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(54) Modular non-circular coil for transformers

(57)  The invention relates to coils of a transformer,
and particularly to a transformer having coils arranged
to each other. Each coil (100, 1801, 1802) comprising a
plurality of coil segments (102) of a modular type, each
of which having a uniform cross-section. Each coil seg-
ment (102) is electrically connected to another coil seg-

ment (102) of the plurality of coil segments (102) forming
a stack (100), the stack (100) defining a stack axis (A).
The uniform cross-section of each of the plurality of coil
segments (102) is a non-circular cross-section. The coils
(100, 1801, 1802) of modular coil segments (102) may
be efficiently manufactured.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to coils of transformers.
In particular, the invention relates to a coil for a trans-
former and a transformer with the coil.

BACKGROUND OF THE INVENTION

[0002] In the field of power generation and distribution
transformers are widely used.

[0003] The patentapplication WO-98/10445 describes
the separate manufacturing of insulated single disks,
their stacking, and the over-moulding of the complete
stack with a solid insulation for forming a transformer.
Small transformers from 50 VA up to 3 kVA are encap-
sulated by a thermoplastic material.

SUMMARY OF THE INVENTION

[0004] It may be seen as an object of the invention to
provide an improved, flexible and efficient coil for a trans-
former.

[0005] This objectis achieved by a coil for a transform-
er and by a transformer comprising the coil according to
the independent claims. Further embodiments are evi-
dent from the dependent claims.

[0006] According to one embodiment of the invention
a coil for a transformer is provided comprising a plurality
of coil segments of a modular type, each of which having
a uniform cross-section. Each coil segment is electrically
connected to another coil segment of the plurality of coil
segments forming a coil segment stack or the coil, the
stack defining a stack axis. The uniform cross-section of
each of the plurality of coil segments is a non-circular
cross-section and the cross-section is in a plane perpen-
dicular to the stack axis.

[0007] Such a coil may provide for considerable cost-
savings, especially, for example, for transformers with
low ratings. These cost-savings may be provided mainly
from faster production cycles compared to a production
of a single non-modular coil or in other words one coil
body. The coil as described above may provide a high
degree of standardization concerning the manufacturing
of the coil enabling variable sizing of the coil and thus
time and cost savings compared to a manufacturing of a
non-modular coil which is generally designed for manu-
facturing a defined size of a transformer. The coil with
the non-circular cross-section may further enable a re-
duction of the core steel, as the distance between phases
of a transformer may be reduced and thereby less core
steel may be used, also if the cores are stacked, for ex-
ample of cut metal sheets. A coil with coil segments with
a uniform non-circular cross-section as described above
may enable a faster manufacturing of the core of the
transformer. Manufacturing a non-circular core by con-
ventional stacking of cut metal sheets may be more effi-
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cient than manufacturing a circular core since all metal
sheets may have the same width. Furthermore the trans-
former with a non-circular cross-section may be built
more compact compared to a core with a circular cross-
section. The coil may be a modular coil and the trans-
former may be a dry transformer or a dry distribution
transformer. The coil segment may be a modular disk or
a disk. The disk or modular disk may comprise a sup-
porting device with a thereto wound conductor, wherein
an insulation material may be attached to the supporting
device and the conductor for insulating the supporting
device and the conductor.

[0008] The electrical connecting of the coil segments
to each other may comprise the steps of removing enam-
el of the connecting means at each coil segment of the
plurality of coil segments and crimping the connecting
means of each coil segment of the plurality of coil seg-
ments to a connecting means of an adjacent coil segment
of the plurality of coil segments.

[0009] According to another embodiment of the inven-
tion the coil segment comprises at least one high voltage
(HV) coil segment.

[0010] According to another embodiment of the inven-
tion the coil segment comprises at least one low voltage
(LV) coil segment.

[0011] A coil with coil segments of a modular type or
in other words a coil of a modular type means that HV
and/or LV windings may be adapted as disc windings
which may be moulded and which may have two con-
nections or terminals such that the disc windings are
stackable.

[0012] High voltage and low voltage coils may be com-
bined in one coil segment according to another embod-
iment of the invention.

[0013] Furthermore only high voltage coils may be in
one coil segment and only low voltage coils may be in
one coil segment.

[0014] The high voltage coil may be arranged at a sec-
ondary possibly low voltage coil comprising a secondary
or low voltage coil conductor in insulating material.
[0015] According to another embodiment of the inven-
tion the non-circular cross-section is a cross-section se-
lected from the group consisting of a rectangular, a hex-
agonal, an oval, and a polygonal cross-section. Such a
coil with a non-circular cross-section or an oval cross-
section may provide for a compact modular arrangement
of the cores of the transformer and the transformer itself.
[0016] According to another embodiment of the inven-
tion each of the plurality of coil segments comprises a
conductor, a supporting device for supporting the con-
ductor being wound around the supporting device, and
an insulation material for insulating the conductor. The
insulation material may be moulded around the conduc-
tor and the supporting device. The insulation material
may be adapted for electromagnetically insulating the
coil segment.

[0017] The insulation material may be a thermoplastic
material instead of a thermosetting material which may
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make a curing cycle unnecessary when manufacturing
the transformer, thus decreasing the production time of
the transformer. Taking into account labour, material
costs and depreciation during five years cost-savings of
up to 50% may be expected by manufacturing a trans-
former with the above-mentioned coil compared to man-
ufacturing the transformer with a non-modular coil. Ther-
moplastic resins with a higher thermo-conductivity would
allow using the modular concept of the coil of the trans-
former also for transformers with high power.

[0018] The modular concept of a coil with coil seg-
ments of a modular type may enable the use of a two-
compound injection moulding process enabling to have
one field grading compound, smoothing the electrical
field around the conductor and thereby allowing for the
distance between high voltage and low voltage coils of
the transformer to be reduced. The supporting device
may have a ring form with two sidewalls, in other words
the supporting device may be a ring with a U-shaped
cross-section. Furthermore the supporting device may
have a non-circular form such as one of a rectangular, a
non-circular, and a hexagonal form.

[0019] According to another embodiment of the inven-
tion a field control layer arrangement for reducing the
maximum field strength of an electric field generated in
the coil is provided. A first field control layer of the field
control layer arrangement is applied at edges of the caoil
segment.

[0020] The field control layer arrangement may have
a high permittivity material with a permittivity of about 10,
and the insulation material may have a low permittivity.
The field control layer arrangement may be injection-
moulded around the conductor. The field control layer
arrangement may reduce the maximum field strength of
the coil by 50% compared to a coil without a field control
layer arrangement and refractive field control may be pro-
vided by the field control layer arrangement. The field
control layer arrangement may comprise a material se-
lected from the group consisting of a composite material
with TiO2, ZnO or BaTiO3 filler. Due to the difference in
permittivity between the grading layer and the insulation
material, the electric field concentrates in the insulation
material and is reduced at the with high permittivity layer
coated coil corners or coil edges.

[0021] According to another embodiment of the inven-
tion the permittivity ratio of the insulation material to the
field control layer arrangementis 1 to 1.5-20, in particular
1 to 2-5 thereby controlling the electric field.

[0022] Such a refractive field control or control of the
electric field may be achieved by a specific arrangement
of materials with different permittivity; for example mate-
rials or devices with a permittivity ratio of 1 to 1.5-20,
particularly 1 to 2-5, may be arranged adjacent to each
other or over one another thereby enabling the refractive
field control or control of the electric field generated in
the coil.

[0023] According to another embodiment of the inven-
tion a first field control layer of the field control layer ar-
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rangement is applied at edges of the coil body.

[0024] The first field control layer may be applied at
the inner edges of the coil body facing another coil body,
such as a LV coil, for example, and/or at the outer edges
of the coil body. The first field control layer may comprise
rounded edges and may have the same features as the
above mentioned features of the field control layer ar-
rangement.

[0025] According to another embodiment of the inven-
tion the coil further comprises at least one second field
control layer of the field control layer arrangement.
[0026] According to another embodiment of the inven-
tion the supporting device comprises at least one of the
at least one second field control layer.

[0027] The atleast one second field control layer may
be a high epsilon layer. The at least one second field
control layer may have the same features as the above
mentioned features of the field control layer arrangement.
[0028] According to another embodiment of the inven-
tion the coil may further comprise a locking means for
preventing rotation of adjacent coil segments of the plu-
rality of coil segments. By locking means alocking system
or locking arrangement is meant that may comprise more
than one locking devices.

[0029] According to another embodiment of the inven-
tion the locking means comprises a through-hole in each
of the plurality of coil segments and a rod being adapted
to pass through the through-hole of each of the plurality
of coil segments.

[0030] The rod may be a threaded rod fitting to threads
in the through-holes. Two through-holes may be ar-
ranged on opposite sides of the coil segments and two
rods may each pass through one of the two through-holes
preventing the coil segments from rotating among each
other.

[0031] According to another embodiment of the inven-
tion the locking means comprises a latch arranged at
each of the plurality of coil segments in arecess arranged
at each of the plurality of coil segments such that the
latch of the coil segments of the plurality of coil segments
is adapted to fit to the recess of an adjacent coil segment
of the plurality of coil segments.

[0032] Such a latch-recess locking mechanism may
prevent the rotation of the coil segments among each
other efficiently, wherein each coil segment may be easily
stacked to another coil segment. There may be more
than one recess and more than one latch arranged at
each of the coil segments. Eight latches and eight re-
cesses may be arranged equispaced at each of the coil
segments. The recess and the latch may be part of the
coil segment and both may have one of a circular, a rec-
tangular, a polygonal, a non-circular, a hexagonal, and
a triangular form. Furthermore the latch may be pin-like
and the recess may be hole-like.

[0033] According to another embodiment of the inven-
tion the locking means comprises a snap-fit connection
arranged at adjacent coil segments of the plurality of coil
segments. The snap-fit connection may comprise a
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clamp and a matching counterpart being arranged at
each of the plurality of coil segments. There may be a
plurality of clamps and counterparts arranged at each of
the plurality of coil segments, for example three clamps
and three counterparts per coil segment.

[0034] According to another embodiment of the inven-
tion the coil further comprises a guiding element for the
electrical connection, e.g. in form of a clamp connecting
or crimp connecting the plurality of coil segments and for
clamp or crimp connecting the coil segments to a further
coil of a transformer. The guiding element may be ar-
ranged at each of the conductors of the plurality of coil
segments.

[0035] According to another embodiment of the inven-
tion the conductor is in form of a foil wound around the
supporting device enabling a faster manufacturing of the
coil compared to a manufacturing of the coil wherein the
conductor is in form of a wire wound around the support-
ing device being a further embodiment of the invention.
[0036] According to another embodiment of the inven-
tion the coil body is a high voltage coil body and an in-
sulation material is attached to a low voltage coil. The
high voltage coil body is combined with the low voltage
coil body surrounding a core of the transformer. The in-
sulation material may be moulded to the low voltage coil.
[0037] According to another embodiment of the inven-
tion a transformer is provided having a first coil of anyone
of the above-mentioned embodiments, the transformer
further comprising a core having a cross-section corre-
sponding to the non-circular cross-section of each of a
plurality of coil segments of the first coil. The core may
comprise one of a rectangular, a hexagonal, an oval and
a non-circular form or combination thereof. The core may
generally have a non-circular form.

[0038] According to another embodiment of the inven-
tion the core is an amorphous core.

[0039] The core may be built from thin sheets which
are insulated against each other for minimizing the losses
from eddy currents. Concerning the material of the sheets
the following steel qualities for the sheets may be used:
Standard core steel (usually low C content of less than
0.1% and alloyed with Si of usually less than 3%); grain
oriented core steel, wherein the cold rolling of steel ori-
ents the magnetic domains which leads to good loss
properties in the rolling direction; amorphous core steel.
The core of the transformer may be be stacked or wound,
wherein the core may be wound around the mandrel in
a first step, cut at one position in a second step, spread/
open up for placing the low voltage and high voltage of
the transformer in a third step, and the low voltage and
high voltage coils may be placed at the core in a fourth
step. Four equal wound cores of a transformer may be
arranged next to each other being combined by three
high voltage and low voltage coils forming the transform-
er. Two equal wound small cores and one large wound
core could be combined by three high voltage and low
voltage coils forming a transformer according to a further
embodiment.
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[0040] According to another embodiment of the inven-
tion the transformer further comprises a second coil of
anyone of the above-mentioned embodiments and a third
coil of anyone of the above-mentioned embodiments,
wherein each of the first, second and third coils surrounds
the core. The first, second and third coils are arranged
in a triangular way next to each other forming a compact
transformer.

[0041] Due to the minimal distance of the transformer
axes to each other and due to the non-circular cross-
sections of the coils in a plane perpendicular to the trans-
former axes the transformer with triangular arrangement
of the coils may provide a greater mechanical stability
and a more compact design compared to transformers
with coils with a circular cross-section, and also com-
pared to a linear arrangement of the coils. A triangular
arrangement of coils with a circular cross-section may
provide for a minimized distance of the coil axes to each
other and thus a better mechanical stability and space-
saving compared to a linear arrangement of coils with a
non-circular cross-section.

[0042] According to another embodiment of the inven-
tion the transformer further comprises a second coil of
anyone of the above-mentioned embodiments and a third
coil of anyone of the above-mentioned embodiments,
wherein each of the first, second and third coils surrounds
the core. The first, second and third coils are arranged
in a linear way next to each other forming a compact
transformer.

[0043] Such a transformer with a linear arrangement
of coils with non-circular cross-sections in a plane per-
pendicular to the transformer axes or to the core limbs
may be built more compact due to a possible more room
saving arrangement of the non-circular cross-section
coils, for example at edges of the coils, compared to a
linear arrangement of coils with circular cross-sections.
[0044] A transformer with a plurality of coils according
to anyone of the above mentioned embodiments may be
arranged next to each other in the most compact room-
saving way depending on the non-circular shape of the
cross-section of each of the plurality of coil segments of
the plurality of coils such as a triangular way for a hex-
agonal, and for an oval-cross section or for a cross-sec-
tion comprising a combination of a non-circular and a
circular cross-section. The plurality of coils may be ar-
ranged in line, for example three coils next to each other,
forming a transformer, wherein each coil segment of the
plurality of coil segments of the plurality of coils of the
transformer may have one of a rectangular, hexagonal,
oval, non-circular, and polygonal form, or a combination
of a circular and a non-circular form. Each core may be
surrounded by a low voltage coil which is surrounded by
a high voltage coil.

[0045] These and other aspects of the present inven-
tion will become apparent from and elucidated with ref-
erence to the embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0046] The subject-matter of the invention will be ex-
plained in more detail in the following text with reference
to exemplary embodiments which are illustrated in the
attached drawings.

Fig. 1 schematically shows a cross-sectional view of
a coil for a transformer according to an embodiment
of the invention.

Fig. 2 schematically shows a cross-sectional view of
a coil segment according to another embodiment of
the invention.

Fig. 3A schematically shows a cross-sectional view
of a coil with field control layer arrangements accord-
ing to another embodiment of the invention.

Fig. 3B schematically shows a cross-sectional view
of one phase of a transformer with a coil according
to another embodiment of the invention.

Fig. 4 schematically shows a perspective view of two
coil segments with a locking means comprising holes
and rods according to another embodiment of the
invention.

Fig. 5 schematically shows a perspective view of two
coil segments with latches and recesses according
to another embodiment of the invention.

Fig. 6 schematically shows a perspective view of two
coil segments with snap-fit connections comprising
clamps and matching counterparts according to an-
other embodiment of the invention.

Fig. 7 schematically shows a cross-sectional view of
a rectangular core of a transformer according to an
embodiment of the invention.

Fig. 8 schematically shows a cross-sectional view of
a circular core of a transformer according to another
embodiment of the invention.

Fig. 9 schematically shows a cross-sectional view of
windings of a core of a transformer according to an
embodiment of the invention.

Fig. 10 schematically shows a cross-sectional view
of windings of a core of a transformer being cut ac-
cording to another embodiment of the invention.

Fig. 11 schematically shows a cross-sectional view
of windings of a core of a transformer that have been
cut according to another embodiment of the inven-
tion.
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Fig. 12 schematically shows a cross-sectional view
of high voltage and low voltage coils being placed at
windings of a core of a transformer according to an-
other embodiment of the invention.

Fig. 13 schematically shows a cross-sectional view
of four windings of a core of a transformer being con-
nected by high voltage and low voltage coils of the
transformer according to another embodiment of the
invention.

Fig. 14 schematically shows a cross-sectional view
of three windings of cores of a transformer being
connected by high voltage and low voltage coils of
the transformer according to another embodiment of
the invention.

Fig. 15 schematically shows a cross-sectional view
of three linearly arranged coils of a transformer, the
coils having a circular cross-section.

Fig. 16 schematically shows a cross-sectional view
of three linearly arranged coils of a transformer, the
coils having a rectangular cross-section according
to another embodiment of the invention.

Fig. 17 schematically shows a cross-sectional view
of three linearly arranged coils of a transformer, the
coils having a hexagonal cross-section according to
another embodiment of the invention.

Fig. 18 schematically shows a cross-sectional view
of three linearly arranged coils of a transformer, the
coils having an oval cross-section according to an-
other embodiment of the invention.

Fig. 19 schematically shows a cross-sectional view
of three coils of a transformer, the coils having a hex-
agonal cross-section being arranged in a triangular
way according to an embodiment of the invention.

Fig. 20 schematically shows a cross-sectional view
of three coils of a transformer, the coils having a cir-
cular cross-section being arranged in a triangular
way.

Fig. 21 schematically shows a cross-sectional view
of three coils of a transformer, the coils having an
oval cross-section being arranged in a triangular way
according to another embodiment of the invention.

Fig. 22 schematically shows a cross-sectional view
ofthree coils of a transformer, the coils having a com-
bination of a circular and a non-circular cross-section
being arranged in a triangular way according to an-
other embodiment of the invention.

Fig. 23 schematically shows a flow chart of a method
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of manufacturing a coil for a transformer according
to another embodiment of the invention.

[0047] Reference signs used in the drawings, and their
meanings, are listed in summary form as a list of refer-
ence signs. In principle, identical parts are provided with
the same reference signs in the figures.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0048] Fig. 1 depicts a cross-sectional view of one
phase of a transformer with a coil 100. The coil 100 com-
prises a plurality of coil segments 102 of a modular type,
each of which having a uniform cross-section. Each coil
segment 102 is electrically connected to another coil seg-
ment 102 of the plurality of coil segments 102 forming a
coil segment stack 100, the stack 100 defining a stack
axis A, or in other words the coil 100. Electrical connec-
tions or guiding elements 103 for clamp connecting the
plurality of coil segments 102 and for clamp connecting
the coil segment stack 100 to a further core of another
transformer are provided and may ensure the electrical
connection of the coil segments 102 to each other. Anon-
circular part of a core 104 of the transformer is surround-
ed by the coil 100. The uniform cross section of each of
the plurality of coil segments 102 is a non-circular cross-
section and the cross-section is in a plane perpendicular
to the stack axis A.

[0049] Fig. 2 shows a non-circular cross-section of a
coil segment 102 of Fig. 1, the cross-section being in a
plane perpendicular to the stack axis A. The coil segment
102 comprises a conductor 201 which is supported by
supporting device 202, wherein the conductor 201 may
be wound around the supporting device 202. An insula-
tion material 203 is surrounding the conductor 201 and
the supporting device 202 and may be used for an elec-
trical insulation of the conductor. The supporting device
202 has a U-shape inthe form of aring 205 with sidewalls.
[0050] The supporting device 202 may be moulded by
a two compound injection moulding process allowing to
have one field grading compound, smoothing the elec-
trical field around the conductor 201 and thereby allowing
for a distance between high voltage and low voltage coils
to be reduced and a second compound of a material se-
lected form the group consisting of a thermoset and a
thermoplast.

[0051] In addition to a first field control layer (not
shown, see Fig. 3A), the supporting device 202 may com-
prise a second field control layer 204 for reducing the
maximum field strength of the electric field generated in
the coil 100. The conductor 201 may form a winding 201
wherein a second field control layer may be applied di-
rectly at edges 205 of the coil segment 102. The support-
ing device 202 may comprise high permittivity thermo-
plastic. The insulation material 203 may be attached or
impregnated or moulded to the conductor 201 and the
supporting device 202 by first over-moulding or attaching
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the conductor 201, then over-moulding or attaching the
sidewalls of the supporting device 202 in form of a ring
202, and third by over-moulding or attaching an inner
wall of the ring 202 with the insulation material 203.
[0052] Fig. 3A schematically shows a coil 100 with a
plurality of coil bodies 102, wherein a first field control
layer 301 is applied at edges 205 of each of the plurality
of coil segments 102. Insulation material 203 is attached
or moulded over each of the coil segments 102. Fig. 1A
depicts a field control layer arrangement 200 for reducing
the maximum field strength of the electric field generated
in the coil 100. A first field control layer 301 of the field
control layer arrangement 200 is applied at edges 205
of the coil body 102. One first field control layer 301 may
be applied at inner edges 205 facing another coil body
(not shown), such as alow voltage coil attached or mould-
ed by an insulation material to a low voltage coil body,
and an additional first field control layer 301 may be ap-
plied at outer edges 205 not-facing the adjacent low volt-
age coil body. The first field control layer 301 may also
be arranged circumferentially around the conductor (see
Fig. 2) of the each coil segment 102 covering all the edges
205 of the coil segment 102. At least one second field
control layer 204 of the field control layer arrangement
200 is provided. The supporting device (see Fig. 2) may
comprise the at least one second field control layer 204
of the field control layer arrangement 200. The field con-
trol layer arrangement 200 may either comprise the first
field control layer 204 or the at least one second field
control layer 301 or both, the first and the second field
control layers 301, 204, and may comprises a plurality
of field control layers according to exemplary embodi-
ments of the invention. The permittivity ratio of the insu-
lation material 203 to the field control layer arrangement
200 may be 1 to 1.5-20, in particular 1 to 2-5 thereby
controlling the electric field. Refractive field control or
control of the electric field may be achieved by a specific
arrangement of materials or devices such as the conduc-
tor, the supporting device, the insulation material 203,
the field control layer arrangement 200, and ambient air
with different permittivity; for example materials or devic-
es with a permittivity ratio of 1 to 1.5-20, particularly 1 to
2-5, may be arranged adjacent to each other or over one
another thereby enabling the refractive field control or
control of the electric field generated in the coil 100.
[0053] The following features and embodiments of de-
scriptions may be applicable to all figures, in particular
to Fig. 1, 2, and 3A.

[0054] The transformer may be a dry transformer and
cast coils may be used for the dry transformer. The con-
ductor 201 may be made of a wound foil or wound insu-
lated wire. Mechanical reinforcing structures may be in
contact with the coil segments 102. The insulation ma-
terial 203 close to the edges of the windings 201 may be
submitted to increase electrical stress. To avoid electrical
failure of the transformer sufficient insulation distances
between coil segments 102 and other metallic parts must
be kept, especially when the electric strength of the in-
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sulation system is reduced due to the presence of inter-
faces. The main insulation between primary and second-
ary coil or high voltage and low voltage coils of the dry-
type transformer may be air. The transformers may have
high voltage, especially a voltage of 10 kV and higher.
[0055] The high permittivity of the material may be an
intrinsic characteristic of the field control layer material
or may be realized by using a filler in a matrix, e.g. high
permitted particles in a polymer. If, for example, a first
field control layer 301 with epsilon equal to 10 is used,
the maximum field strength at the coil segment edge 205
is reduced to 50%. An even better result may be
achieved, if the first high permittivity field control layer
301 has rounded corners.

[0056] The insulation material 203 may have a permit-
tivity of 2 to 10. The first and second field control layer
301, 204 may have an epsilon 1.5 to 20 times higher than
the insulation material 203.

[0057] Fig. 3B schematically shows a cross-section of
one phase of a transformer with a middle axis A (the stack
axis according to Fig. 1 and Fig. 2) separating a core 104
of the transformer. The core 104 is coaxially surrounded
by alow voltage coil 402 which comprises the low voltage
winding 403 and a second insulation material 210 which
may be an aluminium sheet attached to the low voltage
winding 403 or may be moulded to the low voltage wind-
ing 403 having similar characteristics as the first insula-
tion material 203. The moulded low voltage coil 402 is
surrounded by two high voltage coil segments 102. Each
high voltage coil segment 102 has a supporting device
202 which may comprise a second field control layer 204
supporting the conductor 201 which may be wound
around the supporting device 202. Each conductor 201
and supporting device 202 is moulded or attached by a
first insulation material 203 which may be have the same
material as the second insulation material 210. The high
voltage coil segments 102 form a high voltage coil seg-
ment stack 401 which is arranged around the moulded
low voltage coil 402 surrounding the core 104 of the trans-
former 101.

[0058] The transformer may be manufactured by
moulding or attaching the supporting device 202, winding
a conductor 201 around the supporting device 202,
moulding the conductor 201 and the supporting device
202 with a first insulation material 203, wherein the sup-
porting device 202 and the conductor 201 are inserted
into a mould and over-moulded by the first insulation ma-
terial 203 forming a high voltage coil segment 102. The
high voltage coil segments 102 are stacked to a high
voltage segment stack 401 and the high voltage coil seg-
ments 102 are electrically connected to each other. The
first insulation material 203 may comprise a thermoplas-
tic material moulded by injection moulding, or a thermo-
setting material, processed by vacuum casting or auto-
matic pressure gelation.

[0059] The high voltage coil module stack 401 is then
arranged around the moulded low voltage coil 402 which
is applied or wound around the core 104 of the trans-
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former.

[0060] Fig. 4 schematically shows a perspective view
of two coil segments 102, each coil segment 102 com-
prising two through-holes 701 through which two rods
700 pass, thereby preventing rotation of the two adjacent
coil segments 102. The through-holes 701 and the rods
702 adapted to pass through the through-holes 701 form
a locking means 700 for preventing rotation of the adja-
cent coil segments 102.

[0061] Fig. 5 schematically shows a perspective view
of two coil segments 102, comprising a locking means
700 for preventing rotation of the two adjacent coil seg-
ments 102. The locking means 700 comprises a latch
801 arranged at each of the plurality coil segments 102
and a recess 802 arranged at each of the two coil seg-
ments 102 such that the latch 801 of one coil segment
102 is adapted to fit to the recess of the adjacent coil
segment 102. The latches 801 are pin-like, and the re-
cesses 802 are hole-like.

[0062] Fig. 6 schematically shows a perspective view
of two coil segments 102 having a locking means 700 for
preventing rotation of the two adjacent coil segments
102. The locking means 700 comprises snap-fit connec-
tion 901 arranged at the adjacent coil segments 102, and
comprising a clamp 902 and a matching counterpart 903
being arranged at each of the coil segments 102. Three
clamps 902 and counterparts are arranged at each of the
two coil segments.

[0063] Fig. 7 schematically shows a cross-sectional
view of a rectangular core 104 of a transformer built from
thin sheets 1001 which may be insulated against each
other for minimizing the losses from eddy currents.
[0064] Fig. 8 schematically shows a cross-sectional
view of a quasi-circular core 104 of a transformer built
from thin sheets 1001 which may be insulated against
each other for minimizing the losses from eddy currents.
[0065] The steel qualities for the sheets 1001 of Fig. 7
and Fig. 8 may comprise standard core steel, or amor-
phous core steel.

[0066] Fig. 9 schematically shows a cross-sectional
view of the windings 1201 of a wound core of a trans-
former. The core may be wound around a mandrel in a
first step.

[0067] Fig. 10 schematically shows a cross-sectional
view of the windings 1201 of a wound core of a trans-
former being cut at a certain position indicated by the
scissor icon.

[0068] Fig. 11 schematically shows a cross-sectional
view of the windings 1201 of a wound core of a trans-
former being cut and spread/opened in directions indi-
cated by the arrows.

[0069] Fig. 12 schematically shows a cross-sectional
view of windings 1201 of a wound core of a transformer
wherein moulded high voltage and low voltage coils 601
of a transformer are placed in the windings 1201 of the
wound core.

[0070] Fig. 13 schematically shows a cross-sectional
view of four windings 1201 of equal wound cores of a
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transformer being arranged next to each other and com-
bined by three high voltage & low voltage coils 601 form-
ing the transformer.

[0071] Fig. 14 schematically shows a cross-sectional
view of windings 1201 of two equally wound small wound
cores and one large wound core of a transformer being
combined by three high voltage & low voltage coils 601
forming a transformer.

[0072] The core of Fig. 9 to Fig. 14 may comprise one
of a non-circular form, such as a rectangular, a hexago-
nal, or an oval form, and a combination of a circular and
a non-circular form.

[0073] Fig. 15 schematically shows a cross-sectional
view of three coils 100, 1801 and 1802 of a transformer
having a circular cross-section with high voltage coils 401
and low voltage coils 402 being arranged next to each
other in the most compact room saving way forming part
of a transformer known in the art.

[0074] Fig. 16 schematically shows a cross-sectional
view of three coils 100, 1801, 1802 of a transformer hav-
ing a rectangular cross-section. Compared to the refer-
ence arrangement in Fig 15, this arrangement is more
compact and has a greater mechanical stability as the
coils 100, 1801, 1802 are arranged next to each other
such that the sides of the rectangular coils 100, 1801,
1802 meet each other in the arrangement providing a
shorter distance between the axes of the coils 100, 1801,
1802 compared to the arrangement of Fig. 15.

[0075] Fig. 17 schematically shows a cross-sectional
view of three coils 100, 1801, 1802 of a transformer hav-
ing a hexagonal form. Compared to the reference ar-
rangement in Fig 15, this arrangement is more compact
and has a greater mechanical stability as the coils 100,
1801, 1802 are arranged next to each other such that
the sides of the hexagonal coils 100, 1801, 1802 meet
each other in the arrangement providing a shorter dis-
tance between the axes of the coils 100, 1801, 1802 com-
pared to the arrangement of Fig. 15.

[0076] Fig. 18 schematically shows a cross-sectional
view of three coils 100, 1801, 1802 of a transformer hav-
ing an oval form. Compared to the reference arrange-
ment in Fig 15, this arrangement is more compact and
has a greater mechanical stability as the coils 100, 1801,
1802 are arranged next to each other such that the sides
of the oval coils 100, 1801, 1802 closest to the axes of
the coils 100, 1801, 1802 meet each other in the arrange-
ment providing a shorter distance between the axes of
the coils 100, 1801, 1802 compared to the arrangement
of Fig. 15.

[0077] Fig. 19 schematically shows a cross-sectional
view of a first coil 100, a second coil 1801, and a third
coil 1802 of a transformer. Each coil 100, 1801, 1802
may be designed according to Fig. 1, wherein the coils
100, 1801, 1802 comprise a hexagonal cross-section.
The coils 100, 1801, 1802 are arranged in a triangular
way next to each other such that three sides of the hex-
agonal coils 100, 1801, 1802 meet each other providing
for a greater compactness and mechanical stability of
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the arrangement compared to a triangular arrangement
of coils 100, 1801, 1802 with a circular cross-section ac-
cording to Fig. 20 because the distances of the axes of
the coils 100, 1801, 1802 is shorter compared to the tri-
angular arrangement of Fig. 20.

[0078] Fig. 20 schematically shows a cross-section of
three coils 100, 1801, 1802 having a circular cross-sec-
tion known in the art. The coils 100, 1801, 1802 are ar-
ranged in a triangular way next to each other providing
for a greater compactness and mechanical stability of
the arrangement compared to a linear arrangement of
coils 100, 1801, 1802 according to Figs. 15to 18 because
the distances of the axes of the coils 100, 1801, 1802 is
shorter compared to the arrangements of Figs. 15 to 18.
[0079] Fig. 21 schematically shows a cross-sectional
view of three coils 100, 1801, 1802 having an oval cross-
section. Each coil 100, 1801, 1802 may be designed ac-
cording to Fig. 1. The coils 100, 1801, 1802 are arranged
in a triangular way next to each other such that three
sides of the oval coils 100, 1801, 1802 closest to the axes
of the coils 100, 1801, 1802 meet each other providing
for a greater compactness and mechanical stability of
the arrangement compared to a triangular arrangement
of coils 100, 1801, 1802 with a circular cross-section ac-
cording to Fig. 20 because the distances of the axes of
the coils 100, 1801, 1802 is shorter compared to the tri-
angular arrangement of Fig. 20.

[0080] Fig. 22 schematically shows a cross-sectional
view of three coils 100, 1801, 1802 having a combination
of a circular and a non-circular cross-section. Each coll
100, 1801, 1802 may be designed according to Fig. 1.
The coils 100, 1801, 1802 are arranged in a triangular
way next to each other such that three sides of the coils
100, 1801, 1802 closest to the axes of the coils 100,
1801, 1802 meet each other providing for a greater com-
pactness and mechanical stability of the arrangement
compared to a triangular arrangement of coils 100, 1801,
1802 with a circular cross-section according to Fig. 20
because the distances of the axes of the coils 100, 1801,
1802 is shorter compared to the triangular arrangement
of Fig. 20.

[0081] Fig. 23 schematically shows a flow-chart of a
method 2600 of manufacturing a coil for a transformer
with the steps of moulding a supporting device 2601, the
moulding comprising the steps of injection-moulding the
supporting device by a two-component injection mould-
ing process using a first component comprising a first
field control layer and a second component, winding a
conductor of a coil module or coil segment around the
supporting device of the coil module or coil segment
2602, moulding an insulation material to the conductor
and the supporting device 2603, stacking each of the
conductors and supporting devices to a coil segment
stack or the coil 2604, electrically connecting each coil
segment or coil segment of the plurality of coil segments
or coil modules to another coil segment or coil module
of the plurality of coil segments or coil modules 2605,,
and applying a second field control layer of a field control
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layer arrangement at the edges of the coil segment stack
or coil 2606. The step of moulding a supporting device
2601 may be omitted.

[0082] The coil may comprise a field control layer ar-
rangement for reducing the maximum field strength of an
electricfield generated in the coil. The supporting devices
may comprise a first field control layer.

[0083] While the invention has been illustrated and de-
scribed in detail in the drawings and the foregoing de-
scription, such illustration and description are to be con-
sidered illustrative or exemplary and not restricted; the
invention is not limited to the disclosed embodiments.
[0084] Other variations of the disclosed embodiments
may be understood and effected by those skilled in the
art and practising the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
[0085] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single coil or a
single transformer may fulfil the function of several items
recited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures may
not be used to advantage. Any reference signs in the
claims should not be construed as limiting the scope.

LIST OF REFERENCE SYMBOLS

[0086]

100 Coil, stack of coil segments , first coil

102 coil segment(s), high voltage coil segment(s),
modular coil segment(s), coil module(s)

103 Guiding elements, clamps, crimps, electrical
connection

104 Core

200 Field control layer arrangement

201 Conductor

202 Supporting device, ring with two sides, ring

203 Insulation material, first insulation material

204 Second field control layer

205 Edges of coil segment(s), edges of supporting
device(s)

210 Second insulation material

301 First field control layer

401 High voltage coil segment stack, high voltage
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coil segment arrangement

402 Moulded low voltage coil(s)

403 Low voltage coil(s), low voltage coil segment

601 High voltage & low voltage coil(s), moulded high
voltage coil segment and low voltage coil unit

700 Locking means, locking arrangement

701 Through-hole(s)

702 Rod(s)

801 Latch, latches

802 Recess, recesses

901 Snap-fit connection

902 Clamp(s)

903 Counterpart(s)

1001  Sheet(s), metal sheet(s)

1201 Windings 1801 Second coil

1802  Third coil

Claims

1. Acaoil (100, 1801, 1802) for a transformer, compris-
ing:

a plurality of coil segments (102) of a modular
type, each of which having a uniform cross-sec-
tion;

wherein each coil segment (102) is electrically
connected to another coil segment (102) of the
plurality of coil segments (102) forming a stack
(100) of coil segments, the stack (100) defining
a stack axis (A);

wherein the uniform cross-section of each of the
plurality of coil segments (102) is a non-circular
cross-section and the cross-sectionis in a plane
perpendicular to the stack axis (A).

2. The coil (100, 1801, 1802) of claim 1,
wherein the coil segment (102) comprises at least
one high voltage (HV) coil segment (102).

3. The coil (100, 1801, 1802) of claim 1 or 2,
wherein the coil segment (102) comprises at least
one low voltage (LV) coil segment (403).
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The coil (100, 1801, 1802) of anyone of the preceding
claims,

wherein the non-circular cross-section is a cross-
section selected from the group consisting of a rec-
tangular, a hexagonal, an oval and a polygonal
cross-section.

The coil (100, 1801, 1802) of anyone of the preceding
claims,

wherein each of the plurality of coil segments (102)
comprises:

a conductor (201);

a supporting device (202) for supporting the con-
ductor (201) being wound around the supporting
device (202),

an insulation material (203) for insulating the
conductor (201) and the supporting device
(202).

The coil (100, 1801, 1802) of anyone of the preceding
claims, further comprising:

a field control layer arrangement (200) for re-
ducing the maximum field strength of an electric
field generated in the coil (100, 1801, 1802);
wherein afirst field control layer (301) of the field
control layer arrangement (200) is applied at
edges (205) of the coil segment (102).

The coil (100, 1801, 1802) of anyone of the preceding
claims, further comprising:

a locking means (700) for preventing rotation of
adjacent coil segments (102) of the plurality of
coil segments (102).

The coil (100, 1801, 1802) of claim 7,

wherein the locking means (700) comprises a
through hole (701) in each of the plurality of coil seg-
ments (102) and a rod (702) being adapted to pass
through the through hole (701) of each of the plurality
of coil segments (102).

The coil (100, 1801, 1802) of anyone of claims 7 or 8,
wherein the locking means (700) comprises a latch
(801) arranged at each of the plurality of coil seg-
ments (102) and a recess (802) arranged at each of
the plurality of coil segments (102) such that the latch
(801) of a coil segment (102) of the plurality of coil
segments (102) is adapted to fit to the recess (802)
of an adjacent coil segment (102) of the plurality of
coil segments (102).

The coil (100, 1801, 1802) of anyone of claims 7 t0 9,
wherein the locking means (700) comprises a snap-
fit connection (901) arranged at adjacent coil seg-
ments (102) of the plurality of coil segments (102).
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The coil (100, 1801, 1802) of anyone of the preceding
claims, further comprising:

a guiding element (103) for clamp connecting
the plurality of coil segments (102) and
for clamp connecting the coil segment stack
(100) to a further coil of a transformer.

The coil (100, 1801, 1802) of anyone of claims 5 to
11,

wherein the conductor (201) is in form of a foil wound
around the supporting device (202).

A transformer comprising:

a first coil (100) of anyone of claims 1 to 12; and
acore (104) having a cross-section correspond-
ing to the non-circular cross-section of each of
a plurality of coil segments (102).

The transformer of claim 13, further comprising:

a second coil (1801) of anyone of claims 1 to
12; and

a third coil (1802) of anyone of claims 1 to 12;
wherein each of the first, second, and third coils
(100, 1801, 1802) surrounds a core (104);
wherein the first, second, and third coils (100,
1801, 1802) are arranged in a triangular way
next to each other forming a compact transform-
er.

The transformer of claim 13, further comprising:

a second coil (1801) of anyone of claims 1 to
12; and

a third coil (1802) of anyone of claims 1 to 12;
wherein each of the first, second, and third coils
(100, 1801, 1802) surrounds a core (104);
wherein the first, second, and third coils (100,
1801, 1802) are arranged in a linear way next
to each other forming a compact transformer.
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