EP 4 567 838 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 4 567 838 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
11.06.2025 Bulletin 2025/24

(21) Application number: 23215294.2

(22) Date of filing: 08.12.2023

(51) International Patent Classification (IPC):

HO1B 7/42 (2006.01) HO01B 17/28 (2006.01)

HO1B 17/54 (2006.01)

(52) Cooperative Patent Classification (CPC):

HO01B 7/42; HO1B 17/28; HO1B 17/54

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILT LU LV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(71) Applicant: ABB SCHWEIZ AG
5400 Baden (CH)

(72) Inventors:

* JAVORA, Radek

664 62 Hrusovany u Brna (CZ)
* PAVLAS, Marek

683 54 Otnice (CZ)

(74) Representative: Maiwald GmbH

Engineering
Elisenhof
Elisenstrasse 3
80335 Miinchen (DE)

(54) BUSHING FOR MEDIUM OR HIGH VOLTAGE APPLICATIONS AND METHOD FOR

MANUFACTURING THE BUSHING

(57)  The presentinvention relates to a bushing (1) for
medium or high voltage switching devices. The bushing
(10) comprises a tubular housing (4), wherein a primary
conductor (36) for conducting electric currentand voltage
is provided, axially extending between two axial ends of
the housing (4), wherein the housing (4) is filled with an
insulation material. The housing (4) is formed from at

least two outer shell parts (8, 12) defining a closed inter-
nal space (28), comprising at one axial end a first opening
(16) for filling the insulation material into the housing (4)
and a second opening (20) for degassing the housing (4).
A measuring equipment (40) is provided inside the hous-
ing (4) surrounding the primary conductor (36).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a bushing for
medium or high voltage switching devices. The invention
further relates to a method for manufacturing a bushing.

BACKGROUND OF THE INVENTION

[0002] Traditionally, electric power bushings have
been made of an electric insulating part formed by a
thermosetting resin, such as epoxy, molded around an
electrical conductor. The purpose of the insulation has
been to prevent electric discharges between the conduc-
tor and the wall of a container through which the bushing
protrudes. The thermosetting resin has been provided
with a sufficiently high thickness to provide a satisfactory
functionality in this respect. However, molding thick solid
bodies of thermosetting material is a costly process, and
alternatives have been searched for.

[0003] PriorartEP 2276 041 B1 discloses a device for
electric connection to an energy supply conductor for
medium or high voltage. The device comprises a housing
shell part with a voltage-carrying element, extending in
the axial direction of the housing shell. From one opened
side of the housing shell part an insulation material is
filled inside the housing shell part. In the region where the
device is mounting to a wall of a container a shielding
element is provided inside the housing shell part sur-
rounding the energy supply conductor for shielding the
wall against the electrical field generated by the energy
supply conductor.

SUMMARY OF THE INVENTION

[0004] The problem to be solved by the present inven-
tion is to provide a bushing for medium or high voltage
switching devices, which can be manufactured more
economically, and which has a high functionality.
[0005] The problem is solved by a bushing for medium
or high voltage switching devices having the features of
claim 1. Further, the problem is solved by a method for
manufacturing such a bushing having the features of
claim 10. Preferred embodiments of the invention are
specified in the dependent claims.

[0006] According to the invention a bushing for med-
ium or high voltage switching devices is proposed. The
bushing comprises a tubular housing, wherein a primary
conductor for conducting electric current and voltage is
provided, axially extending between two axial ends of the
housing. The housing is filled with an insulation material.
Further, the housing is formed from at least two outer
shell parts defining a closed internal space, comprising at
one axial end a first opening for filling the insulation
material into the housing and a second opening for
degassing the housing, wherein a measuring equipment
is provided inside the housing surrounding the primary
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conductor.

[0007] The tubular housing thereby comprises a long-
itudinal shape. Inside the housing the primary conductor
is arranged extending in the direction of the longitudinal
housing. For electrically insulating the primary conductor
to an external surface of the housing the insulating ma-
terial is provided between the conductor and the housing.
To enable a complete filling of the housing the firstand the
second opening preferably are provided at an outermost
axial end of the housing. Both openings thereby are
provided on the same axial end. The size of the openings
is dimensioned to just enable the filling and the degassing
of the housing. Accordingly, the openings can be pro-
vided as e.g. drilling holes. Preferably, after filling the
insulation material into the housing the openings can be
closed by a cap.

[0008] By providing outer shell parts which are filled
with insulation material a perfect surface quality of the
bushing can be guaranteed. In contrast to bushings
which are molded in an external form, the scrap rate of
bushings having an imperfect surface quality can be
significantly decreased. The bushings therefore can be
produced more economically. Further, by providing mea-
suring equipment inside the housing, no external mea-
suring equipment is necessary, so that the bushing has a
high functionality.

[0009] In a preferred embodiment of the invention, the
measuring equipment comprises a voltage sensor and/or
a current sensor and/or a voltage indicator device. By the
usage of a voltage sensor respectively a current sensor
the voltage and the current of the primary conductor can
be measured. By additionally providing a voltage indica-
tordevice itis possible to provide a simple device whichin
case of failure of the voltage sensor indicates that voltage
is presentin the primary conductor. The voltage indicator
therefore is a safety measure to re-check the results of
the voltage sensor and to protect a user. A handling
safety of the bushing thereby is increased.

[0010] In a further preferred embodiment, the voltage
sensor comprises an electrode element surrounding the
primary conductor and a shielding element surrounding
the electrode element. In other words, the shielding
electrode is provided at an outer circumference of the
electrode element. The shielding electrode thereby pro-
tects the electrode element from radiation from outside of
the bushing. As this radiation would influence the voltage
measurement, by providing the shielding electrode the
accuracy of the voltage measurement can be improved.
[0011] Preferably, at least one shell part is forming a
truncated cone structure. In other words, the diameter of
the shell part decreases in the direction of the axial end of
the respective shell part. This design has the advantage
that the shell parts can be easily manufactured by plastic
molding. Further, the risk of remaining bubbles in corner
regionsis decreased, so that the scrap rate due to electric
discharges is reduced. The bushing therefore can be
manufactured more economically.

[0012] In a further advantageous development, the
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shell parts are made of different materials. During use of
the bushing, both shell parts are usually provided to
different outer conditions. In particular, the second shell
part is provided inside a switching device which is filled
with an insulation gas like sulfur hexafluoride (SFg). In
contrast thereto, the first shell part usually is provided to
ambient air. By using different materials for both shell
parts these materials can be chosen which suits best for
the specific environment. For the second shell part pre-
ferably, a material is chosen having a higher resistance to
hydrolysis, whereas for the first shell part a material is
chosen, which is compatible to environment gas.
[0013] In a preferred embodiment, at least one shell
part is made of a thermoplastic or thermoset material.
Usage of thermoset material has the advantage that this
material has a high heat resistance and a high structural
integrity. In particular, thermoset material retains their
strength and shape even when heated. Further, this
material also has a high dielectric strength and resistance
to corrosion effects and water. Apart from this this ma-
terial also has a low price. In contrast thereto, although
the temperature resistance of thermoplastic is lower than
for thermoset material, the thermoplastic material has a
high electrical insulation and can be remoulded or re-
shaped. Further, this material also has a low price.
[0014] A preferred embodiment specifies that the in-
sulation material is made, at least partly of a thermoplas-
tic, thermoset or gaseous material. By using such a
material, a high insulation resistance can be achieved.
In a further preferred embodiment, the insulation material
is a silicon-based material. Also, with this material a high
insulation resistance can be achieved.

[0015] Preferably, inner surfaces of the shell parts are
sandblasted. by providing a sandblasted inner surface of
the shell parts adhesion between the insulation material
and the inner surface can be improved. By such an inner
surface it can be prevented that due to shrinkage during
the curing process the insulation material separates from
the innerwalls. The scrap rate of bushings thereby can be
decreased so that the bushing can be manufactured
more economically.

[0016] In an advantageous embodiment, inner sur-
faces of the shell parts are covered by a material improv-
ing an adhesion between the filling material and the shell
parts. Also, by covering the inner surface with an addi-
tional material it can be prevented that the insulation
material separates to the inner surface. Accordingly, also
with such an inner surface the scrap rate of bushings can
be decreased. Therefore, the bushing can be produced
more economically.

[0017] The problem is further solved by a method for
manufacturing a bushing. The method comprises the
steps of producing both shell parts, insertion of the pri-
mary conductor into one of the shell parts, assembling the
measuring equipment into at least one of the shell parts,
and connecting both shell parts to each other. In further
steps, the insulation material is filled into the housing
through the first opening, and the insulation material is
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cured in the housing. With these steps, a bushing is
achieved having a high surface quality. Further, the scrap
rate of such a method is low, so that the bushing can be
manufactured more economically. Apart from this, the
above-mentioned advantages and effects are achieved.
[0018] In a preferred embodiment, inner surfaces of
the shell parts are treated by sandblasting. With this
method step the adhesion between the insulation mate-
rial and the inner surface is improved. Accordingly, with
this method step the effect and advantages described
above are achieved.

[0019] Advantageously, inner surfaces of the shell
parts are covered by a material improving an adhesion
between the insulation material and the shell parts. Ac-
cordingly, with this method step the effect and advan-
tages described above are achieved.

[0020] In a further advantage embodiment, after filling
of the insulation material into the housing a degassing
step is performed under vacuum conditions. By conduct-
ing the degassing step under vacuum conditions, the
bubbles in the insulation material can be extracted more
efficiently. Thereby, the insulation between the primary
conductor and an outside of the bushing is improved. The
scrap rate of bushings due to electric discharges can be
significantly reduced. Accordingly, with this method step
the bushing can be manufactured more economically.
[0021] The above aspects and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The subject matter of the Invention will be ex-
plained in more details in the following description illu-
strated in the drawings, in which:

Figure 1  Longitudinal section view of a bushing ac-
cording to an embodiment of the present in-
vention, and

Embodiment of the method for manufactur-
ing the bushing according to the present in-
vention.

Figure 2

[0023] Figure 1 shows a longitudinal section view of a
bushing 1 according to an embodiment of the present
invention. The bushing 1 comprises a tubular housing 4,
which is formed from two outer shell parts 8, 12. In this
embodiment both outer shell parts 8, 12 are formed as a
truncated cone. At an axial end of the second outer shell
part 12, a first opening 16 is formed from which the
housing 4 can be filled with an insulation material.
Further, at the same axial end, a second opening 20 is
provided in the second outer shell part 12. Atan axial side
of the second outer shell part 12, opposing the axial end
of the second outer shell part 12, a flange portion 24 is
formed. The flange portion 24 is pointing in the direction
of the second outer shell part 12. With the flange portion
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24 the housing can be mounted to a wall of a switching
device.

[0024] In order, to ensure good visibility of the internal
space 28 of the housing 4, the insulation material filled in
the housing 4 is omitted. To provide a good adhesion
between the shell parts 8, 12 and the insulation material
an inner surface 32 of the shell parts 8, 12 can be
sandblasted or covered with an additional material im-
proving the adhesion. In the housing 4, a primary con-
ductor 36 is arranged extending between both axial ends
of the housing 4. With the primary conductor 36 electric
current and voltage is conducted from one to the other
axial side. In the middle of the housing 4 measuring
equipment 40 is arranged, surrounding the primary con-
ductor 36. In this embodiment, the measuring equipment
40 comprises a voltage indicator device 44 for detecting
whether voltage is present in the primary conductor 36.
The voltage indicator 44 thereby is formed as a hollow
cylinder extending in an axial direction of the primary
conductor 36.

[0025] Close to an end of the voltage indicator 44, a
voltage sensor 48 is provided for measuring the voltage
of the primary conductor 36. The voltage sensor 48
comprises an electrode element 50 formed as a hollow
cylinder and extending in an axial direction of the primary
conductor 36. The voltage sensor 48 further comprises a
shielding electrode 52 surrounding the electrode element
50 and protecting the electrode element 50 against ex-
ternal radiation disturbing the voltage measurement. The
measuring equipment 40 further comprises a shielded
current sensor 56 surrounding the primary conductor 36.
With this sensor 56 the current of the primary conductor
36 is measurable.

[0026] Figure 2 shows an embodiment of a method for
manufacturing the bushing 1 according to the present
invention. In a first step A of the method the shell parts 8,
12 are produced via a plastic moulding procedure. Both
shell parts 8, 12 thereby can be made of the same or a
different material. In a second step B, the inner surface 32
of the shell parts 8, 12 is treated by sandblasting. Instead
of sandblasting the inner surface 32 also can be covered
by an additional material improving adhesion of the in-
sulation material. In a next step C, the primary conductor
36 is inserted into one of the shell parts 8, 12. After this
step, the measuring equipment 40 is assembled D to the
at least one shell part 8, 12.

[0027] Aftereverythingis properly arranged in the shell
part 8, 12, the remaining shell part 8, 12 is mechanically
connected E to this shell part 8, 12. Both shell parts 8, 12
thereby can be glued together. In a next step F, an
insulation material introducing device (not shown) is
connected to the first opening 16, and the housing 4 is
filled by the insulation material. The remaining air in the
housing 4 or in the insulation material is degassed
through the second opening 20. To reduce remaining
bubbles in the insulation material, the bushing 1 is put
into a vacuum chamber to generate vacuum condition G
to the bushing 1. Under vacuum condition the remaining
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bubbles in the insulation material can be extracted more
easily. After this step, the insulation material in the hous-
ing 4 is cured H. This can be done at ambient tempera-
tures or in an oven. Whether the insulation material is
cured in the oven or at ambient temperatures depends
which insulation material is used and on the available
time for the curing process.

List of reference numbers

[0028]
1 bushing
4 housing

8 first shell part

12  second shell part

16 first opening

20 second opening

24  flange portion

28 Internal space

32  inner surface

36  primary conductor

40 measuring equipment
44  voltage indicator device
48  voltage sensor

50 electrode element
52  shielding electrode
56  current sensor

A step

B step

C step

D step

E step

F step

G step

H step

Claims

1. A bushing (1) for medium or high voltage switching
devices, comprising a tubular housing (4), wherein a
primary conductor (36) for conducting electric cur-
rent and voltage is provided, axially extending be-
tween two axial ends of the housing (4), wherein the
housing (4) is filled with an insulation material, char-
acterized in that
the housing (4) is formed from at least two outer shell
parts (8, 12) defining a closed internal space (28),
comprising at one axial end a first opening (16) for
filling the insulation material into the housing (4) and
a second opening (20) for degassing the housing (4),
wherein a measuring equipment (40) is provided
inside the housing (4) surrounding the primary con-
ductor (36).

2. Bushing (1) according to claim 1, characterized in
that the measuring equipment (40) comprises a
voltage sensor (48) and/or a current sensor (56)
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and/or a voltage indicator device (44).

Bushing (1) according to claim 2, characterized in
that the voltage sensor (48) comprises an electrode
element (50) surrounding the primary conductor (36)
and a shielding element (52) surrounding the elec-
trode element (50).

Bushing (1) according to one of the preceding
claims, characterized in that at least one shell part
(8, 12) is forming a truncated cone structure.

Bushing according to one of the preceding claims,
characterized in that the shell parts (8, 12) are
made of different materials.

Bushing (1) according to one of the preceding
claims, characterized in that at least one shell part
(8, 12) is made of a thermoplastic or thermoset
material.

Bushing (1) according to one of the preceding
claims, characterized in that the insulation material
is made, at least partly of a thermoplastic, thermoset
or gaseous material.

Bushing (1) according to one of the preceding
claims, characterized in that inner surfaces (32)
of the shell parts (8, 12) are sandblasted.

Bushing (1) according to one of the claims 1 to 7,
characterized in that inner surfaces (32) of the shell
parts (8, 12) are covered by a material improving an
adhesion between the insulation material and the
shell parts (8, 12).

Method for manufacturing a bushing (1) according to
one of the preceding claims, comprising the steps:

- Producing (A) both shell parts (8, 12),

- Insertion (C) of the primary conductor (36) into
one of the shell parts (8, 12),

- Assembling (D) the measuring equipment (40)
into at least one of the shell parts (8, 12),

- Connecting (E) both shell parts (8, 12) to each
other,

- Filling (F) the insulation material into the hous-
ing (4) through the first opening (16), and

- Curing (H) the insulation material in the hous-
ing (4).

Method according to claim 10, characterized in that
inner surfaces of the shell parts are treated (B) by
sandblasting.

Method according to claim 10, characterized in that
inner surfaces (32) of the shell parts (8, 12) are
covered (B) by a material improving an adhesion
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13.

between the filling material and the shell parts (8, 12).

Method according to claims 10 to 12, characterized
in that after filling of the insulation material into the
housing (4) a degassing step (G) is performed under
vacuum conditions.
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