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(54) TRANSFORMER

(57) A transformer (1) comprises a core (3) and at
least one winding (4, 10) for transforming current elec-
tromagnetically, wherein the at least one winding (4, 10)
encloses the core (3) with respect to a lateral direction (B,
C) of the transformer (1) and the core (3) and the winding
(4, 10) are configured to cause a predetermined mag-
netic flux during operation of the transformer (1). The
transformer (1) further comprises a housing (2) enclosing
the core (3) and the winding (4, 10) with respect to the
lateral direction (B, C) of the transformer (1) such that the
winding (4, 10) is arranged between the core (3) and the
housing (2). The housing (2) comprises an outer wall (5)
with at least one curved portion (6) that is formed in
coordination with magnetic field lines (7) of the magnetic
flux of the transformer (1) that arises during operation.
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Description

[0001] The present disclosure is related to a transfor-
mer.

[0002] Transformers are used to transfer an output

voltage of an electrical circuit to an input voltage for
another electrical circuit. Transformers comprise an ac-
tive part including windings which are closed in a tank or
housing. In general, it is a challenge to increase the
efficiency of a transformer.

[0003] Embodiments ofthe presentdisclosure relate to
a transformer that enable reliable operation and an im-
provement in efficiency and that contribute to keep op-
eration noise low.

[0004] According to an embodiment, a transformer
comprises at least a core and at least one winding for
transforming current or voltage electromagnetically,
wherein the at least one winding surrounds the core with
respect to a lateral direction of the transformer and the
core and the winding are configured to cause a prede-
termined magnetic flux during operation of the transfor-
mer. The transformer further comprises a housing that
encloses the core and the winding with respect to the
lateral direction of the transformer such that the winding is
arranged between the core and the housing. The housing
comprises an outer wall with at least one curved portion
that is formed in coordination with magnetic field lines of
the magnetic flux of the transformer that arises during
operation.

[0005] Due to the described configuration with one or
more curved portions at a respective outer wall a trans-
former is feasible that enables reliable operation and an
improvement in efficiency and that further contributes to
keep operation noise low.

[0006] It is a finding of the present disclosure that
conventional designs of a transformer comprise active
parts closed in a tank with rectangular shape with sub-
stantially flat walls. Arising stray magnetic flux of the
transformer induces eddy currents in the tank wall which
leads to losses in performance of the transformer. In
addition, the stray magnetic flux and the induced eddy
currents interaction leads to load noise.

[0007] By use of the described transformer configura-
tion with one or more curved portions adapted in coordi-
nation with the specific magnetic field characteristics of
the transformer it is feasible to reduce the eddy currents
in a wall of the housing, e.g. by 1% or more or even 5% or
more compared to a conventional design without curved
surfaces on outer wall. It is further possible to keep the
performance losses and a load noise generation low.
Moreover, the described configuration enables to keep
the noise generation low so as to reduce a source of
vibrations and sound propagation resulting in an annoy-
ing hum. There is no need for additional elements placed
at a tank wall to reduce losses and/or noise generation.
However, additional elements can be applied to even
improve loss reduction. The one or more curved portions
are formed by deliberate shaping of the outer wall using
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predetermined curvatures overall or at one or more stra-
tegic locations where a higher density of the magnetic
field linesis to be expected to penetrate the housing orthe
outer wall. Thus, the described configuration of the trans-
former contributes to minimize or alter the eddy current
effect on the housing walls.

[0008] Accordingtoanembodimentofthe transformer,
the curved portion comprises a predetermined radius of
curvature, e.g. formed in coordination with a height of the
outer wall. For example, the radius of curvature is given
as 1% to 50% of the height of the outer wall. The height of
the transformer or the outer wall of the transformer hous-
ing can have a value between 0.2 m and 20 m, for
example. Alternatively or additionally, the radius of cur-
vature can be given with 1 cm or greater or 10 cm or
greater, or 20 cm or greater. Alternatively or additionally,
the curved portion comprises a predetermined radius of
curvature of 10000 cm or smaller, or of 5000 cm or smaller
or of 200 cm or smaller. Moreover, the curved portion can
comprise more than one given radius of curvature and/or
there can be two or more separate curved portions
formed at a respective outer wall of the housing compris-
ing different or the same radii of curvature.

[0009] According to a further embodiment of the trans-
former, the outer wall comprises two or more curved
portions spaced apart from each other, wherein one
curved portion is formed in an upper region of the outer
wall and another curved portion is formed in a lower
region of the outer wall with respect to a longitudinal axis
of the transformer across the lateral direction. The outer
wall can be formed flat between the two curved portions
or can comprise one or more further curved portions.
[0010] According to a further embodiment of the trans-
former, the outer wall comprises an overall convex shape
with respect to a longitudinal direction of the transformer
across the lateral direction such that a distance between
the winding and a middle portion of the outer wall is bigger
than a distance between the winding and an upper region
and a distance between the winding and a bottom region
of the outer wall. Thus, the curved portions can form the
entire outer wall at a respective side of the housing.
[0011] According to a further embodiment of the trans-
former, the at least one curved portion is formed circum-
ferentially surrounding at the outer walls of the housing.
The housing can be formed cube-shaped or cuboid-
shaped and hence comprising a top wall, a bottom wall
and four outer walls. Alternatively, the housing can be
formed cylindrical with a circular or ellipsoidal outer wall
with respectto across section along the lateral directions.
[0012] According to a further embodiment of the trans-
former, the at least one curved portion is formed with a
hemi-spherical or semi-ellipsoidal shape.

[0013] According to a further embodiment, the trans-
former comprises two or more windings surrounding the
core or an associated further core. At least one winding is
configured to operate at a voltage of 1 kV or above. For
example, one winding is configured to operate at a re-
lative low voltage within a range of 100 V and 1000 kV,
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and a further winding is configured to operate at a relative
high voltage within a range of 1 kV and 2000 kV. The
material of the core(s) can be a ferromagnetic material,
e.g. silicon steel, ferrite and/or amorphous magnetic
material. The material of the winding(s) can be aluminum
and/or copper conductor wrapped in an insulating mate-
rial, e.g. paper. The housing or the outer wall of the
transformer can comprise a material with a conductivity
of 100000 S/m or greater and a thickness of 1 mmup to 25
mm, for example.

[0014] Exemplary embodiments are explained in the
following with the aid of schematic drawings and refer-
ence numbers. The figures show:

Figures 1-9  embodiments of a transformer in differ-
ent views.
[0015] The accompanying figures are included to pro-

vide a further understanding. It is to be understood that
the embodiments shown in the figures are illustrative
representations 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.

[0016] Figure 1 illustrates an embodiment of a trans-
former 1 in a perspective view. The transformer 1 com-
prises a core 3 and atleast one winding 4 for transforming
current electromagnetically. The at least one winding 4
encloses or surrounds the core 3 with respect to a lateral
directions B, C of the transformer 1 and the core 3 and the
winding 4 are configured to cause a predetermined mag-
netic flux during operation of the transformer 1.

[0017] The transformer 1 further comprises a housing
2 that encloses the core 3 and the winding 4 with respect
to the lateral directions B, C such that the winding 4 is
arranged between the core 3 and the housing 2. The
housing 2 comprises an outer wall 5 with a curved portion
6 that is formed in coordination with magnetic field lines 7
ofthe magnetic flux of the transformer 1 that arises during
operation (see Figs. 7-9) .

[0018] Due to the described configuration of the trans-
former 1 with the curved portion 6 at the outer wall 5 it is
contributed to a reliable and efficient operation and to
keep operation noise low.

[0019] Itis pointed out, that the transformer 1 at least
comprises one curved portion 6 at one associated outer
wall 5. However, according to further embodiments the
transformer 1 can comprise two or more curved portions
6 at a corresponding outer wall 5 (see Figs. 2-7). More-
over, the housing 2 of the transformer 1 is typically cuboid
or cube-shaped substantially. Accordingly, the housing 2
comprises a top wall, a bottom wall and four outer walls 5.
Each outer wall 5 can comprise one or more curved
portions 6. For example, the four outer walls 5 can
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comprise respective two curved portions 6 each shaped
as a half cylinder as illustrated in the Figs. 1 and 2. Thus,
the curved portions 6 can circumferentially surround the
housing 2 and the inner components at an upper region 8
and a lower region 9 of the associated outer wall 5.
Additionally, the top and/or the bottom wall can comprise
one or more curved portions.

[0020] Further, the transformer 1 at least comprises
one core 3 and one surrounding winding 4. However,
alternatively the transformer 1 can comprise two or more
cores 3 and/or windings 4, 10 (see Figs. 1-5). Further, a
respective core 3 can be surrounded by two or more
windings 4, 10 (see Figs. 6-9). The winding 4 can realize
an inner winding configured to transform low voltage
within a range of 100 V and 1000 kV, for example. The
transformer 1 can comprise a further winding 10 that
encloses or surrounds the core 3 and the inner winding
4 and hence realizing an outer winding configured to
transform high voltage within a range of 1 kV and 2000
kV, for example.

[0021] The one or more curved portions 6 are prefer-
ably formed also in coordination with the associated one
or more cores 3 and/or windings 4, 10. In particular, the
curved portions 6 are formed at predetermined locations
at a respective outer wall 5 where a relative large inter-
action between the penetrating magnetic field lines 7 and
the housing 2 is to be expected depending on the char-
acteristics of the transformer 1 or the inner components
such as the core(s) 3 and/or winding(s) 4, 10.

[0022] The housing 2 can comprise respective elon-
gated curved portions 6 (see Figs. 1-3) and/or respective
single curved portions 6 (see Figs. 4 and 5). The curved
portions 6 can all comprise the same or different shapes
depending on the application and the characteristics of
the transformer 1 and its inner components. A respective
curved portion 6 can comprise a shape of ahemi-cylinder,
a hemi-sphere or a semi-ellipsoid, forexample. However,
further shapes of the one or more curved portions 6, e.g.
rectangular or cuboid shapes, can also contribute to a
beneficial performance of the transformer 1.

[0023] The respective curved portion 6 can contribute
to an reduced angle A of incidence of the magnetic field
lines 7 that penetrates the outer wall 5 of the housing 2
compared to a flat outer surface wall (see Figs. 7 and 8).
[0024] It is a finding of the present disclosure that a
stray magnetic flux interacts with a tank wall or outer wall
5 of the housing creating unwanted eddy currents. This
eddy current causes losses and strongly influences the
noise/vibration under loaded condition. The outer walls 5
with one or more curved portions 6 can alter the distribu-
tion of eddy currents and can beneficially reduce perfor-
mance losses and noise generation of the transformer 1.
Stray flux is inevitably produced in transformers during
operation, but the specific configuration of the housing 2
and its walls can manipulate how itinteracts with the outer
walls 5. The curved portions 6 can be formed at sepa-
rated strategic locations (see Figs. 6 and 7) or can be
formed to realize an overall curved outer wall 5 (see
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Figs.8 and 9).

[0025] A respective curved portion 6 has one or more
given radii R of curvature realizing a wanted curved
shape to change the stray flux interacting with the tank
wall (see Fig. 6). Accordingly, in the case of at least two
separated curved portions 6 atone outer wall 5 a distance
D between the inner components, i.e. the core 3 and the
winding(s) 4, 10, and the outer wall 5 in the region of the
respective curved portion 6 is bigger than in a middle
region between the curved portions 6 as illustrated in Fig.
6. Thus, the curved portions 6 realize an increased dis-
tance D that can cause a reduced interaction of stray
magnetic flux with the tank wall.

[0026] Arespective outerwall 5 can also comprise only
one curved portion 6 which can form basically the whole
outerwall 5 as indicated in the Fig. 8 and 9. As also shown
inthe Figs.6and 7, the Figs. 8 and 9 illustrate a schematic
cross section view of one side of the core 3 or the
transformer 1 according to a cross-section along a trans-
verse or lateral direction B or C and a longitudinal direc-
tion L of the transformer 1 perpendicular to the lateral
directions B and C.

[0027] According to Fig. 8, there are relative small flat
portions of the outer wall 5 at the upperregion 8 and atthe
lower region 9 and a predominantly large curved portion
6. A distance D between the inner components of the
transformer 1 and the outer wall 5 in the middle region is
bigger than in the upper region 8 and the lower region 9
(see also Fig. 9). Fig. 9 illustrates an overall curved
portion 6 which form the entire outer wall 5. Such con-
figurations can reduce the eddy current effect locally and
hence can contribute to reduced performance losses and
noise generation of the transformer 1 during operation.
[0028] The embodiment shown in the figures 1t0 9 as
stated represent an exemplary embodiment of the im-
proved transformer 1. Therefore, it does not constitute all
embodiments. Actual arrangements may vary from the
embodiment shown in the figures.

Reference signs
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L
R

longitudinal direction of the transformer
radius of curvature of a curved portion

Claims

1.

A transformer (1), comprising:

- a core (3) and at least one winding (4, 10) for
transforming  current  electromagnetically,
wherein the atleast one winding (4, 10) encloses
the core (3) with respect to a lateral direction (B,
C) of the transformer (1) and the core (3) and the
winding (4, 10) are configured to cause a pre-
determined magnetic flux during operation of
the transformer (1), and

- a housing (2) enclosing the core (3) and the
winding (4, 10) with respect to the lateral direc-
tion (B, C) of the transformer (1) such that the
winding (4, 10) is arranged between the core (3)
and the housing (2), wherein the housing (2)
comprises an outer wall (5) with at least one
curved portion (6) that is formed in coordination
with magnetic field lines (7) of the magnetic flux
of the transformer (1) that arises during opera-
tion.

The transformer (1) according to claim 1, wherein the
curved portion (6) comprises a predetermined radius
of curvature (R) of 1 cm or greater.

The transformer (1) according to claim 1 or 2, where-
in the curved portion (6) comprises a predetermined
radius of curvature (R) of 10000 cm or smaller.

The transformer (1) according to any of the preced-
ing claims, wherein the curved portion (6) comprises
aradius of curvature (R) thatis given at 1% up to 50%
of a height of the outer wall (5).

The transformer (1) according to any of the preced-
ing claims, wherein the outer wall (5) comprises two
or more curved portions (6) spaced apart from each
other, wherein one curved portion (6) is formed in an
upper region (8) of the outer wall (5) and another
curved portion (6) is formed in a lower region (9) of
the outer wall (5) with respect to a longitudinal axis
(L) of the transformer (1) across the lateral direction
(B, C).

The transformer (1) according to claim 4, wherein the
outer wall (5) is formed flat between the two curved
portions (6) .

The transformer (1) according to any of the claims 1
to 3, wherein the outer wall (5) comprises an overall
convex shape with respect to a longitudinal direction
(L) of the transformer (1) across the lateral direction
(B, C) such that a distance (D) between the winding
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(4, 10) and a middle portion of the outer wall (5) is
bigger than a distance (D) between the winding (4,
10)and an upper region (8) and a bottom region (9) of
the outer wall (5).

The transformer (1) according to any of the preced-
ing claims, wherein the atleast one curved portion (6)
is formed circumferentially surrounding at the outer
walls (5) of the housing (2).

The transformer (1) according to any of the preced-
ing claims, wherein the atleast one curved portion (6)
is formed with a hemi-spherical or semi-ellipsoidal
shape.

The transformer (1) according to any of the preced-
ing claims, wherein the winding (4) is configured to
transform low voltage within a range of 100 V and
1000 kV, and wherein the transformer (1) comprises
a further winding (10) enclosing the core (3) config-
ured to transform high voltage within a range of 1 kV
and 2000 kV.
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