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(57)  The present invention relates to the shielding of
coils of transformers, in particular to a coil for a trans-
former, a transformer with a coil, and a method of man-
ufacturing a coil for a transformer.

A coil (100) for a transformer with a coil body (102)
is provided. The coil body (102) comprises a conductor
(201). A first insulation material (203) is attached to the
conductor (201). A conductive electric shielding device
arrangement (200) is provided for reducing the maximum
strength of an electric field generated in the coil (100) or
for smoothing the field generated by each coil body (102)
of a plurality of coil bodies (102).
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Description
FIELD OF THE INVENTION

[0001] The invention relates to the shielding of coil
transformers. In particular, the invention relates to a coil
for a transformer, to a transformer with a coil, and to a
method of manufacturing a coil for a transformer.

BACKGROUND OF THE INVENTION

[0002] In the field of medium and high voltage appli-
cations transformers are widely used.

[0003] Transformers are generally insulated by an in-
sulation material comprising a thermoset such as epoxy
and may further comprise glass reinforcement such as
a glass filler. Small transformers from 50 VA up to 3 kVA
are encapsulated by a thermoplastic.

SUMMARY OF THE INVENTION

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

[0005] This objectis achieved by a coil for a transform-
er, by a transformer comprising the coil and by a method
of manufacturing a coil for a transformer according to the
independent claims. Further embodiments are evident
from the dependent claims.

[0006] According to one embodiment a coil for a mag-
netic component with at least one coil body is provided.
The at least one coil body comprises a conductor. The
coil further comprises a first insulation material attached
to the conductor, and a conductive electric shielding de-
vice arrangement for reducing the maximum strength of
an electric field generated in the coil. The conductor may
be a wound conductor.

[0007] The conductive electric shielding device ar-
rangement may comprise a material selected from the
group consisting of a metal, a conducting polymer, and
a polymer with conducting surfaces. The conductive elec-
tric shielding device arrangement may be made from a
metallic sheet manufactured into shape by forging, by
wobbling, or by spinning, or may consist of an injection
moulded or extruded conducting polymer, or a polymer
with conducting surfaces, which may be manufactured
by metallization, conductive painting.

[0008] The insulation material may be moulded to the
conductor. The conductive electric shielding device ar-
rangement may reduce the maximum field strength of
the coil by 50% compared to a coil without a conductive
electric shielding device arrangement.

[0009] The first insulation material may be a thermo-
plastic material instead of a thermosetting material which
may make a curing cycle unnecessary when manufac-
turing the magnetic component, thus decreasing the pro-
duction time of the magnetic component.

[0010] The atleastone coil body may be a high voltage
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coil body and the arrangement may further comprise a
low voltage conductor, wherein the high voltage coil body
and/or the low voltage conductor may comprise at least
one conductive electric shielding device of the conductive
electric shielding device arrangement.

[0011] A conductive electric shielding device of the
conductive electric shielding device arrangement may be
a self-supporting part or an applied conducting layer.
[0012] According to another embodiment of the inven-
tion the magnetic component is a dry-type transformer.
[0013] According to another embodiment of the inven-
tion the magnetic component is a reactor. The coil may
thus be a reactor coil.

[0014] The reactor may be a cooling reactor with volt-
age levels up to 36 kV or higher, may have a single or
three phases, and may be either air cored, iron cored, or
of a shell type.

[0015] According to another embodiment of the inven-
tion a conductive electric shielding device of the conduc-
tive electric shielding device arrangement is arranged
around edges of the conductor.

[0016] The conductive electric shielding device may
be applied at the inner edges of the at least one coil body
facing another coil body, such as a LV coil or LV conduc-
tor, for example, and/or at the outer edges of the coil
body. The conductive electric shielding device may com-
prise rounded edges and may have the same features
as the above-mentioned conductive electric shielding de-
vice arrangement.

[0017] According to another embodiment of the inven-
tion the magnetic component is a transformer.

[0018] According to another embodiment of the inven-
tion at least one conductive electric shielding device is
electrically connected to a winding of the coil body.
[0019] A conductive electric shielding device of the
conductive electric shielding device arrangement may be
connected to a given potential such as a winding of the
coil body, respectively a winding of a high voltage coil
body and a low voltage coil body. The conductive electric
shielding device may be electrically connected with afirst
layer (turn of the coil body winding which may be made
from numerous turns of a metallic foil separated by an
insulating film. In case of a wire winding the conductive
electric shielding device may be electrically connected
with one of the inner wire.

[0020] According to another embodiment of the inven-
tion the conductive electric shielding device has a C-
shaped cross-section with rounded edges. The conduc-
tive electric shielding device may be ring-shaped or may
have a polygonal form. The cross-section of the conduc-
tive electric shielding device may be concave adapted.
The conductive electric shielding device may be a foil
wound to a disc shaped coil body or to a coil body.
[0021] The C-shaped cross-section of the conductive
electric shielding device may comprise a first side, a sec-
ond side, and a base connecting the first side with a sec-
ond side. A first rounded edge may connect the first side
to the base, a second rounded edge may connect the
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second side to the base, a third rounded edge may be
arranged at the free end of the first side, and a fourth
rounded edge may be at the free end of the second side.
[0022] According to another embodiment of the inven-
tion the rounded edges of the conductive electric shield-
ing device each have a radius of 1 to 20 mm, in particular
1to 5 mm.

[0023] Such rounded edges may reduce the electric
field enhancement at the edges of the coil body because
of the shape, thereby avoiding dangerous field enhance-
ments. For a radius of 2 mm the electric field in the coil
body may be reduced atthe metal solid/insulation to 75%.
[0024] According to another embodiment of the inven-
tion the conductor is in form of a foil and may be wound
around the supporting device enabling a faster manufac-
turing of the coil compared to a manufacturing of the coil
wherein the conductor is in form of a wire possibly wound
around the supporting device being a furtherembodiment
of the invention.

[0025] According to another embodiment of the inven-
tion the coil further comprises a supporting device for
supporting the conductor, wherein the supporting device
comprises the conductive electric shielding device of the
conductive electric shielding device arrangement.
[0026] According to another embodiment of the inven-
tion the coil further comprises a second insulation mate-
rial having a first insulating part arranged at a first inner
side of the supporting device, and a second insulating
part arranged at a second inner side of the supporting
device. Thefirstand second insulating parts are arranged
between the supporting device and the conductor.
[0027] The second insulation material may have the
same features as the above-mentioned first insulation
material. The first insulating part and the second insulat-
ing part may be thermoplastic insulations.

[0028] According to another embodiment of the inven-
tion the C-shaped cross-section of the conductive electric
shielding device further comprises a first side forming a
second conductive component, a second side forming a
third conductive component, and a base connecting the
first side with the second side. The C-shaped cross-sec-
tion of the conductive electric shielding device further
comprises a first rounded edge connecting the first side
to the base, a second rounded edge connecting the sec-
ond side to the base, a third rounded edge at the free
end of the first side forming a fourth conductive compo-
nent and a fourth rounded edge at the free end of the
second side forming a fifth conductive component. The
base, the first rounded edge, and the second rounded
edge form a first conductive component. The cross-sec-
tion of the conductive electric shielding device may be
concave adapted. The conductive electric shielding de-
vice may be a foil wound to a disc shaped coil body or
to a coil body.

[0029] The first, second, third, fourth, and fifth compo-
nent may be separate components. The first conductive
component, the fourth conductive component and the
fifth conductive component may comprise a conducting
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polymer such as rubber. The second conductive compo-
nent and the third conductive component may comprise
a metallic material such as metallic foil or metallic shield.
Such separate components may provide for an easier
manufacturing and lower costs compared to manufactur-
ing a second conductive electrical shield device which
consists of one component.

[0030] According to another embodiment of the inven-
tion the coil further comprises a plurality of coil bodies.
Each coil body of the plurality of coil bodies is electrically
connected to another coil body of the plurality of coil bod-
ies forming a coil body stack, the stack defining a stack
axis, or the coil. A uniform cross-section of each of the
plurality of coil bodies may be a non-circular cross-sec-
tion and the cross-section is in a plane perpendicular to
the stack axis.

[0031] Toavoid electrical failure of the coil bodies large
distances between the coil bodies and between the coil
bodies and other metallic parts should be kept, especially
when the electric strength of the insulation system is re-
duced due to the presence of interfaces. The coil with
the conductive electric shielding device arrangement
may enable to avoid electric failure between coil bodies
and between coil bodies and other metallic parts, espe-
cially, when the electric strength of the insulation system
is reduced due to the presence of interfaces. Cast coils
for dry-type transformers may be made of the coil bodies.
The insulation material close to the coil edges of the wind-
ings may be submitted to increase electrical strength,
especially during type testing, and in particular during
testing with sharp impulses, when the voltage distribution
is non-homogenous.

[0032] The coil with the conductive electric shielding
device arrangement may reduce the electric field en-
hancement at the edges of the coil bodies by providing
conductive shielding for each coil body of the plurality of
coil bodies. The conductive electric shielding device may
be in electrical contact with a first innermost turn of a coil
body, carefully choosing the shape of the shields (length
and distance to coil body, as the voltage increases from
turn to turn). Also the radii of the edges of the shield are
designed to avoid dangerous field enhancements. The
transformers may have a high voltage, and particularly
a voltage of 36 kV and higher.

[0033] 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
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steel may be used, also if the cores are stacked, for ex-
ample of cut metal sheets. A coil with coil bodies 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-
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 body may be a modular disk or a
disk. The disk or modular disk may comprise a supporting
device with a thereto wound conductor, wherein an insu-
lation material may be attached to the supporting device
and the conductor for insulating the supporting device
and the conductor.

[0034] The electrical connecting of the coil bodies to
each other may comprise the steps of removing enamel
of the connecting means at each coil body of the plurality
of coil bodies and crimping the connecting means of each
coil body of the plurality of coil bodies to a connecting
means of an adjacent coil body of the plurality of coil
bodies.

[0035] According to another embodiment of the inven-
tion the coil body comprises at least one high voltage
(HV) coil body.

[0036] According to another embodiment of the inven-
tion the coil body comprises at least one low voltage (LV)
coil body.

[0037] The terms high voltage and low voltage may be
understood in such a way that high voltage is higher than
low voltage according to another embodiment of the in-
vention without limiting high voltage and low voltage to
specific voltage levels.

[0038] A coil with coil bodies of a modular type or in
otherwords 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 connections or ter-
minals such that the disc windings are stackable.
[0039] High voltage and low voltage coils may be com-
bined in one coil body according to another embodiment
of the invention.

[0040] Furthermore only high voltage coils may be in
one coil body and only low voltage coils may be in one
coil body.

[0041] 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.
[0042] According to another embodiment of the inven-
tion the non-circular cross-section of the coil is a cross-
section selected from the group consisting of a rectan-
gular, a hexagonal, an oval, and a polygonal cross-sec-
tion.

[0043] 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

10

15

20

25

30

35

40

45

50

55

transformer itself.

[0044] According to another embodiment of the inven-
tion the coil may further comprise a locking means for
preventing rotation of adjacent coil bodies of the plurality
of coil bodies. By locking means a locking system or lock-
ing arrangement is meant that may comprise more than
one locking devices.

[0045] According to another embodiment of the inven-
tion the locking means comprises a through-hole in each
of the plurality of coil bodies and a rod being adapted to
pass through the through-hole of each of the plurality of
coil bodies.

[0046] The rod may be athreaded rod fitting to threads
in the through-holes. Two through-holes may be ar-
ranged on opposite sides of the coil bodies and two rods
may each pass through one of the two through-holes
preventing the coil bodies from rotating among each oth-
er.

[0047] According to another embodiment of the inven-
tion the locking means comprises a latch arranged at
each of the plurality of coil bodies in a recess arranged
at each of the plurality of coil bodies such that the latch
of the coil bodies of the plurality of coil bodies is adapted
to fit to the recess of an adjacent coil body of the plurality
of coil bodies.

[0048] Such a latch-recess locking mechanism may
prevent the rotation of the coil bodies among each other
efficiently, wherein each coil body may be easily stacked
to another coil body. There may be more than one recess
and more than one latch arranged at each of the coil
bodies. Eight latches and eight recesses may be ar-
ranged equispaced at each of the coil bodies. The recess
and the latch may be part of the coil body and both may
have one of a circular, a rectangular, 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.
[0049] According to another embodiment of the inven-
tion the locking means comprises a snap-fit connection
arranged at adjacent coil bodies of the plurality of coll
bodies. The snap-fit connection may comprise a clamp
and a matching counterpart being arranged at each of
the plurality of coil bodies. There may be a plurality of
clamps and counterparts arranged at each of the plurality
of coil bodies, for example three clamps and three coun-
terparts per coil body.

[0050] According to another embodiment of the inven-
tion the at least one coil body is a high voltage coil body
and a first insulation material is attached or moulded to
a low voltage conductor. The high voltage coil body is
combined with the low voltage coil body surrounding a
core of the magnetic component. The insulation material
may be moulded to the low voltage conductor.

[0051] 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 bodies and for
clamp or crimp connecting the coil bodies to a further coil
of a transformer. The guiding element may be arranged
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at each of the conductors of the plurality of coil bodies.
[0052] According to another embodiment of the inven-
tion the plurality of coil bodies is a plurality of high voltage
coil bodies, forming a high voltage coil body stack, and
the first insulation material is attached to the high voltage
coil body stack instead of being attached to the conductor
of each high voltage coil body of the plurality of high volt-
age coil bodies separately. A first insulation material is
attached to a low voltage conductor. The high voltage
coil body stack is combined with the low voltage coil body
surrounding a core of the transformer, and the magnetic
component, respectively. The first insulation material
may be moulded to the high voltage coil body stack. The
firstinsulation material may be moulded to the low voltage
conductor. At least one of the at least one conductive
electric shielding device of the conductive electric shield-
ing device arrangement is arranged at least one edge of
the high voltage conductor, in particular at the inner edg-
es of the high voltage conductor facing the low voltage
conductor, and/or at the outer edges of the high voltage
conductor not facing the low voltage conductor.

[0053] According to another embodiment of the inven-
tion the plurality of coil bodies is a plurality of high voltage
coil bodies, and the high voltage coil body stack is com-
bined with a low voltage conductor and may be using
centring elements at the front and back ends of the high
voltage coil body stack and the low voltage conductor for
assuring a constant distance between the high voltage
coil body stack and the low voltage conductor. The insu-
lation material is attached to the high voltage coil body
stack and the low voltage conductor together instead of
being attached to the conductor of each high voltage coil
body of the plurality of high voltage coil bodies separately.
The high voltage coil body stack and low voltage con-
ductor surround a core of the transformer, and the mag-
netic component, respectively. The insulation material
may be moulded to the high voltage coil body stack and
the low voltage conductor. At least one of the atleast one
conductive electric shielding device of the conductive
electric shielding device arrangement is arranged around
at least one edge of the high voltage conductor, in par-
ticular at the inner edges of the high voltage conductor
facing the low voltage conductor, and/or at the outer edg-
es of the high voltage conductor not facing the low voltage
conductor.

[0054] According to another embodiment of the inven-
tion a transformer with a coil of anyone of the above men-
tioned embodiments is provided with a core having an
outer contour which is adapted to fit to an inner contour
of the coil. The core may be an amorphous core.
[0055] The core may be built from thin sheets which
areinsulated 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
orients the magnetic domains which leads to good loss
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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.

[0056] 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.

[0057] 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.

[0058] 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.

[0059] 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.
[0060] 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 bodies of the
plurality of coils such as a triangular way for a hexagonal,
and for an oval-cross section or for a cross-section com-
prising a combination of a non-circular and a circular
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cross-section. The plurality of coils may be arranged in
line, for example three coils next to each other, forming
a transformer, wherein each coil body of the plurality of
coil bodies 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.

[0061] According to another embodiment of the inven-
tion a method of manufacturing a coil for a transformer
is provided, with the method elements of winding a con-
ductor of a coil body around the supporting device of the
coil body, attaching an insulation material to the conduc-
tor and the supporting device, and mounting a conductive
electric shielding device arrangement of anyone of the
above mentioned embodiments around the coil for re-
ducing the maximum strength of an electric field gener-
ated in the coil.

[0062] According to another embodiment of the inven-
tion the method further comprises the method elements
of stacking each of the conductors and supporting devic-
es forming a coil body to a coil comprising a plurality of
coil bodies, and electrically connecting each coil body of
the plurality of coil bodies to another coil body of the plu-
rality of coil bodies.

[0063] According to another embodiment of the inven-
tion the method further comprises the step of arranging
a conductive electric shielding device of the conductive
electric shielding device arrangement around edges of
the conductor.

[0064] According to another embodiment of the inven-
tion the method further comprises the step of moulding
the supporting device. The moulding may comprise of an
injection moulding of the supporting device by a two com-
ponent injection moulding process using a first compo-
nent comprising a conductive electric shielding device of
the conductive electric shielding device arrangement and
a second component.

[0065] These and other aspects of the present inven-
tion will become apparent from and elucidated with ref-
erence to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] 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. 1A schematically shows a cross-sectional view
of a coil for a transformer according to an embodi-
ment of the invention.

Fig. 1B schematically shows a cross-sectional view
of a coil for a transformer according to another em-
bodiment of the invention.
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Fig. 1C schematically shows a cross-sectional view
of a coil with a conductive electric shielding device
according to another embodiment of the invention.

Fig. 1D schematically shows a cross-sectional view
of a coil for atransformer with one conductive electric
shielding device comprising several parts according
to another embodiment of the invention.

Fig. 2 schematically shows a cross-sectional view of
a coil for a transformer according to another embod-
iment of the invention.

Fig. 3 schematically shows a cross-sectional view of
a coil body according to another embodiment of the
invention.

Fig. 4 schematically shows a cross-sectional view of
one phase of a transformer with a coil according to
another embodiment of the invention.

Fig. 5 schematically shows a cross-sectional view of
one phase of a transformer with a coil according to
another embodiment of the invention.

Fig. 6 schematically shows a cross-sectional view of
one phase of a transformer with a coil according to
another embodiment of the invention.

Fig. 7 schematically shows a flow chart of a method
of manufacturing a coil for a transformer according
to another embodiment of the invention.

[0067] Reference signs used inthe 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

[0068] Fig. 1A schematically shows a cross-sectional
view of a part of one phase of a transformer (instead of
the transformer a reactor or generally a magnetic com-
ponent may be provided according to embodiments of
the invention) with a coil 100 and a core 104 of the trans-
former and a middle axis A separating the core 104 of
the transformer. The coil 100 has a coil body 102 which
comprises a supporting device 202 for supporting a con-
ductor 201 being wound around the supporting device
202. The supporting device 202 may be omitted accord-
ing to another embodiment of the invention. A first insu-
lation material 203 is attached or moulded to the wound
conductor 201 and the supporting device 202. Fig. 1A
depicts a conductive electric shielding device arrange-
ment 200 for reducing the maximum field strength of an
electromagnetic field generated in the coil 100. A con-
ductive electric shielding device 301 of the conductive
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electric shielding device arrangement 200 is arranged
around edges 205 of the coil 100 or the coil body 102 or
the conductor 205. One conductive electric shielding de-
vice 301 may be applied at inner edges 205 facing an-
other coil body or conductor, such as a low voltage coll
403 or low voltage conductor 403 attached or moulded
by an insulation material 203 to an attached or moulded
low voltage coil 402 or low voltage conductor 402, and
an additional conductive electric shielding device 301
may be arranged around outer edges 205 not-facing the
adjacent attached or moulded low voltage coil 402 or low
voltage conductor 402. The supporting device 202 may
comprise at least one of a conductive electric shielding
device 204 of the conductive electric shielding device
arrangement 200 and. The conductive electric shielding
device arrangement 200 may either comprise the con-
ductive electric shielding device 204 or the conductive
electric shielding device 301 or both conductive electric
shielding device 301, 204 according to exemplary em-
bodiments of the invention.

[0069] Fig. 1B schematically shows a coil 100 with a
plurality of coil bodies 102, wherein a conductive electric
shielding device 301 is arranged around edges 205 of
each wound conductor 201 of each of the plurality of coil
bodies 102. First insulation material 203 is attached or
moulded to the wound conductors 201, and the coil bod-
ies 102, respectively, forming one single body. As men-
tioned above, one field conductive electric shielding de-
vice 301 may be arranged around inner edges 205 and
another conductive electric shielding device 301 may be
arranged round outer edges 205 of each coil body 102
or conductor 201 or one conductive electric shielding de-
vice 301 may be arranged around the inner and outer
edges 205 of each coil body 102 or conductor 201.
[0070] Fig. 1C shows part of a coil 100 with two coil
bodies 102 in a first insulation material 203, which could
be a resin 203, wherein a conductive electric shielding
device 301 of a conductive electric shielding device ar-
rangement is arranged around outer edges 205 of each
coil body. The conductive electric shielding device 301
is ring-shaped and has a C-shaped cross-section with
rounded edges 305, 306, 307, 308. The conductive elec-
tric shielding device 301 comprises a first side 302, a
second side 303 and a base 304 connecting the first side
302 with the second side. A first rounded edge 305 is
connecting the first side 302 to the base 304, a second
rounded edge 306 is connecting the second side 303 to
the base 304, a third rounded edge 307 at the free end
of the first side 302, and a fourth rounded edge 308 at
the free end of the second side 303 are provided. The
first and second rounded edges 305, 306 cover outer
edges 205 of the coil body 102 reducing the electric field
enhancement at the edges 205 of each coil body 102.
The conductive electric shielding device 301 may be in
contact with the innermost turn of the modular coil 102.
As the voltage increases from inner turn to outer turn of
windings of the coil body 102 which is indicated by the
arrow A, the shape of the conductive electric shielding
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device 301 should be carefully chosen. The conductive
electric shielding device 301 may be electrically connect-
ed with a first layer (turn) of the coil body winding which
may be made from numerous turns of a metallic foil sep-
arated by an insulating film. In case of a wire winding the
conductive electric shielding device 301 may be electri-
cally connected with one of the inner wire. The conductive
electric shielding device 301 may be connected to a given
potential such as a winding of the coil body 102, respec-
tively a winding of a high voltage coil body and a low
voltage coil body. The length x of the first and second
side 302, 303 may have a length between 1/20 and 2/3
of the length of the core body, preferably 1/10 to 1/2,
most preferred 1/10 to 1/3.

[0071] The arrow A depicts the voltage increase within
each coil body 102. The distance d of the first and second
side 302, 303 to the coil body 102 should be chosen so
that the maximum voltage of the turns at the level of the
end of the shield is not higher than E*d, where E is the
dielectric strength of the material 203. Each conductive
electric shielding device 301 should be arranged at least
at a distance L from an adjacent conductive electric
shielding device 301 of the coil 102, where L>= AU/E (AU
is the maximum voltage difference between two adjacent
shields and E is the dielectric strength of material 203)..
The first and second rounded edges 305, 306 and the
third and fourth rounded edges 307, 308 may each have
a radius each of 1-20 mm, and particular of 1-5 mm. A
radius of 2 mm may reduce the electric field at the metal/
solid insulation to 75%.

[0072] Fig. 1D schematically shows a cross-sectional
view of one coil body 102 with a conductive electric
shielding device 301 with a C-shaped cross-section. The
C-shaped cross-section of the conductive electric shield-
ing device comprises a first conductive component 309
having the base 304, the first rounded edge 305, and the
second rounded edge 306 of the conductive electric
shielding device 301 of Fig. 3B. A first side 302 forms a
second conductive component 310, a second side 303
forms a third conductive component 311, a third rounded
edge 307 at the free end of the first side 302 forms a
fourth conductive component 312, and a fourth rounded
edge 308 at the free end of the second side 303 forms a
fifth conductive component. Such a conductive electric
shielding device of five separate components 309, 310,
311, 312, 313 may provide for an easier manufacturing
and for lower costs compared to a single conductive elec-
tricshielding device. The first conductive component 309,
the fourth conductive component 312, and the fifth con-
ductive component 313 may comprise the conducting
polymer such as rubber. The second conductive compo-
nent 310 and the third conductive component 311 may
comprise the metallic material such as a metallic foil or
metallic shield

[0073] Fig. 2 depicts a cross-sectional view of one
phase of a transformer with a coil 100. The coil 100 com-
prises a plurality of coil bodies 102 of a modular type,
each of the plurality of coil bodies 102 having a uniform
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cross-section. Each coil body 102 of the plurality of coil
bodies 102 is electrically connected to another coil body
102 of the plurality of coil bodies 102 forming a coil body
stack 100, the stack 100 defining a stack axis A, or in
otherwords the coil 100. Electrical connections or guiding
elements 103 for clamp connecting the plurality of coil
bodies 102 and for clamp connecting the coil body stack
100 to a further core of another transformer are provided
and may ensure the electrical connection of the coil bod-
ies 102 to each other. A non-circular part of a core 104
of the transformer is surrounded by the coil 100. The
uniform cross section of each of the plurality of coil bodies
102 is a non-circular cross-section and the cross-section
is in a plane perpendicular to the stack axis A.

[0074] Fig. 3 shows a non-circular cross-section of a
coil body 102 of Fig. 2, the cross-section being in a plane
perpendicular to the stack axis A. The coil body 102 com-
prises a conductor 201 which is supported by supporting
device 202, wherein the conductor 201 may be wound
around the supporting device 202. A first insulation ma-
terial 203 is surrounding the conductor 201 and the sup-
porting device 202 and may be used for an electrical in-
sulation of the conductor 201. The supporting device 202
has a U-shape in the form of a ring 205 with sidewalls.
[0075] 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 The supporting device 202 may comprise a
conductive electric shielding device 204 for reducing the
maximum field strength of an electromagnetic field gen-
erated in the coil 100. The conductor 201 may form a
winding 201 wherein a conductive electric shielding de-
vice may be applied directly at edges 205 of the coil body
102. The firstinsulation material 203 may be impregnated
or moulded to the conductor 201 and the supporting de-
vice 202 by first over-moulding the conductor 201, then
over-moulding the sidewalls of the supporting device 202
in form of a ring 202, and third by over-moulding an inner
wall of the ring 202 with the first insulation material 203.
[0076] A second insulation material 206 is provided
having a first insulating part 207 arranged at a first inner
side of the supporting device 202, and a second insulat-
ing part 208 arranged at a second inner side of the sup-
porting device 202. The first and second insulating parts
207, 208 are arranged between the supporting device
202 and the thereto wound conductor 201.

[0077] The following features and embodiments of de-
scriptions may be applicable to all figures, in particular
to Fig. 1A, 1B, 1C, 1D, 2, and 3.

[0078] The transformer may be a dry-type transformer
and cast coils 201 may be used for the dry-type trans-
former. The cast coils 201 may be made of a wound foil
conductor 201 cast in an insulation media. Mechanical
reinforcing structures may be in contact with the disc
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windings 102 or coil bodies 102. The insulation material
203 close to the edges of the windings 201 may be sub-
mitted to increase electrical stress. To avoid electrical
failure of the coils 201 large distances between coil bod-
ies 102 and other metallic parts must be kept, especially
when the electric strength of the insulation system is re-
duced due to the presence of interfaces. An electrical
field reduction in form of the conductive electric shielding
device 301 allows to reduce the dimension of the coils
201 or to increase the voltage rating of a given geometry.
The main insulation between primary and secondary coll
or high voltage and low voltage coils of the dry-type trans-
former may be air. The transformers may have high volt-
age, especially a voltage of 36 kV and higher.

[0079] The transformer may also be a dry-type trans-
former with no air gap between primary and secondary
coils, but solid insulation only.

[0080] Fig. 4 schematically shows a cross-section of
one phase of a transformer with a middle axis A (the stack
axis according to Fig. 1A and Fig. 2) separating a core
104 of the transformer. The core 104 is symmetrically
surrounded by a low voltage coil 403 or low voltage con-
ductor 403 which is attached or moulded by a first insu-
lation material 203 forming a moulded or attached low
voltage coil 402 or low voltage conductor 402. The mould-
ed or attached low voltage coil 402 or low voltage con-
ductor 402 is surrounded by two high voltage coil bodies
102. Each high voltage coil body 102 has a supporting
device 202 which may comprise a conductive electric
shielding device 204 supporting the conductor 201 which
may be wound around the supporting device 202. A con-
ductive electric shielding device may be arranged around
edges of each coil body or conductor as depicted in Fig.
1B. Each conductor 201 and supporting device 202 is
attached or moulded by a first insulation material 203.
The high voltage coil bodies 102 form a high voltage coil
body stack 401 which is arranged around the moulded
or attached low voltage coil 402 or low voltage conductor
402 surrounding the core 104 of the transformer.
[0081] The transformer of Fig. 4 may be manufactured
by moulding or attaching the supporting device 202,
winding a conductor 201 around the supporting device
202, moulding or attaching the conductor 201 and the
supporting device 202 with a first insulation material 203,
wherein the supporting device 202 and the conductor
201 are inserted into a mould and over-moulded by the
first insulation material 203 forming a high voltage coil
body 102. The high voltage coil bodies 102 are stacked
to a high voltage coil body stack 401 and the high voltage
coil bodies 102 are electrically connected to each other.
The first insulation material 203 may comprise a thermo-
plastic material moulded by injection moulding, or a ther-
mosetting material, processed by vacuum casting or au-
tomatic pressure gelation.

[0082] The high voltage coil body stack 401 is then
arranged around the moulded or attached low voltage
coil 402 or attached low voltage conductor 402 which is
applied or wound around the core 104 of the transformer.
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[0083] A second insulation material 206 is provided
having first insulating part 207 arranged at a first inner
side of the supporting device 202, and a second insulat-
ing part 208 arranged at a second inner side of the sup-
porting device 202. The first and second insulating parts
207, 208 are arranged between the supporting device
202 and the thereto wound conductor 201. At least one
of the at least one conductive electric shielding device
may be arranged around at least one edge of the high
voltage conductors 201 or the high voltage coil bodies
102 opposite of the low voltage conductor 403 or the low
voltage coil 403. The at least one conductive electric
shielding device may be arranged around the inner edges
of the high voltage conductors 201 facing the low voltage
conductor 403, and/or at the outer edges of the high volt-
age conductors 201 not facing the low voltage conductor
403.

[0084] Fig. 5 schematically shows a cross-section of
one phase of a transformer with a middle axis A sepa-
rating a core 104 of the transformer. An insulation mate-
rial 203 is moulded or attached to a low voltage conductor
403 or a low voltage coil 403 forming an attached or
moulded low voltage conductor 402 or an attached or
moulded low voltage coil 402 is arranged or wound
around the core 104 according to Fig. 4. A high voltage
coil body stack 401 comprising two high voltage coil bod-
ies 102 moulded or attached together by a first insulation
material 203 is arranged around the moulded or attached
low voltage coil 402 or the moulded or attached low volt-
age conductor 402. The high voltage coil bodies 102 are
not separated, as depicted according to Fig. 4, but form
one part being moulded together by the insulation mate-
rial 203.

[0085] The transformer of Fig. 5 may be manufactured
by moulding or attaching the supporting devices 202,
mounting the supporting devices 202 to a mandrel with
space in between the supporting devices 202, winding a
conductor 201 around each supporting device 202 or
both supporting devices 202 at once, electrically con-
necting each conductor 201 of each high voltage coil
body 102 to an adjacent conductor 201, e.g. by crimping,
and over-moulding or attaching all supporting devices
202 with electrically connected conductors 201 by the
first insulation material 203, e.g. by vacuum casting or
automatic pressure gelation, thus forming the one body
high voltage coil body stack 401. The insulation material
203 may be a low permittivity material. The mandrel is
taken out, the low voltage coil body 402 is arranged at
the inside of the high voltage coil body stack 401, and
the core 104 of the transformer is placed in the low voltage
coil body 402. According to an embodiment of the inven-
tion a plurality of attached low voltage conductors 402
may be used. At least one of the at least one conductive
electric shielding device may be arranged around at least
one edge of the high voltage conductors 201 or the high
voltage coil bodies 102 opposite of the low voltage con-
ductor 403 or the low voltage coil 403. The at least one
conductive electric shielding device may be arranged
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around the inner edges of the high voltage conductors
201 facing the low voltage conductor 403, and/or at the
outer edges of the high voltage conductors 201 not facing
the low voltage conductor 403.

[0086] Fig. 6 schematically shows a cross-sectional
view of one phase of a transformer with a low voltage
coil 403 or conductor 403 and two high voltage coil bodies
102 with conductors being moulded or attached by an
insulation material 203 forming a high voltage coil body
and low voltage coil unit 601.

[0087] The transformer of Fig. 6 may be manufactured
by moulding or attaching all high voltage coil bodies 102
and the low voltage coil 403 or conductor 403 by the
insulation material 203 together, wherein the high voltage
coil body stack 401 may be inserted into a mould together
with a low voltage coil 403 or conductor 403 and over-
moulded or attached with low permittivity insulation ma-
terial 203. To assure a constant distance between low
voltage and high voltage coils, the low voltage coil 403
or conductor 403 and the high voltage coil bodies 102
may be fixed into the mould by having centric elements
at the front and backend of the high voltage coil body
stack 401 and the low voltage coil 403 or conductor 403
positioning them into the mould. The low voltage coil or
conductor 403 may be used as a mandrel for the high
voltage coil bodies by inserting spacing elements be-
tween the outer side of the low voltage winding and the
inner surface of the high permittivity supporting devices
202 of the high voltage coil bodies 102, the conductors
of the high voltage coil bodies 102 being wound into each
supporting device 202 separately or onto a stack of high
voltage supporting devices 202. At least one of the at
least one conductive electric shielding device may be
arranged around at least one edge of the high voltage
conductors 201 or the high voltage coil bodies 102 op-
posite of the low voltage conductor 403 or the low voltage
coil 403. The at least one conductive electric shielding
device may be arranged around the inner edges of the
high voltage conductors 201 facing the low voltage con-
ductor 403, and/or at the outer edges of the high voltage
conductors 201 not facing the low voltage conductor 403.
[0088] Fig. 7 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 con-
ductive electric shielding device and a second compo-
nent, winding a conductor of a coil body around a sup-
porting device of the coil body 2602, attaching an insu-
lation material to the conductor and the supporting device
2603, mounting a conductive electric shielding device
arrangement around the coil for reducing the maximum
field strength of an electric field generated in the coil
2604, stacking each of the conductors and supporting
devices forming a coil body to a coil body stack or to a
coil comprising a plurality of coil bodies 2605, electrically
connecting each coil body of a plurality of coil bodies to
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another coil body of the plurality of coil bodies 2606, and
arranging an electric shielding device of the field control
layer arrangement around the edges of the conductor
2607. The insulation material may be attached to the con-
ductor and the supporting device.

[0089] The coil comprises a conductive electric shield-
ing device arrangement for reducing the maximum field
strength of an electromagnetic field emitted from the coil.
The supporting devices may comprise a conductive elec-
tric shielding device.

[0090] Whilethe invention has beenillustrated 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.
[0091] 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.
[0092] 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
[0093]

100 Coil

102 Coil body(s), high voltage coil body(s)

103 Guiding elements

104 Core

200 Conductive electric shielding device arrange-
ment

201 Conductor

202 Supporting device

203 Insulation material, first insulation material
204 Conductive electric shielding device

205 Edges of conductor(s)

205 Second insulation material

206 First insulating part

207 Second insulating part

301 Conductive electric shielding device

302 First side

303 Second side

304 Base (connecting the first side to the second
side)

305 First rounded edge

306 Second rounded edge

307 Third rounded edge

308 Fourth rounded edge

309 First conductive component

310 Second conductive component
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10

311 Third conductive component

312 Fourth conductive component
313 Fifth conductive component

314 air, environment

401 High voltage coil body stack

402 Attached low voltage conductor
403 Low voltage conductor(s)

601 High voltage & low voltage coil(s)
A middle axis

Claims

1. Acoil (100) for a magnetic component, the coil (100)
comprising at least one coil body (102), the at least
one coil body (102) comprising:

a conductor (201);
the coil (100) further comprising:

a first insulation material (203) attached to
the conductor (201);

a conductive electric shielding device ar-
rangement (200) for reducing the maximum
strength of an electric field generated in the
coil (100).

2. The coil of claim 1,
wherein the magnetic componentis a dry-type trans-
former or a reactor.
coil

3. The coil (100) of anyone of claims 1 to 3,
wherein a conductive electric shielding device (301)
of the conductive electric shielding device arrange-
ment (200) is arranged around edges (205) of the
conductor (201).

4. The coil (100) of claim 4,
wherein atleast one conductive electric shielding de-
vice (301) is electrically connected to a winding of
the coil body (102).

5. The coil (100) of anyone of claims 1 to 5,
wherein the conductive electric shielding device
(301) has a C-shaped cross section with rounded
edges (305, 306, 307, 308).

6. The coil (100) of claim 6,
wherein the rounded edges (305, 306; 307, 308) of
the conductive electric shielding device (301) each
have a radius of 1 to 20 mm, in particular 1 to 5 mm.

7. The coil (100) of anyone of the preceding claims,
wherein the conductor (201) is in form of a foil.

8. The coil (100) of anyone of claims 4 to 8, the caoll
body (102) further comprising:
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a supporting device (202) for supporting the con-
ductor (201);

wherein the supporting device (202) comprises the
conductive electric shielding device (204).

The coil (100) of claim 9, further comprising:
a second insulation material (206), having:

afirstinsulating part (207) arranged at a first
inner side of the supporting device (202);
and

a second insulating part (208) arranged at
asecond inner side of the supporting device
(202);

wherein the first and second insulating parts
(207, 208) are arranged between the supporting
device (202) and the conductor (201).

10. The coil (100) of claim 6 and anyone of claims 4-5

1.

and 7-10,
wherein the C-shaped cross-section of the conduc-
tive electric shielding device (301) comprises:

a first side (302) forming a second conductive
component (310);

a second side (303) forming a third conductive
component (311);

a base (304) connecting the first side (302) to
the second side (303);

a first rounded edge (305) connecting the first
side (302) to the base (304);

a second rounded edge (306) connecting the
second side (303) to the base (304);

a third rounded edge (307) at the free end of the
first side (302) forming a fourth conductive com-
ponent (312); and

a fourth rounded edge (308) at the free end of
the second side (303) forming a fifth conductive
component (313);

wherein the base (304), the firstrounded edge (305),
and the second rounded edge (306) form a first con-
ductive component (309).

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

a plurality of coil bodies (102);

wherein each coil body (102) of the plurality of coil
bodies (102) is electrically connected to another coil
body (102) of the plurality of coil bodies (102) forming
a coil body stack (401).

12. The coil (100) of claim 12,
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13.

14.

15.

20

wherein the plurality of coil bodies (102) is a plurality
of high voltage coil bodies (102);

wherein the high voltage coil body stack (401) is com-
bined with a low voltage conductor (403);

wherein the first insulation material (203) is attached
to the high voltage coil body stack (401) and the low
voltage conductor (403);

wherein the high voltage coil body stack (401) and
low voltage conductor (403) surround a core (104)
of the transformer.

A transformer comprising:

a coil (100) of anyone of claims 1 to 13; and
a core (104) having an outer contour which is
adapted to fit to an inner contour of the coil (100).

Method (2600) of manufacturing a coil (100) for a
transformer, the method (2600) comprising the
method elements of:

winding a conductor (201) of a coil body (102)
around a supporting device (202) of the coil body
(102, 2602);

attaching an insulation material (203) to the con-
ductor (201) and the supporting device (202,
2603);

mounting a conductive electric shielding device
arrangement (200) of any of the claims 1-13
around the coil (100) for reducing the maximum
strength of an electric field generated in the coil
(100, 2604).

Method (2600) according claim 14, further compris-
ing the method element of:

stacking each of the conductors (201) and sup-
porting devices (202) forming a coil body (102)
toa coil (100) comprising a plurality of coil bodies
(102, 2605);

electrically connecting each coil body (102) of
the plurality of coil bodies (102) to another coil
body (102) of the plurality of coil bodies (102,
2606).
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