I*I Innovation, Sciences et Innovation, Science and CA 3191696 C 2023/09/19
Développement économique Canada Economic Development Canada
anen 3 191 696

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 BREVET CANADIEN
CANADIAN PATENT

13 C

(86) Date de dépét PCT/PCT Filing Date: 2021/08/10 (51) CLInt./Int.Cl. HO2K 1/18 (2006.01),

I I . HO2K 1/20(2006.01), HO2K 1/32(2006.01),
(87) Date publication PCT/PCT Publication Date: 2022/02/17 HO2K 15/06 (2006.01), HO2K 15/10(2006.01),
(45) Date de délivrance/lssue Date: 2023/09/19 HO2K 3/12(2006.01), HO2K 3/24 (2006.01),
(85) Entrée phase nationale/National Entry: 2023/02/10 HO2K 3/34(2006.01), HOZK 3/48(2006.01),

o HO2K 3/487(2006.01), HO2K 9/12(2006.01),

(86) N° demande PCT/PCT Application No.: EP 2021/072307 HO2K 9/197 (2006.01)
(87) N° publication PCT/PCT Publication No.: 2022/034105 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2020/08/10 (EP20190188.1) TERINGL, CLAUS, DE;

WINKLHOFER, MICHAEL, DE

(73) Propriétaire/Owner:
FLENDER GMBH, DE

(74) Agent: SMART & BIGGAR LP

(54) Titre : EOLIENNE AYANT AU MOINS UNE MACHINE DYNAMO-ELECTRIQUE
(54) Title: WIND TURBINE WITH AT LEAST ONE DYNAMOELECTRIC MACHINE

N

N
NN W
RN AN RSN
X U
N

Y

s s e s e

(57) Abrégé/Abstract:

The invention relates to a wind turbine with at least one dynamoelectric machine (1) with a stator (2) and a rotor (3), wherein at least
the stator (2) is liquid-cooled, wherein at least the stator (2) has a winding system which is embedded in grooves (18) of a
magnetically conductive body of the stator (2), wherein the winding system has a main insulator (16) between a conductor of the
winding system and a groove wall (19), wherein at least one axially running cooling channel (9) is provided between the main
insulator (16) and the groove wall (19) by virtue of the main insulator (16) having at least one depression, such that the cooling
channel (9) or multiple cooling channels (9) adjoin the groove wall (19) directly, that is to say without an interposed groove
insulator.
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Abstract

The invention relates to a wind turbine with at least one
dynamoelectric machine (1) with a stator (2) and a rotor (3),
wherein at least the stator (2) is liquid-cooled, wherein at
least the stator (2) has a winding system which is embedded in
grooves (18) of a magnetically conductive body of the stator
(2), wherein the winding system has a main insulator (16)
between a conductor of the winding system and a groove wall
(19), wherein at least one axially running cooling channel (9)
is provided between the main insulator (16) and the groove wall
(19) by virtue of the main insulator (16) having at least one
depression, such that the cooling channel (9) or multiple
cooling channels (9) adjoin the groove wall (19) directly, that

is to say without an interposed groove insulator.
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Wind turbine with at least one dynamoelectric machine

Description

The invention relates to a wind turbine having at least one
ligquid-cooled dynamoelectric machine and to a method for

producing ccoling channels necessary therefor.

On account of their losses, iron losses, conductor losses,
etc., dynamoelectric machines need to be cooled. Air cooling
is usually no longer sufficient for efficient cooling, and so
ligquid cooling, in particular water cooling or oil cooling,
is provided. However, for this purpose, cooling channels are
required in the magnetically conductive body of the
dynamoelectric machine, i.e. the stator and/or rotor. These
cooling channels may need to be provided in a laminate
section, as can be gathered from DE 24 62 150 or EP 0 684 682
Bl. However, as a result, the magnetic flux changes during
operation of the dynamoelectric machine, resulting in further

losses.

DE 10 2018 219 219 Al, EP 3 223 394 Al and DE 10 2017 222 635
Al disclose dynamoelectric machines that have a stator and a
rotor,

wherein at least the stator is liquid-cooled,

wherein at least the stator has a winding system which is
embedded in slots of a magnetically conductive body of the
stator, wherein the winding system has insulation between a
conductor of the winding system and a slot wall, and wherein
at least one cooling channel is provided between the
insulation and the slot wall., All three solutions relate to

motors for vehicle applications.

The US 4,994,700 A discloses a dynamoelectric machine with a
can between stator and rotor. Stator and rotor are cooled by

oil.
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In wind turbines, however, the requirements for cooling of the
dynamoelectric machine acting as a generator are much greater,
since maximum outputs in the MW range, tight installation space,
rough conditions (offshore) and scarcely any possibilities for
maintenance or repairs exist that make it necessary for the
generators to operate reliably for a long time in spite of

operating continuously and not to fail.

Against this background, the invention addresses the problem of
creating a wind turbine having at least one dynamoelectric machine,
which is easy to produce and exhibits high efficiency without the
magnetic properties of the magnetically conductive body of the
stator and/or rotor being impaired, and which exhibits high

reliability under adverse conditions.

According to one aspect of the present invention, there is provided
a wind turbine having at least one dynamoelectric machine having a
stator and a rotor, wherein at least the stator is ligquid-cooled,
wherein at least the stator has a winding system which is embedded
in slots of a magnetically conductive body of the stator, wherein
the winding system has end windings; wherein the winding system has
main insulation between a conductor of the winding system and a
slot wall, wherein at least one axially extending cooling channel
is provided between the main insulation and the slot wall in that
the main insulation has at least one recess, so that the cooling
channel or a plurality of cooling channels border(s) the slot wall
without insulation, in direct contact, wherein a can, which extends
through an air gap of the dynamoelectric machine, is provided,
which separates the stator and rotor from one another and makes it
possible to provide different cooling media for the stator and the
rotor, wherein the end windings are also ligquid-cooled, and wherein
at least one of the cooling channels is provided in a cooling-

channel impression of the main insulation.
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According to another aspect of the present invention, there is
provided a method for producing one or more cooling channels of a
dynamoelectric machine of a wind turbine as described above,
wherein the cooling channel or channels is/are impressed in that a
stamp and/or a press is used to compress the main insulation in
predefined regions.

According to the invention, one or more in particular axially
extending cooling channels are now located between the slot wall
and the main insulation. The cooling channel or channels are formed
by recesses in the main insulation and lie in direct contact with
the slot wall (for example without insulation material in between)
and thus cocl the metal of the teeth particularly efficiently. The
recesses lie preferably in the circumferential direction, i.e. in
each case between the slot wall and the conductor insulation. The
expression “main insulation” means the surrounding coil leg
insulation and not partial conductor insulation. The main
insulation frequently comprises a plurality of partial conductors,

which for their part have their own partial conductor insulation.
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According to the invention, a can is provided between the
stator and the rotor, with the result that different cooling
principles are employed, for instance the stator can be
liquid-cooled (cil, water) and the rotor gas-cooled (air). It
is particularly favourable for the end windings, in which a
relatively large amount of heat arises in wind turbines, to
be accommodated in the liquid cooling circuit of the stator,

in order to reliably dissipate the heat arising there.

The cooling channel is impressed into the main insulation of
the winding system. This takes place during the production of
the winding system, in which one or more conductors are
provided with main insulation and in the process the main
insulation is pressed with a predefined impression such that
one or more recesses arise in the main insulation. These
cooling-channel impressions form axially extending cooling

channels in the machine together with the slot walls.

The shaping of the slot and of the magnetically conductive
body, i.e. of a laminated core, can thus be maintained.
Accordingly, the magnetic conditions of the magnetically
conductive body also continue to remain advantageous.

The winding system is advantageously constructed with form-
wound coils that are able to be produced in advance and may
already be provided with the cooling channel impressions

during the production process.

In order to insert the form-wound coil radially via a slot
slit, it is advantageous for the slot walls to extend
parallel to one another or with a small opening angle in the

direction of the air gap.

The winding system is in this case formed from conductors
which form the form-wound coils. These form-wound coils are
wound and insulated in advance. Once the form-wound coils
have received their main insulation, they receive recesses in

the region of the subsequent slot portions. Subsequently, the

Date regue/Date received 2023-02-10
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form-wound coils are brought into the respective shape by

means of templates.

Advantageously, the recess in the main insulation is located
in the central region of the conductor or of the coil. This
results in guidance of the coil upon insertion into the slot
and rough sealing in the direction of the air gap. The main
insulation of a form-wound coil is now, as seen in cross

section, in the form of a double T-shape.

The invention can be used in single-layer and multi-laver
windings. As the case may be, one cooling channel or several
cooling channels are brought about in a slot.

The impression in the main insulation of a form-wound coil
can be undertaken on one, two, three or all sides of the
coil, and this cooling—-channel impression is preferably

undertaken on the longitudinal sides of the coils.

Since the cooling channels, in particular the coocling-channel
impressions, project axially over the magnetically conductive

body, it is easier for a cooling liquid to flow in.

Since the magnetically conductive body is embodied in
particular as a laminated core, previous laminate sections
can be used, since the cooling channels are brought about via

the cooling-channel impressions in the main insulation.

Since the magnetically conductive body is subdivided axially
into at least two partial bodies, radial cooling channels
that allow double-~flow cooling of the stator are brought
about. This improves the cooling performance and results in a

more uniform temperature profile axially along the stator.

Wind turbines according to the invention having such
dynamoelectric machines used as generators have a high power

density while having a compact design.

Date regue/Date received 2023-02-10
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The invention and further advantageous configqurations of the
invention are explained in more detail on the basis of
schematically illustrated exemplary embodiments; in the

figures:

FIG 1 shows the pressing of the main insulation with a
detail view thereof,

FIG 2 shows the arrangement of a double-layer winding in a
slot,
FIG 3 shows a perspective detall view of a double-layer

winding in a slot of a stator,
FIG 4 shows a perspective detail view of a stator,
FIG 5 shows a partial longitudinal section through a
dynamoelectric machine,

FIG 6 shows two double~layer windings.

FIG 1 shows a method step of a basic method for producing a
form-wound coil 15, the conductor of which consgists of a
plurality of partial conductors or of a single conductor. If
partial conductors are present, these are surrounded at least
in portions by partial conductor insulation, wherein the
conductor as a whole, or at least in the region of the slot
18, i.e. axially within the magnetically conductive body,
such as a laminated core 4, is surrounded by main insulation
16.

In order now to form a cooling channel 9 according to the
invention, the main insulation 16 is compressed at
predefinable regions of the main insulation via cooling-
channel impression, which may be carried out by means of a
stamp of a press. In the present, nonlimiting exemplary
embodiment, this takes place primarily at the longitudinal
sides of the form-wound coil 15. As a result of the pressing,
the main insulation 16 recedes by a predefined distance in
the predefined regions compared with the original extent.

FIG 2 shows by way of example a double~layer winding as is
arranged in a slot 18. Here, two form-wound coils 15 are

Date regue/Date received 2023-02-10
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arranged radially one on top of the other in the slot 18 and
are separated from one another by an intermediate element.
BEach form-wound coil 15 has main insulation 16, at the
longitudinal sides of which the main insulation recedes as a
result of the impression, as described above, so as then to
bring about a distance between a slot wall 19 and the main
insulation 16. This then forms an axially extending cooling
channel 9 in a stator 2. The form-wound coils 15 are radially
inserted into the slot 18 via a slot slit 20. The slot walls
19 are provided parallel to one another or with a small
opening angle in the direction of the air gap in order to
make it easier to fit the form-wound coils 15. As shown in
FIG 3, the slot slit 20 may be closed by a slot closure 21 in
order to permanently position the winding system, in this
case the form-wound coils 15, in the slot 18. Depending on
the embodiment of the slot closure 21, this also helps to
shape the magnetic field of the air gap during operation of a

dynamoelectric machine 1.

As a result of the reduced radial thickness of the main
insulation 16 in the predefined regions of the form-wound
coil 15, the insulation is not impaired inter alia because

0il cooling is used.

FIG 3 shows a perspective detall illustration of a stator 2
having slots 18 partially occupied by a winding system.
Located in the slots 18 occupied by the winding system is a
double-layer winding, meaning that, as seen radially, two
form-wound coils 15, as already described in FIG 2, are
arranged radially one on top of the other. The slot 18 is
closed by means of a slot closure 21 and fixed in recesses of
teeth of the laminated core 4. The cooling channel 9 projects
axially over the end face of the laminated core 4 of the
stator 2 in order to allow a liquid, in particular oil, to
axially access the cooling channel 9. In this exemplary
embodiment, there are thus four parallel cooling channels 9

per slot 18. Each form-wound coil 15 has two cooling-channel
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10

15

20

25

30

35

202009215 CA 03191696 2023-02-10
7

impressions 17 arranged on its longitudinal side, which were

formed by pressing the main insulation 16.

FIG 4 shows a further perspective detail illustration of a
stator 2 having slots 18 partially occupied by a winding
system. This figure shows that the magnetically conductive
body of the stator 2, for example a laminated core 4, has
been subdivided into partial laminated cores 5. This brings
about, between the partial laminated cores 5, radially
extending slits which form radial cooling channels 10 that
allow a coolant flow 22 coming from the cooling channels 9 to
escape radially. The slot closure 21 is embodied to be
axially continuous and thus forms a termination for the air
gap, although, between the teeth of the partial laminated
cores 5, there are radial cooling channels 10 or slits in
which cooling liquid, for example o0il, can radially escape
and, as shown below, is able to be fed toc corresponding heat

exchangers 12.

FIG 5 shows a schematic illustration of a partial
longitudinal section through a dynamoelectric machine 1. In
this case, a rotor 3 is spaced apart from the stator 2 by a
can 8 which extends through the air gap of the dynamoelectric
machine 1 and thus makes it possible to provide different
cooling media for the stator 2 and the rotor 3. In this
exemplary embodiment, the stator 2 is now cooled by liquid
cooling. The laminated core 4 of the stator 2 is in this case
constructed from two partial laminated cores 5 such that a
radial cooling channel 10 is brought about between the
partial laminated cores 5. The partial laminated cores 5 are
fixed by pressure plates 6. End windings 7 of the winding
system project axially out of the end faces of the laminated
core 4. The can 8 is sealed off from further housing portions
by sealing elements 13 that are not illustrated in more
detail. The rotor 3 is constructed axially in one piece or
likewise with partial laminated cores. In these embodiments,
a cooling channel 11 extends axially through the laminated
core of the rotor 3. As a result of the stator 2 and rotor 3

Date regue/Date received 2023-02-10
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being separated by means of the can 8, it is now possible to
equip the rotor 3 with air cooling, the rotor 3 being

thermally separated from the stator 2.

The cooling liquid, in particular oil, is axially fed into
the cooling channels 9 of the stator at an end face of the
laminated core 4 via the end windings 7. Over the axial
course of the end winding 7 and of the winding system in the
slot 18, the cooling liquid heats up and is conveyed radially
outwardly via the radial cooling channel 10 into heat
exchangers 12. There, the cooling liquid is cooled down again
and fed back into the circuit.

FIG 6 shows by way of example two double-layer windings as
are each arranged in a slot 18. Here, two form-wound coils 15
are arranged radially one on top of the other in the slot 18
and are separated from one another by an intermediate
element. In contrast to the form-wound coils 15 in fig. 2,
the form-wound coils 15 consist here of a plurality of
partial conductors 22 which, for their part, are entirely
covered by partial conductor insulation 23 or are at least
gseparated insulatingly from one another at the points where
they lie on one another. In the left~hand variant, two
partial conductors 22 are located alongside one another and
many partial conductors 22 on top of one another in each
form-wound coil 15. In the right-hand variant, many partial
conductors 22 are located on top of one another in each form-
wound coil 15, but none are located alongside one another.
BEach form-wound coil 15 has main insulation 16, at the
longitudinal sides of which the main insulation 16 recedes as
a result of the impression, as described above, so as then to
bring about a distance between a slot wall 19 and the main
insulation 16, This then forms an axially extending cooling
channel 9 in a stator 2. The form-wound coils 15 are radially
inserted into the slot 18 via a slot slit 20. The slot walls
19 are provided parallel to one another or with a small
opening angle in the direction of the air gap in order to
make it easier to fit the form-wound coils 15. The slot slit
20 may be closed by a slot closure 21 in order to permanently

Date regue/Date received 2023-02-10
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position the winding system, in this case the form-wound
coils 15, in the slot 18. Depending on the embodiment of the
slot closure 21, this also helps to shape the magnetic field
of the air gap during operation of a dynamoelectric machine
1. It is clearly apparent that the cooling channels 9 are
formed by recesses in the main insulation 16 and not by
recesses in the partial conduction insulation 23.

As a result of the reduced radial thickness of the main
insulation 16 in the predefined regions of the form-wound
coil 15, the insulation is not impaired inter alia because

0ll cooling is used.

Date regue/Date received 2023-02-10
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CLAIMS:

1. A wind turbine having at least one dynamoelectric machine
having a stator and a rotor,

wherein at least the stator is liquid-cooled,
wherein at least the stator has a winding system which is embedded
in slots of a magnetically conductive body of the stator, wherein
the winding system has end windings;

wherein the winding system has main insulation between a
conductor of the winding system and a slot wall,

wherein at least one axially extending cooling channel is
provided between the main insulation and the slot wall in that the
main insulation has at least one recess, so that the cooling
channel or a plurality of cooling channels border(s) the slot wall
without insulation, in direct contact, wherein a can, which extends
through an air gap of the dynamoelectric machine, is provided,
which separates the stator and rotor from one another and makes it
possible to provide different cooling media for the stator and the
rotor, wherein the end windings are also liquid-cooled, and wherein
at least one of the cooling channels is provided in a cooling-

channel impression of the main insulation.

2. The wind turbine having at least one dynamoelectric machine as
claimed in claim 1, wherein the winding system is constructed from

form-wound coils.

3. The wind turbine having at least one dynamocelectric machine as
claimed in claim 2, wherein the form-wound coils comprise coil
legs, and wherein the coil legs of the form-wound coils have

cooling—-channel impressions on both sides.
4, The wind turbine having at least one dynamoelectric machine as

claimed in any one of claims 1 to 3, wherein the slot walls extend

parallel to one another.

Date regue/Date received 2023-06-12
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5. The wind turbine having at least one dynamoelectric machine as
claimed in any one of claims 1 to 4, wherein the cooling channels

project axially over the magnetically conductive body.

6. The wind turbine having at least one dynamoelectric machine as
claimed in claim 5, wherein the cooling-channel impressions project

axially over the magnetically conductive body.

7. The wind turbine having at least one dynamocelectric machine as
claimed in any one of claims 1 to 6, wherein the magnetically
conductive body is embodied as a laminated core.

8. The wind turbine having at least one dynamoelectric machine as
claimed in any one of claims 1 to 7, wherein the magnetically
conductive body is subdivided axially into at least two partial

bodies, such that radial cooling channels are brought about.

9. A method for producing one or more cooling channels of a
dynamoelectric machine of a wind turbine as claimed in any one of
claims 1 to 8, wherein the cooling channel or channels is/are
impressed in that a stamp and/or a press is used to compress the

main insulation in predefined regions.

Date regue/Date received 2023-06-12
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