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(567)  Atankenclosure (10) for a transformer compris-
es a first container (1), a second container (2) and a third
container (3). The containers (1, 2, 3) are coupled with
each other and each container (1, 2, 3) is configured to
enclosure a respective winding (15) of an active part of
the transformer. The containers (1, 2, 3) each comprise
a cover (4, 5, 6), a bottom (7, 8, 9) and a wall (11, 12,
13), wherein each wall (11, 12, 13) is arranged between
its respective cover (4, 5, 6) and bottom (7, 8, 9) with
respect to a corresponding longitudinal axis (A1, A2, A3)
and wherein each wall (11, 12, 13) is cylindrically shaped

with respect to its longitudinal axis (A1, A2, A3).
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Description

[0001] The present disclosure is related to a tank en-
closure for a transformer. The present disclosure is fur-
ther related to a corresponding transformer with such a
tank enclosure.

[0002] Transformers are used to transfer an input volt-
age of an electrical circuit to an output voltage for another
electrical circuit. Transformers comprise an active part
including windings which are closed in a tank. Due to
vibrations caused by operation of a transformer noise
occurs which might be perceived as an annoying hum.
In this respect, it is a challenge to provide stable and
reliable operation of a transformer and to keep operation
noise low.

[0003] Embodiments of the present disclosure relate
to a tank enclosure for a transformer that enables secure
and reliable operation of the transformer and contributes
to keep operation noise low. Further embodiments of the
present disclosure relate to a transformer including such
a tank enclosure.

[0004] According to an embodiment, a tank enclosure
for a transformer comprises a first container, a second
container and a third container. The containers are cou-
pled with each other and each container is configured to
enclosure a respective winding of an active part of the
transformer. The containers each comprise a cover, a
bottom and a wall. Each wall is arranged between its
respective cover and bottom with respect to a corre-
sponding longitudinal axis and each wall is cylindrically
shaped with respect to its longitudinal axis.

[0005] Due tothe described configuration a cylindrical
shape low noise transformer tank design is feasible that
enables a secure and reliable operation of the transform-
er and reduces an operation noise significantly.

[0006] Itis a recognition of the present disclosure that
conventional designs of power transformer mostly com-
prise active parts is closed in a tank with rectangular
shape and flat walls. Vibration that is generated by the
active part is transferred through mechanical connec-
tions and oil coupling to a tank housing itself. The tank
housing is later the source of vibrations and sound prop-
agation resulting in an annoying hum.

[0007] It is a further recognition of the present disclo-
sure that such an operation noise that is generated by
the transformer tank housing is strictly related to its vi-
bration amplitude and radiation efficiency. The radiation
efficiency depends on the vibration deflection shapes of
the tank walls of the housing and varies depending on
the design.

[0008] By use of the described cylindrically shaped
tank wall design it is possible to significantly reduce the
radiation efficiency and thereby the emitted acoustic
noise. The three windings are used because of three
phase lines of three-phase electricity. Thus, the cylindri-
cally vibration deflection shapes and the 120 degree
phase change of vibrations between the cylindrical con-
tainer are specifically formed to create negative phase
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interference of acoustic waves in the surrounding air.
[0009] The described operation noise reduction is also
feasible using only two containers or using four or more
containers with cylindrically shaped walls, respectively.
Thus, according to an embodiment the described tank
enclosure may comprise only a first and a second con-
tainer with cylindrically shaped walls configured to enclo-
sure a first and a second winding of an active part of the
transformer, respectively. According to a further embod-
iment the described tank enclosure can comprise four or
more containers with respective cylindrically shaped
walls to enclosure four or more windings of an active part
of the transformer, respectively. In each case, the cylin-
drically shaped containers of the tank enclosure can set
up a given destructive interference of acoustic waves of
operation noises and thus enabling to reduce sound
propagation noticeably.

[0010] According to an embodiment of the tank enclo-
sure a distance between two longitudinal axes of adja-
cent containers is given depending on the dimensions of
the windings of the active part of the transformer to be
enclosed. The longitudinal axes also represent rotation
axes or center axes of the respective containers, thus
the aforementioned distance is also set between two ad-
jacent container centers. For example, the tank enclo-
sure is configured to surround a transformer with a power
rating of 42.7 MVA (megavoltampers). Thus, a corre-
sponding distance between adjacent container centers
can have a value of 1.2 m. However, depending on the
power rating of a transformer and/or its electronic struc-
ture other distances are possible, of course.

[0011] According to a further embodiment of the tank
enclosure the cylindrically shaped walls of two adjacent
containers are formed such that they overlap in a prede-
termined projected manner. Thus, the containers are
specifically designed to take into account the geometry
of the windings to be enclosed therein. The containers
may not comprise a complete cylindrical shape that has
cylindrical walls which are self-contained. Rather, the
containers of the tank enclosure comprise cylindrically
shapes which presents a predominant section of a com-
plete cylinder, respectively. These cylindrical sections
are connected with each other by form-fit, material-fit
and/or none-positive connection.

[0012] According to a further embodiment the tank en-
closure further comprises plate-shaped connection sec-
tions arranged between adjacent containers. Thus, the
cylindrically shaped walls of two adjacent containers are
connected by respective plate-shaped connection sec-
tions on both sides with respect to their longitudinal axes.
[0013] Moreover, the cylindrically shaped walls of the
containers can be formed in one piece. Alternatively, the
walls of the containers can be connected using additional
elements.

[0014] According to a further embodiment of the tank
enclosure the cylindrically shaped walls of the containers
are formed with a given respective radius depending on
a distance between the walls and the windings to be en-
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closed. The aforementioned distance presents a critical
spacing between the containers walls and the inner part
of the transformer which affects the vibration and acous-
tic wave propagation as well. Thus, the size or geometry
of the cylindrically shaped containers can also be
matched to the windings to be encloses in view of an
advantageous spacing. Moreover, a material and/or a
thickness of the cylindrically shaped walls can be given
to influence beneficially the operation noise emission.
Forinstances, the tank enclosure is made from structural
steel and has a thickness of 6 mm. However, depending
on the transformer, its windings and/or further electronic
structure other materials and/or thicknesses are possi-
ble, of course.

[0015] According to a further embodiment of the tank
enclosure the respective covers and/or bottoms of the
containers are cylindrically shaped as well.

[0016] According to an embodiment, a transformer for
transferring electrical energy between electrical circuits
comprises a transformer active part with windings con-
figured to provide a respective given voltage rating, and
an embodiment of the described tank enclosure such that
the tank enclosure surrounds and encloses the windings
in a predetermined manner. Moreover, the transformer
comprises a cooling fluid, for example an oil, that is dis-
posed inside the tank enclosure such that the windings
are embedded in the cooling fluid. The windings, for ex-
ample three separate ones, are mechanically coupled
with the tank enclosure and vibrations due to operation
ofthe transformer are transferred through the mechanical
connections and the cooling fluid to the tank enclosure
resulting in a reduced noise development due to the cy-
lindrically shaped container walls.

[0017] As aresultof that the transformer comprises an
embodiment of the tank enclosure, described features
and characteristics of the tank enclosure are also dis-
closed with respect to the transformer and vice versa.
Thus, the present disclosure comprises several aspects,
wherein every feature described with respect to one of
the aspects is also disclosed herein with respect to the
otheraspect, even if the respective feature is not explicitly
mentioned in the context of the specific aspect.

[0018] Exemplary embodiments are explained in the
following with the aid of schematic drawings and refer-
ence numbers. The figures show:

Figure 1 an embodiment of a tank enclosure for a
transformer in a perspective view,

Figure 2 the embodiment of the tank enclosure ac-
cording to figure 1 in a top view, and

Figure 3 the embodiment of the tank enclosure ac-
cording to the figures 1 and 2 in a further top
view.

[0019] The accompanying figures are included to pro-

vide a further understanding. It is to be understood that
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the embodiments shown in the figures are illustrative rep-
resentations and are not necessarily drawn to scale.
Identical reference numbers designate elements or com-
ponents with identical functions. In so far as elements or
components correspond to one another in terms of their
function in different figures, the description thereof is not
repeated for each of the following figures. For the sake
of clarity elements might not appear with corresponding
reference symbols in all figures possibly.

[0020] Figure 1illustrates an embodiment of a tank en-
closure 10 for a transformer in a perspective view. The
Figures 2 und 3 show a respective top or bottom view of
the tank enclosure 10.

[0021] The tank enclosure 10 comprises a first con-
tainer 1, a second container 2 and a third container 3.
The second container 2 is assembled between the first
container 1 and the third container 3. The containers 1,
2, 3 are coupled with each other and each container 1,
2, 3 is configured to enclosure a respective winding 15
of an active part of the transformer (see Fig. 3).

[0022] The containers 1, 2, 3 each comprise a cover
4,5,6,abottom 7, 8, 9 and a wall 11, 12, 13. The walls
11, 12, 13 surrounds the windings 15 and are arranged
between its respective cover 4, 5, 6 and bottom 7, 8, 9
with respect to a corresponding longitudinal axis A1, A2,
A3. For example, the covers 4, 5 and 6 of the containers
1, 2 and 3 are formed in one piece. For example, the
bottoms 7, 8 and 9 of the containers 1, 2 and 3 are formed
in one piece as well. Moreover, the walls 11, 12 and 13
of the containers 1, 2 and 3 can also be formed in one
piece. Thus, the tank enclosure 10 may be formed from
three pieces.

[0023] Each wall 11, 12 and 13 is cylindrically shaped
with respect to the respective longitudinal axis A1, A2 or
A3. The longitudinal axes A1, A2, A3 also represent ro-
tation axes or center axes of the respective containers
1, 2, 3, respectively.

[0024] Thewalls 11,12 and 13 form a lateral sheathing
around the windings 15 with a given distance d therebe-
tween (see Fig. 3). Moreover, the center of two adjacent
containers 1 and 2 or 2 and 3 which comply with the
longitudinal axes A1, A2 and A3 are spaced apart by a
given distance D which depends on the dimensions of
the windings 15 of the active part of the transformer. This
also applies to a radius R of each container 1, 2, 3 which
defines the radial distance d.

[0025] For example, the tank enclosure 10 is config-
ured to surround a transformer with a power rating of
42.7 MVA (megavoltampers). Thus, a corresponding dis-
tance D between adjacent container centers can have a
value of 1-1.5m, for example 1.2 m. The radius R of the
containers 1, 2, 3 can have a value of 50-70 cm, for ex-
ample, and the distance d between the windings 15 and
the container walls 11, 12, 13 can be set in a range of a
few or several centimeters, for example. However, de-
pending on the power rating of a transformer, its windings
and/or its further electronic structure other distances D
and/or d and/or radii R may be more applicable to mini-
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mize operation noise emission.

[0026] The cylindrically shaped walls 11, 12, 13 of two
adjacent containers 1 and 2 or 2 and 3 are connected by
respective plate-shaped connection sections 14 (see Fig.
2). Alternatively, adjacent container walls 11, 12, 13 can
be directly connected with each other in terms sheath
intersections points of their respective cylindrical seg-
ment. The cylindrically shaped walls 11, 12, 13 of two
adjacent containers 1, 2, 3 are configured to overlap in
a predetermined projected manner (see doted lines in
Fig. 3).

[0027] Moreover, the covers 4, 5, 6 and the bottoms
7, 8, 9 of the containers 1, 2, 3 are cylindrically shaped
as well.

[0028] By use of the described and illustrated cylindri-
cally shaped tank wall design it is possible to significantly
reduce a radiation efficiency and thereby an emitted
acoustic noise during operation of the transformer. The
three windings 15 used for the three phase lines of three-
phase electricity are embedded in a cooling oil 16 inside
the tank enclosure 10 (see Fig. 3). The windings 15 are
mechanically coupled with the tank enclosure 10 and vi-
brations due to operation of the transformer are trans-
ferred through the mechanical connections and the cool-
ing oil 16 to the tank enclosure 10.

[0029] Due to the specific cylindrically shaped walls
11, 12, 13 a controlled acoustic interference is set pre-
senting acoustic monopoles which interfere destructive-
ly. Thus, the cylindrically vibration deflection shapes of
the walls 11, 12, 13 comply with a 120 degree phase
change of vibrations between the cylindrical container 1,
2, 3 are specifically formed to create negative phase in-
terference of acoustic waves in the surrounding air. Ac-
cordingly, the transformer can operate and an operation
noise can be reduced significantly.

[0030] The transformer is configured to transfer elec-
trical energy between electrical circuits and comprises
an active part including the windings 15 to provide a re-
spective given voltage rating. The tank enclosure 10 re-
alizes a housing which on the one hand basically matches
an inner shape of the active part and on the other hand
is formed to reduce acoustic noise.

[0031] The embodiment shown in the figures 1 and 2
as stated represent an exemplary embodiment of the im-
proved tank enclosure 10 for a transformer. Therefore,
it does not constitute all embodiments. Actual arrange-
ments may vary from the embodiment shown in the fig-
ures.

Reference signs
[0032]

first container

second container

third container

cover of the first container
cover of the second container
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6 cover of the third container

7 bottom of the first container

8 bottom of the second container

9 bottom of the third container

10 tank enclosure

11 cylindrically shaped wall of the first container
12 cylindrically shaped wall of the second container
13  cylindrically shaped wall of the third container
14  straight connection section

15  winding

16  cooling ol

A1  axis of the first cylinder

A2  axis of the second cylinder

A3  axis of the third cylinder

D distance between a winding and a wall of a con-
tainer

D distance between adjacent axes

R radius of the cylindrically shaped wall

-

longitudinal axis of the vacuum interrupter assembly

Claims
1. Atank enclosure (10) for a transformer, comprising:

- a first container (1),
- a second container (2),
- a third container (3), and

wherein the containers (1, 2, 3) are coupled with each
other and each container (1, 2, 3) is configured to
enclosure a respective winding (15) of an active part
of the transformer, and wherein the containers (1, 2,
3) each comprise a cover (4, 5, 6), a bottom (7, 8, 9)
and a wall (11, 12, 13), wherein each wall (11, 12,
13) is arranged between its respective cover (4, 5,
6) and bottom (7, 8, 9) with respect to a correspond-
ing longitudinal axis (A1, A2, A3) and wherein each
wall (11, 12, 13) is cylindrically shaped with respect
to the corresponding longitudinal axis (A1, A2, A3).

2. Thetankenclosure (10)according to claim 1, where-
in a distance (D) between two longitudinal axes (A1,
A2, A3) of adjacent containers (1, 2, 3) is given de-
pending on the dimensions of the windings (15) of
the active part of the transformer.

3. The tank enclosure (10) according to claim 1 or 2,
wherein the cylindrically shaped walls (11, 12, 13)
of two adjacent containers (1, 2, 3) overlap in a pre-
determined projected manner.

4. The tank enclosure (10) according to any one of the
preceding claims, wherein the cylindrically shaped
walls (11, 12, 13) of two adjacent containers (1, 2,
3) are connected by respective plate-shaped con-
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nection sections (14).

The tank enclosure (10) according to any one of the
preceding claims, wherein the cylindrically shaped
walls (11, 12, 13) of the containers (1, 2, 3) are %
formed in one piece.

The tank enclosure (10) according to any one of the
preceding claims, wherein the cylindrically shaped
walls (11, 12, 13) of the containers (1, 2, 3) are 10
formed with a given radius (R) depending on a dis-
tance (d) between thewalls (11, 12, 13) and the wind-
ings (15) to be enclosed.

The tank enclosure (10) according to any one ofthe 15
preceding claims, wherein the covers (4, 5, 6) and/or

the bottoms (7, 8, 9) of the containers (1, 2, 3) are
cylindrically shaped.

A transformer for transferring electrical energy be- 20
tween electrical circuits, comprising:

- a transformer active part with three windings
(15) configured to provide a respective given
voltage rating, 25
- a cooling fluid (16), and

- a tank enclosure (10) according to any one of

the preceding claims that encloses the windings

(15) and the cooling fluid (16) such that the wind-

ings (15) are embedded in cooling fluid (16) in- 30
side the tank enclosure (10).
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