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Description

[0001] The presentdisclosure relates to a high-voltage
device, particularly to a high-voltage power device.
[0002] One object to be achieved is to provide a high-
voltage device with improved properties, e.g. a reduced
noise radiation.

[0003] According to an embodiment, the high-voltage
device comprises at least one winding and at least one
structure adjacent to the at least one winding. The struc-
ture comprises a micro-architectured material.

[0004] During operation of a high-voltage device with a
winding, considerable forces develop, e.g. due to mag-
netostriction and core resonances. Also the winding ex-
periences strong radial and axial forces due to the high
magnetic fields involved. This leads to noise production.
The present invention is, inter alia, based on the idea to
use one or more micro-architectured materials in a high-
voltage device. Micro-architectured materials are mate-
rials which can be tailored to desired properties, like the
capability of absorbing vibro-acoustic energy. Also the
thermal and electric insulation properties can be tailored.
The usage of micro-architectured materials in high-vol-
tage devices provides many possibilities for improving
the properties of the high-voltage device.

[0005] A high voltage device is a device in which,
during operation, voltage difference of more than 1000
V or more than 1500 V between electrical components of
the device appear. For example, during operation, elec-
trical currents of more than 100 A or more than 1000 A
flow in the high-voltage device.

[0006] The high voltage device comprises one or more
windings. All features disclosed herein for one winding
are also disclosed for the other winding(s). The winding
may be wound around a core of metal, e.g. steel. The
high-voltage device may be transformer, particularly a
power transformer, or a reactor.

[0007] In case of two or more windings, the at least two
windings may be galvanically insulated from each other.
The high-voltage device may comprise a primary wind-
ing, a secondary winding and a tertiary winding. The at
least two windings are, for example, wound around a
common core. The windings may be arranged adjacent
to each other, i.e. wound around parallel axes which are
spaced from each other. Alternatively, the windings may
be wound concentrically around the same axis.

[0008] The structure which is adjacent to the at least
one winding comprises or consists of micro-architectured
material. The structure may be arranged between two
windings or may be arranged inside of the at least one
winding. The high-voltage device may comprise two or
more structures comprising a micro-architectured mate-
rial adjacent to the at least one winding. All features
disclosed for one structure are also disclosed for all other
structures of the high-voltage device.

[0009] For example, the at least one structure may be
electrically insulated from the at least one winding. Par-
ticularly, the structure is spaced from the at least one
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winding.

[0010] Micro-architectured materials are also known
as metamaterials or MAM. They are a class of porous
multiscale materials formed by the periodic or semi-per-
iodic assembly of one or more unit-cells or representative
volume elements (RVE) in the design space. The unit cell
or RVE may have dimensions in the micrometer to milli-
meter range. Micro-architectured materials can be de-
signed isotropically or anisotropically. For example, mi-
cro-architectured materials provide the possibility to tailor
the Poisson’s ratio and/or the Young’s modulus through
the design of the micro-architectured material.

[0011] According to a further embodiment, the micro-
architectured material is designed for damping noise
generated in the high-voltage device during operation.
This can be achieved by tailoring the Young’s modulus
and/or the Poisson’s ratio of the micro-architectured
material. Particularly, the micro-architectured material
may be designed to mitigate the effect of radial and/or
axial winding forces and/or may be fine-tuned for force
overtones and/or the eigenfrequencies of the high-vol-
tage device.

[0012] According to a further embodiment, the micro-
architectured material has a Young’s modulus between 3
MPa inclusive and 200 GPa inclusive. For example, in
case of an anisotropic Young’s modulus, this Young's
modulus is the average Young’s modulus averaged over
all directions or is the minimum Young's modulus or the
maximum Young’s modulus.

[0013] According to a further embodiment, the micro-
architectured material has a negative Poisson’s ratioora
Poisson’s ratio of zero. These materials have unique
properties and functionalities that are interesting for a
wide range of potential applications. The micro-architec-
tured material may have one single value of the Poisson’s
ratio or it may vary depending on the direction of com-
pression and or depending on the location of the material
in the structure. The micro-architectured material may be
shape-shifting or shape-morphing.

[0014] The hexagonal (with positive or negative angle)
and chiral unit cells are some examples of the unit cell
geometries which can be used for the design of micro-
architectured materials with tunable material properties,
like the Poisson’s ratio. Thus, already by the design of the
unit cell's geometry, one can reach a broad range of
elastic properties or even extend this range through
random integration of unit cells in the design space of
the lattice structures, which allows for targeting very
specific combinations of mechanical properties and/or
advanced functionalities.

[0015] According to a further embodiment, the micro-
architectured material is formed by an additive manufac-
turing process, for example by 3D-printing. The skilled
person is able to detect whether a structure was formed
by additive manufacturing. For example, when using 3D
printing, the micro-architectured material is formed in one
piece or integrally, i.e. without internal interfaces.
[0016] According to a further embodiment, the micro-
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architectured material has an anisotropic structure. Par-
ticular, with respect to one of the windings, the micro-
architectured material may have a different structure in
radial direction than in circumferential and/or axial direc-
tion. Anisotropic structures can provide particular bene-
ficial effects in view of noise damping.

[0017] According to a further embodiment, the micro-
architectured material has a porous structure. For exam-
ple, the porosity is between 10% and 90% inclusive.
Thereby, "porosity" is defined as the cavity volume (vo-
lume of the pores) over the total volume.

[0018] According to a further embodiment, the struc-
ture is at least partially arranged in oil. Particularly, the
micro-architectured material is arranged in the oil. The oil
is used for cooling and/or electrical insulation in the high-
voltage device. For example, the structure is embedded
in the oil, i.e. is in contact with the oil.

[0019] According to a further embodiment, the pores of
the micro-architectured material are formed such that the
micro-architectured material is permeable for the oil. For
example, the micro-architectured material is impreg-
nated with the oil.

[0020] According to a further embodiment, the micro-
architectured material is at least partially formed of cel-
lulose. Additionally or alternatively, the micro-architec-
tured material may be at least partially formed of polymer
and/or metal.

[0021] According to a further embodiment, the struc-
ture is a barrier between two windings of the high-voltage
device. Additionally or alternatively, the structure is a
barrier between the at least one winding and a housing
of the high-voltage device. The housing of the high-
voltage device surrounds the winding(s), for example.
The housing may be a tank or tank wall, respectively.
Especially, the barrier may be formed as a plate or as a
cylinder shell.

[0022] According to a further embodiment, the struc-
ture is a spacer or a spacer-block for one of the winding.
Spacers are used to support and separate individual
turns of a winding from each otherin axial direction and/or
to support the turns in radial direction. Spacer-blocks are
in particular there to maintain certain distance between
winding ends and the core.

[0023] According to a further embodiment, the struc-
ture is an electrical insulation of a winding. For example,
the structure is a cover around the turns of a winding.
[0024] According to a further embodiment, the struc-
ture is spaced from the windings. Particularly, the struc-
ture or at least the micro-architectured material thereof is
not in contact with any of the windings. The gap between
the structure and the windings may at least be partially
filled with oil.

[0025] According to a further embodiment, the micro-
architectured material has a TPMS structure. "TPMS"
stands for triply periodic minimal surfaces. This is a non-
intersecting 3D surface characterized by a zero value of
mean curvature at each point.

[0026] According to a further embodiment, the micro-
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architectured material has an octet structure. This means
that a unit cell or the RVE of the micro-architectured
material has an octet structure. Alternatively, the micro-
architectured material or the unit cell / RVE has a tetra-
kaidekahedron or Gurtner-Durand structure or an irregu-
lar tetrahedron structure or a cube structure or a diamond
structure or a Kelvin structure or arhombicuboctahedron
structure or a double-pyramid dodecahedron structure.
[0027] Hereinafter, the high-voltage device will be ex-
plained in more detail with reference to the drawings on
the basis of exemplary embodiments. The accompany-
ing figures are included to provide a further understand-
ing. In the figures, elements of the same structure and/or
functionality may be referenced by the same reference
signs. Itis to be understood that the embodiments shown
in the figures are illustrative representations and are not
necessarily drawn to scale. 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.

Figures 1, 3 and 4 show different exemplary embodi-
ments of the high-voltage device,

Figure 2 shows an exemplary embodiment of the
winding of a high-voltage device,

Figures 5 to 17 show different exemplary embodi-
ments of the micro-architectured material,

Figure 18 shows a further exemplary embodiment of
the high-voltage device.

[0028] Figure 1 shows afirstexemplary embodiment of
a high-voltage device 100, namely a power transformer
100. The high-voltage device 100 comprises a housing 6
ortank 6, respectively, in which three windings 1, 2, 3 are
arranged. The windings 1, 2, 3 are wound around a
common core 5.

[0029] For electrical insulation and cooling purposes,
the tank 6 is filled with oil. A barrier 40 of a micro-archi-
tectured material 4 is arranged between the tank 6, i.e.
the tank wall, and the windings 1, 2, 3. The barrier 40 of
the micro-architectured material 4 is arranged in the oil
and impregnated with the oil. Particularly, the micro-
architectured material 4 comprises pores to enable oil
to penetrate the micro-architectured material 4. By way of
example, the micro-architectured material is produced by
an additive manufacturing process, like 3D-printing. It
may comprise or consist of polymer and/or cellulose
and/or metal. The micro-architectured material 4 is de-
signed such that the barrier 40 damps the noise gener-
ated in the high-voltage device 100 during operation, i.e.
absorbs vibrations.

[0030] Ascanbeseeninfigure 1,the barrier40formsa
housing surrounding the windings 1, 2, 3. The barrier 40
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is spaced from each of the windings 1, 2, 3 such that it
does not adjoin any of the metallic parts of the windings 1,
2, 3. In other words, the barrier 40 is galvanically isolated
from the windings 1, 2, 3. This allows to form the micro-
architectured material at least partially from metal.
[0031] Figure 2 shows a detailed view of awinding 1, 2,
3 as used, for example, in the transformer 100 of figure 1.
The winding 1, 2, 3 comprises a plurality of turns 10
wound around the core and radially spaced from the core
by spacer-blocks 11, 41. Some spacer-blocks 41 are
formed of the micro-architectured material 4. Also here,
the micro-architectured material 4 may be impregnated
with the oil of the high-voltage device and/or may serve as
a noise damping element of the high-voltage device 100.
[0032] Figure 3 shows a further exemplary embodi-
ment of a high-voltage device 100 with all the windings 1,
2 arranged concentrically. Cylindrically shaped barriers
40 of the micro-architectured material 4 are arranged in
radial direction between the two windings 1, 2 and be-
tween the inner winding 1 and the core 5. Another cylin-
drically shaped barrier 40 is formed around the outer
winding 2.

[0033] Also in case of figure 3, the barriers 40 may be
arranged in the oil and are spaced from the windings 1, 2.
The micro-architectured material 4 of the barriers 40 may
be designed for damping noise generated in the high-
voltage device 100.

[0034] The exemplary embodiment of a high-voltage
device of figure 4 is based on the one of figure 1. Ad-
ditionally, plate-shaped barriers 40 of micro-architec-
tured material 4 are arranged between each two adjacent
windings 1, 2, 3. These plate-shape barriers 40 are again
arranged in the oil of the high-voltage device 100 and are
designed for noise damping.

[0035] Figure 5shows afirstexemplary embodiment of
a micro-architectured material 4 with a macroscopic
piece of the micro-architectured material on the left side
and a detailed view of a lattice representative volume
element (RVE) or unit cell of the micro-architectured
material on the right side. Here, the RVE has a cubic
octet structure. The individual struts of the shown RVE
may be cylindrical with radius and length between 10 um
and 1000 pm, for example.

[0036] In the exemplary embodiment of figure 6, the
RVE has a tetrakaidekahedron or Gurtner-Durand (iso-
tropic) structure.

[0037] In the exemplary embodiment of figure 7, the
RVE has an irregular tetrahedron (trigonal symmetry)
structure.

[0038] In the exemplary embodiment of figure 8, the
RVE has a cube (cubic symmetry) structure.

[0039] In the exemplary embodiment of figure 9, the
RVE has a diamond (cubic symmetry) structure.

[0040] In the exemplary embodiment of figure 10, the
RVE has a Kelvin (cubic symmetry) structure.

[0041] In the exemplary embodiment of figure 11, the
RVE has a rhombicuboctahedron (tetragonal symmetry)
structure.
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[0042] In the exemplary embodiment of figure 12, the
RVE has a double-pyramid dodecahedron (transverse
isotropy) structure.

[0043] In the exemplary embodiment of figure 13, the
micro-architectured material has a negative Poisson’s
ratio.

[0044] In the exemplary embodiment of figure 14, the
micro-architectured material has a Poisson’s ratio of
zero.

[0045] In the exemplary embodiment of figure 15, the
micro-architectured material has a positive Poisson’s
ratio.

[0046] Figures 16 and 17 show exemplary embodi-
ments of micro-architectured materials 4 with a TPMS
structure, i.e. a Gyroid structure (figure 16) and a
Schwarz P structure (figure 17). These structures are
extracted from the paper "On hybrid cellular materials
based on triply periodic minimal surfaces with extreme
mechanical properties”, Chen et al, Materials and De-
sign, 2019, DOI: 10.1016/j.matdes.2019.108109.
[0047] Each of the materials of figures 5 to 17 can be
used as a micro-architectured material for the high-vol-
tage devices of figures 1 to 4.

[0048] Figure 18 shows a further exemplary embodi-
ment of the high-voltage device 100. In this case, the high
voltage device could be a power transformer or a power
reactor. The turns 10 of the winding 1 are axially spaced
from each other with the help of spacers 42. The spacers
42 are formed of a micro-architectured material 4, e.g. of
one according to figures 5 to 17.

[0049] The embodiments shown in the Figures 1to 18
as stated represent exemplary embodiments of the high-
voltage device and the micro-architectured material.
They do not constitute a complete list of all embodiments
according to the high-voltage device and the micro-ar-
chitectured material. Actual high-voltage devices and
micro-architectured materials may vary from the embodi-
ments shown in terms of arrangements and sizes, for
example.

Reference Signs:

[0050]

1 winding

2 winding

3 winding

4 micro-architectured material
5 core

6 housing / tank

10 turns

1" spacer block

40 structure / barrier

41 structure / spacer-block
42 structure / spacer

100 high-voltage device
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Claims

1.

High-voltage device (100) comprising

- at least one winding (1, 2, 3),

- at least one structure (40, 41, 42) adjacent to
the at least one winding (1, 2, 3), wherein

- the structure (40, 41, 42) comprises a micro-
architectured material (4).

High-voltage device (100) according to claim 1,
wherein

- the micro-architectured material (4) is de-
signed for damping noise generated in the
high-voltage device (100) during operation.

High-voltage device (100) according to claim 1 or 2,
wherein

- the micro-architectured material (4) has a
Young’s modulus between 3 MPa and 200 GPa.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) has a ne-
gative Poisson’s ratio or a Poisson’s ratio of
zero.

High-voltage device (100) according to any one of
the preceding claims, wherein

-the high voltage device (100)is a transformeror
a reactor.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) is formed
by an additive manufacturing process.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) has a por-
ous structure.

High-voltage device (100) according to claim 7,
wherein

- the structure (40, 41, 42) is at least partially
arranged in oil,

- the pores of the micro-architectured material
(4) are formed such that the micro-architectured
material (4) is permeable for the oil.

High-voltage device (100) according to any one of
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10.

1.

12.

13.

14.

15.

the preceding claims, wherein

- the micro-architectured material (4) is at least
partially formed of a polymer.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) is at least
partially formed of cellulose.

High-voltage device (100) according to any of the
preceding claims, wherein

- the structure (40, 41, 42) is a barrier (40)
between two windings (1, 2, 3) and/or a barrier
(40) between the at least one winding (1, 2, 3)
and a housing (6) of the high-voltage device
(100).

High-voltage device (100) according to any of the
preceding claims, wherein

- the structure (40, 41, 42) is a spacer (42) or a
spacer-block (41) for one of the windings (1, 2,
3).

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) has a
TPMS structure.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) has an
octet structure or a tetrakaidekahedron struc-
ture or an tetrahedron structure or a cube struc-
ture or a diamond structure or a Kelvin structure
orarhombicuboctahedron structure oradouble-
pyramid dodecahedron structure.

High-voltage device (100) according to any one of
the preceding claims, wherein

- the micro-architectured material (4) is at least
partially formed of metal,

- the structure (40, 41, 42) is spaced from the at
least one winding (1, 2, 3).
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