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(57) Abstract: The present invention relates
to coils of a transformer, and particularly to

102 a modular coil of a transformer with a lock
ing means and to a transformer with the coil.
A coil (100, 1801, 1802) for a transformer
with a plurality of coil segments (102) of a
modular type and a locking means (700) is
provided. Each coil segment (102) is electri
cally connected to another coil segment

700,901 (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, 1801, 1802). The lock
ing means (700) is adapted for preventing
rotation of adjacent coil segments (102) of
the plurality of coil segments (102) thereby
enabling a stable coil (100, 1801, 1802) and
an easy stacking of the plurality of coil seg

700,901 ments (102). The locking means (700) com
prises a snap -fit connection (901) arranged
at adjacent coil segments (102) of the plural

© ity of coil segments (102).
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DESCRIPTION

COIL FOR TRANSFORMERS MADE FROM COIL SEGMENTS WITH LOCKING MEANS

FIELD OF THE INVENTION

The invention relates to coils of transformers. In particular the invention relates to a coil

for a transformer with a plurality of coil segments of a modular type and a transformer with

the coil.

BACKGROUND OF THE INVENTION

Transformers are widely used for medium and high voltage applications.

The patent application 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

encapsulated by a thermoplastic as depicted in Techniques and thermoplastics for

encapsulating high performance coils, Electrical Insulation Conference and Electrical

Manufacturing & Coil Winding Conference, Proceedings, Chicago 93 EEIC/ICWA

Exposition 4-7 October 1993, p . 81-83.

When building up a coil of a transformer in a modular way from segments, electrically

connected to each other, there is the problem of fastening the segments to each other to a

coil segment stack such that a rotation of the coil segments among each other is prohibited.

This is especially valid if an electrical short-circuit occurs, since in that case the

electromagnetical forces are significantly higher to the normal operating conditions.

SUMMARY OF THE INVENTION

It may be seen as an object of the invention to provide an improved, efficient and

flexible coil for a transformer.



This object is achieved by a coil for a transformer and by a transformer comprising the

coil according to the independent claims. Further embodiments are evident from the

dependent claims.

According to one embodiment of the invention a coil for a transformer with a plurality

of coil segments of a modular type and a locking means is provided. Each coil segment is

electrically connected to another coil segment of the plurality of coil segments forming a

coil segment stack, the stack defining a stack axis, or the coil. The locking means is

adapted for preventing rotation of adjacent coil segments of the plurality of coil segments.

The locking means comprises a snap-fit connection arranged at adjacent coil segments of

the plurality of coil segments.

In other words, coil segments or disks may be stacked to form a coil for a transformer,

such that the coil segments or disks are electrically connected to one another and do not

rotate with respect to each other. A locking arrangement prevents the coil segments or

disks from rotating against each other enabling to have a stable coil. The locking means

may assure an easy assembly of the modular coil segments and may prevent the modular

coil segments from rotating against each other, especially in the case of a short circuit. By

locking means a locking system or locking arrangement is meant that may comprise more

than one locking devices.

Preventing rotation of adjacent coil segments may be provided by pressing the coil

segments together from outside the coil segments by a pressing means and/or by the above

described locking means, wherein the coil of coil segments comprises the locking means.

Such a coil with the locking means may enable to mount the whole coil which may be a

high voltage coil to the transformer independently such that a connected coil body may be

mounted when manufacturing the transformer.

According to another embodiment of the invention the locking means is a self-

sustaining stack provided by the electrically connected coil segments.

In other words the coil segments may be stacked to each other such that they form a

self-sustaining stack preventing rotation of the coil segments among each other.



According to another embodiment of the invention 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.

The rod may be a threaded rod fitting to threads in the through-holes. Two through-

holes may be arranged 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.

According to another embodiment of the invention the locking means comprises a latch

arranged at each of the plurality of coil segments and a recess arranged at each of the

plurality of coil segments such that the latch of a coil segment of the plurality of coil

segments is adapted to fit to the recess of an adjacent coil segment of the plurality of coil

segments.

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 recesses 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 rectangular, a polygonal, a non-circular, a hexagonal, an oval,

and a triangular form. Furthermore the latch may be pin-like and the recess may be ho le

like.

The snap-fit connection may comprise a clamp and a matching counterpart being

arranged at each of the plurality of coil segments. Advantageously the snap-fit connection

is self locking such a loosening of the coil segments is prevented in case of mechanical

shock applied to the coil. 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. The snap-fit connection may forms a self-sustaining stack of coil segments or



disks without using any additional elements. The snap-fit connection may be combined

with pins and holes to improve torsion protection.

According to another embodiment of the invention the coil segment comprises at least

one high voltage (HV) coil segment.

According to another embodiment of the invention the coil segment comprises at least

one low voltage (LV) coil segment.

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 connections or terminals such that the disc windings are

stackable.

High voltage and low voltage coils may be combined in one coil segment according to

another embodiment of the invention.

Furthermore only high voltage coils may be in one coil segment and only low voltage

coils may be in one coil segment.

The high voltage coil may be arranged at a secondary possibly low voltage coil

comprising a secondary or low voltage coil conductor in insulating material.

According to another embodiment of the invention a 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 perpendicular to the stack axis (A).

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 manufacturing a defined size of a transformer. The coil with the non-circular



cross-section may further enable a reduction 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 example 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 conventional stacking

of cut metal sheets may be more efficient than manufacturing a circular core since all metal

sheets may have the same width. Furthermore the transformer 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 transformer 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 supporting 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.

The electrical connecting of the coil segments to each other may comprise the steps of

removing enamel 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

segments to a connecting means of an adjacent coil segment of the plurality of coil

segments.

According to another embodiment of the invention the non-circular cross-section is a

cross-section selected from the group consisting of a rectangular, a hexagonal, 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.

According to another embodiment of the invention each of the plurality of coil segments

comprises a conductor, a supporting device for supporting the conductor being wound

around the supporting device, and an insulation material for insulating the conductor. The

insulation material may be moulded around the conductor and the supporting device. The

insulation material may be adapted for electromagnetically insulating the coil segment.



The insulation material may be a thermoplastic material instead of a thermosetting

material which may 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 of the production equipment during five years cost-savings

of up to 50% may be expected by manufacturing a transformer with the above-mentioned

coil compared to manufacturing the transformer with a non-modular coil. Thermoplastic

resins with a higher thermo-conductivity would allow using the modular concept of the

coil of the transformer also for transformers with high power.

The modular concept of a coil with coil segments 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.

According to another embodiment of the invention a field control layer arrangement for

reducing the maximum field strength of an electric field generated in the coil is provided.

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 provided by the field control layer arrangement. The field control layer

arrangement may comprise a material selected from the group consisting of a composite

material with Ti02, ZnO or BaTi03 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.



According to another embodiment of the invention the permittivity ratio of the

insulation material to the field control layer arrangement is 1 to 1.5 up to 1 to 20, in

particular 1 to 2 up to 1 to 5 thereby controlling the electric field.

Such a refractive field control or control of the electric field may be achieved by a

specific arrangement of materials with different permittivities; for example materials or

devices with a permittivity ratio of 1 to 1.5 up to 1 to 20, particularly 1 to 2 up to 1 to 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.

According to another embodiment of the invention a first field control layer of the field

control layer arrangement is applied at edges of the coil body.

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 arrangement.

According to another embodiment of the invention the coil further comprises at least

one second field control layer of the field control layer arrangement.

According to another embodiment of the invention the supporting device comprises at

least one of the at least one second field control layer.

The at least 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.

According to another embodiment of the invention the coil further comprises a guiding

element for the electrical connection e.g. in the 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 arranged at each

of the conductors of the plurality of coil segments.

According to another embodiment of the invention 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

supporting device being a further embodiment of the invention.

According to another embodiment of the invention the coil body is a high voltage coil

body and an insulation 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 insulation material may be moulded to the low voltage coil.

According to another embodiment of the invention 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 corresponding 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.

According to another embodiment of the invention the core is an amorphous core.

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 orients 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 transformer. 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.

According to another embodiment of the invention 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.

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 transformer 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 compared 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.

According to another embodiment of the invention 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.

Such a transformer with a linear arrangement of coils with non-circular cross-sections in

a plane perpendicular 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.



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 hexagonal, and for an oval-

cross section or for a cross-section comprising a combination of a non-circular and a

circular 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 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.

These and other aspects of the present invention will become apparent from and

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject-matter of the invention will be explained 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 according to another embodiment of the invention.

Fig. 3B schematically shows a cross-sectional view of one phase of a transformer with

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 another

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 according 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 invention.

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 another embodiment

of the invention.



Fig. 13 schematically shows a cross-sectional view of four windings of a core of a

transformer being connected 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 another embodiment of the

invention.

Fig. 19 schematically shows a cross-sectional view of three coils of a transformer, the

coils having a hexagonal 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 circular cross-section being arranged in a triangular way.



Fig. 1 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 of three coils of a transformer, the

coils having a combination of a circular and a non-circular cross-section being arranged in

a triangular way according to another embodiment of the invention.

Fig. 23 schematically shows a flow chart of a method of manufacturing a coil for a

transformer according to another embodiment of the invention.

Reference signs used in the drawings, and their meanings, are listed in summary form as

a list of reference signs. In principle, identical parts are provided with the same reference

signs in the figures.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Fig. 1 depicts a cross-sectional view of one phase of a transformer with a coil 100. The

coil 100 comprises 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 segment 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 connections

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.

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 segments 102 is a non-circular cross-

section and the cross-section is in a plane perpendicular to the stack axis A.

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 insulation material 203 is



surrounding the conductor 201 and the supporting device 202 and may be used for an

electrical insulation of the conductor. The supporting device 202 has a U-shape in the form

of a ring 205 with sidewalls.

The supporting device 202 may be moulded by a two compound injection moulding

process allowing to have one field grading compound, smoothing the electrical 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 selected form the

group consisting of a thermoset and a thermoplast.

In addition to a first field control layer (not shown, see Fig. 3A), the supporting device

202 may comprise 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 directly at edges 205 of

the coil segment 102. The supporting device 202 may comprise high permittivity

thermoplastic. 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 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.

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 a low voltage coil attached or moulded by an insulation material to a low

voltage coil body, and an additional first field control layer 301 may be applied at outer

edges 205 not-facing the adjacent low voltage 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 control 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 embodiments of the invention. The

permittivity ratio of the insulation 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 conductor, the supporting device, the insulation material

203, the field control layer arrangement 200, and ambient air with different permittivity;

for example materials 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 100.

The following features and embodiments of descriptions may be applicable to all

figures, in particular to Fig. 1, 2, and 3A.

The transformer may be a dry transformer and cast coils may be used for the dry

transformer. The conductor 201 may be made of a wound foil or wound insulated wire.

Mechanical reinforcing structures may be in contact with the coil segments 102. The

insulation material 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 insulation system is reduced due to the presence of

interfaces. The main insulation between primary and secondary 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.

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.



The insulation material 203 may have a permittivity 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.

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 a low 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 winding 403 having similar characteristics as the first insulation 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 20 1 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 segment stack 401 which is arranged around the moulded low voltage coil 402

surrounding the core 104 of the transformer 101.

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

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 segment 102. The high

voltage coil segments 102 are stacked to a high voltage segment stack 401 and the high

voltage coil segments 102 are electrically connected to each other. The first insulation

material 203 may comprise a thermoplastic material moulded by injection moulding, or a

thermosetting material, processed by vacuum casting or automatic pressure gelation.

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 transformer.

Fig. 4 schematically shows a perspective view of two coil segments 102, each coil

segment 102 comprising 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 adjacent coil segments 102.

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 segments 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 segments 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 recesses 802 are hole-like.

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 connection 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.

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.

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.

The steel qualities for the sheets 1001 of Fig. 7 and Fig. 8 may comprise standard core

steel, or amorphous core steel.

Fig. 9 schematically shows a cross-sectional view of the windings 1201 of a wound core

of a transformer. The core may be wound around a mandrel in a first step.

Fig. 10 schematically shows a cross-sectional view of the windings 1201 of a wound

core of a transformer being cut at a certain position indicated by the scissor icon.



Fig. 11 schematically shows a cross-sectional view of the windings 1201 of a wound

core of a transformer being cut and spread/opened in directions indicated by the arrows.

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.

Fig. 13 schematically shows a cross-sectional view of four windings 1201 of equal

wound cores of a transformer being arranged next to each other and combined by three

high voltage & low voltage coils 601 forming the transformer.

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.

The core of Fig. 9 to Fig. 14 may comprise one of a non-circular form, such as a

rectangular, a hexagonal, or an oval form, and a combination of a circular and a non-

circular form.

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.

Fig. 16 schematically shows a cross-sectional view of three coils 100, 1801, 1802 of a

transformer having a rectangular cross-section. Compared to the reference 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.



Fig. 1 schematically shows a cross-sectional view of three coils 100, 1801, 1802 of a

transformer having a hexagonal form. Compared to the reference 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 hexagonal 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.

Fig. 18 schematically shows a cross-sectional view of three coils 100, 1801, 1802 of a

transformer having an oval form. Compared to the reference 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 oval coils 100, 1801, 1802

closest to the axes of the 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.

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 hexagonal 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 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.

Fig. 20 schematically shows a cross-section of three coils 100, 1801, 1802 having a

circular cross-section known in the art. The coils 100, 1801, 1802 are arranged 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. 15 to 18 because the distances of the axes of the coils 100, 1801, 1802 is

shorter compared to the arrangements of Figs. 15 to 18.



Fig. 2 1 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 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 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 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.

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 coil 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

compactness 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.

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 moulding 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 layer arrangement at the edges of the

coil segment stack or coil 2606. The step of moulding a supporting device 2601 may be

omitted.



The coil may comprise a field control layer arrangement for reducing the maximum

field strength of an electric field generated in the coil. The supporting devices may

comprise a first field control layer.

While the invention has been illustrated and described in detail in the drawings and the

foregoing description, such illustration and description are to be considered illustrative or

exemplary and not restricted; the invention is not limited to the disclosed embodiments.

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.

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

100 Coil, coil segment stack, first coil

102 Plurality of coil segment(s), 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 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 (of a core of a transformer)

1801 Second coil

1802 Third coil



PATENT CLAIMS

A coil (100, 1801, 1802) for a transformer, comprising:

a plurality of coil segments (102) of a modular type;

a locking means (700);

wherein each coil segment (102) is electrically connected to another coil segment (102)

of the plurality of coil segments (102) forming a coil segment stack (100), the stack

(100) defining a stack axis (A);

wherein the locking means (700) is adapted for preventing rotation of adjacent coil

segments (102) of the plurality of coil segments (102),

wherein the locking means (700) comprises a snap-fit connection (901) arranged at

adjacent coil segments (102) of the plurality of coil segments (102).

The coil (100, 1801, 1802) of claim 1,

wherein the locking means (700) is a self-sustaining stack provided by the electrically

connected coil segments (102).

The coil (100, 1801, 1802) of claim 1 or 2,

wherein the locking means (700) comprises a through hole (701) in each of the

plurality of coil segments (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 the preceding claims,

wherein the locking means (700) comprises a latch (801) arranged at each of the

plurality of coil segments (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 the preceding claims,



wherein the coil segment (102) comprises at least one high voltage (HV) coil segment

(102).

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

wherein the coil segment (102) comprises at least one low voltage (LV) coil segment

(403).

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

wherein a 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).

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

wherein the non-circular cross-section is a cross-section selected from the group

consisting of a rectangular, a hexagonal, an oval and a polygonal cross-section.

9 . 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 conductor (201) being wound around the

supporting device (202),

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

device (202).

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

a field control layer arrangement (200) for reducing the maximum field strength of an

electric field generated in the coil (100, 1801, 1802);wherein a first field control layer

(301) of the field control layer arrangement (200) is applied at edges (205) of the coil

segment (102).



11. The coil (100, 1801, 1802) of claim 9 or 10,

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

(202).

12. A transformer comprising:

a first coil (100) of anyone of claims 1 to 11; and

a core (104) having a cross-section corresponding to the non-circular cross-section of

each of a plurality of coil segments (102).

13. The transformer of claim 12, further comprising:

a second coil (1801) of anyone of claims 1 to 11; and

a third coil (1802) of anyone of claims 1 to 11;

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 transformer.

14. The transformer of claim 12, further comprising:

a second coil (1801) of anyone of claims 1 to 11; and

a third coil (1802) of anyone of claims 1 to 11;

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.















International application No

PCT/EP2011/06Q799

A. CLASSIFICATION O F SUBJECT MATTER
INV. H01F27/28 H01F27/3Q

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols

H01F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 0 464 924 Al (PHI LI PS PATENTVERWALTUNG 1-3,5 ,6,
[DE] ; PHI LI PS NV [NL] PHI LI PS 9 , 10
PATENTVERWALTUN)
8 January 1992 (1992-01-08)
abstract; figure 1 1,4,7 ,8,
col umn 4 , l ines 26-30 10-14
col umn 4 , l ine 43 - col umn 5 , l ine 10

US 6 806 803 B2 (H0PKINS0N PHI LLI P J [US] I , 4 , 10,
ET AL H0PKINS0N PHI LI P J [US] ET AL) I I , 14
19 October 2004 (2004-10-19)
abstract; figures 2-4
col umn 3 , l ine 16 - col umn 5 , l ine 24

J P 2009 026951 A (MITSUBISHI ELECTRIC 7 ,8, 12
CORP) 5 February 2009 (2009-02-05)
abstract; figures 1-7

/ -

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another " document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

15 September 2011 28/09/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Reder, Mi chael



International application No

PCT/EP2011/06Q799

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 3 467 931 A (DUTTON JOHN C) 7 ,8, 12
16 September 1969 (1969-09-16)
abstract; figures 1,4
col umn 2 , l ines 55-67

US 4 344 126 A (SCHUMACHER BERTHOLD W) 13
10 August 1982 (1982-08-10)
col umn 4 , l ine 66 - col umn 7 , l ine 35 ;
f i gures 1-4
col umn 9 , l ine 27 - col umn 10, l i ne 3 ;
f i gure 6
col umn 1 , l ines 6-13

US 5 673 013 A (MOODY JOHN W [US] ET AL)
30 September 1997 (1997-09-30)
col umn 5 , l ines 7-9; figures 1-4



International application No
Information on patent family members

PCT/ EP201 1/06Q799

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 0464924 Al 08 -01 - 1992 DE 402 1585 Al 09 - 01- 1992
P 3490098 B2 26-0 1-2004
P 4233206 A 21-08- 1992

US 5225803 A 06-07 - 1993

US 6806803 B2 19 - 10-2004 US 2004 108926 Al 10-06-2004

P 200902695 1 A 05 -02 -2009 NON E

US 346793 1 A 16 -09 - 1969 NON E

US 4344126 A 10 -08- 1982 EP 0050432 Al 28-04- 1982

US 56730 13 A 30 -09 - 1997 NON E


	abstract
	description
	claims
	drawings
	wo-search-report

