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Description

[0001] The presentinvention relates generally to high
voltage bushings and more particularly to insulation tech-
niques for high voltage bushing for use in high environ-
mental requirements.

[0002] Economic capacitive graded high voltage bush-
ings in common oil impregnated paper (OIP) technology
in general with insulating liquid of mineral oil are limited
in their application temperature for technical reasons and
based on respective standards. This limits also their ap-
plicationin case ofincreased ambient and/or service tem-
peratures. Forinstance, Przybylek et al. presents a study
of the bubble effects in bushings in function of the tem-
perature for different bushing insulation materials ("The
bubble effect in bushings - investigations on models",
IEEE Transactions on Dielectrics and Electrical Insula-
tion, Vol. 22, No. 6, Dec. 2015, pages 3405-3412). In
particular, the dielectric material used for insulation may
present a high risk of inflammability. Especially the con-
tained mineral oil may present a high risk of environmen-
tal pollution in case of leakage. The use of these high
voltage bushings in applications with high environmental
requirements (environmental protection areas, offshore,
etc.) is therefore restricted or imposes special environ-
mental protection precautions leading to high costs. The
bushing described in EP1622173A1 can also be cited as
an example of the prior art.

[0003] Prior art techniques have solved this problem-
atic by developing high voltage bushings with solid die-
lectric technologies, e.g. wherein resin impregnated pa-
per (RIP) or resin impregnated synthetic (RIS) are used.
Such technologies can then be used for higher temper-
atures and are approved according to applicable stand-
ards. Depending upon the bushing design (e.g. dry type
with foam as secondary insulation) the application in ar-
eas with high environmental requirements is possible.
Indeed, such bushings are for instance free of any liquid
leak of the insulating media in case of failure, avoiding
therefore any polluting oil to bleed. Additionally, such type
of bushing can also be used on environmentally friendly
transformers with alternative insulating liquids. Unfortu-
nately, the production of RIP and RIS high voltage bush-
ings is extensive and the raw materials used are expen-
sive.

[0004] An objective of the present invention is to pro-
pose a new concept of a bushing adapted to high envi-
ronmental requirements, in particular to prevent oil pol-
lution, and that enables additionally an easy and cost
efficient manufacturing. For achieving said objective, the
present invention proposes notably a capacitive graded
bushing for high electric voltage comprising an ester as
impregnation agent within its capacitive graded core as
disclosed by the object of the independent claim. Other
advantages ofthe invention are presented in the depend-
ent claims.

[0005] The presentinvention concerns therefore a ca-
pacitive graded bushing for high electric voltage as de-
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fined in appended claim 1.
[0006] Further aspects of the present invention will be
better understood through the following drawings:

Figure 1  schematicillustration of a bushing according
to the invention.
[0007] A preferred embodiment of a capacitive graded

bushing according to the invention is presented in Figure
1, which shows a part of a high electric voltage capacitive
graded bushing 1 for a transformer or a high voltage de-
vice. The bushing 1 comprises an insulator 11 having a
chamber 111 for receiving an electrical conductor 13 and
insulating matter 12 that surrounds the electrical conduc-
tor 13. The electrical conductor 13 can be a solid or rope
conductor. According to a first preferred embodiment,
the electrical conductor 13 might be placed within a tube
15. According to other embodiments, the electrical con-
ductor might be a conductive tube. The electrical con-
ductor 13 comprises a first extremity 131 located at the
top of the bushing 1 and configured for being electrically
connected to a first device and a second extremity (not
shown) configured for being connected to another de-
vice, for instance a transformer. The electrical conductor
13 typically extends from the top of the bushing 1 to its
bottom through the insulator chamber 111, clamping
means and gaskets ensuring the different parts of the
bushing 1 being hermetically held together.

[0008] The bushing 1 further comprises concentric
conductive layers 121 (e.g. aluminum foils) which are
isolated against another and serve as a built-in capacitor
for equalizing and controlling the electrical stress on the
insulation and maximizing the electrical field uniformity.
The insulating matter 12 suitable for high voltage fills then
the space between successive concentric conductive
layers 121. The concentric conductive layers 121 ar-
ranged concentrically around the electrical conductor 13
and spaced apart by said insulating matter 12 form the
capacitive graded core 16 of the bushing 1. The capac-
itive graded core 16 is typically placed within the chamber
111 and preferentially surrounded by insulating matter,
e.g. insulating liquid 2. According to the present inven-
tion, the insulating liquid is an ester liquid that preferen-
tially fills a space between the capacitive graded core 16
and a wall of the insulator chamber 111.

[0009] The presentinvention proposes to use a dielec-
tric insulation material impregnated with an ester liquid
as insulating material placed between the successive
conductive layers 121. Preferentially, the insulator 11
might be surmounted by an expansion chamber 14 com-
municating with the chamber 111 of the insulator 11 in
order to have the ester liquid 2 filling the chamber 111
and extending upwardly into the liquid expansion cham-
ber 14. In particular, the ester liquid may partly fill the
expansion chamber 14. The chamber 111 is further con-
figured for having the ester liquid 2 extending upwardly
into the liquid expansion chamber 14 in case of a volume
change of the esterliquid 2 due to temperature variations.
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[0010] Preferentially, the dielectric insulation material
forms a layer between each successive conductive lay-
ers 121, wherein the layers formed by the dielectric in-
sulation material and the successive conductive layers
121 are each wound around the electrical conductor 13.
In particular, said layers formed by the dielectric insula-
tion material and the successive conductive layers can
be directly or indirectly wound around the electrical con-
ductor 13. For instance, the electrical conductor could be
a conductive tube serving as winding support for the pre-
viously mentioned layers. According to other embodi-
ments, the electrical conductor could be placed within a
tube 15 serving as winding support for said previously
mentioned layers.

[0011] The dielectric insulation material is a plastic
mixed dielectric impregnated with the ester liquid, which
comprises for instance a plastic foil and a non-woven
fabric. Preferably, the plastic foil and the non-woven fab-
ric have a sandwich structure between two successive
conductive layers 121.

[0012] According to a non claimed embodiment, the
dielectric insulation material is a paper impregnated with
the ester liquid.

[0013] The present invention proposes therefore to
satisfy the high environmental requirements for abushing
by using as insulating matter a special combination of a
dielectric and an ester liquid as impregnation agent within
the capacitive graded core of the bushing. The ester liquid
according to the invention can be synthetic and/or natural
ester liquid. The present invention results in a capacitive
graded high voltage bushing type EIS (esterimpregnated
synthetic) Other non claimed capacitive graded high volt-
age bushing are of type EIP (ester impregnated paper).
According to the latter, common paper used in OIP tech-
nology is used instead of the plastic mixed dielectric.
[0014] The present invention has many different ad-
vantages over existing solutions, which makes the bush-
ing according to the invention a very attractive product.
[0015] Indeed, an advantage of the EIP bushing is that
for a manufacturer of established OIP bushing only small
adaptions in the production process are required. Fur-
thermore, the EIP and EIS bushings provide more secu-
rity by using ester liquid which is less inflammable com-
pared to the common used mineral oil.

[0016] Additionally, the combination between plastic
mixed dielectric or paper dielectric with a special impreg-
nation agent that is natural or synthetic ester provides
new application ranges for economic liquid insulated high
voltage bushings. Additionally, the bushings according
to the invention provide the following advantages com-
pared to prior art bushings:

- a cost-efficient production;

- a significant reduction or omission of the cost and
time expensive drying process (in case of EIS);

- ahigher permitted ambient and/or service tempera-
tures (in case of EIS);

- they are applicable on environmentally friendly
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transformers with ester liquids;
- theyenable applications in areas with extremely high
environmental requirements.

[0017] Inconclusion, the proposed EIS or EIP technol-
ogies are an economical alternative compared to the
more expensive solid material technology. Further for
EIP technology the same production equipment almost
free of adaptation can be used (for instance the winding
machine for producing the capacitive graded core of the
bushing).

Claims

1. Capacitive graded bushing (1) for high electric volt-
age comprising:

-aninsulator (11) comprising an insulator cham-
ber (111) for receiving an electrical conductor
(13) and insulating matter (12);

- the electrical conductor (13) located within the
bushing (1) and extending through the insulator
chamber (111);

- the insulating matter (12) surrounding the elec-
trical conductor (13) and comprising several
concentric conductive layers (121) surrounding
the electrical conductor (13) for forming a uni-
form core insulation called hereafter capacitive
graded core (16);

characterized in that a dielectric insulation material
impregnated with an ester liquid is placed between
two successive conductive layers (121), wherein the
dielectric insulation material is a plastic mixed die-
lectric.

2. Capacitive graded bushing (1) according to claim 1,
wherein the dielectric insulation material forms a lay-
er between two successive conductive layers (121).

3. Capacitive graded bushing (1) according to claim 1
or 2, wherein the layer formed by the dielectric insu-
lation material and the successive conductive layers
(121) are each wound around the electrical conduc-
tor (13).

4. Capacitive graded bushing (1) according to claim 1,
wherein the plastic mixed dielectric comprises a
plastic foil and a non-woven fabric.

5. Capacitive graded bushing (1) according to one of
the claims 1 to 4, wherein the ester liquid fills a space
between the capacitive graded core (16) and a wall
of the insulator chamber (111).
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Patentanspriiche

Kapazitiv gesteuerte Durchfiihrung (1) fir hohe elek-
trische Spannung, umfassend:

- einen Isolator (11), der eine Isolatorkammer
(111)zum Aufnehmen einer elektrischen Leiters
(13) und einer Isoliermaterie (12) umfasst;

- wobei der elektrische Leiter (13) innerhalb der
Durchfiihrung (1) angeordnet ist und sich durch
die Isolatorkammer (111) erstreckt;

- die Isoliermaterie (12) den elektrischen Leiter
(13) umgibt und mehrere konzentrische leitende
Schichten (121) umfasst, die den elektrischen
Leiter (13) umgeben, um eine einheitliche Ker-
nisolation zu bilden, die im Folgenden als kapa-
zitiv gesteuerter Kern (16) bezeichnet wird;

dadurch gekennzeichnet, dass ein mit einer Es-
terflissigkeitimpragniertes dielektrisches Isolierma-
terial zwischen zwei aufeinanderfolgenden leiten-
den Schichten (121) platziert ist, wobei das dielekt-
rische Isoliermaterial ein gemischtes Kunststoffdie-
lektrikum ist.

Kapazitiv gesteuerte Durchfiihrung (1) nach An-
spruch 1, wobei das dielektrische Isoliermaterial ein
Schicht zwischen zwei aufeinanderfolgenden leiten-
den Schichten (121) bildet.

Kapazitiv gesteuerte Durchfiihrung (1) nach An-
spruch 1 oder 2, wobei die durch das dielektrische
Isoliermaterial gebildete Schicht und die aufeinan-
derfolgenden leitenden Schichten (121) jeweils um
den elektrischen Leiter (13) gewickelt sind.

Kapazitiv gesteuerte Durchfiihrung (1) nach An-
spruch 1, wobei das gemischte Kunststoffdielektri-
kum eine Kunststofffolie und einen Vliesstoff um-
fasst.

Kapazitiv gesteuerte Durchfiihrung (1) nach einem
der Anspriche 1 bis 4, wobei die Esterflissigkeit ei-
nen Raum zwischen dem kapazitivgesteuerten Kern
(16) und einer Wand der Isolatorkammer (111) fillt.

Revendications

Traversée (1) a gradient capacitif pour la haute ten-
sion électrique, comprenant :

- un isolateur (11) comprenant une chambre
(111) d’isolateur de réception d’un conducteur
(13) électrique et de matiére (12) isolante ;

- le conducteur (13) électrique étant placé dans
la traversée (1) et s’étendant dans la chambre
(111) de lisolateur ;
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-lamatiére (12) isolante entourantle conducteur
(13) électrique etcomprenantplusieurs couches
(121) conductrices concentriques entourant le
conducteur (13) électrique, pour former une iso-
lation de noyau uniforme, appelé ci-aprés noyau
(16) a gradient capacitif ;

caractérisée en ce qu’un matériau isolant diélectri-
que, imprégné d’un ester liquide est placé entre deux
couches (121) conductrices successives, le maté-
riau isolant diélectrique étant un diélectrique plasti-
que mixte.

Traversée (1) a gradient capacitif suivant la reven-
dication 1, dans laquelle le matériau isolant diélec-
trique forme une couche entre deux couches (121)
conductrices successives.

Traversée (1) a gradient capacitif suivant la reven-
dication 1 ou 2, dans laquelle la couche formée par
le matériau isolant diélectrique et les couches (121)
conductrices successives sont chacune enroulées
autour du conducteur (13) électrique.

Traversée (1) a gradient capacitif suivant la reven-
dication 1, dans laquelle le diélectrique mixte plasti-
que comprend une feuille plastique et une étoffe non
tissée.

Traversée (1) a gradient capacitif suivant I'une des
revendications 1 a 4, dans laquelle I'ester liquide
rempli un espace compris entre le noyau (16) a gra-
dient capacitif et une paroi de la chambre (111) de
I'isolateur.
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FIG 1
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