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Draw rod mounting arrangement for a high voltage bushing, high voltage bushing comprising

such arrangement and high voltage device comprising bushing with such arrangement

(57)  Theinvention concerns a draw rod arrangement
for a hollow conductor (38) in a high voltage bushing,
comprising a draw rod attachment part (31) and an outer
terminal attachment part (32), wherein the draw rod at-

tachment part and the outer terminal attachment part are
made in one piece forming a combined mounting device
(33). The invention also concerns a high voltage bushing
comprising such an arrangement, and a high voltage de-
vice comprising a bushing with such an arrangement.
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Description
Technical field of the invention

[0001] The presentinvention relates to the field of high
voltage power systems, and in particular to high voltage
bushings used in high voltage devices forming parts of
such systems.

Background of the invention

[0002] Itis known that high voltage equipment and de-
vices, e.g. high voltage transformers, reactors, switch-
gear etc., are usually equipped with bushings that are
adapted for carrying current at high potential through a
grounded barrier, e.g. a wall or an enclosure of the elec-
tric device, such as a transformer tank.

[0003] Conventional high voltage bushings comprise
an insulator made of ceramic or composite material,
which is provided with sheds and which is generally hol-
low. On the inside of the bushing, voltage grading is per-
formed by a condenser body or some other type of volt-
age grading device, through which an electrical conduc-
tor passes. The electrical conductor connects one side
of the bushing, where a high voltage electric device is
connected, with the other side of the bushing where an-
other electric device is connected. For example, when
the first electric device is a transformer, the bushing is
fitted on the transformer enclosure, such as the tank wall,
and the conductor of the bushing connects the inside of
the transformer with the outside, where another electric
device can be connected, e.g. a bus, surge arrester or
DC valve.

[0004] An example of a prior art bushing adapted for
use with a high voltage transformer will now be described
with reference to Fig. 1, showing a schematic cross sec-
tional view of a bushing 1 mounted in a wall 18, such as
the tank wall, in the case of a transformer. A high voltage
conductor 10 runs through the center of a hollow bushing
insulator 12 that forms a housing around the high voltage
conductor. A condenser core 14 is provided inside the
insulator housing for voltage grading of voltage stress
that is built up around the high voltage conductor 10. A
flange 16 is provided on the outside of the housing 12,
by means of which the housing of the bushing is con-
nected to ground, via the transformer tank wall 18.
[0005] InFig. 1is also shown how the bottom end por-
tion of the high voltage conductor 10 forms a bottom con-
tact 20 that is arranged to be connected to the internal
components of the transformer. For this purpose, a mat-
ing internal contact 22 is provided inside the transformer.
An upper outer terminal 24 for the conductor 10 is pro-
vided at the upper end of the bushing, opposite the bot-
tom contact 20 end. The outer terminal 24 is electrically
connected to the conductor 10 through an essentially pla-
nar interface, also forming a top cover of the bushing, in
order to electrically connect the conductor and thus the
transformer to an external source or device.
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[0006] According to prior art transformers, a draw rod
system may be used for ensuring electrical connection
between the bushing and the transformer. This system
requires a hollow conductor, with the inside of the con-
ductor open towards the transformer oil inside the trans-
former. It is necessary to provide a seal inside the con-
ductor in order for the transformer oil not to leak out to
the surroundings, outside the transformer and outside
the bushing. A traditional way of sealing off the inside of
the conductor towards the outside of the transformer, for
example a valve hall, is to use an expander arrangement
that is assembled inside the conductor in the field, after
the draw rod system is assembled. This expander ar-
rangement has drawbacks in terms of the radial space it
requires which entails a disadvantageous reduction in
thickness of the conductor wall, and also in terms of fail-
safe assembly work that is necessary at the site in the
field.

[0007] Further, in prior art bushings where the outer
terminal may not be attached directly to the top cover of
the bushing, the outer terminal has to be screwed into a
steel draw ring or similar located inside the conductor.
This drawringisin turn screwed into the conductor, there-
by reducing the wall thickness of the conductor due to
the necessary internal threads. This draw ring arrange-
ment also requires that a sealing is provided.

[0008] The term high voltage is conventionally used
for voltages above approximately 50 kV. Today, the up-
per limit in commercial high voltage devices is generally
1100 kV, but higher voltages, such as 1200 kV or even
more, are envisaged in the near future. Also, current lev-
els are increasing and may be up to 4000-5000 A or even
higher.

[0009] For high voltages in the region of 800 kV and
more, and current ratings of 2000 A and above, the de-
mands on the bushings are naturally increased, e.g.
when it comes to heat dissipation and cooling, electric
fields, electric insulation of the bushing etc. In this con-
text, it becomes essential to have a low loss, in particular
to be able to reach the target current. The losses in to-
day’s bushings mainly occur due to losses in the conduc-
torandin each contact orjointin the current path between
different parts of the bushing. When it concerns the con-
ductor, it becomes increasingly important to minimize
every type of arrangement that leads to reductions in the
conducting material in the conductor, such as threads,
for example. It is also recognized that fewer joints would
reduce losses which is advantageous in high voltage and
high current applications.

Summary of the invention

[0010] Itis an object of the present invention to provide
a draw rod mounting arrangement and a high voltage
bushing that is an improvement over prior art bushings,
and which makes it possible to reach the high voltage
levels and high current ratings described above.

[0011] Itis also an object of the present invention to



3 EP 2117 016 A1 4

provide a high voltage device comprising such a high
voltage bushing.

[0012] These objects, among others, are achieved by
a draw rod mounting arrangement, a high voltage bush-
ing and a high voltage device as defined in the independ-
ent claims.

[0013] According to the present invention, a draw rod
arrangement for a hollow conductor in a high voltage
bushing is defined, comprising a draw rod attachment
part and an outer terminal attachment part, wherein the
draw rod attachment part and the outer terminal part are
made in one piece forming a combined mounting device.
This inventive draw rod arrangement has the advantage
of combining the function of the draw ring and the draw
rod mounting, whereby space is saved inside the con-
ductor and also conductor material is saved thanks to
less threads. A further advantage is that the personnel
at the mounting site does not have to be involved in as-
sembly of mechanical parts, which leads to easier and
more fail-safe assembly and cost saving.

[0014] According to a further feature, the draw rod at-
tachment part of the mounting device is provided with an
axial hole, through which an end of a draw rod is inserted,
that in the axial prolongation of the hole there is an inner
bore with a larger diameter than the hole and into which
bore a threaded end of the draw rod extends, that the
draw rod is mounted by means of a fastening arrange-
ment in the inner bore. This fastening arrangement may
comprise a washer arrangement resting against a bottom
in the inner bore and a nut screwed onto the threaded
end of the draw rod.

[0015] The inner bore extends through the outer ter-
minal attachment part.

[0016] Accordingtoafurtherfeature, the outerterminal
attachment part is provided with threaded holes adapted
to receive screws for mounting an outer terminal contact.
[0017] In addition there may be at least one sealing
means arranged between the conductor and the com-
bined mounting device. Such a sealing is used for exam-
ple when there is a liquid inside an electric device onto
which a bushing comprising the draw rod attachment is
mounted, and it is desirable to prevent this liquid from
leaking out of the electric device, via the conductor and
the bushing. This is the case for a transformer filled with
insulating oil, for example.

[0018] The invention may also have the feature that it
comprises an end plug for mounting over the combined
mounting device, inside an open end of the conductor.
This end plug also has a sealing function.

[0019] The draw rod arrangement according to the in-
vention may also comprise at least one sealing means
arranged between the inner bore and a part of the end
plug that extends down into the inner bore. This sealing
also prevents leakage of any insulating medium that can
be presentinside the conductor wheniitis used in a bush-
ing in a transformer.

[0020] Further, according to the invention, the outer
terminal attachment part is provided with a second set
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of threaded holes, the end plug is provided with corre-
sponding holes for mounting the end plug onto the outer
terminal attachment part by means of screws inserted in
said holes and screwed into the second set of holes in
the outer terminal attachment part.

[0021] The end plug has also an additional set of holes
adapted to receive screws for mounting an outer terminal
contact.

[0022] According to the invention is also defined a high
voltage bushing comprising a hollow conductor, charac-
terized in that it comprises a draw rod arrangement ac-
cording to any one of the claims related to a draw rod
arrangement.

[0023] The high voltage bushing may be character-
ized in that the combined mounting device is connected
to the hollow conductor by being welded inside one end
of the conductor of the bushing.

[0024] Alternatively, the high voltage bushing may be
characterized in that the combined mounting device is
connected to the hollow conductor by being screwed in-
side one end of the conductor of the bushing. In that case
there is no need for welding.

[0025] Finally, according to the invention is defined a
high voltage device comprising a bushing as defined in
any one of the claims related to a bushing.

Brief description of the drawings

[0026] The present invention will now be described
with reference to the enclosed drawings, illustrating an
embodiment of the invention, by way of example only,
and in which

Fig. 1 illustrates schematically, in cross section, a
high voltage bushing according to prior art, and
Fig. 2 illustrates schematically, in cross section, a
draw rod arrangement according to the present in-
vention.

Detailed description of the invention

[0027] In this description, the term "high voltage" (HV)
will be used for voltages of 50 kV and higher. The present
upper limit for commercial high voltage is 1100 kV, but it
is foreseen that the invention can be used also for higher
voltages, up to 1200 kV or even more. Generally, the
present invention will find its applicability from about 200
kV and upwards.

[0028] An embodiment of a draw rod arrangement ac-
cording to the presentinvention is shownin Fig. 2, mount-
ed in a conductor 38, for example in a high voltage bush-
ing (not shown). The arrangement comprises a draw rod
attachment part 31, and an outer terminal attachment
part32, combined as a one piece element, in the following
referred to as a combined mounting device 33. The draw
rod attachment part 31 will in the following be referred to
as the draw rod part, and the outer terminal attachment
part 32 will in the following be referred to as the terminal
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part. The draw rod part 31 has a first bottom part 34 with
abasic shape of a hollow cone, with the open cone bottom
directed towards the inner parts of the hollow conductor
38. The draw rod part 31 has a second upper part 36,
basically ring shaped with a central axial hole 40 through
which the draw rod 42 is inserted. In the upper part 36,
above the hole 40, there is an inner bore 44 with a diam-
eter that is larger than the diameter of the hole 40, and
this inner bore 44 extends also all the way through the
terminal part 32, in prolongation of the hole 40. The draw
rod 42 is mounted by means of a fastening arrangement,
such as a washer arrangement 46 or similar resting
against the bottom of the inner bore 44, and a nut 48
screwed onto the threaded top end of the draw rod.
[0029] The terminal part 32 of the draw rod arrange-
ment is essentially ring shaped with an inner bore 44 as
described above. In the upper end of the terminal part,
there are arranged threaded holes 50, adapted to coop-
erate with screws for mounting an outer terminal contact
(not shown).

[0030] In addition to the mounting device 33, the draw
rod arrangement comprises an end plug 52, inserted in
the open end of the conductor 38, and covering the
mounting device 33. The end plug is mounted to the up-
per end of the terminal part 32 by means of screws 54
inserted in wholes 56 in the end plug and screwed into
corresponding threaded holes 58 arranged in the upper
part of the terminal part 32.

[0031] One function of the end plug is to seal off the
inside of the conductor with the draw rod arrangement
from the outside. In order to complete this sealing, the
draw rod arrangement also comprises at least one seal-
ing 60 between the end plug 52 and the inside of the bore
44. This sealing ensures that the inside of the conductor
is sealed off from the outside of the conductor. For ex-
ample, when the draw rod arrangement is mounted in a
conductor in a transformer, the conductor is generally
open to the cooling medium inside the transformer, nor-
mally oil, and it is very important that oil cannot leak out
through the end of the conductor, to the outside. The seal
can be provided by means of an annular sealing, such
as an O-ring, mounted in a groove provided in a part of
the end plug 52 that extends down into the inner bore 44
of the terminal part 32, or alternatively the groove can be
provided in the wall of the bore. Naturally, there may be
variants and alternative locations for the sealing, e.g. pro-
visions for more than one sealing. It should also be men-
tioned that there may be applications where the end plug
and its sealing function is not needed.

[0032] In order for an outer terminal contact to be
mounted at the end of the conductor, and screwed into
the mounting holes 50 of the terminal part 32, as de-
scribed above, the end plug must also have correspond-
ing holes 51 for the screws to pass through. It may also
be mentioned that, instead of fastening an outer terminal
contact in the terminal part 32, an intermediate part may
be arranged externally of the end plug and the outer ter-
minal may be attached to this part.
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[0033] The mounting device can either be screwed into
the end of the conductor or welded. In the case of screw-
ing, the mounting device is provided with external threads
59 for cooperation with corresponding internal threads in
the wall of the end of the conductor. An additional sealing
must then be provided between the inside of the conduc-
tor and the draw rod arrangement. An example of this is
illustrated in Fig. 2, where a sealing 62 is shown. This
sealing is located in a groove provided between the end
plug 52 and the terminal part 32. The sealing has an
annular shape, e.g. an O-ring, and is compressed so that
it fills the groove all the way out to the conductor wall.
Naturally there may be more than one sealing, if neces-
sary. Also alternative locations are possible for this seal-
ing, as long as it performs sealing between the inside of
the conductor and the outside of the draw rod arrange-
ment.

[0034] The described draw rod arrangement may be
used in a bushing both for DC and AC applications.
[0035] In the illustrative embodiment, it has been indi-
cated that a transformer may be a high voltage device in
which the inventive draw rod arrangement and high volt-
age bushing are used. However, it is emphasized that
the inventive draw rod arrangement and high voltage
bushing may also be used with other types of high voltage
devices, such as reactors, breakers, generators, switch-
gear or any other suitable device finding an application
in high voltage systems. Further, the terms electric device
and high voltage device should also be interpreted as
including cables, buses, surge arrestors, DC valves etc.,
within the context of the present invention.

[0036] When the inventive draw rod arrangement and
bushing is used in a transformer, oil is used as insulating
medium inside the transformer and on the other side of
the bushing the medium is air, for example in a HVDC
valve hall. This type of bushing is generally referred to
as an air-oil or air-liquid bushing. However, as indicated
above, the draw rod arrangement and bushing according
to the invention is suitable for use in many electric devic-
es, irrespective of the media on the respective sides of
the bushing, such as air-air (wall bushing), air-gas (gas
switchgear), etc. It should also be mentioned that the
present invention bears no restriction as to the choice of
insulation medium inside the bushing. It may for example
be gas, oil, gel, or combinations thereof.

[0037] The present invention is not limited to the de-
scribed embodiment, given as example only, but may be
varied and modified in many ways within the scope of
the appended claims, as will be realized by a person
skilled in the art.

Claims

1. Draw rod arrangement for a hollow conductor (38)
in a high voltage bushing, comprising a draw rod
attachment part (31) and an outer terminal attach-
ment part (32), wherein the draw rod attachment part
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and the outer terminal attachment part are made in
one piece forming a combined mounting device (33).

Draw rod arrangement according to claim 2, char-
acterized in that the draw rod attachment part (31)
of the mounting device is provided with an axial hole
(40), through which an end of a draw rod (42) is in-
serted, that in the axial prolongation of the hole there
is an inner bore (44) with a larger diameter than the
hole and into which bore a threaded end of the draw
rod (42) extends, and that the draw rod is mounted
by means of a fastening arrangement (46, 48) in the
inner bore.

Draw rod arrangement according to claim 2, char-
acterized in that the innerbore (44) extends through
the outer terminal attachment part (32).

Draw rod arrangement according to any one of the
preceding claims, characterized in that the outer
terminal attachment part (32) is provided with thread-
ed holes (50) adapted to receive screws for mounting
an outer terminal contact.

Draw rod arrangement according to any one of the
preceding claims, characterized in that it compris-
es atleastone sealingmeans (62) arranged between
the conductor (38) and the combined mounting de-
vice (33).

Draw rod arrangement according to any one of the
preceding claims, characterized in that it compris-
es an end plug (52) for mounting over the combined
mounting device (33), inside an open end of the con-
ductor (38).

Draw rod arrangement according to any one of
claims claim 6, characterized in that it comprises
at least one sealing means (60) arranged between
the inner bore (44) and a part of the end plug (52)
that extends down into the inner bore.

Draw rod arrangement according to claim 7, char-
acterized in that the outer terminal attachment part
(32) is provided with a second set of threaded holes
(58), that the end plug (52) is provided with corre-
sponding holes (56) for mounting the end plug onto
the outer terminal attachment part by means of
screws (54) inserted in said holes (56) and screwed
into the second set of holes (58) in the outer terminal
attachment part.

Draw rod arrangement according to claim 7 or 8,
characterized in that the end plug (52) has an ad-
ditional set of holes (51) adapted to receive screws
for mounting an outer terminal contact.

10. High voltage bushing comprising a hollow conductor,
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11.

12.

13.

characterized in that it comprises a draw rod ar-
rangement according to any one of claims 1-9.

High voltage bushing according to claim 10, char-
acterized in that the combined mounting device
(33) is connected to the hollow conductor (38) by
being welded inside one end of the conductor of the
bushing.

High voltage bushing according to claim 10, char-
acterized in that the combined mounting device
(33) is connected to the hollow conductor (38) by
being screwed inside one end of the conductor of
the bushing.

High voltage device comprising a bushing as defined
in any one of claims 10-11.
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