19 DANMARK (19 DK/EP 2383867 T3

@% (12) Overseettelse af
Vo) europaeisk patentskrift
Patent- og

Varemzerkestyrelsen

(51) Int.Cl.: H02 K 7/18 (2006.01) HO02K 1/20(2006.01) H02K 9/08 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2014-03-03

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2014-02-12

(86) Europeeisk ansggning nr.: 10161244.8
(86) Europeeisk indleveringsdag: 2010-04-28
(87) Den europeeiske ansggnings publiceringsdag: 2011-11-02

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC
MK MT NL NO PL PT RO SE SI SK SM TR

(73) Patenthaver: Siemens Aktiengesellschaft, Wittelsbacherplatz 2, 80333 Miinchen, Tyskland
(72) Opfinder: Besnerais, Jean Le, 13 jernbanegade, 7330 Brande, Danmark
(74) Fuldmaegtig i Danmark: Zacco Denmark A/S, Hans Bekkevolds Allé 7, 2900 Hellerup, Danmark
(54) Benaevnelse: Elektrisk maskine
(56) Fremdragne publikationer:

WO-A1-2010/107306

DE-A1-102008 035 896

FR-E- 22 894

JP-A- 59 172 953
US-A1- 2004 069 453



DK/EP 2383867 T3



DK/EP 2383867 T3

Description

[0001] The invention relates to an electric machine having a stator comprising a stator
laminate at least partially encasing several stator windings, a rotor and a cooling means in
which a gaseous cooling medium circulates.

[0002] Electric machines and generators in general are becoming more compact due to
competitive pressures. The smaller these machines get, the greater the heat density they
will generate. Nowadays, with the advancement of power electronics, electric machines
are being driven by means of variable speed drive units presenting an additional heat
source due to the harmonics supplied by the inverter. When such machines are operated
at low speed the cooling performance is further negatively affected. All of these factors
lead to a temperature rise in the machine which will greatly affect its performance and life
expectancy.

[0003] In air cooled electric machines and especially in wind turbine generators most heat
losses arise from so called copper losses. The exceeding heat has to be removed to avoid
so called "hot spots" or insulation wearing.

[0004] Therefore, the stator laminate or stator stack is generally air cooled by blowing air
through the end windings into the air gap as well as through radial ducts disposed within
the stator. Alternatively, direct water cooling of stators by means of pipes or hollow copper
strands is known for this purpose.

[0005] JP 59172953 discloses such an air-cooled electric machine, for example.

[0006] FR 22 894 E discloses an electrical machine having a stator comprising a stator
lamination built of respective axially disposed metal sheets. The metal sheets are provided
with different radial dimensions and are axially disposed in alternating manner.

[0007] However, the present measures do not provide a satisfying cooling performance of
the electric machine in particular regarding the stator.

[0008] Hence, it is an object of the invention to provide an electric machine having
improved cooling capability, particularly regarding the stator.

[0009] This is achieved by an electric machine according to claim 1.

[0010] The invention is based on the idea to use at least one part of the stator lamination
as fins that is integrally forming fins out of the stator laminate, which is thin enough to have
good fin properties. The fins are created by simply extending some lamination sheets,
thereby increasing the surface of the stator lamination giving rise to an improved heat
exchange. Preferably, the fins project radially inward. Number, size and shape of the fins
are not limited. The fins drag heat from the inner stator lamination generated during the
use of the electric machine. Consequently, the fins can be efficiently used by blowing a
gaseous cooling medium, which is preferably air, below the stator lamination or stator
stack in circumferential direction. Additionally, a cooling means in the shape of a closed
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cooling channel or chamber is formed all along the circumferential length of the stator
lamination, i.e. the stator yoke. The gaseous cooling medium is blown through the cooling
channel giving rise to proper and controlled gas flow. Due to the closeness of the cooling
channel it is assured that all relevant parameters of the gaseous cooling medium are
easily controllable and/or monitorable. During circulation through the cooling channel the
gaseous cooling medium is being heated by the heat accumulated in the fins i.e. the fins
dissipate heat from the stator to the gaseous cooling medium. Thus, heat is efficiently
transferred from the stator to the gaseous cooling medium by means of the fins. Hence,
proper cooling of the stator is achieved.

[0011] In favour, the fins are circumferentially disposed in axial direction in ring-like
manner. In such a way, proper and efficient circulation of the gaseous cooling medium is
provided within the cooling channel. Fins may be considered as adjacently disposed rings
extending from the stator lamination. The fins may be uniformly distributed in axial
direction. Besides, it is possible that fins are only disposed at certain portions of the stator,
i.e. certain sections of the stator having an essentially round shape.

[0012] The closed cooling channel is disposed radially inside the stator lamination. The
cooling channel acts as a housing means for the fins and may be stably attached to the
stator or any other mounting means. The closed cooling channel may be made of plastic
material for instance.

[0013] It is also possible, that the cooling channel is axially extended so as to include the
ends of the stator windings. Thereby, proper cooling of the ends of the stator windings, i.e.
the end windings is achieved. The ends of the stator windings are regularly barely exposed
that is surrounded by air which may lead to problematic heat accumulation in this region of
the stator. By extending the cooling channel so that the ends of the stator windings are
included the undesired generation of local "hot spots" may be avoided.

[0014] It is of additional advantage when gas circulation means providing gas circulation
through the ends of the stator windings are disposed within the axially extended portions of
the cooling channel allowing the gaseous medium to circulate through the ends of the
stator windings. Thus, controlled and more efficient gas flow is provided through preferably
all ends of the stator windings by means of gas circulation means that is the gas flow
circulation is concertedly directed through the ends of the stator windings and/or any other
relevant portion of the stator. The gas circulation means are specifically shaped
components being capable of directing gas streams to certain desired positions. Hence,
heat accumulation in the ends of the stator windings which will negatively affect the
operation of the entire electric machine is avoided or at least reduced.

[0015] In favour, at least one internal heat exchanger is disposed within the cooling
channel. The internal heat exchanger removes heat from the heated gaseous cooling
medium, thereby assuring that cooling of the electric machine or stator respectively is
executed in terms of a cycle as the gaseous cooling medium circulates through the fins.
Thereby, the gaseous cooling medium warms up, i.e. cools the fins and the stator
respectively and at last dissipates the heat to the internal heat exchanger whereafter the
gaseous cooling medium itself is cooled and further ready to circulate through the fins so
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that the cooling cycle may start over. It is possible that a number of internal heat
exchangers may be distributed within the closed cooling channel.

[0016] The internal heat exchanger may be a water/air heat exchanger having high
efficiency in terms of heat exchange. Water/air heat exchangers work in known manner,
whereby a heated gas dissipates its thermal energy to a liquid cooling medium circulating
inside the heat exchanger. Thereby, the liquid cooling medium inside the heat exchanger
is heated while the gas is cooled. It is understood that other types of heat exchangers are
applicable as well.

[0017] It is preferred, that at least one fan is allocated to the internal heat exchanger. The
fan which is regularly controlled by a control unit provides circulation of the gaseous
cooling medium through the closed cooling channel. In dependence of the fan speed
diverse gas flow profiles may be adjusted. Further, the fan speed may vary according to
external conditions, whereby in comparatively cold environments the fan will rather work at
low rotation, while in comparatively warm environments the fan will rather work at high
rotation. If need be, a number of fans may be provided.

[0018] In a preferred embodiment of the invention the internal heat exchanger is thermally
coupled to an external heat exchanger. Thus, the heat accumulated within the internal
heat exchanger is dissipated to one or more external heat exchanger(s) releasing the heat
to the environment of the electric machine after all. In such a manner, it is assured that the
internal heat exchanger is always ready to absorb heat from the gaseous cooling medium
and is not endangered to overheat or at least reduced in its efficiency or cooling efficiency
ratio respectively. The external heat exchanger may be a passive cooler that has
essentially no power consumption. The external heat exchanger may therefore be
exposed to the environment and cooled by wind for example.

[0019] The inventive electric machine is preferably arranged with the rotor disposed
outside the stator.

[0020] As mentioned above, the gaseous cooling medium is preferably air. Of course,
other types of gases in particular having better cooling properties that is heat conveyance
properties are applicable as well.

[0021] In the following the invention is described in detail as references made to the
figures, whereby
fig. 1
shows a principle detail cut view of a stator of an inventive electric machine
according to an exemplary embodiment of the invention;
fig. 2
shows a principle detail axial view of a stator of an electric machine according to an
exemplary embodiment of the invention;
fig. 3
shows a principle detail view of an internal and external heat exchanger of an
electric machine according to an exemplary embodiment of the invention; and
fig. 4
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shows a principle detail view of a gas circulation means of an inventive electric
machine according to an exemplary embodiment of the invention.

[0022] Fig. 1 shows a principle detail view of a stator 1 of an electric machine according to
an exemplary embodiment of the invention, whereby essentially only relevant parts in view
of the invention that is the stator 1 comprising a stator lamination 2 or stator stack
encasing the stator windings, whereof only the ends, i.e. the end windings 3 can be seen,
are depicted. The stator 1 comprises a cooling means in form of a closed cooling channel
4 through which a gaseous cooling medium like air for example circulates. The cooling
channel 4 is radially disposed inside the stator lamination 2. It is discernible that the stator
lamination 2 is partially formed as radially inward projecting fins 5 which is possible as the
stator lamination 2 is thin enough to show good fin properties.

[0023] Hence, the heat exchange surface of the stator 1 and the stator lamination 2
respectively is significantly increased. The fins 5 are circumferentially adjacently disposed
in axial direction of the stator 1 in ring-like manner, whereby only the upper portion of the
rings can be seen in fig. 1. Thus, the stator 1 is cooled with a circumferential air flow and
stator lamination 2 is used as fins 5. In comparison to traditional air-cooled electric
machine the large pressure drop due to the cooling flow passing from the cooling channel
to the air gap and due to air ducts is avoided.

[0024] The cooling channel 4 is axially extended so as to include the end windings 3 of the
stator 1. Hence, the occurrence of local "hot spots” in this region is prevented as proper
cooling of the end windings 3 is assured by means of air circulating through the end
windings 3.

[0025] As can be seen from fig. 2 showing a principle detail axial view of a stator 2 of an
electric machine according to an exemplary embodiment of the invention exemplary two
internal heat exchangers 6, i.e. water/air heat exchangers with allocated fans 7 are
oppositely disposed within the cooling channel 4. The internal heat exchangers 6 are
connected to coolant liquid providing supply lines 8, 9, whereby line 8 supplies the internal
heat exchangers 6 with cold coolant and line 9 conducts heated coolant from the internal
heat exchangers 6. The coolant or cooling liquid may be water for example. The fans 7
provide proper circulation of air within the cooling channel 4 for instance in counter-
clockwise direction. The rotation of the fans 7 is controlled by a control unit (not shown).
Due to the significantly increased heat exchange surface of the stator lamination 2 by
means of the fins 5 smaller air flows are applicable, consequently fan power may be
downsized. The rotor 14 is disposed outside the stator 1, as discernible.

[0026] Cooling of the stator 1 is provided in terms of a cooling cycle, as during the
circulation of the gaseous cooling medium within the cooling channel 4 and through the
fins 5 heat exchange takes place on the surface of the fins 5, so that the fins 5 transfer
heat to the gaseous cooling medium which is consequently warming up. As the gaseous
cooling medium is steadily circulating within the cooling channel 4 by means of the fans 7,
the heated gaseous cooling medium is transferred to the internal heat exchangers 6,
whereby the heat is dissipated to the coolant inside the heat exchangers 6, thereby cooling
the gaseous cooling medium.
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[0027] As depicted in fig. 3 the internal heat exchangers 6 are thermally coupled to an
external heat exchanger 10 by means of the lines 8, 9. The external heat exchanger 10 is
adapted to supply the internal heat exchangers 6 with cold coolant through line 8 ready to
absorb heat from the gas flow circulating through the cooling channel 4. Therefore, the
external heat exchanger 10 must provide cooling of the hot coolant supplied from the
internal heat exchangers 6 through line 9 as the coolant runs in a cycle-like manner
between the internal heat exchangers 6 and the external heat exchanger 10. The external
heat exchanger 10 is a passive cooler. As a consequence, cooling of the heated coolant
by means of the external heat exchanger 10 is achieved by the use of wind for instance,
whereby the wind streams along the surface of the external heat exchanger 10 as denoted
by arrows 11. Hence, the external heat exchanger 10 has not to be disposed in close
proximity to the electric machine as the distance between the external heat exchanger 10
and the internal heat exchangers 6 is bridged by the lines 8, 9.

[0028] Fig. 4 shows a principle detail view of a gas circulation means 12 of an inventive
electric machine according to an exemplary embodiment of the invention. The gas
circulation means 12 is disposed within the axially extended portions of the cooling
channel 4. Due to the gas circulation means 12 air or any other gaseous cooling medium
is directed through the end windings 3 as denoted by arrows 13 due to the special shape
of the gas circulation means 12. Hence, a concerted gas stream is provided in the region
of the end windings 3 giving rise to proper cooling of the end windings 3, which are usually
known as endangered in terms of overheating due to the accumulation of heat.
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Patentkrav

1. Elektrisk maskine med en stator (1), der omfatter en statorlaminering (2),
der i det mindste delvist omslutter flere statorviklinger (3), en rotor (14) og et
kolemiddel, i hvilket et gasformigt kelemedium cirkulerer, kendetegnet ved,
at den indre stator (1) omfatter kalemidlet, hvor kalemidlet er en lukket kole-
kanal (4), der er anbragt radialt inden i statorlamineringen (2) og er udformet
langs hele omkredslaengden af statorlamineringen (2), og statorlamineringen
(2) i det mindste delvist er udformet som finner (5), der rager radialt indad fra
statoren ind i kalekanalen, som fungerer som et optagelsesmiddel for finner-

ne.

2. Elektrisk maskine ifalge krav 1, hvor finnerne (5) er anbragt langs omkred-

sen i aksial retning pa en ringlignende made.

3. Elektrisk maskine ifelge et af de foregaende krav, hvor kalekanalen (4) er

udstrakt aksialt for at omfatte statorviklingernes ender (3).

4. Elektrisk maskine ifglge krav 3, hvor gascirkulationsmidler (12), som tilve-
jebringer gascirkulation gennem statorviklingernes ender (3), er anbragt in-
den i de aksialt udstrakte dele af kalekanalen (4), hvilket giver det gasformige

kalemedium mulighed for at cirkulere igennem statorviklingernes ender (3).

5. Elektrisk maskine ifglge et af de foregdende krav, hvor mindst en indven-
dig varmeveksler (6) er anbragt inden i kelekanalen (4).

6. Elektrisk maskine ifglge krav 5, hvor mindst en ventilator (7) er knyttet til

den indvendige varmeveksler (6).

7. Elektrisk maskine ifglge krav 5 eller 6, hvor den indvendige varmeveksler

(6) er forbundet termisk med en udvendig varmeveksler (10).
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8. Elektrisk maskine ifglge krav 7, hvor den udvendige varmeveksler (10) er

en passiv kgler.

9. Elekirisk maskine ifglge et af kravene 5, 6 eller 7, hvor den indvendige

varmeveksler (6) er en vand-/luftvarmeveksler.

10. Elektrisk maskine ifolge et af de foregaende krav, hvor rotoren (14) er

anbragt uden for statoren (1).

11. Elektrisk maskine ifelge et af de foregdende krav, hvor det gasformige

kaglemedium er luft.
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