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(54) SOCKET WITH FIELD CONTROL UNIT

(57) A socket, connectable to a plug-in device,
wherein the plug-in device is a bushing and/or a plug-in
cable termination, is described. The socket includes a
current conduction path and a field control unit. The field

control unit includes a layer arrangement with at least
three conductive layers arranged around the current con-
duction path and separated by an insulating material
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Description

Field of the disclosure

[0001] The present disclosure generally relates to a
socket, connectable to a pluggable electrical bushing or
to a plug-in cable termination. Aspects relate to a system
including a socket according to embodiments of the
present disclosure and a bushing or a cable termination.

Technical background:

[0002] In power transmission and distribution, plugga-
ble bushings or plug-in cable terminations can enable a
separable electrical connection to an apparatus like a
transformer or a switchgear. Non-pluggable solutions of-
ten require a person to access the inside of the apparatus.
For example, installation of a bushing on a transformer
can require a person to access the inside of the trans-
former in order to connect the bushing conductor to the
transformer busbar. While this can be done with modest
efforts during transformer assembly in the factory, instal-
lation or replacement of bushings becomes a highly de-
manding process if it occurs in the field.
[0003] In particular, the level of oil has to be lowered
or the transformer has to be dried. Access to the connec-
tion of bushing conductor and transfer busbar has to be
arranged. Transportation of transformers from the factory
to the customer site is typically done with disassembled
bushings for safety reasons. Thus, the installation of
bushings is a very commonly occurring operation. Par-
ticularly in the case of bushings, use of a pluggable so-
lution vastly decreases the amount and complexity of op-
erations on site and can lower the risk of failure due to
mistakes during bushing installation. In this case, a bush-
ing is plugged into a socket installed permanently on the
casing of the apparatus.
[0004] The concept of pluggable connections is widely
used in gas-insulated switchgear and in cable termina-
tions. A pluggable solution introduces an interface be-
tween the pluggable part and a socket. Special care has
to be taken to assure appropriate dielectric performance
of the interface and of the whole assembly.
[0005] To mitigate the risk of dielectric interface failure,
a distribution of the electric stress along the interface
should be preferably uniform. Provision of an elevated
mechanical pressure on the interface may also be help
to enhance long-term performance and avoid dielectric
interface failure.
[0006] In case of pluggable bushings, a reduction of
device size and improvement of reliability may be
achieved by using fine-graded bushings, also known as
capacitance-graded bushings. In particular, these types
of bushings include a condenser core. Pluggable bush-
ings may be associated with an inhomogeneous distri-
bution of the electric field, particularly electric stress,
along the bushing-socket interface. Field inhomogeneity
requires the interface to be sufficiently long to maintain

electric stress within design rules. Particularly because
dielectric failure of dry interfaces is among the main fail-
ure modes, enough design margin has to be used.
[0007] It is therefore an object of the present disclosure
to overcome at least some of the above-mentioned prob-
lems in the prior art at least partially.

Summary of the disclosure

[0008] In view of the above, a socket is provided. The
socket is connectable to a plug-in device, wherein the
plug-in device is a bushing and/or a cable termination.
The socket includes a current conduction path and a field
control unit. The field control unit includes a layer ar-
rangement with at least three conductive layers arranged
around the current conduction path and separated by an
insulating material.
[0009] In embodiments, a system is provided, the sys-
tem including a socket according to embodiments de-
scribed in the present disclosure. The system further in-
cludes a plug-in device, wherein the plug-in device is a
bushing or a cable termination. The plug-in device in-
cludes a field control unit including a layer arrangement
with at least three conductive layers arranged around a
current conduction path of the plug-in device.
[0010] In embodiments, an apparatus is provided, in-
cluding a socket as described in the present disclosure.
The apparatus is a fluid-filled transformer or a gas-insu-
lated switchgear.
[0011] Further advantages, features, aspects and de-
tails that can be combined with embodiments described
herein are evident from the dependent claims, claim com-
binations, the description and the drawings.

Brief description of the Figures:

[0012] The details will be described in the following with
reference to the figures, wherein

Fig. 1 is a schematic cross-sectional view of a
socket according to embodiments of the
present disclosure;

Figs. 2a - 2b are schematic cross-sectional views of
a system including a socket and a bush-
ing, according to embodiments of the
present disclosure;

Fig. 3 shows a section of conductive layer ar-
rangements of a system according to
embodiments of the present disclosure;

Figs. 4a - 4b are schematic cross-sectional views of
a system including a socket and a cable
termination, according to embodiments
of the present disclosure; and

Fig. 5 is a schematic side view of an apparatus
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including a socket according to embod-
iments of the present disclosure.

Detailed description of the Figures and of embodiments:

[0013] Reference will now be made in detail to the var-
ious embodiments, one or more examples of which are
illustrated in each figure. Each example is provided by
way of explanation and is not meant as a limitation. For
example, features illustrated or described as part of one
embodiment can be used on or in conjunction with any
other embodiment to yield yet a further embodiment. It
is intended that the present disclosure includes such
modifications and variations.
[0014] Within the following description of the drawings,
the same reference numbers refer to the same or to sim-
ilar components. Generally, only the differences with re-
spect to the individual embodiments are described. Un-
less specified otherwise, the description of a part or as-
pect in one embodiment can be applied to a correspond-
ing part or aspect in another embodiment as well.
[0015] Fig. 1 is a schematic cross-sectional view of a
socket according to embodiments of the present disclo-
sure. The Socket 100 is connectable to a plug-in device.
The plug-in device is a bushing, particularly a pluggable
bushing, and/or a cable termination, particularly a plug-
in cable termination. The socket 100 includes a current
conduction path 102, particularly for providing an electri-
cal connection to an apparatus.
[0016] The socket 100 further includes a field control
unit including a layer arrangement 110 with at least three
conductive layers 112 arranged around the current con-
duction path 102. The conductive layers 112 are partic-
ularly field grading layers. The conductive layers 112 are
separated by an insulating material. In particular, the con-
ductive layer is a continuous or a perforated layer. The
conductive layer may be a partial layer, particularly a par-
tial metallization of an insulating film.
[0017] In embodiments, the conductive layers 112
have a substantially cylindrical shape. The conductive
layers may be are arranged concentrically around an axis
120 along the current conduction path 102. The axis 120
is particularly a central axis of the socket 100. The axis
120 may run parallel to a main direction of extension of
the socket 100.
[0018] Conventional sockets, particularly for pluggable
bushings, include only a field deflector. An advantage of
providing a socket with a field control unit as described
in the present disclosure is that a more uniform distribu-
tion, particularly a flat distribution, of electric stress along
the interface to the plug-in device may be achieved. The
risk of dielectric failure, particularly dielectric flashover
along the interface, may be reduced. Accordingly, relia-
bility and safety of the equipment can be improved. A
length of the interface may be decreased, particularly
without unduly increasing dielectric failure risk. A shorter
interface can reduce an amount of raw material required.
A higher production efficiency may be achieved. A short-

er interface may be associated with improved thermal
performance.
[0019] In embodiments, the conductive layers include
a polymer material. The polymer material may include a
conductive filler material. The conductive filler material
may include for example metallic particles and/or carbon.
The conductive filler material may include carbon-black.
In embodiments, the conductive layers include alumi-
num. In particular, the conductive layers may include alu-
minum foil or consist of aluminum foil.
[0020] In embodiments, at least one of the conductive
layers is formed by an electrode wound around the cur-
rent conduction path 102, particularly wound around the
axis 120 of the socket 100. In Fig. 1, four conductive
layers are shown, including an innermost layer 112a and
an outermost layer 112b.
[0021] In embodiments, the insulating material in-
cludes a thermoset resin, particularly an epoxy resin. The
insulating material may include an inorganic filler, the in-
organic filler particularly including silicone oxide or alu-
minum oxide.
[0022] In embodiments, the insulating material in-
cludes a polymer fiber mesh. The polymer fiber mesh
may be a fabric or it may be nonwoven. In embodiments,
the insulating material includes a cellulose material, par-
ticularly crepe paper. In embodiments, a polymer fiber
material or a paper is wound around the current conduc-
tion path. The conductive layers may be inserted be-
tween the layers of the polymer fiber material or the pa-
per.
[0023] In embodiments, the socket includes a connec-
tion surface 104 to be in contact with a surface of the
plug-in device. A distance between an edge of one of the
conductive layers and the connection surface may be
smaller than for example 15, 12, or 6 mm. In particular,
a distance between an edge of each of the conductive
layers and the connection surface may be smaller than
for example 15, 12 or 6 mm. A distance of an edge of
each of the conductive layers and the connection surface
may be larger than for example 1, 2 or 3 mm.
[0024] Generally, the connection surface may corre-
spond to an inner surface of a tapered geometric shape
having rotational symmetry, particularly with respect to
an axis along the current conduction path. In embodi-
ments, the connection surface to be in contact with a
surface of the plug-in part has a funnel-like shape.
[0025] In embodiments, an angle between the connec-
tion surface and the current conduction path is larger
than for example 2, 3, or 4°. The angle between the con-
nection surface and the current conduction path may be
smaller than for example 45, 40, or 35°.
[0026] As shown in Fig. 1, the current conduction path
may include a metal part 106 for electrical connection to
the plug-in device. The metal part 106 may have a recess.
The recess may be shaped to accommodate an electrical
connection element of the plug-in device.
[0027] In embodiments, the current conduction path
includes a metal rod for electrical connection to the plug-
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in device. The metal rod may be configured to be insert-
able into a connection element of the plug-in device. In
embodiments, the current conduction path includes a
metal tube for electrical connection to the plug-in device.
The metal tube may be shaped to accommodate an elec-
trical connection element of the plug-in device.
[0028] In embodiments, an innermost layer 112a of the
conductive layers is electrically connected to the current
conduction path 102. The innermost layer is particularly
to be understood as the conductive layer located closest
to the current conduction path.
[0029] In embodiments, the socket 100 includes a
mounting flange 108. The mounting flange 108 may be
configured for connection of the socket 100 to a wall of
an apparatus.
[0030] In embodiments, an outermost layer 112b of the
conductive layers is electrically connected to the mount-
ing flange 108 of the socket. The outermost layer of the
conductive layers is particularly to be understood as the
conductive layer located furthest from the current con-
duction path.
[0031] In embodiments, the mounting flange includes
a test tap electrically connected to the outermost con-
ductive layer. In particular, the test tap is electrically in-
sulated from the mounting flange. Electrical access to
the outermost conductive layer can be enabled. The test
tap may be at least comparable to test taps commonly
installed on condenser bushings.
[0032] In embodiments, the outermost layer 112b of
the conductive layers extends into a region outside the
mounting flange 108 in an axial direction. The axial di-
rection particularly relates to an axis 120 of the socket
100. The axial direction may coincide with a main direc-
tion of the current conduction path or a symmetry axis of
the socket. The outermost conductive layer may extend
beyond the mounting flange by at least for example 4, 8,
or 15 cm. An electrically shielded area 109 may be pro-
vided. The electrically shielded area is particularly locat-
ed in a shadow region provided by the outermost layer
of the conductive layers. In particular, the outermost layer
of the conductive layers is electrically grounded. The
electrically shielded area may enable installation of one
or more instrument transformers 130 on the socket 100.
The electrically shielded area may be referred to as a
current-transformer extension of a grounded layer.
[0033] Fig. 2a is a schematic cross-sectional view of a
system including a socket and a plug-in device, according
to embodiments of the present disclosure. The plug-in
device 200 shown in Fig. 2a is a bushing. The plug-in
device 200 may include a connection element 202 for
electrical connection to the socket 100. The plug-in de-
vice 200 includes a field control unit including a layer
arrangement 210 with at least three conductive layers
212. The conductive layers 212 are arranged around a
current conduction path of the bushing. The layer ar-
rangement shown in Fig. 2a includes four conductive lay-
ers 212. Particularly in light of the advantages described
above with regard to Fig. 1, the use of a capacitance-

graded socket together with capacitance-graded bushing
can provide a compact and reliable system.
[0034] Conventionally, in the case of pluggable bush-
ings, the bushing is produced using capacitance-graded
technology while the socket is produced using a field de-
flector cast into epoxy or rubber. The mix of two different
technologies may be associated with a reduced produc-
tion efficiency. In particular, manufacturing of the bushing
and of the socket may need to take place at separate
locations in the conventional solution. An advantage of
a system according to embodiments described in the
present disclosure is that the socket and the plug-in de-
vice may by produced using the same technology and
materials. The field control units of the socket and of the
plug-in device may for example be based on resin im-
pregnated paper or resin impregnated synthetics tech-
nology. The components of the system according to the
present disclosure can be produced with enhanced effi-
ciency.
[0035] In embodiments, the plug-in device 200 in-
cludes a deformable elastic element 204 to be in contact
with a connection surface 104 of the socket 100 in a con-
nected state. The elastic element may include an elas-
tomer material. The elastic element may include a sili-
cone rubber. The elastic element may include an EPDM
rubber.
[0036] In embodiments, the elastic element includes a
material with a Young’s modulus lower than for example
12, 10 or 8 MPa. The Young’s modulus of the elastic
element may be between 0,5 and 30 MPa, particularly
between 1 and 10MPa.
[0037] In embodiments, the elastic element includes a
material with a Shore A durometer hardness lower than
for example 70, 65 or 60. The Shore A durometer hard-
ness of the elastic element may be between 20 and 90,
particularly between 30 and 70.
[0038] The system shown in Fig. 2b corresponds at
least substantially to the system of Fig. 2a. The system
is shown in a connected state. Additionally, an instrument
transformer 130, as described above with regard to Fig.
1, is installed on the socket 100. In the connected state,
the socket’s conductive layers 112 may be arranged rel-
ative to the plug-in device’s conductive layers 212 as
detailed below with regard to Fig. 3.
[0039] Fig. 3 shows a section of conductive layer ar-
rangements of a system according to embodiments of
the present disclosure. The figure particularly relates to
a system including a socket and a plug-in device, as ex-
emplarily described above with regard to Figs. 2a - 2b.
In the section shown in Fig. 3, a part of a layer arrange-
ment 110 of the socket and a part of a layer arrangement
210 of the plug-in device can be seen. Axial and radial
positions or distances of the conductive layers relate par-
ticularly to an axis 120 of the socket.
[0040] In embodiments, the socket’s layer arrange-
ment 110 includes two neighboring conductive layers
having a first distance in a radial direction. In particular,
the radial direction is perpendicular to an axis of the sock-
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et. A position of one of the socket’s conductive layers
may be shifted in the radial direction relative to a position
of a neighboring conductive layer of the plug-in device
by at least 25% of the first distance. An advantageous
distribution of the electric field may be achieved.
[0041] In embodiments, an axial position of an edge of
an outermost layer 112b of the socket’s conductive layers
corresponds at least substantially to an axial position of
a neighboring edge of an outermost layer 212b of the
plug-in device’s conductive layers. A particularly advan-
tageous distribution of the electric field may be achieved.
[0042] In embodiments, an axial position of an edge of
an innermost layer 112a of the socket’s conductive layers
corresponds at least substantially to an axial position of
a neighboring edge of an innermost conductive layer
212a of the plug-in device’s conductive layers. A partic-
ularly advantageous distribution of the electric field may
be achieved.
[0043] Figs. 4a is a schematic cross-sectional view of
a system including a socket and a plug-in device, accord-
ing to embodiments of the present disclosure. The plug-
in device 200 shown in Fig. 4a is a cable termination.
The plug-in device 200 may include a deformable elastic
element 204 to be in contact with a connection surface
104 of the socket 100 in a connected state. The elastic
element may include materials and have properties as
described with regard to the elastic element of the system
shown in Figs. 2a - 2b. The elastic element of the plug-
in device shown in Fig. 4a may include an electrically
conductive deflector. The deflector may be configured to
shape an electric field in proximity to a current conduction
path of the plug-in device. In particular, the deflector may
at least substantially prevent the electric field from ex-
tending to mechanical components holding the elastic
element from an outer side.
[0044] The system shown in Fig. 4b corresponds at
least substantially to the system of Fig. 4a. The system
is shown in a connected state. Additionally, an instrument
transformer 130, as described above with regard to Fig.
1, is installed on the socket 100.
[0045] In the context of the present disclosure, the
terms socket and plug-in device are particularly to be
understood such that they are not limited to configura-
tions where the socket is the female part and the plug-in
device the male part. In embodiments of a socket or sys-
tem according to the present disclosure, the socket may
be configured as a male part and the plug-in device may
be configured as a female part.
[0046] Fig. 5 is a schematic side view of an apparatus
including a socket according to embodiments of the
present disclosure. The socket 100 may be embedded
into a wall of the apparatus 500. An electrical connection
to components located inside the apparatus may be pro-
vided via the socket. The apparatus may be for example
a fluid-filled transformer, a gel-filled transformer, a gas-
filled transformer, or a gas-insulated switchgear.

Claims

1. Socket, connectable to a plug-in device, wherein the
plug-in device is a bushing and/or a cable termina-
tion, wherein the socket includes a current conduc-
tion path and a field control unit, and wherein the
field control unit includes a layer arrangement with
at least three conductive layers arranged around the
current conduction path and separated by an insu-
lating material.

2. Socket according to claim 1, wherein at least one of
the conductive layers is formed by an electrode
wound around the current conduction path.

3. Socket according to any of the preceding claims, in-
cluding a connection surface to be in contact with a
surface of the plug-in device, wherein a distance be-
tween an edge of one of the conductive layers and
the connection surface is smaller than 12 mm,
wherein an angle between the connection surface
and the current conduction path is preferably larger
than 3°.

4. Socket according to any of the preceding claims,
wherein an innermost layer of the conductive layers
is electrically connected to the current conduction
path.

5. Socket according to any of the preceding claims,
wherein the socket includes a mounting flange and
wherein an outermost layer of the conductive layers
is connected to the mounting flange of the socket

6. Socket according to claim 5, wherein an outermost
layer of the conductive layers extends into a region
outside the mounting flange in an axial direction.

7. Socket according to any of the preceding claims,
wherein the insulating material comprises a thermo-
set resin.

8. Socket according to any of the preceding claims,
wherein the insulating material comprises resin-im-
pregnated paper or resin-impregnated synthetics.

9. Socket according to any of the preceding claims,
wherein the insulating material comprises an inor-
ganic filler.

10. System, including a socket according to any of the
preceding claims and a plug-in device, wherein the
plug-in device is a bushing or a cable termination,
and wherein the plug-in device includes a field con-
trol unit including a layer arrangement with at least
three conductive layers arranged around a current
conduction path of the plug-in device.
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11. System according to claim 10, wherein the socket’s
layer arrangement includes two neighboring conduc-
tive layers having a first distance in a radial direction
and wherein a position of one of the socket’s con-
ductive layers is shifted in the radial direction relative
to a position of a neighboring conductive layer of the
plug-in device by at least 25% of the first distance.

12. System according to any of claims 10 to 11, wherein
an axial position of an edge of an outermost layer of
the socket’s conductive layers corresponds at least
substantially to an axial position of a neighboring
edge of an outermost layer of the plug-in device’s
conductive layers.

13. System according to any of claims 10 to 12, wherein
an axial position of an edge of an innermost layer of
the socket’s conductive layers corresponds at least
substantially to an axial position of a neighboring
edge of an innermost layer of the plug-in device’s
conductive layers.

14. System according to any of claims 10 to 13, wherein
the plug-in device includes a deformable elastic el-
ement to be in contact with a connection surface of
the socket in a connected state, wherein the deform-
able elastic element preferably includes an elas-
tomer material.

15. Apparatus, including a socket according to any of
claims 1 to 9, wherein the apparatus is a fluid-filled
transformer, a gel-filled transformer, a gas-filled
transformer, or a gas-insulated switchgear.
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