EP 4 386 787 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 386 787 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
19.06.2024 Bulletin 2024/25

(21) Application number: 22213156.7

(22) Date of filing: 13.12.2022

(51) International Patent Classification (IPC):

HO1F 27/30 (2006.01) HO1F 41/04 (2006.0%)

HO1F 27/08 (2006.01)

(52) Cooperative Patent Classification (CPC):

HO1F 27/303; HO1F 41/04; HO1F 27/08;
HO1F 27/306

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

(72) Inventors:

e BEIL, Andreas
8824 Schonenberg (CH)
* GRADINGER, Thomas
5032 Aarau Rohr (CH)

BA
Designated Validation States: (74) Representative: Vossius & Partner
KH MA MD TN Patentanwilte Rechtsanwilte mbB

(71) Applicant: Hitachi Energy Ltd
8050 Ziirich (CH)

Siebertstrae 3
81675 Miinchen (DE)

(54) WINDING ASSEMBLY FOR A TRANSFORMER AND METHOD FOR MANUFACTURING A
WINDING ASSEMBLY FOR A TRANSFORMER

(67)  The present disclosure relates to a winding as-
sembly (110) for a transformer (10) including at least one
first winding (112) configured to be wound about a core
(14) of the transformer (10), at least one second winding
(118) configured to be wound around the first winding
(112), the first winding (112) and the second winding
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rection (R) by at least one gap (122), and at least one

and the second winding (118) by a material-bond (128)
to secure the first winding (112) to the second winding
(118) to reduce movement of the first winding (112) and
the second winding (118) relative to each other, the se-
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partially occupy the gap (122). The present disclosure
also relates to a method for manufacturing a winding as-
sembly (110).
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Description
Background

[0001] Transformers are widely used to convert elec-
tricity from a first voltage level to a second voltage level,
the second voltage level being either similar, higher or
lower than the first voltage level. A transformer generally
achieves such a voltage conversion by employing a plu-
rality of windings which include electrical conductors and
are wound around a core of the transformer by a plurality
of turns.

[0002] Transformers may be subjected to one or more
forces, in particular one or more transient forces, which
may occur during operation of the respective transformer.
For instance, a short circuit of one or more windings of
the transformer may generate relatively high forces at
the windings which may displace the windings. Many
transformers include one or more clamping devices
which provide an axial clamping force to counteract such
forces and reduce movement of one or more windings
of the transformer which may be caused by these forces,
e.g., during a short circuit of windings of the transformer.
[0003] However, the known clamping devices have
several drawbacks. For instance, the clamping devices
are often relatively bulky and consume a relatively large
amount of space. Moreover, due to the relatively large
amount of heat which may be generated by the trans-
former during operation, the clamping devices are gen-
erally required to be made of one or more materials which
are resistant to relatively high temperatures, e.g., 155°
C or more, which are often relatively expensive. Moreo-
ver, mounting the clamping devices on the respective
transformer can be time-consuming and labor-intensive.
[0004] In addition, the known clamping devices are
generally required to conform to a geometry of the wind-
ings, e.g., to the helical shape of the windings, at an in-
terface between the clamping devices and the windings
of the transformer. Forthis purpose, in many instances,
an additional adapter is required at the interface between
the clamping devices and the windings of the transformer
and where the adapter is adapted to the shape of the
windings, which further exacerbates the disadvantages
of the known clamping devices.

[0005] Thus, the present disclosure describes one or
more aspects for providing improved means for coping
with forces generated at the windings of a transformer,
as detailed below.

[0006] The present disclosure relates to a winding as-
sembly for a transformer according to a first aspect of
the disclosure.

[0007] Accordingto a second aspect of the disclosure,
a method for manufacturing a winding assembly for a
transformer is described.

[0008] Various exemplary embodiments of the present
disclosure disclosed herein are directed to providing fea-
tures that will become readily apparent by reference to
the following description when taken in conjunction with
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the accompanying drawings. In accordance with various
embodiments, exemplary methods and devices are dis-
closed herein. It is understood, however, that these em-
bodiments are presented by way of example and not lim-
itation, and it will be apparent to those of ordinary skill in
the art who read the present disclosure that various mod-
ifications to the disclosed embodiments can be made
while remaining within the scope of the present disclo-
sure.

[0009] Thus,the presentdisclosure is not limited to the
exemplary embodiments and applications described and
illustrated herein. Additionally, the specific order and/or
hierarchy of steps in the methods disclosed herein are
merely exemplary approaches. Based upon design pref-
erences, the specific order or hierarchy of steps of the
disclosed methods or processes can be re-arranged
while remaining within the scope of the present disclo-
sure. Thus, those of ordinary skillin the art will understand
that the methods and techniques disclosed herein
present various steps or acts in a sample order, and the
present disclosure is not limited to the specific order or
hierarchy presented unless expressly stated otherwise.
[0010] The above and other aspects and their imple-
mentations are described in greater detail in the draw-
ings, the descriptions, and the claims.

Description of the Drawings
[0011]
Fig. 1 schematically shows, in a cross-sectional view,
a short circuit state of a transformer;

Fig.2  schematically shows, in a cross-sectional view,
a further short circuit state of a transformer;
Fig. 3  shows, in a schematic axial view, a winding as-
sembly according to an embodiment of the
present disclosure;

Fig.4  shows, in a schematic axial view, a winding as-

sembly according to a further embodiment of
the present disclosure.

[0012] In the following, exemplary embodiments of the
disclosure will be described. Itis noted that some aspects
of any one of the described embodiments may also be
found in some other embodiments unless otherwise stat-
ed or obvious. However, for increased intelligibility, each
aspect will only be described in detail when first men-
tioned and any repeated description of the same aspect
will be omitted.

[0013] The winding assembly according to the first as-
pect of the present disclosure may include at least one
first winding configured to be wound at least partially
around at least one core of a transformer and at least
one second winding configured to be wound at least par-
tially around the at least one first winding. The at least
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one first winding and the at least one second winding
may be spaced apart from each other in a radial direction
by at least one gap. The winding assembly may further
include atleast one securing device. The securing device
may be connected to the at least one first winding and
the at least one second winding, respectively, by a ma-
terial-bond to at least partially secure the atleast one first
winding to the at least one second winding to reduce
movement of the at least one first winding and the at least
one second winding relative to each other. The at least
one securing device may be at least partially arranged
in the atleast one gap to partially occupy the at least one
gap.

[0014] The material-bond between the securingdevice
and the at least one first winding and the at least one
second winding, respectively, may provide relatively stur-
dy and space-efficient means for connecting the at least
one first winding to the at least one second winding in
order to reduce movement of the atleast one firstwinding
and the at least one second winding relative to each oth-
er. By contrast, the known clamping devices are relatively
bulky and therefore consume a relatively large amount
of space. Moreover, the drawback of the relatively large
size of the clamping devices are further exacerbated
since the clamping devices are generally arranged out-
side of, in particular at least above and below, the wind-
ings, with respect to a winding axis of the windings. The
material-bond between the securing device and the at
least one first winding and the at least one second wind-
ing, respectively, according to the present disclosure uti-
lizes the space(s), i.e., the at least one gap, between the
at least one first winding and the at least one second
winding. Since one or more gaps are often provided in
transformers between adjacent windings, e.g., for cool-
ing purposes, no, or atleastless, additional space outside
ofthe atleast onefirstwinding and the atleast one second
winding is occupied by the at least one securing device
and the material-bond(s) described herein. This may pro-
vide a relatively compact solution for securing the at least
one first winding and the at least one second winding to
reduce movement of the at least one first winding and
the at least one second winding relative to each other
compared with known clamping devices.

[0015] Hence, providing a material-bond between the
securing device and the at least one first winding and the
at least one second winding, respectively, may entirely
replace the known clamping devices. Alternatively, one
or more clamping devices may still be included in the
embodiments described herein to provide an additional
securing means for (further) reducing movement of the
at least one first winding and the at least one second
winding relative to each other. In this case, the material-
bond between the securing device and the at least one
firstwinding and the at least one second winding, respec-
tively, may allow the requirements of the clamping de-
vice(s), e.g., the amount of force the clamping device(s)
should withstand, to be reduced.

[0016] Material-bonding the at least one first winding
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and the at least one second winding by means of the
least one securing device may provide an essentially
monolithic construction of the at least one first winding
and the at least one second winding at least at the se-
curing device(s). In particular, a contiguous material con-
nection may thereby be provided, at least in a radial di-
rection of the winding assembly, e.g., from an innermost
winding, e.g., of the at least one first winding, to an out-
ermost winding, e.g., of the at least one second winding,
of the winding assembly. This may allow a transmission
of one or more forces, in particular shear forces, through
at least a portion of the winding assembly, in particular
throughout the winding assembly, at least at the securing
device(s), in particular including between each layer of
a plurality layers of the at least one first winding and the
at least one second winding, if present.

[0017] A "material-bond", within the context of the
presentdisclosure, may be any bond or connection using
molecular or atomic bonding forces between at least two
components, i.e., between the at least one first winding
and the at least one second winding. The material-bond
may be provided by applying at least one material-bond-
ing process and/or one or material-bonding substances,
for example by melting and solidifying, welding, gluing,
etc. The material-bond may be provided by using at least
one additive, for example at least one welding additive
and/or at least one adhesive. Alternatively, the material-
bond may be provided without the use of additives, i.e.,
additive-free, e.g., by at least partially melting or curing
at least one of the securing device(s), the at least one
first winding and the at least one second winding at an
interface between the securing device and the respective
winding(s) to fuse the securing device to the respective
winding(s).

[0018] Asstated above, the material-bond may include
atleast one adhesive. In other words, the securing device
may be adhesively connected, by means of the at least
one adhesive, to the at least one first winding and the at
least one second winding, respectively. The at least one
adhesive may be applied to one or more surfaces of the
securing device, in particular to the entire surface(s) at
an interface between the securing device and the atleast
one first winding and the at least one second winding,
respectively, prior to mounting the securing device in the
respective gap(s). This may allow the adhesive to be pre-
applied to the securing device. This may allow the bond-
ing forces between the securing device and the at least
one first winding and the at least one second winding,
respectively, to be optimized and/or maximized, e.g., by
efficiently optimizing and/or maximizing an amount of ad-
hesive to an available area of the surfaces at an interface
between the securing device and the at least one first
winding and the at least one second winding, respective-
ly, while minimizing adverse effects which the adhesive
may have on, e.g., impregnation with at least one liquid,
in particular a dielectricliquid, in particular oil and/or ester
oil, of the at least one first winding and the at least one
second winding, e.g., of an insulation material of the at
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least one first winding and the at least one second wind-
ing, which may maximize and/or allow sufficient impreg-
nation of the at least one first winding and the at least
one second winding, e.g., of an insulation material of the
at least one first winding and the at least one second
winding. Impregnating the insulation material with atleast
one liquid may improve the dielectric properties of the
insulation material. Hence, an insufficient impregnation
of the insulation material may have adverse effects on
the insulating properties of the insulation material and/or
the insulation material and/or the operation of the trans-
former which is to be prevented by sufficient impregna-
tion.

[0019] The at least one first winding and the at least
one second winding may each be wound about at least
one winding axis. In particular, the at least one first wind-
ing and the at least one second winding may each be
wound about a common winding axis. The at least one
gap may be annular or semi-annular shaped and may
extend about the at least one winding axis of the at least
one first winding and/or the at least one second winding.
The at least one first winding and the at least one second
winding may be arranged radially offset from each other,
with respect to the atleast one winding axis of the at least
one first winding and/or the at least one second winding.
In other words, the at least one first winding may be ar-
ranged at least partially radially within the at least one
second winding and spaced radially from the at least one
second winding by the at least one gap.

[0020] The at least one gap may extend axially along
at least a portion of the at least one first winding and/or
the at least one second winding, in particular along the
winding axis of the at least one first winding and/or the
at least one second winding. The at least one gap may
be a single coherent gap provided between the at least
one first winding and the at least one second winding.
Alternatively, the at least one gap may include a plurality
of at least partially separated gaps between the at least
one first winding and the at least one second winding.
[0021] The at least one gap may have one or more
dimensions which are substantially uniform across the
at least one gap, e.g., the at least one gap may have a
constant gap width which defines a distance between the
at least one first winding and the at least one second
winding in the radial direction. Alternatively, or addition-
ally, the at least one gap may have one or more dimen-
sions which vary across different sections of the at least
one gap. For instance, the gap width of the at least one
gap may vary across different sections of the at least one
gap. In other words, one or more first sections of the at
least one gap may have a different gap width than one
or more second sections of the at least one gap.

[0022] The atleast one gap may be atleastone hollow
space in which the securing device takes up, i.e., occu-
pies, only a portion of the hollow space. The at least one
gap may be atleast partially configured as a cooling chan-
nel configured to at least partially receive at least one
fluid, in particular atleast one liquid, in particular oil and/or
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ester oil, and/or at least one gas, e.g., air, to provide
cooling to at least a portion of the at least one first winding
and/or the at least one second winding. The transformer
may be configured as a liquid-immersed transformer or
as a dry-type transformer.

[0023] In addition to the at least one gap arranged be-
tween the at least one first winding and the at least one
second winding, the at least one first winding and/or the
at least one second winding may each include a plurality
of layers, wherein adjacentlayers of the plurality of layers
may be spaced apart from each other by at least one
second gap. In this case, at least one securing device
may also be arranged at least partially in the at least one
second gap between adjacent layers, respectively, to
partially occupy the atleast one second gap and may be
connected to each of the adjacent layers of the at least
one first winding and the at least one second winding,
respectively, to reduce movement of the adjacent layers
relative to each other.

[0024] The above-identified feature that "the at least
one securing device may be at least partially arranged
in the at least one gap to partially occupy the at least one
gap" means that at least a section of the securing device
may be arranged in the at least one gap. In other words,
only one or more sections of the at least one securing
device may be arranged in the at least one gap, i.e., one
or more sections of the at least one securing device may
be arranged outside of the at least one gap, or the entire
respective securing device may be arranged within the
at least one gap. In either case, the at least one securing
device may only partially occupy the at least one gap. In
otherwords, evenifthe entire securingdevice is arranged
within the gap, the gap includes one or more spaces, in
particular one or more empty or hollow spaces, which
the securing device does not occupy. Thus, a portion of
the at least one gap may remain hollow, even with the
securing device(s) arranged at least partially in the at
least one gap. This may allow at least one cooling fluid,
e.g., agas, such as air, or a liquid or oil, which is received
in the at least one gap, to more effectively and/or effi-
ciently at least partially cool the at least one first winding
and/or the at least one second winding.

[0025] A plurality of securing devices may be provided
and connected to the at least one first winding and the
at least one second winding, respectively, by a material-
bond to at least partially secure the at least one first wind-
ing to the at least one second winding. Each securing
device may be at least partially arranged in the at least
one gap to partially occupy the at least one gap. The
winding assembly may include a plurality of securing de-
vices arranged in at least partially separate gaps within
the winding assembly, i.e., a plurality of securing devices
may be arranged in a gap between adjacent windings
and/or a plurality of securing devices may be arranged
in a gap between adjacent layers of a winding, e.g., of
the at least one first winding and/or the at least one sec-
ond winding. The plurality of securing devices may be
separated and/or distanced from each other. In particu-
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lar, at least some, in particular all of, the plurality of se-
curing devices may be unconnected from each other.
[0026] The securing device may be configured to re-
duce movement of the at least one first winding and the
at least one second winding relative to each other in one
or more directions and/or about one or more axes. For
instance, the securing device may be configured to re-
duce translational movement of the atleast one first wind-
ing and the at least one second winding relative to each
other at least in an axial direction, i.e., along the winding
axis of the at least one first winding and/or the at least
one second winding. Alternatively, or additionally, the se-
curing device may be configured to reduce translational
movement of the at least one first winding and the at least
one second winding relative to each other at least in the
radial direction. Alternatively, or additionally, the securing
device may be configured to reduce rotational movement
ofthe atleast onefirstwinding and the atleast one second
winding relative to each other, e.g., about a longitudinal
axis and/or about the winding axis of the at least one first
winding and/or the at least one second winding.

[0027] The at least one first winding may be a low volt-
age (LV) winding and the at least one second winding
may be a HV winding, the HV winding having a voltage
which is higher than the voltage of the LV winding, or vice
versa. The transformer may be configured as a traction
transformer, in which case the at least one first winding
may be a low voltage (LV) winding, also referred to as a
"traction winding", and the at least one second winding
may be a HV winding.

[0028] The at least one first winding may be a primary
winding and the at least one second winding may be a
secondary winding, or vice versa. The primary winding(s)
may be connected to a source of voltage and the sec-
ondary winding(s) may be connected to a load, or vice
versa.

[0029] The term "reduce", within the context of the
above-identified feature that movement of the at least
one first winding and the at least one second winding
relative to each otheris reduced, may mean thatan extent
of movement, e.g., a distance of movement and/or a de-
gree of rotation, of the at least one first winding and the
at least one second winding relative to each other in one
or more directions and/or about one or more axes is de-
creased, compared with a state of the transformer in
which the securing device is not included. However,
some movement of the at least one first winding and the
at least one second winding relative to each other may
be permitted. Alternatively, "reduce" may mean that all
movement in one or more directions and/or about one or
more axes is substantially prevented.

[0030] The atleastone securing device may be atleast
partially hollow. In other words, the at least one securing
device may define at least one lumen therein. The lumen
may be configured to receive a fluid, in particular a gas,
e.g., air, and/or a liquid, e.g., water and/or oil, e.g., for
cooling the at least one first winding and/or the at least
one second winding. Alternatively, the securing device
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may be entirely solid. The at least one securing device
may be at least partially rigid and/or incompressible
and/or non-extensible. The at least one securing device
is not limited to having a particular shape. In particular,
the shape of the at least one securing device may be
adapted to the desired and/or required strength of the at
least one securing device, e.g., depending on the forces
at the windings of the transformer which the securing
device is required to withstand.

[0031] The transformer, for which the winding assem-
bly described herein is used, may be a low voltage (LV),
medium voltage (MV) or high voltage (HV) transformer.
The transformer may be configured as a liquid-cooled,
e.g., a liquid-immersed, such as an oil-filled or oil-im-
mersed, transformer. Alternatively, the transformer may
be configured as a dry-type transformer, e.g., not im-
mersed in a liquid, e.g., oil.

[0032] The at least one first winding and the at least
one second winding may include at least one electrical
conductor covered in at least one electrically insulating
material, particularly aramid. The at least one securing
device may be material-bonded to the at least one elec-
trically insulating material.

[0033] The at least one securing device may be con-
figured as a spacer configured to at least partially sepa-
rate the at least one first winding from the at least one
second winding, in particular by a substantially prede-
fined distance. Thus, the at least one securing device
may be configured to substantially maintain the at least
one gap between the at least one first winding from the
at least one second winding, in particular at a substan-
tially constant value at a location of the respective at least
one securing device. The at least one securing device
may be configured to substantially maintain, or at least
limit, the at least one gap between the at least one first
winding and the at least one second winding by with-
standing forces which may urge the at least one gap to
be increased, i.e., which may cause movement of the at
least one first winding and the at least second winding
away from each other at the location of the at least one
securing device, with the aid of the material-bond.
[0034] Alternatively, oradditionally, the atleastone se-
curing device may be configured to substantially main-
tain, or at least limit, the at least one gap between the at
least one first winding and the at least one second wind-
ing by withstanding forces which may urge the at least
one gap to be decreased, i.e., which may cause move-
ment of the at least one first winding and the at least
second winding towards each other at the location of the
at least one securing device. In other words, the at least
one securing device may be configured to withstand com-
pression forces and/or tensile forces between the at least
one first winding and the at least one second winding.
Alternatively, or additionally, the at least one securing
device may be configured to withstand shear forces
and/or bending forces which may be exerted onto the at
least one securing device by the atleast one first winding
and/or the at least one second winding.
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[0035] The material-bond may include at least one ad-
hesive, in particular at least one curable adhesive, in par-
ticular at least one curable resin. The adhesive may be
curable by heat, light, in particular UV light, and/or pres-
sure. The atleast one adhesive may be applied to atleast
aportion of aninterface between the atleast one securing
device and the at least one first winding and the at least
one second winding, respectively. In particular, the entire
interface, e.g., an entire interface surface, between the
at least one securing device and the at least one first
winding and the at least one second winding, respective-
ly, may be covered in adhesive to provide a relatively
strong and durable material-bond between the at least
one securing device and the at least one first winding
and the atleast one second winding, respectively, to with-
stand relative movement between the at least one first
winding and the at least one second winding. However,
providing the at least one adhesive on only a portion of
the interface, e.g., a portion of an interface surface, be-
tween the at least one securing device and the at least
one first winding and the at least one second winding,
respectively, may be sufficient, depending on the mag-
nitude of forces which the material-bond is required to
withstand. Forinstance, atleast60%, in particular atleast
70%, in particular at least 80%, in particular at least 90%,
of an interface surface between the at least one securing
device and the at least one first winding and the at least
one second winding, respectively, may be covered in ad-
hesive.

[0036] The present disclosure is not limited to a par-
ticular type of adhesive. The adhesive may be selected
based on its adhesion strength, depending on the appli-
cation, e.g., the amount of forces the material-bond
should withstand. The adhesive may be applied having
a layer thickness which is selected based on the desired
and/or required adhesion strength of the material-bond,
depending on the application, e.g., the amount of forces
the material-bond should withstand.

[0037] The at least one adhesive, in its raw state at
room temperature (20° C), may be a liquid or a paste or
a gel having a viscosity which allows the adhesive to be
distributed on respective one or more surfaces. This may
allow the adhesive to be individually applied and distrib-
uted according to the respective size and/or shape of an
interface between the at least securing device and the
at least one first winding and the at least one second
winding, respectively, e.g., at least one surface of the at
least one securing device which interfaces the at least
one first winding and the at least one second winding,
when the at least one securing device is connected to
the at least one first winding and the at least one second
winding, respectively.

[0038] Alternatively, the adhesive may be provided in
solid or higher viscosity form, e.g., on at least one single-
sided or double-sided tape and/or sheet which may be
coated with the adhesive and applied to the at least one
securing device and/or to the at least one first winding
and/or to the at least one second winding.
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[0039] The movement of the at least one first winding
and the at least one second winding, which is reduced
by the at least one securing device, may include a move-
ment caused by a short circuit of the at least one first
winding and/or the at least one second winding.

[0040] The at least one securing device may be con-
figured and arranged to reduce movement of the at least
one first winding and the at least one second winding
relative to each other at least in an axial direction along
a winding axis about which the at least one first winding
and/or the at least one second winding is/are wound.
Such movement of the at least one first winding and the
at least one second winding relative to each other in an
axial direction along the winding axis may result in shear
forces which act on the material-bond between the at
least one securing device and the at least one first wind-
ing and the at least one second winding, respectively. A
material-bond, in particular an adhesive bond, is partic-
ularly suitable for withstanding shear forces which may
result in a relatively stable and sturdy connection be-
tween the at least one securing device and the at least
one first winding and the at least one second winding,
respectively, with respect to such a load situation of the
at least one first winding and the at least one second
winding.

[0041] The atleast one first winding and/or the at least
one second winding may be configured to be secured to
the core of the transformer by at least one material-bond,
in particular by at least one adhesive, in particular by at
least one curable adhesive, in particular by at least one
curable resin. This may allow the atleast one first winding
and the at least one second winding, which are intercon-
nected to a single coherent unit via the at least one se-
curing device and the material-bond(s), to be secured to
the core.

[0042] The material-bond may include at least one B-
stage adhesive. A B-stage adhesive is understood as
being an adhesive which is only partially cured, i.e.,
cross-linked, in certain conditions, e.g., at room temper-
ature, e.g., at 20° C. The B-stage adhesive may then,
after applying the B-stage adhesive to one or more de-
sired surfaces, be fully cured, e.g., by providing an ele-
vated temperature to the B-stage adhesive, e.g., by heat-
ing the B-stage adhesive, and/or by providing pressure
to the B-stage adhesive. Configuring the adhesive to be
a B-stage adhesive may facilitate the pre-application of
the adhesive and/or may provide a more durable and
sturdy material-bond between the at least one securing
device and the at least one first winding and the at least
one second winding, respectively. Pre-application of the
adhesive may facilitate manufacturing processes since
the adhesive application can be done in a separate step
from the winding step or steps.

[0043] The material-bond(s) may be configured and ar-
ranged to withstand one or more forces which may be
caused by and/or during the operation of the transformer
and/or one or more forces which are related to the oper-
ation of the transformer, such as vibration(s) and/or one
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or more forces and/or one or more shock forces which
are transferred from an environment to the transformer,
e.g., by a vehicle, e.g., acceleration forces of a vehicle,
in and/or on which the transformer is mounted. Alterna-
tively, or additionally, the material-bond(s) may be con-
figured and arranged to withstand forces, in particular
shock forces and/or vibrations, which may be caused by
a short circuit of the at least one first winding and/or the
at least one second winding.

[0044] The material-bond may be configured and ar-
ranged to withstand forces, in particular in an axial direc-
tion along a winding axis and/or in a radial direction with
respect to the winding axis, about which the at least one
first winding and/or the at least one second winding is/are
wound, of up to 50 kN, particularly up to 100 kN, more
particularly up to 150 kN, more particularly up to 200 kN,
more particularly up to 250 kN, more particularly up to
300 kN, more particularly up to 350 kN, more particularly
up to 400 kN, more particularly up to 450 kN, more par-
ticularly up to 500 kN, more particularly up to 550 kN,
more particularly up to 600 kN. The forces in the axial
direction along a winding axis may result in a shear load
on the material-bond.

[0045] Thetransformer may be configured asatraction
transformer, in particular for providing power to a vehicle,
in particular a rail-bound vehicle, in particular as an on-
board traction transformer.

[0046] At least 60%, particularly at least 65%, more
particularly at least 70%, more particularly at least 75%,
more particularly at least 80%, more particularly at least
85%, more particularly at least 90%, more particularly at
least 95%, of an area of a surface of the at least one
securing device facing the at least one first winding may
be covered by at least one adhesive. Alternatively, or
additionally, at least 60%, particularly at least 65%, more
particularly at least 70%, more particularly at least 75%,
more particularly at least 80%, more particularly at least
85%, more particularly at least 90%, more particularly at
least 95%, of an area of a surface of the at least one
securing device facing the at least one second winding
may be covered by at least one adhesive.

[0047] An area of a surface of the at least one securing
device facing the at least one first winding may be no
more than 500 square centimetres (cm2), particularly no
more than 450 cm2, more particularly no more than 400
cm2, more particularly no more than 350 cm2, more par-
ticularly no more than 300 cm2, more particularly nomore
than 250 cm2, more particularly no more than 200 cm2,
more particularly no more than 150 cm2, more particu-
larly no more than 100 cm2. Alternatively, or additionally,
an area of a surface of the at least one securing device
facing the at least one second winding may be no more
than 500 cm2, particularly no more than 450 cm2, more
particularly no more than 400 cm2, more particularly no
more than 350 cm2, more particularly no more than 300
cm2, more particularly no more than 250 cm2, more par-
ticularly no more than 200 cm2, more particularly nomore
than 150 cm2, more particularly no more than 100 cm2.

10

15

20

25

30

35

40

45

50

55

The above-mentioned surface of the at least one secur-
ing device facing the at least one first winding and/or the
at least one first winding, respectively, may be a surface,
in particular the entire surface, at a connection interface
between the at least one securing device and the at least
one first winding and/or the at least one first winding,
respectively. Limiting an area of the surface, in particular
the entire surface, at the connection interface between
the at least one securing device and the at least one first
winding and/or the at least one first winding, respectively,
e.g., per the value(s) provided above, may minimize ad-
verse effects which the at least one securing device, in
particular the material-bond, e.g., adhesive, may have
on, e.g., impregnation of the at least one first winding and
the at least one second winding, e.g., of an insulation
material of the at least one first winding and the at least
one second winding, which may maximize and/or allow
sufficient impregnation of the at least one first winding
and the atleast one second winding, e.g., of an insulation
material of the at least one first winding and the at least
one second winding. In particular, an azimuthal width of
the at least one securing device at the connection inter-
face may be relatively small and an impregnation liquid
can flow underneath the at least one securing device in
an azimuthal direction inside the insulation material to
impregnate it.

[0048] The winding assembly may include a plurality
of first windings, which may be electrically interconnect-
ed, and/or a plurality of second windings, which may be
electrically interconnected. The plurality of first windings
may be stacked in an axial direction along a winding axis
of the first windings. Alternatively, or additionally, the plu-
rality of second windings may be stacked in an axial di-
rection along a winding axis of the second windings. Such
a configuration including stacked windings may exacer-
bate the load and/or movement of the windings in the
transformer, in particular during a short circuit of the at
least one first winding and/or the at least one second
winding. In case one of the stacked windings, e.g., one
of the plurality of first windings, short circuits, there is a
high current only in the short circuited winding and in the
at least one second winding, or vice versa. Since the
mean positions of a current in the short circuited winding
and the at least one second winding, or vice versa, are
different, one or more relatively large forces, in particular
one or more repulsive forces, may be generated in an
axial direction, e.g., along the winding axis of the wind-
ing(s). Hence, providing the at least one securing device
to reduce movement of the at least one first winding and
the at least one second winding relative to each other
may provide a relatively reliable, sturdy and compact
means for coping with forces on the windings in such a
configuration, in particular during a short circuit of one of
the windings.

[0049] The material-bond may be configured and ar-
ranged to withstand movement of the at least one first
winding and the at least one second winding, relative to
each other, which is caused by forces, e.g., electromag-
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netically induced forces, during operation of the trans-
former. For instance, such forces may include vibra-
tion(s), short-circuit forces and/or forces which are trans-
ferred from an environment to the transformer, e.g., by
a vehicle, e.g., acceleration forces of a vehicle, in and/or
on which the transformer is mounted.

[0050] The presentdisclosure furtherrelatestoatrans-
former, in particular a traction transformer, which may
comprise at least one core and at least one winding as-
sembly according to any configuration described herein.
The at least one first winding may be wound at least par-
tially around the at least one core and the at least one
second winding may be wound at least partially around
the at least one first winding.

[0051] The at least one first winding and/or the at least
one second winding may be secured to the at least one
core by a material-bond, in particular by at least one ad-
hesive, in particular at least one curable adhesive, in par-
ticular at least one curable resin.

[0052] The presentdisclosure furtherrelates a vehicle,
in particular a vehicle configured to transport one or more
objects, in particular a rail-bound vehicle, the vehicle in-
cluding a transformer according to any configuration de-
scribed herein. The transformer may be configured as a
traction transformer to provide power to the vehicle, in
particular as an onboard traction transformer.

[0053] The method for manufacturing a winding as-
sembly for a transformer according to the second aspect
of the present disclosure may comprise:

(a) arranging the at least one securing device atleast
partially in at least one gap which spaces the at least
one firstwinding and the at least one second winding
apart from each other in a radial direction such that
the at least one securing device partially occupies
the gap.

[0054] The method may further comprise:

(b) securing the at least one first winding to the at least
one second winding to reduce movement of the at least
one first winding and the at least one second winding
relative to each other by connecting the at least one se-
curing device to the at least one first winding and to the
at least one second winding, respectively, by a material-
bond.

[0055] The at least one first winding and/or the at least
one second winding may be wound at least partially about
the core of the transformer. Alternatively, the at least one
first winding and/or the at least one second winding may
be pre-wound, e.g., about a bobbin, and arranged on the
core as a pre-wound unit, respectively. The at least one
securing device may be connected to the at least one
first winding and the at least one second winding by the
material-bond priorto arranging the atleast one first wind-
ing and/or the at least one second winding at least par-
tially about the core. In particular, the at least one first
winding and the at least one second winding, which are
interconnected by the at least one securing device, may
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be pre-mounted to acoherentunit whichis placed at least
partially about the core of the transformer. This may allow
the winding assembly, including the at least one first
winding and the at least one second winding which are
interconnected by the at least one securing device, to be
handled as a coherent unit which may facilitate moving
the winding assembly, e.g., to a point of installation in
the transformer, and/or mounting the winding assembly.
[0056] Instep (b), the atleast one securing device may
be connected to the at least one first winding and to the
at least one second winding, respectively, by atleastone
adhesive, in particular at least one curable adhesive, in
particular at least one curable resin.

[0057] The method may further comprise:

(c) curing the at least one adhesive, in particular by ap-
plying heat and/or light and/or pressure to the adhesive.
[0058] The at least one adhesive may be cured in a
process, in particular in which heat is applied at least to
a portion of the winding assembly, for providing a further
function during manufacturing of the winding assembly
or the transformer. The "further function" may relate to a
function provided to the winding assembly or the trans-
former during manufacturing which is provided independ-
ently from the solution disclosed herein relating to the at
least one securing device for securing the at least one
first winding to the at least one second winding, e.g., in
winding assemblies or transformers which are known
from the prior art. In other words, one or more process
steps which are already applied to at least some of the
winding assemblies or transformers which are known
from the prior art can be used to cure the adhesive. For
instance, in many cases, at least one process step is
provided for drying (i.e. removal of moisture upon heating
and /or the application of reduced pressure to at least
one portion of the transformer), e.g., for drying the core
and/or insulation material of the transformer. Hence,
such one or more process steps which are already pro-
vided may be utilized, rather than, or in addition to, pro-
viding one or more separate or additional process steps
for curing the adhesive. This may provide an efficientway
of curing the adhesive.

[0059] The atleast one adhesive may be applied to at
least one surface of the at least one securing device, in
particular prior to step (a).

[0060] The adhesive may be applied to at least one
surface of the at least one securing device which faces
the at least one first winding and/or to at least one surface
of the securing device which faces the at least one sec-
ond winding, based in a state in which the at least one
first winding, the at least one second winding and the at
least one securing device have been assembled.
[0061] The at least one adhesive may be applied to
the at least one first winding and/or the at least one sec-
ond winding, in particular to an insulation material of the
at least one first winding and/or an insulation material of
the atleast one second winding, in particular prior to step
(a).

[0062] The at least one first winding and the at least
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one second winding may include at least one electrical
conductor covered in at least one electrically insulating
material, particularly aramid. The at least one adhesive
and the at least one electrically insulating material may
be applied to the at least one first winding and/or the at
least one second winding simultaneously.

[0063] The at least one adhesive may be applied as a
coating, in particular a coating which is uninterrupted
and/or uniform. Alternatively, the at least one adhesive
may be applied as a coating, in particular a coating which
covers only a fraction of the surface and/or may comprise
a certain pattern.

[0064] The method may further comprise:

securing the at least one first winding and/or the at least
one second winding to the core of the transformer by a
material-bond, particularly by at least one adhesive.
[0065] Thefollowing listof aspects provides alternative
and/or further features of the disclosure:

1. Awinding assembly for a transformer, the winding
assembly including:

atleast one first winding configured to be wound
at least partially around at least one core of the
transformer,

at least one second winding configured to be
wound at least partially around the at least one
first winding, wherein the at least one first wind-
ing and the at least one second winding are
spaced apart from each other, in particular in a
radial direction, by at least one gap; and

at least one securing device which is configured
to at least partially secure the at least one first
winding to the at least one second winding and
which is connected to the at least one first wind-
ing and/or the at least one second winding, re-
spectively, by a material-bond, in particular to
reduce movement of the at least one first wind-
ing and the at least one second winding relative
to each other, the at least one securing device
being arranged at least partially in the at least
one gap, in particular to partially occupy the at
least one gap.

2. The winding assembly according to aspect 1,
wherein the at least one gap is at least partially con-
figured as a cooling channel configured to at least
partially receive atleastonefluid, in particular atleast
one liquid, to provide cooling to at least a portion of
the at least one first winding and/or the at least one
second winding.

3. The winding assembly according to aspect 1 or 2,
wherein the at least one securing device is config-
ured as a spacer configured to at least partially sep-
arate the at least one first winding from the at least
one second winding, in particular by a substantially
predefined distance.
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4. The winding assembly according to any of the pre-
ceding aspects, wherein the material-bond includes
at least one adhesive, in particular at least one cur-
able adhesive, in particular atleastone curable resin.

5. The winding assembly according to any of the pre-
ceding aspects, wherein the movement of the atleast
one firstwinding and the at least one second winding
which is reduced by the at least one securing device,
includes a movement caused by a short circuit of the
at least one first winding and/or the at least one sec-
ond winding.

6. The winding assembly according to any of the pre-
ceding aspects, wherein the at least one securing
device is configured and arranged to reduce move-
ment of the at least one first winding and the at least
one second winding relative to each other at least in
an axial direction along a winding axis about which
the at least one first winding and/or the at least one
second winding is/are wound.

7. The winding assembly according to any of the pre-
ceding aspects, wherein the at least one first winding
and/or the at least one second winding is/are con-
figured to be secured to the core of the transformer
by a material-bond, in particular by at least one ad-
hesive, in particular by at least one curable adhesive,
in particular by at least one curable resin.

8. The winding assembly according to any of the pre-
ceding aspects, wherein the material-bond includes
at least one B-stage adhesive.

9. The winding assembly according to any of the pre-
ceding aspects, wherein the material-bond is config-
ured and arranged to withstand forces caused by a
short circuit of the at least one first winding and/or
the at least one second winding.

10. The winding assembly according to any of the
preceding aspects, wherein the material-bond is
configured and arranged to withstand forces in an
axial direction along a winding axis, about which the
at least one first winding and/or the at least one sec-
ond winding is/are wound, of up to 50 kN, particularly
up to 100 kN, more particularly up to 150 kN, more
particularly up to 200 kN, more particularly up to 250
kN, more particularly up to 300 kN.

11. The winding assembly according to any of the
preceding aspects, wherein the transformer is con-
figured as a traction transformer, in particular for pro-
viding power to a vehicle, in particular a rail-bound
vehicle, in particular as an onboard traction trans-
former.

12. The winding assembly according to any of the
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preceding aspects, wherein:

at least 60% of an area of a surface of the at
least one securing device facing the at least one
firstwinding is covered by atleast one adhesive;
and/or

at least 60% of an area of a surface of the at
least one securing device facing the at least one
second winding is covered by at least one ad-
hesive.

13. The winding assembly according to any of the
preceding aspects, wherein:

an area of a surface of the at least one securing
device facing the at least one first winding is no
more than 500 square centimetres (cm2), par-
ticularly no more than 450 cm2, more particularly
no more than 400 cm2, more particularly no
more than 350 cm2, more particularly no more
than 300 cm2, more particularly no more than
250 cm2, more particularly no more than 200
cm2, more particularly no more than 150 cm2,
more particularly no more than 100 cm2.
and/or

an area of a surface of the at least one securing
device facing the at least one second winding is
no more than 500 cm2, particularly no more than
450 cm2, more particularly no more than 400
cm2, more particularly no more than 350 cm2,
more particularly no more than 300 cm2, more
particularly no more than 250 cm2, more partic-
ularly no more than 200 cm2, more particularly
no more than 150 cm2, more particularly no
more than 100 cm2.

14. The winding assembly according to any of the
preceding aspects, including a plurality of first wind-
ings and/or a plurality of second windings, wherein:

the plurality of first windings are stacked in an
axial direction along a winding axis of the first
windings;

and/or

the plurality of second windings are stacked in
an axial direction along a winding axis of the
second windings.

15. Atransformer, in particular a traction transformer,
comprising at least one core and at least one winding
assembly according to any of the preceding aspects,
wherein the at least one first winding is wound at
least partially around the at least one core and the
atleastone second windingis wound atleast partially
around the at least one first winding.

16. The transformer according to aspect 15, wherein
the at least one first winding and/or the at least one
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second winding is/are secured to the at least one
core by a material-bond, in particular by at least one
adhesive, in particular atleast one curable adhesive,
in particular at least one curable resin.

17. The transformer according to aspect 15 or 16,
wherein the transformer is configured as a liquid-
immersed transformer.

18. A vehicle, in particular a vehicle configured to
transport one or more objects, in particular a rail-
bound vehicle, the vehicle including a transformer
according to any of aspects 15 to 17, wherein the
transformer is configured as a traction transformer
to provide power to the vehicle, in particular as an
onboard traction transformer.

19. A method for manufacturing a winding assembly
for a transformer, in particular a winding assembly
according to any of aspects 1 to 14, the method com-
prising:

(a) arranging the at least one securing device at
least partially in at least one gap which spaces
the atleast one first winding and the at leastone
second winding apart from each other in a radial
direction, in particular such that the at least one
securing device partially occupies the gap,

(b) securing the at least one first winding to the
at least one second winding by means of the at
least one securing device, in particular by con-
necting the at least one securing device to the
at least one first winding and/or to the at least
one second winding, respectively, by a material-
bond, in particular to reduce movement of the
at least one first winding and the at least one
second winding relative to each other.

20. The method according to aspect 19, wherein, in
step (b), the at least one securing device is connect-
ed to the at least one first winding and to the at least
one second winding, respectively, by at least one
adhesive, in particular atleast one curable adhesive,
in particular at least one curable resin.

21. The method according to aspect 20, further in-
cluding:
(c) curing the at least one adhesive, in particular by
applying heat and/or light and/or pressure to the ad-
hesive.

22. The method according to aspect 21, wherein the
at least one adhesive is cured in a process, in par-
ticular in which heat is applied at least to a portion
of the winding assembly, for providing a further func-
tion during manufacturing of the winding assembly
or the transformer. More specifically, the heat ap-
plied to cure the adhesive is used to dry the winding
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assembly or the transformer.

23. The method according to any of aspects 20 to
22, wherein the at least one adhesive is applied to
at least one surface of the at least one securing de-
vice, in particular prior to step (a).

24. The method according to any of aspects 20 to
23, wherein the at least one adhesive is applied to
the at least one first winding and/or the at least one
second winding, in particular to an insulation material
of the at least one first winding and/or an insulation
material of the at least one second winding, in par-
ticular prior to step (a).

25. The method according to any of aspects 20 to
24, wherein the at least one first winding and/or the
at least one second winding is/are made of at least
one electrical conductor covered in atleast one elec-
trically insulating material, and wherein the at least
one adhesive and the at least one electrically insu-
lating material may be applied to the at least one first
winding and/or the at least one second winding si-
multaneously.

26. The method according to any of aspects 23 to
25, wherein the at least one adhesive is applied as
a coating, in particular a coating which is an uninter-
rupted and/or uniform. Alternatively, the at least one
adhesive may be applied as a coating, in particular
a coating which covers only a fraction of the surface
and/or may comprise a certain pattern.

27. The method according to any of aspects 19 to
26, further including:

securing the at least one first winding and/or the at
least one second winding to the core of the trans-
former by a material-bond, particularly by at least
one adhesive.

[0066] Fig. 1 schematically shows, in a cross-sectional
view, a short circuit state of a transformer 10. The trans-
former 10includes atleast one first winding 12 configured
to be wound at least partially around at least one leg 13
of at least one core 14 of the transformer 10 and at least
one second winding 18 configured to be wound at least
partially around the at least one first winding 12. In the
particular configuration shown in Fig. 1, the at least one
first winding 12 and the at least one second winding 18
are wound about a common winding axis 20. Alternative-
ly, the at least one first winding 12 and the at least one
second winding 18 may be wound aboutrespective wind-
ing axes which do not coincide. The winding axis 20 may
coincide with a longitudinal axis of the at least one leg
13, as shown in Fig. 1

[0067] The at least one first winding 12 may be a low
voltage (LV)winding and the at least one second winding
18 may be a high voltage (HV) winding, the HV winding
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1"

having a voltage which is higher than the voltage of the
LV winding. Alternatively, the at least one first winding
12 may be an HV winding and the at least one second
winding 18 may be an LV winding. The transformer 10
may be configured as a traction transformer, in which
case the atleast one first winding 12 may be a low voltage
(LV) winding, also referred to as a "traction winding".
[0068] The atleast one first winding 12 and the atleast
one second winding 18 may be spaced apart from each
other in a radial direction R by atleast one gap 22. During
certain operating situations, one or more forces F may
act on the at least one first winding 12 and/or the at least
one second winding 18 and urge the at least one first
winding 12 and/or the at least one second winding 18 to
move, in particular axially along the axis 20. The forces
F indicated in Fig. 1, in particular their magnitude and
direction, are only exemplary. The forces F may urge the
at least one first winding 12 and the at least one second
winding 18 to move, relative to each other, in opposite
directions along the axis 20. Alternatively, the forces F
may urge the at least one first winding 12 and the at least
one second winding 18 to move in the same direction
along the axis 20, in which case the forces F acting on
the at least one first winding 12 and the forces F acting
on the atleast one second winding 18 may have different
values which may urge the at least one first winding 12
and the at least one second winding 18 to move relative
to each other. Alternatively, forces may act on the at least
one first winding 12, while substantially no forces act on
the at least one second winding 18, or vice versa.
[0069] Forinstance, during a short circuit of the at least
one first winding 12 and/or the at least one second wind-
ing 18, one or more forces may act on the at least one
first winding 12 and/or the at least one second winding
18 to urge the at least one first winding 12 and/or the at
least one second winding 18 to move, in particular axially
along the axis 20.

[0070] As mentioned at the beginning, many trans-
formers include one or more clamping devices which pro-
vide an axial clamping force to counteract the above-
mentioned forces and reduce movement of one of more
windings of the respective transformer which may be
caused by these forces, e.g., during a short circuit of at
least one of the windings of the transformer.

[0071] However, the known clamping devices have
several drawbacks, as detailed at the beginning. Thus,
an improved means for coping with forces generated at
the windings of a transformer 10 is provided in the present
disclosure, as detailed below and shown in Fig. 3.
[0072] In the further configuration shown in Fig. 2, the
at least one first winding 12 includes a plurality of wind-
ings 12A and 12B which are stacked in an axial direction
along the axis 20. Such a configuration may exacerbate
movement of the windings 12,18 in the transformer 10.
In case one of the windings 12A and 12B of the at least
one first winding 12 short circuits, there may be a rela-
tively high current only in the short circuited winding 12A
or 12B and in the at least one second winding 18. Since
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the mean positions of a currentin the short circuited wind-
ing 12A or 12B and the at least one second winding 18
are different, one or more relatively large forces F, in
particular one or more repulsive forces, are generated in
an axial direction along the axis 20, as shown in exem-
plary manner in Fig. 2.

[0073] Alternatively, or additionally, the at least one
second winding 18 may include a plurality of windings
which may be stacked in an axial direction along the axis
20 or a different axis.

[0074] Fig. 3 showsawindingassembly 110 according
to an embodiment of the present disclosure in axial view.
The winding assembly 110 includes at least one first
winding 112 configured to be wound at least partially
around at least one core of a transformer, e.g., as shown
in Figs. 1 or 2. The at least one first winding 112 may be
identical or similar to the at least one first winding 12 of
Figs. 1 or 2. The winding assembly 110 may further in-
clude at least one second winding 118 configured to be
wound at least partially around the at least one first wind-
ing 112. The at least one second winding 118 may be
identical or similar to the at least one second winding 18
of Figs. 1 or 2.

[0075] The at least one first winding 112 and the at
leastone secondwinding 118 are spaced apartfromeach
other in a radial direction R by at least one radial gap
122, which is similar or identical to the configuration
shown in Figs. 1 or 2. The at least one gap 122 may be
a cooling channel configured to at least partially receive
at least one fluid, in particular at least one liquid, to pro-
vide cooling to at least a portion of the at least one first
winding 112 and/or the at least one second winding 118.
[0076] The winding assembly 110 may further include
at least one securing device 126 which is connected to
the at least one first winding 112 and the at least one
second winding 118, respectively, by a material-bond
128. The winding assembly 110 according to the embod-
iment shown in Fig. 3 includes four securing devices 126.
However, this is only exemplary. The winding assembly
110 may including any number of securing devices 126,
i.e., a single securing device 126 or two, three, or more
than four securing devices 126, or even more securing
devices 126, such as at least 10, more particular at least
20, more particular at least 30, more particular at least
30, more particular at least 40, more particular at least
50, more particular at least 60, more particular at least
70, more particular at least 80, more particular at least
90, more particular at least 100 securing devices 126,
etc. The securing device(s) 126 may be arranged at any
location in the at least one gap 122.

[0077] The at least one securing device 126 may be
configured to at least partially secure the at least one first
winding 112 to the at least one second winding 118, via
the material-bonds 128, to reduce movement of the at
least one first winding 112 and the at least one second
winding 118 relative to each other. The at least one se-
curing device 126 may be arranged at least partially in
the at least one gap 122 to partially occupy the at least
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one gap 122. The at least one securing device 126 may
only partially be arranged in the at least one gap 122.
Alternatively, one or more securing devices 126 may be
arranged in the at least one gap 122. In either case, the
respective at least one securing device 126 may only
partially occupy the at least one gap 122. In other words,
even if the entire securing device 126, or each entire
securing device 126 if a plurality of securing devices 126
are provided, is arranged in the at least one gap 122, the
at least one gap 122 may include one or more spaces,
in particular one or more empty or hollow spaces, which
are not occupied by the at least one securing device 126.
Thus, a portion of the at least one gap 122 may remain
hollow, even with the at least one securing device 126
being arranged partially or entirely in the at least one gap
122. This may allow the at least one gap 122 to receive
at least one cooling fluid, e.g., a gas, such as air, or a
liquid or oil, to provide cooling to the at least one first
winding 112 and/or the at least one second winding 118.
[0078] The at least one securing device 126 may be
configured as a spacer configured to at least partially
separate the at least one first winding 112 from the at
least one second winding 118, in particular by a substan-
tially predefined distance.

[0079] The material-bond(s) 128 may include at least
one adhesive, in particular at least one curable adhesive,
in particular at least one curable resin. In particular, the
material-bond(s) 128 may include at least one B-stage
adhesive.

[0080] Additionally, the at least one first winding 112
and/or the at least one second winding 118 may be se-
cured to the core of the transformer, in particular to at
least one leg of the core of the transformer, by one or
more securing means, in particular by a material-bond,
particularly by at least one adhesive. This may allow the
at least one first winding 112 and the at least one second
winding 118, which is configured as a coherent unit via
the material-bonded connections of the at least one se-
curing device 126 to the at least one first winding 112
and the at least one second winding 118, to be fixed to
the core of the transformer.

[0081] The at least one securing device 126 may be
elongate to extend along the axis 120, which represents
a winding axis, about which the at least one first winding
112 and/or the at least one second winding 118 are
wound, and/or alongitudinal axis of the winding assembly
110. This may provide a relatively large interface be-
tween the at least one securing device 126 and the at
least one first winding 112 and the at least one second
winding 118, respectively, which may allow a relatively
large surface of the at least one securing device 126 to
be material-bonded to the at least one first winding 112
and the at least one second winding 118, respectively.
For instance, the at least one securing device 126 may
have a length of at least 10 cm, in particular at least 15
cm, in particular at least 20 cm, which may extend along
the axis 120.

[0082] The at least one first winding 112 and/or the at
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least one second winding 118 may be wound about at
least one core of the transformer, e.g., the at least one
core 14 of the transformer 10 shown in Figs. 1 and 2. In
such a configuration, the at least one securing device
126 may be connected to the at least one first winding
112 and the at least one second winding 118 via the
material-bonds in a state in which the at least one first
winding 112 and the at least one second winding 118
have been wound about the at least one core 14 of the
transformer 10.

[0083] Alternatively, the at least one first winding 112
and/or the at least one second winding 118 may be pre-
wound, e.g., about a bobbin, and arranged on the at least
one core as a pre-wound unit, respectively. In such a pre-
wound configuration, the at least one securing device
126 may be connected to the at least one first winding
112 and/or the at least one second winding 118 by the
material-bond 128 prior to arranging the at least one first
winding 112 and/or the at least one second winding 118
about the atleast one core. In particular, the at least one
first winding 112 and the at least one second winding
118, which are interconnected by the at least one secur-
ing device 126, may be pre-mounted to a coherent unit
which is then placed at least partially about the at least
one core of the transformer. This may allow the winding
assembly 110, including the at least one first winding 112
and the at least one second winding 118 which are inter-
connected by the at least one securing device 126, to be
handled as a coherent unit which may facilitate moving
the winding assembly 110, e.g., to a point of installation
in the transformer, and/or mounting the winding assem-
bly 110. However, even in such a pre-wound configura-
tion of the atleast one first winding 112 and/or the at least
one second winding 118, the atleastone securing device
126 may be connected to the at least one first winding
112 and the at least one second winding 118 via the
material-bonds in a state in which the at least one first
winding 112 and the at least one second winding 118
have been arranged about the at least one core 14 of the
transformer 10.

[0084] To provide the material-bonds 128, at least one
bonding substance, e.g., at least one adhesive, e.g., at
least one resin, e.g., at least one B-stage resin, may be
applied to atleast one surface of the atleast one securing
device 126 which is at a respective interface between
the at least one securing device 126 and the at least one
first winding 112 and the at least one second winding
118, when the at least one securing device 126 is con-
nected to the at least one first winding 112 and the at
least one second winding 118, respectively. Alternative-
ly, or additionally, at least one bonding substance, e.g.,
at least one adhesive, e.g., at least one resin, e.g., at
least one B-stage resin, may be applied to at least one
surface of the at least one first winding 112 and/or the at
least one second winding 118 which is at a respective
interface between the at least one securing device 126
and the atleast one first winding 112 and the atleast one
second winding 118, when the at least one securing de-
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vice 126 is connected to the at least one first winding 112
and the at least one second winding 118, respectively.
[0085] In addition to the at least one gap 122 arranged
between the atleast one firstwinding 112 and the atleast
one second winding 118, the at least one first winding
112 and/or the at least one second winding 118 may in-
clude a plurality of layers 112A, 112B, 118A, 118B, as
shown in Fig. 4, wherein adjacent layers of the plurality
of layers 112A, 112B, 118A, 118B may also be spaced
apart from each other by at least one second gap 123,
125. In this case, at least one securing device 126 may
alco be arranged at least partially in the at least one sec-
ond gap 123, 125 between adjacent layers 112A, 112B,
118A, 118B, respectively, to partially occupy the at least
one second gap 123, 125 and may be connected to each
of the adjacent layers 112A, 112B, 118A, 118B of the at
least one first winding 112 and the at least one second
winding 118, respectively. The number of layers 112A,
112B, 118A, 118B, as shown in Fig. 4 is only exemplary.
The at least one first winding 112 and the at least one
second winding 118 may include any number of layers.
Alternatively, or additionally, the atleast one first winding
112 and/or the at least one second winding 118 may in-
clude a plurality of turns (not shown in the Figs.), in par-
ticular which are arranged along the winding axis 120.
[0086] The at least one securing device 126 may be
configuredin any shape and/or size suitable for arranging
the at least one securing device 126 in the at least one
gap 122,123, 125. The sizes and shapes of the securing
devices 126 shown in Figs. 3 and 4 are only exemplary.
Moreover, in case a plurality of securing devices 126 are
provided, as shown in Figs. 3 and 4, the securing devices
126 may vary in their configuration and/or type, e.g., in
their sizes and/or shapes and/or material. In other words,
one or more first securing devices 126 of the plurality of
securing devices 126 may have a different configuration
and/or different type, e.g., different sizes and/or shapes
and/or material, than one or more second securing de-
vices 126 of the plurality of securing devices 126.
[0087] Moreover, the winding assembly 110 may in-
clude a plurality of first windings 112 and/or a plurality of
second windings 118, similar or identical to the configu-
ration shown in Fig. 2. The plurality of first windings 112
may be stacked in an axial direction, e.g., along the wind-
ing axis 120 of the first windings 112. Alternatively, or
additionally, the plurality of second windings 118 may be
stacked in an axial direction, e.g., along the winding axis
120 of the second windings 118.

[0088] The at least one first winding 112 and the at
least one second winding 118 may each include at least
one electrical conductor covered in at least one electri-
cally insulating material, particularly aramid, which is not
specifically shown in Fig. 3. The at least one securing
device 126 may be material-bonded to the at least one
electrically insulating material of the at least one first
winding 112 and the at least one second winding 118.
Further insulation material may be provided, e.g., be-
tween the at least one first winding 112 and the at least
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one second winding 118, i.e., in addition to the insulating
material covering the at least one electrical conductor.
For instance, one or more sheets of insulating material
may be provided between the at least one first winding
112 and the at least one second winding 118, i.e., in
addition to the insulating material covering the at least
one electrical conductor.

[0089] While various embodiments of the present dis-
closure have been described above, it should be under-
stood that they have been presented by way of example
only, and not by way of limitation. Likewise, the various
diagrams may depict an example architectural or config-
uration, which are provided to enable persons of ordinary
skillin the artto understand exemplary features and func-
tions of the present disclosure. Such persons would un-
derstand, however, that the present disclosure is not re-
stricted to the illustrated example architectures or con-
figurations, but can be implemented using a variety of
alternative architectures and configurations. Additional-
ly, as would be understood by persons of ordinary skill
in the art, one or more features of one embodiment can
be combined with one or more features of another em-
bodiment described herein. Thus, the breadth and scope
of the present disclosure should not be limited by any of
the above-described exemplary embodiments.

[0090] It is also understood that any reference to an
element herein using a designation such as "first," "sec-
ond," and so forth does not generally limit the quantity or
order of those elements. Rather, these designations can
be used herein as a convenient means of distinguishing
between two or more elements or instances of an ele-
ment. Thus, a reference to first and second elements
does not mean that only two elements can be employed,
orthatthe first element must precede the second element
in some manner.

[0091] Various modifications to the implementations
described in this disclosure will be readily apparent to
those skilled in the art, and the general principles defined
herein can be applied to other implementations without
departing from the scope of this disclosure. Thus, the
disclosure is not intended to be limited to the implemen-
tations shown herein, but is to be accorded the widest
scope consistent with the novel features and principles
disclosed herein, as recited in the claims below.

Claims

1. A winding assembly (110) for a transformer (10), the
winding assembly (110) including:

at least one first winding (112) configured to be
wound at least partially around at least one core
(14) of the transformer (10),

at least one second winding (118) configured to
be wound at least partially around the at least
one first winding (112), wherein the at least one
first winding (112) and the at least one second
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winding (118) are spaced apart from each other
in aradial direction (R) by atleast one gap (122);
and

at least one securing device (126) which is con-
nected to the at least one first winding (112) and
the at least one second winding (118), respec-
tively, by a material-bond (128) to at least par-
tially secure the at least one first winding (112)
to the at least one second winding (118) to re-
duce movement of the at least one first winding
(112) and the at least one second winding (118)
relative to each other, the at least one securing
device (126) being arranged at least partially in
the atleast one gap (122) to partially occupy the
at least one gap (122).

The winding assembly (110) according to claim 1,
wherein the at least one gap (122) is at least partially
configured as a cooling channel configured to atleast
partially receive atleastonefluid, in particular atleast
one liquid, to provide cooling to at least a portion of
the at least one first winding (112) and/or the at least
one second winding (118).

The winding assembly (110) according to claim 1 or
2, wherein the at least one securing device (126) is
configured as a spacer configured to atleast partially
separate the at least one first winding (112) from the
at least one second winding (118), in particular by a
substantially predefined distance.

The winding assembly (110) according to any of the
preceding claims, wherein the material-bond in-
cludes at least one adhesive, in particular at least
one curable adhesive, in particular at least one cur-
able resin.

The winding assembly (110) according to any of the
preceding claims, wherein the movement of the at
least one firstwinding (112) and the at least one sec-
ond winding (118) which is reduced by the at least
one securing device, includes a movement caused
by a short circuit of the at least one first winding (112)
and/or the at least one second winding (118).

The winding assembly (110) according to any of the
preceding claims, wherein the at least one securing
device (126) is configured and arranged to reduce
movement of the at least one first winding (112) and
the atleastone second winding (118) relative to each
other at least in an axial direction along a winding
axis (120) about which the at least one first winding
(112) and/or the at least one second winding (118)
is/are wound.

The winding assembly (110) according to any of the
preceding claims, wherein the at least one first wind-
ing (112) and/or the at least one second winding
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(118)is/are configured to be secured to the core (14)
of the transformer (10) by a material-bond, in partic-
ular by at least one adhesive, in particular by at least
one curable adhesive, in particular by at least one
curable resin.

The winding assembly (110) according to any of the
preceding claims, wherein the material-bond (128)
includes at least one B-stage adhesive.

The winding assembly (110) according to any of the
preceding claims, wherein the material-bond (128)
is configured and arranged to withstand forces in an
axial direction along a winding axis (120), about
which the at least one first winding (112) and/or the
at least one second winding (118) is/are wound, of
up to 50 kN, particularly up to 100 kN, more partic-
ularly up to 150 kN, more particularly up to 200 kN,
more particularly up to 250 kN, more particularly up
to 300 kN.

The winding assembly (110) according to any of the
preceding claims, including a plurality of first wind-
ings (112) and/or a plurality of second windings
(118), wherein:

the plurality of first windings (112) are stacked
in an axial direction along a winding axis (120)
of the first windings (112);

and/or

the plurality of second windings (118) are
stacked in an axial direction along a winding axis
(120) of the second windings (118).

The winding assembly (110) according to any of the
preceding claims, wherein the material-bond (128)
is configured and arranged to withstand movement
of the at least one first winding (112) and the at least
one second winding (118), relative to each other,
which is caused by forces during operation of the
transformer.

A method for manufacturing a winding assembly
(110) for a transformer (10), in particular a winding
assembly (110) according to any of claims 1 to 11,
the method comprising:

(a) arranging the at least one securing device
(126) at least partially in at least one gap (122)
which spaces the at least one first winding (112)
and the at least one second winding (118) apart
from each other in a radial direction (R) such
that the at least one securing device (126) par-
tially occupies the at least one gap (122), and

(b) securing the at least one first winding (112)
to the at least one second winding (118) to re-
duce movement of the at least one first winding
(112) and the at least one second winding (118)
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relative to each other by connecting the at least
one securing device (126) to the at least one
firstwinding (112) and to the at least one second
winding (118), respectively, by a material-bond
(128).

The method according to claim 12, wherein, in step
(b), the at least one securing device (126) is con-
nected to the at least one first winding (112) and to
the at least one second winding (118), respectively,
by at least one adhesive, in particular at least one
curable adhesive, in particular at least one curable
resin, and wherein the method further includes:

(c) curing the at least one adhesive, in particular by
applying heat and/or light and/or pressure to the ad-
hesive,

wherein optionally the at least one adhesive is cured
in a process, in particular in which heat is applied at
least a portion of the winding assembly (110), for
providing a further function during manufacturing of
the winding assembly (110) or the transformer (10).

The method according to any of claims 12 or 13,
wherein the at least one adhesive is applied to at
least one surface of the at least one securing device
(126), in particular prior to step (a).

The method according to any of claims 12 to 14,
wherein the at least one adhesive is applied as a
coating, in particular a coating which is an uninter-
rupted and/or uniform.
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