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Sahkokoneen staattori kasittda staattorin sydanrakenteen (101)
ja staattorikdamityksen, joka kasittda joukon staattorivyyhteja
(102a-102f) staattorin sydanrakenteen mekaanisesti tukemina.
Kukin staattorivyyhti kasittdd sahkodjohtimia ja jaahdytysputken
(103) jaahdytysfluidin kuljettamiseksi sdhkojohtimien
pituussuunnassa. Staattori kasittda jaahdytyselementteja
(104a-104c), joilla on lampo6ajohtavat kosketukset staattorin
sydanrakenteeseen. Jadhdytyselementit kasittavat kanavia
jadhdytysfluidin kuljettamiseksi, ja staattorivyyhtien
jadhdytysputket on liitetty toisiinsa jddhdytyselementtien kautta.
Jaahdytyselementit siirtdvat rautahavididen aiheuttamaa 1ampéa
staattorin sydanrakenteesta jadhdytysfluidiin. Liséksi
jadhdytyselementit toimivat jakoputkistoina jaahdytysfluidin
kuljettamiseksi staattorivyyhtien jaadhdytysputkien valilla.

A stator of an electric machine comprises a stator core structure
(101) and a stator winding comprising a plurality of stator coils
(102a-102f) mechanically supported by the stator core structure.
Each stator coil comprises electrical conductors and a cooling
tube (103) for conducting cooling fluid in the longitudinal
direction of the electrical conductors. The stator comprises
cooling elements (104a-104c) having heat-conductive
mechanical contacts with the stator core structure. The cooling
elements comprise channels for conducting the cooling fluid,
and the cooling tubes of the stator coils are connected to each
other via the cooling elements. The cooling elements transfer
heat caused by iron losses from the stator core structure to the
cooling fluid. Furthermore, the cooling elements act as
manifolds for conducting the cooling fluid between the cooling
tubes of the stator coils.
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A stator of an electric machine and an electric machine

Field of the disclosure

The disclosure relates generally to cooling of rotating electric machines. More
particularly, the disclosure relates to a stator of an electric machine. Furthermore,

the disclosure relates to an electric machine.
Background

In a rotating electric machine, such as an electric motor or a generator, a magnetic
flux is developed between electromagnetically active parts of the rotor and the stator
of the electric machine. In a radial flux electric machine, the maximum torque is
proportional to the product of the air-gap radius, the area of the air-gap surface, the
magnetic flux density in the air-gap, and the linear current density in the air-gap
surface of the stator. Hence, without increasing the mechanical size of the electric
machine, the maximum torque can be increased by increasing the linear current
density because the magnetic flux density cannot be practically increased any more
when the saturation point of iron has been exceeded. Increasing the linear current
density increases, however, the resistive losses in the windings of the electric
machine. On the other hand, the mechanical power of an electric machine can be
increased by increasing the rotational speed while keeping the torque unchanged.
Thus, electric machines having a high power-to-size ratio are typically high-speed
machines. Increasing the rotational speed increases, however, the alternating
frequency of magnetic field in a stator core structure and thereby the iron losses,
I.e. the hysteresis and especially the eddy current losses, can be significant in high-
speed machines. Therefore, the cooling plays a significant role in the operation of

rotating electric machines.

An effective method for cooling a stator winding of an electric machine is liquid
cooling where cooling liquid is in contact with, or at least in close vicinity of, electrical
conductors of the winding. The liquid cooling of a stator winding is traditionally used
in conjunction with large turbo-generators in which the electrical conductors of stator

coils can be hollow to allow the cooling liquid to flow inside the electrical conductors.
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For example, the publication UA73661 discloses a liquid cooled stator of an electric
machine. The stator comprises a magnetic core structure with hydrogen cooling and
a three-phase winding having hollow bars for the cooling liquid. Hydrogen cooling is
typically unsuitable, or at least not cost effective, for electric machines other than
large turbo-generators. Therefore, there is a need for technical solutions that are
suitable for arranging liquid cooling for a stator winding as well as for a stator core

structure.

Publication US3157806 describes a synchronous electric machine having a stator
and a rotor. The stator comprises a stator core structure and stator windings
comprising stator coils mechanically supported by the stator core structure. Each of
the stator coils comprises electrical conductors and a cooling channel for conducting
cooling fluid in the longitudinal direction of the electrical conductors. The stator
further comprises cooling elements having heat-conductive mechanical contacts
with the stator core structure and comprising channels for conducting the cooling
fluid.

Publication US2013285487 describes a stator of an electric machine with
concentrated windings. The windings comprise coils comprising tubular cooling
channels for conducting cooling fluid in the longitudinal direction of electrical

conductors of the coils.

Publication US2006145548 describes a stator coil module that comprises a coil and
a cooling pipe, which are molded using insulating mold. A liquid cooling distribution
unit is at an axial end of an electric machine and supplies cooling liquid to the stator

coil modules.

Publication US2009261668 describes a cooling element of a stator for use in the

outer surface of a liquid-cooled electrical machine.

Publication GB851409 describes an electric machine having water-cooled stator

laminations and windings to which liquid is fed via manifolds.

Publication GB893847 describes an electric machine having water-cooled stator

windings to which liquid is fed via manifolds at an axial end of the machine.
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Summary

The following presents a simplified summary in order to provide basic understanding
of some aspects of various invention embodiments. The summary is not an
extensive overview of the invention. It is neither intended to identify key or critical
elements of the invention nor to delineate the scope of the invention. The following
summary merely presents some concepts of the invention in a simplified form as a

prelude to a more detailed description of exemplifying embodiments of the invention.

In this document, the word “geometric’ when used as a prefix means a geometric
concept that is not necessarily a part of any physical object. The geometric concept
can be for example a geometric point, a straight or curved geometric line, a
geometric plane, a non-planar geometric surface, a geometric space, or any other

geometric entity that is zero, one, two, or three dimensional.

In accordance with the invention, there is provided a new stator for an electric

machine. A stator according to the invention comprises:
- a stator core structure, and

- a stator winding comprising a plurality of stator coils mechanically supported

by the stator core structure.

Each of the stator coils comprises electrical conductors and a cooling tube for
conducting cooling fluid in the longitudinal direction of the electrical conductors. The
stator further comprises cooling elements having heat-conductive mechanical
contacts with the stator core structure. The cooling elements comprise channels for
conducting the cooling fluid, and the cooling tubes of the stator coils are connected

to each other via the cooling elements.

The above-mentioned cooling elements are capable of transferring heat caused by
iron losses from the stator core structure to the cooling fluid. Furthermore, the
cooling elements act as manifolds for conducting the cooling fluid between the

cooling tubes of the stator coils.
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In accordance with the invention, there is provided also a new electric machine. An

electric machine according to the invention comprises:
- a stator according to the invention, and
- arotor rotatably supported with respect to the stator.

An electric machine according to an exemplifying and non-limiting embodiment of
the invention is a radial flux inner rotor machine where the cooling elements are
placed in axial grooves on the yoke section of the stator core structure and the
cooling elements comprise cooling fins on surfaces facing away from the airgap
surface of the stator core structure. The rotor may comprise e.g. blower vanes for
pushing air or other gas via the airgap and/or via axial cooling channels of the rotor,
and the electric machine may comprise mechanical structures for guiding the air or
other gas to circulate back to the blower along the surfaces of the cooling elements
that comprise the above-mentioned cooling fins. In this exemplifying case, the
cooling elements are arranged to cool not only the stator core structure but also the

air or other gas that is cooling the rotor.

Exemplifying and non-limiting embodiments of the invention are described in

accompanied dependent claims.

Various exemplifying and non-limiting embodiments of the invention both as to
constructions and to methods of operation, together with additional objects and
advantages thereof, will be best understood from the following description of specific
exemplifying and non-limiting embodiments when read in conjunction with the

accompanying drawings.

The verbs “to comprise” and “to include” are used in this document as open
limitations that neither exclude nor require the existence of unrecited features. The
features recited in dependent claims are mutually freely combinable unless

otherwise explicitly stated. Furthermore, it is to be understood that the use of “a” or

“an’, i.e. a singular form, throughout this document does not exclude a plurality.

Brief description of the figures
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Exemplifying and non-limiting embodiments of the invention and their advantages
are explained in greater detail below in the sense of examples and with reference

to the accompanying drawings, in which:

figures 1a and 1b show isometric views of an electric machine according to an

exemplifying and non-limiting embodiment of the invention,

figures 1c and 1d show end-views of the electric machine illustrated in figures 1a
and 1b,

figures 1e and 1f illustrate cooling elements of the electric machine illustrated in

figures 1a-1d,

figure 1g shows a cross-section of the electric machine illustrated in figures 1a-1d

and depicts an exemplifying magnetic flux acting on the electric machine,

figure 1h shows a cross-section of an elongated conductor element constituting a

stator coil of the electric machine illustrated in figures 1a-1d, and

figure 2 shows a schematic illustration of an electric machine according to an

exemplifying and non-limiting embodiment of the invention.
Description of the exemplifying embodiments

The specific examples provided in the description given below should not be
construed as limiting the scope and/or the applicability of the appended claims. Lists
and groups of examples provided in the description given below are not exhaustive

unless otherwise explicitly stated.

Figures 1a and 1b show isometric views of an electric machine according to an
exemplifying and non-limiting embodiment of the invention. Figures 1¢ and 1d show
end-views of the electric machine. The viewing directions related to figures 1a-1d
are illustrated with a coordinate system 199. The electric machine comprises a
stator 100 according to an exemplifying and non-limiting embodiment of the
invention and a rotor 120 that is rotatably supported with respect to the stator 100.
The rotational axis of the rotor 120 is parallel with the z-axis of the coordinate system

199. Bearing arrangements for rotatably supporting the rotor 120 are not shown in
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figures 1a-1d. The stator 100 comprises a ferromagnetic core structure 101 made
of, or at least comprising, ferromagnetic material. The ferromagnetic core structure
101 may comprise e.g. a stack of ferromagnetic sheets that are electrically insulated
from each other and stacked in the axial direction of the electric machine, i.e. in the

z-direction of the coordinate system 199.

The stator 100 comprises a stator winding that comprises stator coils 102a, 102b,
102c, 102d, 102e, and 102f that are mechanically supported by the stator core
structure 101. Each of the stator coils 102a-102f comprises electrical conductors
and a cooling tube for conducting cooling fluid in the longitudinal direction of the
electrical conductors. In figures 1a and 1b, the cooling tube of the stator coil 102a
is denoted with a reference 103. Each stator coil may comprise for example a
suitable number of turns of an elongated conductor element that is constituted by
the cooling tube and a bundle of electrically conductive wires arranged to surround
the cooling tube e.g. so that the cross-section of the cooling tube is substantially in
the center of the cross-section of the elongated conductor element. Figure 1h shows
a schematic cross-section of an elongated conductor element 119 of the kind
mentioned above. The bundle of the electrically conductive wires is denoted with a
reference 116. The bundle may comprise for example 100-200 copper strands. In
an exemplifying case, the bundle is composed of Litz-wires. In this exemplifying
case, each wire of the bundle is itself a bundle of thin filaments that are twisted or
woven. In cases where the supply frequency of an electric machine is low, an
elongated conductor element constituting a stator coil may comprise one or more
conductor bars instead of a bundle of electrically conductive wires. It is also possible
that each stator coil comprises one or more turns of a cooling tube and a different
number of turns of electrical conductor so that the cooling tube is amongst the turns
of the electrical conductor. The cooling tubes of the stator coils can be made of for

example steel, e.g. stainless steel.

The stator 100 comprises cooling elements having heat-conductive mechanical
contacts with the stator core structure 101. In figures 1a, 1c, and 1d, three of the
cooling elements are denoted with references 104a, 104b, and 104c. The cooling
elements comprise channels for conducting the cooling fluid, and the cooling tubes

of the stator coils 102a-102f are connected to each other via the cooling elements.
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Therefore, the cooling fluid is arranged to flow via both the cooling elements and the
cooling tubes of the stator coils 102a-102f. Thus, the cooling elements are capable
of transferring heat caused by iron losses from the stator core structure 101 to the
cooling fluid. Furthermore, the cooling elements act as manifolds for conducting the
cooling fluid between the cooling tubes of the stator coils 102a-102f. It is also
possible that each stator coil comprises two or more cooling tubes amongst the
electrical conductors. In this exemplifying case, each stator coil comprises four or
more tube-ends that are connected to the cooling elements. The cooling elements
can be made of for example aluminum, copper, or some other suitable material
having high thermal conductivity. The exemplifying stator illustrated in figures 1a-1d
comprises connection tubes arranged to connect the cooling elements to the cooling
tubes of the stator coils 102a-102f. In figures 1a, 1b, and 1d, two of the connection
tubes are denoted with references 107 and 108. The connection tubes are
advantageously electrically non-conductive, and the connection tubes can be made

of for example polymer.

In the exemplifying stator 100 illustrated in figures 1a-1d, the stator core structure
101 comprises cavities which extend axially through the stator core structure 101
and which contain the cooling elements. It is, however, also possible that the cooling
elements are flat-shaped elements attached on the surface of the yoke section of
the stator core structure 101. In the exemplifying case illustrated in figure 1a-1d, the
cavities for the cooling elements are axial grooves on the yoke section. In this
exemplifying case, the cooling elements can be provided with cooling fins on
surfaces which are not against the stator core structure 101 i.e. which are facing
away from the airgap surface of the stator core structure 101. In figure 1b, the
cooling fins of the cooling element 104a are denoted with a reference 106. The rotor
120 can be provided with blower vanes for pushing air or other gas via the airgap
and/or via axial cooling channels of the rotor 120 i.e. to push the air or other gas
through the stator bore. Furthermore, the electric machine can be provided with
mechanical structures which guide the air or other gas to circulate back to the blower
along the surfaces of the cooling elements that comprise the above-mentioned
cooling fins. In this exemplifying case, the cooling elements are arranged to cool not

only the stator core structure 101 but also the air or other gas that is cooling the
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rotor 120. A schematic illustration of an electric machine of the kind mentioned
above is shown in figure 2 where the blower is denoted with a reference 121 and
the mechanical structures for guiding the air or other gas are denoted with a

reference 122.

In the exemplifying stator 100 illustrated in figures 1a-1d, the cooling element 104b
comprises a first pipe interface 114 for receiving the cooling fluid from outside the
stator and the cooling element 104c comprises a second pipe interface 115 for
delivering the cooling fluid out from the stator. The pipe interfaces 114 and 115 can
be connected to an external system for circulating the cooling fluid. It is however
also possible that the cooling tubes of two of more stator coils are connected to an
external system for circulating the cooling fluid. A suitable amount of parallel cooling
paths can be arranged to keep the cooling system pressure-drop on an acceptable
level. In the exemplifying stator 100 illustrated in figures 1a-1d, there are two parallel

cooling paths which are denoted with dashed lines in figure 1c.

The cooling element 104a is illustrated in figure 1e, and the cooling element 104b
is illustrated in figure 1f. Figure 1e shows also a section view of the cooling element
104a. Correspondingly, figure 1f shows a section view of the cooling element 104b.
The sections are taken along a line A-A shown in figures 1e and 1f, and the section
plane is parallel with the xz-plane of the coordinate system 199. The cooling element
104a illustrated in figure 1e comprises pipe interfaces 117a for connecting to the
cooling tubes of the stator coils 102a and 102f via the connection tubes 107 and
108 as shown in figures 1a, 1b, and 1d. Correspondingly, the cooling element 104b
illustrated in figure 1f comprises pipe interfaces 117b for connecting to the cooling
tubes of the stator coils 102e and 102f via the respective connection tubes as shown
in figures 1a and 1d. As shown by the section view presented in figure 1e, the
cooling element 104a comprises a channel 105a that is shaped to conduct the
cooling fluid axially from a first end of the stator core structure 101 to a second end
of the stator core structure and back from the second end to the first end. Cooling
elements of stators according to different embodiments of the invention may

comprise channels that can be meandering and/or twisted in many ways.
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Figure 1g shows a cross-section of the electric machine illustrated in figures 1a-1d.
The section plane is perpendicular to the axial direction of the electric machine.
Furthermore, figure 1g depicts an exemplifying magnetic flux acting on the electric
machine. In the exemplifying stator 100 illustrated in figures 1a-1d and 1g, the stator
core structure 101 comprises a plurality of stator teeth and a plurality of stator slots
containing the coil-sides of the stator coils 102a-102f. It is however also possible to
use the above-described cooling arrangement in an electric machine that has an

airgap winding.

In the exemplifying case illustrated in figures 1a-1d and 1g, the stator winding is a
concentrated non-overlapping tooth-coil winding where the width of each stator coil
is such that each stator coil surrounds one and only one of the stator teeth. The
stator teeth are advantageously shaped to allow each stator coil to be installed by
pushing the stator coil to surround the respective one of the stator teeth without
changing the shape of the stator coil. It is however also possible to use the above-
described cooling arrangement in an electric machine that has a non-concentrated

stator winding where the number of slots per phase per pole is more than one.

In the exemplifying case illustrated in figures 1a-1d and 1g, the stator teeth comprise
first stator teeth each being surrounded by one of the stator coils and second stator
teeth each being between adjacent ones of the stator coils. In figure 1g, two of the
first stator teeth are denoted with references 109a and 109b and two of the second
stator teeth are denoted with references 110a and 110b. As shown in figure 1g, the
cooling elements are located at least partly inside the second stator teeth and each
of the second stator teeth has two branches on both sides of the corresponding
cooling element. In figure 19, the two branches of the stator teeth 110a are denoted
with references 111 and 112. The cooling elements have cross-sections tapering
towards the airgap surface of the stator core structure 101. The mechanical
arrangement illustrated in figure 1g makes it possible that the cooling elements can
extend, in the radial direction, towards the airgap surface without substantially
disturbing the magnetic flux since the branches of the second stator teeth provide

paths via which the magnetic flux can pass the cooling elements.
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The exemplifying electric machine described above with reference to figures 1a-1h
is a permanent magnet machine. The rotor 120 comprises permanent magnets for
producing an excitation magnetic flux. In figure 1g, one of the permanent magnets
is denoted with a reference 113. In this exemplifying case, each permanent magnet
is composed of pieces of permanent magnet material. The magnetization directions
of the permanent magnets are depicted with arrows in figure 1g. It is to be noted
that an electric machine according to an embodiment of the invention can be as well
for example an induction machine, a synchronous reluctance machine, a switched
reluctance machine, a slip-ring asynchronous machine, or an electrically excited

synchronous machine.

The exemplifying electric machine described above with reference to figures 1a-1h
is a radial flux inner rotor electric machine. It is to be noted that an electric machine
according to an embodiment of the invention can be as well for example a radial flux

outer rotor electric machine or an axial flux electric machine.

The specific examples provided in the description given above should not be
construed as limiting the applicability and/or the interpretation of the appended
claims. Lists and groups of examples provided in the description given above are

not exhaustive unless otherwise explicitly stated.
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What is claimed is:
1. A stator (100) of an electric machine, the stator comprising:
- a stator core structure (101), and

- a stator winding comprising a plurality of stator coils (102a-102f)

mechanically supported by the stator core structure,

wherein each of the stator coils comprises electrical conductors and a cooling tube
(103) for conducting cooling fluid in a longitudinal direction of the electrical
conductors, and wherein the stator further comprises cooling elements (104a-104c)
having heat-conductive mechanical contacts with the stator core structure, the
cooling elements comprising channels (105a) for conducting the cooling fluid,
characterized in that the cooling tubes of the stator coils are connected to each

other via the cooling elements.

2. A stator according to claim 1, wherein the stator is a stator of a radial flux

electric machine.

3.  Astator according to claim 2, wherein the stator core structure (101) comprises
cavities extending axially through the stator core structure and containing the

cooling elements (104a-104c).

4. A stator according to claim 3, wherein the cavities are axial grooves on a yoke
section of the stator core structure and the cooling elements (104a-104c) comprise
cooling fins (106) on surfaces facing away from an airgap surface of the stator core

structure.

5. A stator according to any of claims 2-4, wherein the channel (105a) of one or
more of the cooling elements is shaped to conduct the cooling fluid axially from a
first end of the stator core structure to a second end of the stator core structure and
back from the second end of the stator core structure to the first end of the stator

core structure.
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6. A stator according to any of claims 1-5, wherein the stator core structure (101)
comprises a plurality of stator teeth (109a, 109b, 110a, 110b) and a plurality of stator

slots containing coil-sides of the stator coils.

7. A stator according to claim 6, wherein each of the stator coils surrounds one

and only one of the stator teeth.

8.  Astator according to claim 7, wherein the stator teeth are shaped to allow each
stator coil to be installed by pushing the stator coil to surround the respective one of

the stator teeth without changing a shape of the stator coil.

9. A stator according to claim 7 or 8, wherein the stator teeth comprise first stator
teeth (109a, 109b) each being surrounded by one of the stator coils and second
stator teeth (110a, 110b) each being between adjacent ones of the stator coils, and
the stator core structure (101) comprises cavities extending axially through the
stator core structure and containing the cooling elements so that the cooling
elements are located at least partly inside the second stator teeth and each of the
second stator teeth has two branches (111, 112) on both sides of the corresponding

cooling element.

10. A stator according to claim 9, wherein the cooling elements (104a-104c) have
cross-sections tapering towards an airgap surface of the stator core structure, the
cross-sections being taken along a geometric plane perpendicular to an axial

direction of the stator.

11. A stator according to any of claims 1-10, wherein at least one of the cooling
elements comprises a first pipe interface (114) for receiving the cooling fluid from
outside the stator, and at least one other of the cooling elements comprises a

second pipe interface (115) for delivering the cooling fluid out from the stator.

12. A stator according to any of claims 1-11, wherein each stator coil comprises
an elongated conductor element (119) constituted by the cooling tube (103) of the
stator coil and a bundle of electrically conductive wires (116) arranged to surround

the cooling tube.
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13. Astator according to any of claims 1-13, wherein the cooling tubes of the stator

coils are made of stainless steel.

14. A stator according to any of claims 1-13, wherein the cooling elements are

made of one of the following: aluminum, copper.

15. A stator according to any of claims 1-14, wherein the stator comprises
connection tubes (108, 107) connecting the cooling elements to the cooling tubes

of the stator coils.

16. An electric machine comprising a stator (100)and a rotor (120) rotatably
supported with respect to the stator, characterized in that the stator is according to

any of claims 1-15.

17. An electric machine according to claim 16, wherein:

the electric machine is a radial flux inner rotor machine,

- the cooling elements of the stator are placed in axial grooves on a yoke

section of the stator core structure,

- the cooling elements comprise cooling fins on surfaces facing away from an

airgap surface of the stator core structure,
- the rotor comprises a blower (121) for pushing gas through a stator bore, and

- the electric machine comprises mechanical structures (122) for guiding the
gas to circulate back to the blower along the surfaces of the cooling elements

that comprise the cooling fins.
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Patenttivaatimukset
1. Sahkdékoneen staattori (100), joka kasittaa:
- staattorin sydanrakenteen (101) ja

- staattorikddmityksen, joka kasittdad joukon staattorivyyhtejd (102a-102f)

staattorin sydanrakenteen mekaanisesti tukemina,

missd& kukin staattorivyyhdistd kasittda sahkojohtimia ja jaéhdytysputken (103)
jaahdytysfluidin kuljettamiseksi sahkojohtimien pituussuunnassa, ja missa staattori
kasittdad lisdksi jaahdytyselementteja (104a-104c), joilla on lampéjohtavat
mekaaniset kosketukset staattorin sydanrakenteeseen, jolloin jdéhdytyselementit
kasittavat kanavia (105a) jaahdytysfluidin kuljettamiseksi, tunnettu siita, ettd
staattorivyyhtien jaéhdytysputket ovat litetty toisiinsa mainittujen

jaadhdytyselementtien kautta.

2. Patenttivaatimuksen 1 mukainen staattori, joka on radiaalivuosahkékoneen

staattori.

3. Patenttivaatimuksen 2 mukainen staattori, jossa staattorin sydanrakenne
(101) kasittaa syvennyksia, jotka ulottuvat aksiaalisesti staattorin sydanrakenteen

l&pi ja jotka sisaltavat jdahdytyselementit (104a-104c).

4. Patenttivaatimuksen 3 mukainen staattori, jossa syvennykset ovat aksiaalisia
uria staattorin sydanrakenteen selkdosiossa, ja jadhdytyselementit (104a-104c)
kasittavat jadhdytysripoja (106) staattorin sydanrakenteen ilmavalipinnasta poispain

ulottuvilla pinnoilla.

5. Jonkin patenttivaatimuksista 2-4 mukainen staattori, jossa yhden tai
useamman jadhdytyselementin kanava (105a) on muotoiltu Kkuljettamaan
jaédhdytysfluidia aksiaalisesti staattorin sydanrakenteen ensimmaisestd pé&asta
staattorin sydanrakenteen toiseen p&ahan ja takaisin staattorin sydanrakenteen

toisesta paasta staattorin sydanrakenteen ensimmaiseen paahan.
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6. Jonkin patenttivaatimuksista 1-5 mukainen staattori, jossa staattorin
sydanrakenne (101) kasittda joukon staattorinnampaita (109a, 109b, 110a, 110b) ja

joukon staattorinuria, jotka siséaltavat staattorivyyhtien vyyhdensivut.

7. Patenttivaatimuksen 6 mukainen staattori, jossa kukin staattorivyyhdista

ympardi yhden ja vain yhden staattorinhampaista.

8. Patenttivaatimuksen 7 mukainen staattori, jossa staattorinhampaat on
muotoiltu mahdollistamaan kunkin staattorivyyhden asentamisen tyontamalla
staattorivyyhti ymparéiméan vastaava staattorinhammas ilman staattorivyyhden

muodon muuttumista.

9. Patenttivaatimuksen 7 tai 8 mukainen staattori, jossa staattorinhampaat
kasittavat ensimmaiset staattorinhampaat (109a, 109b), joista kutakin ymparoi yksi
staattorivyyhdistd, ja toiset staattorinnampaat (110a, 110b), joista kukin on
staattorivyyhdista vierekkaisten staattorivyyhtien véalissé, ja staattorin sydanrakenne
(101) kasittaa syvennyksia, jotka ulottuvat aksiaalisesti staattorin sydanrakenteen
l&pi ja jotka sisaltavat jadhdytyselementit niin, ettd jdahdytyselementit sijaitsevat
ainakin osittain toisten staattorinhampaiden sisélld, ja kullakin toisista
staattorinhampaista on kaksi haaraa (111, 112) vastaavan jdahdytyselementin

kummallakin puolella.

10. Patenttivaatimuksen 9 mukainen staattori, jossa jaahdytyselementeilld (104a-
104c) on staattorin  sydanrakenteen ilmavélipintaa kohti  kapenevat
poikkileikkaukset, jotka ovat staattorin aksiaaliseen suuntaan nahden kohtisuorassa

geometrisessa tasossa.

11. Jonkin patenttivaatimuksista 1-10 mukainen staattori, jossa ainakin yksi
jaadhdytyselementeista kasittdd ensimmaisen putkiliitdnnan (114) jaéhdytysfluidin
vastaanottamiseksi  staattorin  ulkopuolelta, ja ainakin  yksi  toinen
jaéhdytyselementeistd kasittda toisen putkilitdnnan (115) jaahdytysfluidin

toimittamiseksi ulos staattorista.

12. Jonkin patenttivaatimuksista 1-11 mukainen staattori, jossa kukin

staattorivyyhti kasittda pitkdnomaisen johdinelementin (119), jonka muodostavat
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staattorivyyhdin jadhdytysputki (103) ja nippu sahkédajohtavia lankoja (116), jotka on

jarjestetty ympardéimaan jaahdytysputki.

13. Jonkin patenttivaatimuksista 1-13 mukainen staattori, jossa staattorivyyhtien

jaahdytysputket on valmistettu ruostumattomasta teraksesta.

14. Jonkin patenttivaatimuksista 1-13 mukainen staattori, jossa

jaadhdytyselementit on valmistettu toisesta seuraavista: alumiini, kupari.

15. Jonkin patenttivaatimuksista 1-14 mukainen staattori, joka kasittda
yhdysputket (108, 107) jadhdytyselementtien yhdistdmiseksi staattorivyyhtien
jaahdytysputkiin.

16. Sahkokone, joka kasittaa staattorin (100) ja staattorin suhteen pyoritettavasti
tuetun roottorin (120), tunnettu siitd, etta staattorin on jonkin patenttivaatimuksista

1-15 mukainen.

17. Patenttivaatimuksen 16 mukainen sahkékone, missa:

sadhkdékone on radiaalivuo-sisaroottorikone,

- staattorin jadhdytyselementit on sijoitettu staattorin sydanrakenteen

selkdosiossa oleviin aksiaalisiin uriin,

- jaahdytyselementit kasittavat jaahdytysripoja staattorin  sydanrakenteen

iimavélipinnasta poispéin osoittavilla pinnoilla,
- roottori kasittdd puhaltimen (121) kaasun tyéntadmiseksi staattorin porauksen
l&pi, ja

- sahkokone kasittdd mekaanisia rakenteita (122) kaasun ohjaamiseksi
kietdmaan takaisin puhaltimeen j&ahdytyselementtien pintoja, jotka

kasittavat jaahdytysrivat, pitkin.
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Figure 1b
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Figure 1d
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Figure 1e
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Figure 1h
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