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(54) HIGH VOLTAGE ASSEMBLY

(57) A high voltage assembly (2), especially a high
voltage transformer or a high voltage reactor, is proposed
comprising: a metal enclosure (4) containing an active
component and being connected to ground potential (3),
a high voltage bushing (50) comprising a high voltage
conductor (52), the high voltage bushing (50) passing
through an opening (6) of the metal enclosure (4). A field

forming jacket (8) is arranged inside the metal enclosure

(4) toreceive at least partly the high voltage bushing (50).

The field forming jacket (8) is configured to provide an
insulation gap (22) between an inner surface (14) of the
field forming jacket (8) and an outer surface (58) of the
high voltage bushing (50). The field forming jacket (8)
comprises a field forming layer (18) with a first electrical
connection (34) to the ground potential (3) and a second
electrical connection (40) to a high voltage potential of
the high voltage conductor (52).
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Description
Field of the invention

[0001] The presentinvention relates to a high voltage
assembly according to the preamble of claim 1.

Background

[0002] Known high voltage assemblies comprise a
high voltage bushing with a bushing body surrounding a
high voltage conductor and containing a paper insulation.
An outer side of the bushing body is coated at least in a
region with a coating forming a coating layer. The coating
layer has a greater electrical conductivity than the bush-
ing body. For example US 2013/0240249 A1 shows such
a high voltage bushing.

[0003] Moreover, sophisticated barrier systems which
are arranged inside a high voltage assembly are known
to reduce space between elements of the high voltage
assembly by controlling the electrostatic field. These bar-
rier systems comprise several layers of transformerboard
barriers.

Summary

[0004] In view of the prior art, it is an object of the
present disclosure to improve the arrangement of a high
voltage bushing at high voltage assembly.

[0005] Therefore it is proposed a high voltage assem-
bly which comprises a metal enclosure containing an ac-
tive componentand being connected to ground potential,
a high voltage bushing comprising a high voltage con-
ductor, the high voltage bushing passing through an
opening of the metal enclosure. A field forming jacket is
arranged inside the metal enclosure to receive at least
partly the high voltage bushing. The field forming jacket
is configured to provide an insulation gap between an
inner surface of the field forming jacket and an outer sur-
face of the high voltage bushing. The field forming jacket
comprises a field forming layer with a first electrical con-
nection to the ground potential and a second electrical
connection to a high voltage potential of the high voltage
conductor.

[0006] The field forming layer provides that the electric
potential distribution is homogenized already in the insu-
lation gap and beyond.

[0007] Moreover, abarrier system arranged in the met-
al enclosure is mechanically protected when connecting
the high voltage bushing to the high voltage assembly.
As the barrier system is protected from being damaged
loosening of cellulose material is prevented. Therefore
the probability of a respective malfunction of the high
voltage assembly is reduced.

[0008] The field forming jacket therefore simplifies the
construction of a barrier system and simultaneously im-
proves the assembly of the high voltage bushing at con-
struction site. Moreover, the proposed field forming jacket
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may replace a barrier system. By reducing the complexity
of or even replacing the barrier system the production
costs for the whole high voltage assembly are reduced.
[0009] The high voltage assembly is therefore suitable
for high voltage direct current, HVDC, applications. But
even in a test environment with alternating current or
lightning impulse voltages the proposed field forming
jacket enables the high voltage assembly to resist the
resulting electrical stresses.

[0010] In an advantageous embodiment the first elec-
trical connection between the field forming layer and
ground potential comprises a disconnecting device for
disconnecting the field forming layer from ground poten-
tial. This enables to establish a diagnosis, especially tan-
gent delta measurements of the high voltage bushing,
without the influence of the field forming jacket. Therefore
the health of the insulation material inside the high volt-
age bushing can be evaluated.

[0011] Inanadvantageous embodiment the field form-
ing jacket comprises a support layer on which the field
forming layer is arranged, wherein the support layer is
made of a non-hygroscopic material. The support layer
therefore simplifies handling and processing. This
means, that there is no need to dry the material like it
would be necessary with hygroscopic material like cellu-
lose.

[0012] Inanadvantageous embodiment electrically in-
sulating spacer elements are arranged between the high
voltage bushing and the field forming jacket. The spacer
elements advantageously provide the insulation gap and
simultaneously provide a protection against a mechani-
cal damage when mounting the high voltage bushing.
[0013] Inanadvantageous embodiment the field form-
ing layer is arranged on an outer surface of the field form-
ingjacket. Amechanical damage of the field forming layer
when mounting the high voltage bushing is therefore pre-
vented.

[0014] Inanadvantageous embodiment the field form-
ing layer is arranged on the inner surface of the field
forming jacket.

[0015] In an advantageous embodiment the insulation
gap is connected to an interior space of the metal enclo-
sure for an exchange of an insulation fluid.

[0016] In an advantageous embodiment the insulation
fluid is arranged in the insulation gap, wherein an elec-
trical conductivity of the field forming layer is greater than
an electrical conductivity of the insulation fluid.

[0017] In an advantageous embodiment the electrical
conductivity of the field forming layer is greater than an
electrical conductivity of the outer surface of the high volt-
age bushing.

Brief description of the figures
[0018]

show a schematic sectional view of a
high voltage assembly, respectively.

Figures 1to 3
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Description of the embodiments

[0019] Figure 1 shows a schematic sectional view of a
high voltage assembly 2. The high voltage assembly 2
may be a high voltage transformer or a high voltage re-
actor like a series reactor, a shuntreactor or a smoothing
reactor. The high voltage assembly 2 comprises an active
component not shown, wherein the active component
comprises for example a transformer core and transform-
er windings. The high voltage assembly 2 comprises a
metal enclosure 4 which is filled with an insulation fluid
like transformer oil in an operational state of the high
voltage assembly 2. The metal enclosure 4 is connected
to ground potential 3. In figure 1 it is shown the high volt-
age assembly 2 in a state during assembly without a high
voltage bushing received in an opening 6 of the metal
enclosure 4.

[0020] A conically-shaped field forming jacket 8 ex-
tends along a central axis 10 and is essentially rotation-
ally symmetric to the central axis 10. An inner surface 14
is arranged with respect to the opening 6 such that it is
formed a receiving chamber 12 for receiving at least a
part of the high voltage bushing. The field forming jacket
8 comprises a support layer 16 preferably of insulating,
non-hygroscopic material and a field forming layer 18.
Both the support layer 16 as also the field forming layer
18 extend along the conically tapering form of the field
forming jacket 8. The support layer 16 may be made of
fiber reinforced epoxy resin or other suitable non-hygro-
scopic material.

[0021] The field forming layer 18 provides an electrical
conductivity greater than an electrical conductivity of the
insulation fluid surrounding the field forming jacket 8 and
could be a slightly conducting varnish. Moreover, the field
forming layer 18 provides the electrical conductivity
greater than an electrical conductivity of an outer surface
of the high voltage bushing. The electric resistivity of the
field forming layer 18 is equal to or smaller than 1*1010
Ohm * m. Moreover, the field forming layer 18 provides
the electrical conductivity greater than an electrical con-
ductivity of the support layer 16.

[0022] The field forming jacket 8 comprises insulating
spacer elements 20 arranged at the inner surface 14 of
the field forming jacket 20. The spacer elements 20 are
schematically shown and provide an insulation gap 22.
The spacer elements 20 are arranged in two planes 24,
26, each perpendicular to the central axis 10 and being
spaced apart to receive at least a part of an outer surface
of the high voltage bushing. In a preferred embodiment
there are arranged three spacer elements 20 in one of
the planes 24, 26.

[0023] At an inner end of the field forming jacket 8 a
contact element 28 is arranged to electrically contact a
high voltage conductor of the high voltage bushing. The
contact element 28 is electrically contacted to a high volt-
age conductor 30 which is electrically connected to the
active component of the high voltage assembly 2. The
contact element 28 is preferably configured to provide a

10

15

20

25

30

35

40

45

50

55

detachable electrical connection. The connector element
28 is arranged inside the field forming jacket 8.

[0024] A first ring-shaped conducting layer 32 is ar-
ranged at a first end of the jacket 8 and is electrically
connected to the field forming layer 18, wherein the first
end is arranged in the direction of the opening 6. The first
ring-shaped conducting layer 32 is electrically connected
via a first connection 34 to ground potential 3. This con-
nection to ground potential 3 can be established by con-
necting the first connection 34 to the inner surface of the
metal enclosure 4.

[0025] Preferably, the first connection 34 to ground po-
tential 3 can be opened for a diagnosis of the high voltage
bushing via a disconnecting device 36. The disconnect-
ing device 36 may be implemented as a screw plug for
electrically connecting and disconnecting the first con-
nection 34 to the metal enclosure 4 and therefore to
ground potential 3. The disconnecting device 36 is placed
outside the metal enclosure 4, wherein the first connec-
tion 34 is guided through an insulated and closed opening
35.

[0026] A second ring-shaped conducting layer 38 is
arranged ata second end of the jacket 8 and s electrically
connected to the field forming layer 18, wherein the sec-
ond end is arranged remote from the opening 6. The sec-
ond ring-shaped conducting layer 38 is electrically con-
nected via a second connection 40 to the contact element
28.

[0027] The conducting layers 32 and 24 may comprise
a conducting paint like a silverpaint or a carbon paint. In
a further embodiment the conductive layers 32 and 34
comprise a conductive foil like a metal foil or carbonized
paper.

[0028] Therefore the field forming jacket 8 comprises
the field forming layer 8 with the first connection 34 to
the ground potential 3 and the second connection 40 to
a high voltage potential of the high voltage conductor of
the high voltage bushing.

[0029] The field forming layer 18 is shown to be ar-
ranged at an outer surface of the field forming jacket 8.
Of course the field forming layer 18 can be also arranged
at the inner surface 14 of the jacket 8 or even inside two
support layers. In a further embodiment the field forming
jacket comprises a first field forming layer 18 on the inner
surface 14 of the jacket 8 and a second field forming layer
18 on the outer surface of the jacket 8.

[0030] The field forming jacket 8 is surrounded by a
barrier system 42 comprising single barrier elements 44
extending rotationally symmetric to the central axis 10.
Of course the barrier elements 44 may be arranged in
another way. The barrier system 42 serves to build chan-
nels for the insulation fluid and helps to reduce distances
between the components of the high voltage assembly
2 by reducing leakage inductances. The field forming
jacket 8 helps to reduce the complexity of the barrier sys-
tem 42 and may supersede a respective barrier system
42.

[0031] The opening 6 is arranged in a plane 7, wherein
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the plane 7 is inclined with respect to a horizontal xy-
plane and with respect to a vertical yz-plane. Therefore
the high voltage bushing has to be guided along the cen-
tral axis 10 to be arranged inside the receiving chamber
12. Especially for large transformers the high voltage
bushing is mounted on site. On site cranes are able to
essentially move the high voltage bushing along a vertical
axis or in a horizontal plane. This implies that mounting
the high voltage bushing along the central axis 10 be-
comes difficult. The proposed field forming jacket 18 pro-
tects further elements inside the high voltage assembly
2 from being damaged. Of course the opening 6 can be
also arranged in an essentially horizontal xy-plane or an
essentially vertical yz-plane or xy-plane.

[0032] Figure 2 shows a schematic sectional view of
the high voltage assembly 2 with the high voltage bushing
50 received in the high voltage assembly 2. The high
voltage conductor 52 is electrically connected to the con-
tact 28. A flange 56 establishes the mechanical connec-
tion of the high voltage bushing 50 to the metal enclosure
4.

[0033] The high voltage bushing 50 comprises the high
voltage conductor 52 which extends along the central
axis 10. The high voltage conductor 52 is surrounded by
field guiding elements 54, wherein the field guiding ele-
ments 54 are arranged in an insulating material. There-
fore the high voltage bushing 50 can be referred to as a
condenser bushing.

[0034] The insulating gap 22 is arranged between the
inner surface 14 and the outer surface 58 of the high
voltage bushing 50. The spacer elements 20 are circum-
ferentially spaced apart to establish an exchange of in-
sulation fluid in the insulation gap 22. According to the
embodiment shown an exchange of insulation fluid is
possible between an interior space 60 of the metal en-
closure 4 and the insulation gap 22. The arrows 62 and
64 indicate this insulation fluid exchange.

[0035] In anembodiment not shown the insulating gap
22 is hermetically separated from the interior space 60
of the metal enclosure 4 and is filled with a further insu-
lation fluid.

[0036] Thefieldformingjacket8is shownwithaconical
shape and an essentially constant distance to the outer
surface 58 of the high voltage bushing 50. Of course, the
field forming jacket 8 does not have to follow this con-
straint and may be of cylindrical or other tubular shape
with a varying distance between the outer surface 58 and
the inner surface 14.

[0037] Figure 3 shows a schematic sectional view of
the high voltage assembly 2 with the high voltage bushing
50 received in the high voltage assembly 2. The lines 66
of the electric potential are influenced by the field forming
layer 18 of the field forming jacket 8 such that the electric
potential according to the lines 66 is homogenized. This
homogenization of the electric field results in a better
utilization of the insulation material and thus the possi-
bility to reduce required space and volume. Additionally,
if barriers are required in the field space, complexity of
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those barriers can be largely reduced. The toroidal struc-
ture 68 is connected to high voltage for an experimental
setup.

Claims

1. A high voltage assembly (2), especially a high volt-
age transformer or a high voltage reactor, compris-

ing:

- ametal enclosure (4) containing an active com-
ponent and being connected to ground potential
3),

- a high voltage bushing (50) comprising a high
voltage conductor (52), the high voltage bushing
(50) passing through an opening (6) of the metal
enclosure (4),

the high voltage assembly (2) being characterized
in

- that afield forming jacket (8) is arranged inside
the metal enclosure (4) to receive at least partly
the high voltage bushing (50),

- that the field forming jacket (8) is configured
to provide an insulation gap (22) between an
inner surface (14) of the field forming jacket (8)
and an outer surface (58) of the high voltage
bushing (50), and

- that the field forming jacket (8) comprises a
field forming layer (18) with a first electrical con-
nection (34) to the ground potential (3) and a
second electrical connection (40) to a high volt-
age potential of the high voltage conductor (52).

2. The high voltage assembly (2) according to claim 1,
wherein the first electrical connection (34) between
the field forming layer (18) and ground potential (3)
comprises a disconnecting device (36) for discon-
necting the field forming layer (18) from ground po-
tential (3).

3. The high voltage assembly (2) according to claim 1
or 2, wherein the field forming jacket (18) comprises
a support layer (16) on which the field forming layer
(18) is arranged, and wherein the support layer (16)
is made of a non-hygroscopic material.

4. The high voltage assembly (2) according to one of
the preceding claims, wherein electrically insulating
spacer elements (20) are arranged between the high
voltage bushing (50) and the field forming jacket (8).

5. The high voltage assembly (2) according to one of
the preceding claims, wherein the field forming layer
(18) is arranged on an outer surface of the field form-
ing jacket (8).
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The high voltage assembly (2) according to one of
the claims 1 to 4, wherein the field forming layer (18)
is arranged on the inner surface (14) of the field form-
ing jacket (8).

5
The high voltage assembly (2) according to one of
the preceding claims, wherein the insulation gap (22)
is connected to an interior space (60) of the metal
enclosure (4) for an exchange of an insulation fluid.

10

The high voltage assembly (2) according to one of

the preceding claims, wherein the insulation fluid is
arranged in the insulation gap (22), and wherein an
electrical conductivity of the field forming layer (18)

is greater than an electrical conductivity of the insu- 75
lation fluid.

The high voltage assembly (2) according to one of

the preceding claims, wherein the electrical conduc-
tivity of the field forming layer (18) is greater than an 20
electrical conductivity of the outer surface (58) of the
high voltage bushing (50).
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