.g. aramid based).
Alternatively, the condenser core 5 may be manufactured by casting the resin around a
thin-wall electrically insulating tube, e.g. a glass-fibre epoxy tube, which is not
withdrawn but remains in the bushing when in use. As yet another alternative, the
condenser core 5 may be formed by winding and/or casting directly on the conductor 2,
in which case the conductor may not be removable from the longitudinal through-hole
9, in contrast to if e.g. a mandrel or insulating tube is used. The curable resin used for
casting and/or impregnating the wound material may be, or comprise, an epoxy or

phenolic resin, usually epoxy.

[0021]  The longitudinal through-hole 9 runs through the whole length of the
condenser core 5. An electrically conductive head 4 is electrically connected with the
conductor 2 and attached to the condenser core at the first end 1a of the bushing 1
(typically at an upper end of the bushing when in use), where the head 4 forms a gas-
tight cap of the first end 1a outside of the condenser core 5, sealingly engaging a
circumferential lateral outer surface of the condenser core 5 and sealingly engaging the
conductor 2. The electrically conductive head 4 may sealingly engage the condenser core
5 and/or the conductor 2 by being pressed against it to form a gas tight fit between the
head and the condenser core. For instance, the head 4 and/or the outer surface of the
condenser core 5 may be slightly tapered to facilitate forming a gas tight seal when the
head is pressed onto the condenser core. Alternatively, a sealing system 22 of the head 4
may be applied against the condenser core 5. Similarly, in some embodiments, a
conductor sealing system 21 of the head may be applied against the conductor 2. A
flange 8 of the bushing 1 may similarly sealingly engage the outside of the condenser
core 5 to prevent e.g. moisture to leak into the electrical equipment. Optionally, a flange
sealing system 23 may be used between the condenser core 5 and a flange 8 configured
for attaching the bushing to a wall through which the bushing is arranged to extend
when in use, e.g. a wall of an electrical equipment, e.g. a high-voltage (HV) equipment
such as a transformer, motor, switchgear, generator or reactor. Typically, such an
electrical equipment may be filled with an electrically insulating fluid, e.g. a liquid such

as an oil (typically mineral oil) or ester liquid, or a gas such as SFs.

[0022]  Any one or several of the sealing systems 21 and 22 may e.g. comprise or
consist of one or more O-rings and may be combinable with gas tight fit between the

head and the condenser core and/or with a locking system (see figure 3) e.g. comprising
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a curable compound or glue. The head and/or conductor sealing systems 22 and 21 may
aid in making the head 4 a gas-tight cap on the condenser core at the first end 1a of the
bushing 1, preventing moisture to enter the enclosure of the electrical device and e.g.

contaminating the electrically insulating fluid or its other parts.

[0023] At the second end 1b of the bushing (typically the lower end of the bushing
when in use), the condenser core 5 is preferably unconstrained, implying that it is free to
expand or contract. For instance, the condenser core may contract during curing at
manufacture, or it may expand due to being immersed in the electrically insulating fluid.
Thus, stresses and cracks in the condenser core are prevented. The condenser core is
e.g. not pressed between the head 4 and any cap or other constraining locking
arrangement at the second end 1b of the bushing. Further, the second end 1b of the
bushing 1 may be open to allow any electrically insulating fluid to enter the central
longitudinal through-hole 9, e.g. for facilitating mounting of the bushing to an electrical

equipment.

[0024] The conductor 2 comprises a terminal 3, e.g. a HV terminal, extending
outside of the condenser core 5 at the first end 1a of the bushing 1. The terminal 3
provides the electrical connectivity between the conductor 2 and a further conductor
which is external to the bushing. As mentioned above, the head 4 is electrically
connected with the conductor 2, e.g. to the terminal 3 thereof. The head is thus made of
an electrically conductive material, e.g. a metal or alloy such as a cupper (Cu) and/or
aluminium (Al) alloy. Further, the head 4 is electrically connected, by means of an
electrically conductive connection 11, to an inner 6a of a plurality of the field grading
layers 6 in the condenser core 5. The field-grading layers 6, e.g. of aluminium (Al) foils,
are typically conventionally arranged concentrically with respective different diameters
within the condenser core, e.g. interleaved between layers of a wound material thereof.
By the head 4 being electrically connected to both the conductor 2 and the inner field-
grading layer 6a (typically the innermost field-grading layer), the head and the inner
filed-grading layer can be held at the same electrical potential as the conductor,
preventing flash-overs between the inner field-grading layer and the conductor.
Similarly, an outer field-grading layer (typically the outermost field-grading layer) may
be electrically connected, by means of an electrically conductive connection 12, to the

(possibly grounded) flange 8.
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[0025]  The bushing 1 may also comprise an external insulator 7, arranged outside of
the condenser core 5 and typically comprising weather sheds 50. The external insulator
7 may be cast or extruded over the outer surface of the condenser core 5 and may be
bound e.g. to the condenser core, to the head 4 and/or to the flange 8. Bonding may be
accomplished by a chemical reaction between a reactive elastomeric compound, e.g.
liquid silicone rubber, of the external insulator and the respective surfaces of the
condenser core, the flange and/or the head at the areas where they contact the external
insulator. Additional gluing material may additionally or alternatively be used for

binding the external insulator 7 to the condenser core, the flange and/or the head.

[0026]  Figures 3-6 illustrate some example embodiments of a bushing 1, to which
the above discussion relating to figure 2 is relevant except where otherwise specified

below.

[0027]  Figure 3 illustrates an example where the conductor 3 is flexible, which is an

optional alternative to other options with a rigid (solid or tubular) conductor 3.

[0028]  Figure 3 also illustrates the optional use of a clamp 25 fastened to the
terminal 3 and to the top surface of the head 4, mechanically interlocking the terminal
with the head. By means of the clamp 25, a cantilever force, as indicated by a dotted
arrow in the figure, is transferred from the terminal 3 to the head 4, from which it is
transferred to the condenser core 5, e.g. as facilitated by a head locking system 24. A
head locking system 24 may be used regardless of whether a clamp 25 is used. The head
locking system 24 may e.g. comprise a circumferential groove in the inner surface of the
head 4 which meets a corresponding circumferential groove in the outer surface of the
condenser core 5. The grooves then combine to form a circumferential cavity which may
be filled with a hardenable resin, e.g. comprising epoxy or a glue. The hardened resin
may then form a ring element sitting between the condenser core and the head,
mechanically interlocking them. A flange locking system 26, similar to the head locking
system 24, may be used at the flange 8, with the advantage of using similar materials,

tools and processes at both the head and the flange.

[0029]  Figure 3 further illustrates the option of each of the conductor and head
sealing systems 21 and 22 comprising O-rings in respective grooves formed in the inner
surface of the head 4, one in the part of the surface facing the terminal 3 and one in the

part of the surface facing the outside of the condenser core 5. Optionally, an additional
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sleeve element (not shown) may be used, with an outer O-ring matching the inner

surface of the head 5 and an inner O-ring matching the outer surface of the terminal 3.

[0030]  Figure 4 illustrates a similar bushing as in figure 3, but with a rigid conductor
2, e.g. a solid conductor or a tubular conductor. A tubular conductor may be preferred
for AC applications since the current will then be concentrated towards the outer surface

of the conductor.

[0031]  Figure 5 illustrates an example embodiment of the bushing 1, where weather
sheds 50 are made as part of the condenser core 5, obviating the need for an external
insulator 7. The thus integrated weather sheds 50 may be made, e.g. by means of an
additive manufacturing technique, of a resin which may be the same or similar as the
resin used in the rest of the condenser core, e.g. comprising or consisting of epoxy, in

particular weatherproof cycloaliphatic and/or hydrophobic epoxy.

[0032]  Figure 6 illustrates an example embodiment of the bushing 1, where the
conductor 2 is not removable but fixed to the condenser core 5. The condenser core may
for instance be manufactured by winding and/or casting directly on the conductor, like
in the RIP or RIS processes, or by depositing insulating material over the conductor, e.g.
by means of an additive manufacturing technique. Alternatively, a layer of stress-
releasing compressible material may in some embodiments be included between the

outer surface of the conductor and the condenser core.

[0033] Figure 7illustrates an electrical assembly 70 comprising an embodiment of
the bushing 1 of the present disclosure arranged through a wall 73 of a housing 72 of an
electrical equipment 71 e.g. a high-voltage (HV) equipment such as a transformer,
motor, switchgear, generator or reactor. For instance, the electrical equipment 71 may
be a transformer, typically a HV transformer, having a housing 72 in the form of a
transformer tank. The electrical equipment 71 may be filled with an electrically
insulating fluid 74, e.g. a liquid such as an oil (typically mineral oil) or ester liquid, or by

a gas such as SFe.

[0034] Insome embodiments of the present invention, the condenser core 5 is
unconstrained at the second end 1b of the bushing 1. Thus, the condenser core 5 is
allowed to expand or contract, e.g. during curing or uptake of insulation fluid,

preventing the formation of mechanical stress and even cracks in the condenser core.
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[0035] In some embodiments of the present invention, the second end 1b of the
bushing 1 is open to enable electrically insulating fluid to enter the central longitudinal
through-hole 9. Thus, insulation fluid of the electrical equipment to which the bushing
is mounted is allowed to enter the bushing, facilitating the mounting of the bushing to
the electrical equipment since the second end 1b does not have to be closed from the

inside of the housing of the electrical equipment.

[0036] In some embodiments of the present invention, the head 4 is sealingly
engaging the circumferential lateral outer surface of the condenser core 5 by means of a
head sealing system 22. The head sealing system 22 may e.g. comprise at least one O-
ring. However, other sealing elements may additionally or alternatively be comprised in
the head sealing system 22. Alternatively, the head 4 may be pressed tightly onto the

condenser core 5 without the need for a head sealing system.

[0037] In some embodiments of the present invention, the head 4 is sealingly
engaging the conductor 2 by means of a conductor sealing system 21. The conductor
sealing system 21 may e.g. comprise at least one O-ring. However, other sealing
elements may additionally or alternatively be comprised in the conductor sealing system
21. Alternatively, the head 4 may be pressed tightly onto/around the conductor 2

without the need for a conductor sealing system.

[0038] In some embodiments of the present invention, the condenser core 5
comprises a hardened, e.g. cured, resin. The resin may be or comprise an epoxy resin or
a phenolic resin, preferably an epoxy resin. Alternatively, the condenser core may be

cellulose-based, typically comprising wound cellulose (paper) layers.

[0039] In some embodiments of the present invention, the conductor 2 directly
interfaces with the condenser core 5, possibly over a fluid-filled gap, without an
intermediate winding tube or conductor insulation. By there not being an electrically
conducting winding tube or the like, there is no need to fix the conductor concentrically
within the through hole 9, reducing the complexity of the bushing. Similarly, in some
embodiments, the condenser core 5 may be formed in contact with the conductor 2.
Thus, the condenser core may have been formed, e.g. printed or wound, directly onto
and around the conductor. Alternatively, the condenser core 5 may comprise an
electrically insulating tube defining the central longitudinal through-hole 9, e.g. a
winding tube onto which the condenser core may be formed, such as wound or printed,

made from an electrically insulating material, allowing the conductor 2 to be removable.
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The electrically insulating material of such an electrically insulating tube may comprise
reinforcing fibres, e.g. glass-fibre and/or polymer-fibre, typically forming a composite in
a resin matrix e.g. comprising epoxy and/or phenolic resin, e.g. a glass-fibre or polymer

fibre epoxy composite, preferably a glass-fibre epoxy composite.

[0040] Insome embodiments of the present invention, the condenser core 5 is
formed with integrated weather sheds 50. Integrated weather sheds may reduce the
complexity of the bushing 1 and may e.g. be printed of a curable or otherwise
hardenable resin such as comprising or consisting of epoxy and/or phenolic resin,

preferably epoxy resin.

[0041] Insome embodiments of the present invention, the bushing 1 is mounted

through a wall of a housing of an electrical equipment, forming an electrical assembly.

[0042] The present disclosure has mainly been described above with reference to a
few embodiments. However, as is readily appreciated by a person skilled in the art,
other embodiments than the ones disclosed above are equally possible within the scope

of the present disclosure, as defined by the appended claims.
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CLAIMS

1.  Abushing (1) having a first end (1a) and a second end (1b), comprising;:
an electrical conductor (2) comprising a terminal (3) at the first end (1a) of the bushing;

an electrically insulating condenser core (5) arranged around the conductor (2) and

defining a central longitudinal through-hole (9) through which the conductor extends;

a plurality of concentric field-grading layers (6) arranged in the condenser core (5),

comprising an inner field-grading layer (6a) and an outer field-grading layer (6b);

an electrically conductive head (4) electrically connected with the conductor (2) passing
there through, forming a gas-tight cap of the first end (1a) of the bushing outside of the
condenser core (5), sealingly engaging a circumferential lateral outer surface of the

condenser core and sealingly engaging the conductor (2); and

an electrically conductive connection (11) between the inner field-grading layer (6a) and
the head (4).

2.  The bushing of claim 1, wherein the condenser core (5) is unconstrained at the
second end (1b) of the bushing (1).

3. The bushing of any preceding claim, wherein the second end (1b) of the bushing (1)
is open to enable electrically insulating fluid to enter the central longitudinal through-
hole (9).

4. The bushing of any preceding claim, wherein the head (4) is sealingly engaging the
circumferential lateral outer surface of the condenser core (5) by means of a head

sealing system (22), e.g. comprising at least one O-ring.

5.  The bushing of any preceding claim, wherein the head (4) is sealingly engaging the
conductor (2) by means of a conductor sealing system (21), e.g. comprising at least one
O-ring.

6. The bushing of any preceding claim, wherein the condenser core (5) comprises a

cured resin, e.g. an epoxy resin.

7. The bushing of any preceding claim, wherein the conductor (2) directly interfaces
with the condenser core (5), possibly over a fluid-filled gap, without an intermediate

winding tube or conductor insulation.
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8. The bushing of any preceding claim, wherein the condenser core (5) is formed in
contact with the conductor (2).

9. The bushing of any claim 1-6, wherein the condenser core (5) comprises an

electrically insulating tube defining the central longitudinal through-hole (9).

10. The bushing of claim 9, wherein the electrically insulating tube comprises

reinforcing fibres, e.g. a glass-fibre or polymer fibre epoxy composite.

11.  The bushing of any preceding claim, wherein the condenser core (5) is formed with

integrated weather sheds (50).

12. An electrical assembly (70) comprising:

an electrical equipement (71) comprising a housing (72); and

the bushing (1) of any preceding claim mounted through a wall (73) of the housing.

13. The electrical assembly of claim 12, further comprising an electrically insulating

fluid (774) contained in the housing (72).
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