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(57) Abrege/Abstract:
The invention relates to a cooling-arrangement of an electrical machine.

The Inventive arrangement for cooling of an electrical machine comprises a rotor (1) and a stator (2) of the electrical machine, while
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(57) Abrege(suite)/Abstract(continued):
an air-gap (AG) Is between the rotor (1) and the stator (2). The electrical machine (G) comprises an air-cooling-arrangement (7),

which circulates air inside the electrical machine (G). The electrical machine (G) comprises an liquid-cooling-arrangement
(3,9,10,11,12), which circulates cooling-liquid (12) inside the electrical machine (G). The air-cooling arrangement (7) and the liquid-
cooling-arrangement (8,9,10,11,12) are connected by an air-to-liguid heat-exchanger (8), which is applied to transport heat out

from the electrical machine (G) by the cooling-liquid.
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Abstract

Arrangement for cooling of an electrical machine

P

The i1nvention relates to a cooling-arrangement of an electri-

cal machine.

The 1nventive arrangement for cooling of an electrical ma-
chine comprises a rotor (1) and a stator (2) of the electri-
cal machine, while an air-gap (AG) 1s between the rotor (1)
and the stator (2). The electrical machine (G) comprises an
alr-cooling-arrangement (7), which circulates air inside the
electrical machine (G). The electrical machine (G) comprises
an liquid-cooling-arrangement (8,9,10,11,12), which circu-
lates cooling-liquid (12) inside the electrical machine (G).
The air-cooling arrangement (7) and the liquid-cooling-
arrangement (8,9,10,11,12) are connected by an air-to-liquid
heat-exchanger (8), which is applied to transport heat out

from the electrical machine (G) by the cooling-liguid.

FIG 1
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Arrangement for cooling of an electrical machine

TECHNICAL FIELD

The 1nvention relates to a cooling-arrangement of an electri-

cal machine.

In a preferred embodiment the i1nvention relates to a huge
electrical machine, which is totally enclosed by a shell or
housing.

BACKGROUND

Electrical machines needs cooling to dissipate heat, which is
generated during its operation by an ohmic resistance, by

iron hysteresis, etc.

It 1s possible to cool a small electrical machine by a heat-

transfer from the inside of the machine to its surface.
This is not possible for a large machine, which shows a rela-

tively small surface per power rating and heat generation.

When a machine is installed indoor at a dry atmosphere 1t 1s
possible to operate the machine without a housing, so a cool-

ing is achieved by the circulation of ambient air through the

machine.

But when the machine is installed under harsh conditions,
like 1t isifor generators being used in offshore wind-
turbines, the electrical machine need to be totally enclosed,
so ambient air is not allowed to circulate through the ma-

chine. For this application dedicated cooling-systems are re-

quired.

One very common cooling-method is the circulation of air or

another gaseous medium inside the electrical machine, while
the cooling-medium is kept cool by a heat-exchanger. This
cooling method disadvantageously requires large gas-to-air oOr

gas-to-water heat-exchangers. Furthermore considerable addi-
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tional power is required to circulate the cooling-medium in-

side the machine.

Another cooling-method of a generator, which shows a stator
and a rotor, is the circulation of a liquid on a first side
of the stator. This first side to be cooled is opposite to an
air gap, which is between the stator and the rotor. The sta—.
tor shows a number of stacked laminate-plates, which carries
metal-windings of stator-coils, so the heat is transferred

from the metal-windings through the laminate-plates to the

cooling-medium by conduction.

This cooling method suffers from a considerable temperature-

gradient, which exists between the windings of the stator and

the cooling-medium - due to a moderate heat-conductivity of
the laminate-plates. Because of this it is difficulty to

maintain a predetermined winding-temperature, which is below

a required maximum-value.

Furthermore, this cooling-method is not as effectilve as the

air-cooling, because winding-heads of the coils and the rotor

itself is not cooled in the same way.

Another cooling—method is to bring in liquid or gas for cool-
ing-purposes into slots of the laminate-plates, while these
slots are used to carry the metal-windings. To bring 1n the
cooling~medium hollow ceramic-cooling-pipes are used, ‘which

are expensive and difficulty to handle.
The problem is that there is still no direct cooling-effect

of the winding-heads and of the rotor.

SUMMARY
It is aim of the present invention, to provide an improved

arrangement for cooling of an electrical machine.
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The inventive arrangement for cooling of an electrical ma-
chine comprises a rotor and a stator of the electrical ma-
chine, while an air-gap 1s between the rotor and the stator.
The electrical machine comprises an air-cooling-arrangement,

which circulates air inside the electrical machline.

The electrical machine comprises an liquid-cooling-
arrangement, which circulates cooling-liquid 1nside the elec-
trical machine. The air-cooling arrangement and the liquid-
cooling-arrangement are connected by an air-to-liquid heat-
exchanger, which is applied to transport heat out from the

electrical machine by the cooling-liquid.

According to the invention the stator is cooled by help of a

F
=

ligquid-medium while additionally air is used for cooling of

winding-heads of the stator and for the cooling of the rotor.

The cooling-arrangement according to the invention shows a

number of advantages.

The stator is cooled efficiently with a liquid-cooling ar-

rangement.

Winding heads of the stator and the rotor itself are cooled
with an additional separate circuit, so the lack of the miss-
ing direct cooling of the stator as described above 1s com-

pensated.

The air cooling of the winding-heads of the stator and of the

rotor requires a smaller amount of air for cooling-purposes

as the systems discussed above according to the state of the

P

art. So a large proportion of ventilation losses are reduced,

typically by a factor of 1/3.

The cooling of the stator and of the winding head and/or the
rotor 1s tuned individually in a preferred embodiment, so un-

balanced cooling 1s avoilided.
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As alr 1s used directly for the cooling inside the electrical

machine, large external air-ducts are avoided. It is therefore

possible to keep the electrical machine totally enclosed.

In a preferred embodiment the same coolant is circulated

through i1nternal radiators and the stator (either.parallel oOr

serial), so a simple arrangement 1s achieved.

gr—

According to one aspect of the present invention, there is

F

provided arrangement for cooling of an electrical machine,

#

comprising: an outer rotor comprising a plurality of magnets;

an ilnner stator connected via bearings with the outer rotor:;

the 1nner stator comprising a plurality of laminate plates

which are connected by two end plates with the inner stator;

gr—

the laminate pliates comprise a plurality of slots 1n which are

—

disposed metal windings of a stator coil; the stator coil

extends beyond the slots to form winding heads of the stator

coll; whereln the magnets are disposed partly into an air gap

——

which 1s between the outer rotor and the laminate plates; a fan

arranged to circulate cooling ailir 1inside the electrical machine

f—

along a route from the fan, through a first opening through the

end plates, through the winding heads, through the air gap,
along the end plates, through a second opening through the end

plates, through an alr-to-liquid heat exchanger, and back to

the fan, thus the outer rotor, the winding heads and the

laminate plates are cooled and heat 1s transferred to the heat

exchanger; where the heat exchanger 1s connected wilth a cooling

liquid inlet and with a cooling liquid outlet which are used to

transport cooling liquid to and from the heat exchanger, thus

heat from the heat exchanger 1s carried away to an outer side

ﬁ

of the electrical machine; wherein a plurality of hollow pipes
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are 1n thermal contact with the laminate plates; wherein first

ends of the hollow pipes are connected with the cooling liquid

1nlet and second ends of the hollow pipes are connected with

the cooling liquid outlet, thus a cooling circuit 1s formed for

the cooling ligquid to cool the hollow pipes and laminate

plates; wherein the heat exchanger and fan are arranged within
a space which 1s limited by the inner stator, the two end

plates and the laminate plates.

BRIEEF DESCRIPTION OF THE DRAWINGS

)

The invention will be described 1n more detall by help of some

figures, while:

FIG 1 shows a generator as electrical machine, which 1s cooled

according to the i1nvention,

FIG 2 shows a first detail of the generator referring to FIG 1,

and

ﬁ

FIG 3 shows a second detail of the generator referring to FIG 1

and FIG 2.

ESCRIPTION

=3
-
-,

DETAIL

FIG 1 shows a generator G in a cross-sectional view, while the

generator G is cooled according to the 1nvention.

pr—

The generator G consists of an outer rotor 1 and an 1nner

stator 2. The inner stator 2 is connected via bearings 3 with

the rotor 1.
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The rotor 1 wears a number of magnets 4, so the magnets 4 are

located partly into an air-gap AG. The air-gap AG 1is between

the stator 2 and the rotor 1.

The stator 1 consists of a number of stacked

while
shown

carry

later.

-

the laminate-plates 5 show a number of

gr—

1n more detaill later. The slots of the

metal-windings of stator-coils - shown

lamlnate-plates 5,
slots, which are
lamlnate-plates 5

1n more detail
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A part of the stator-coill exceeds the slots of the stacked

—

laminate-plates 5, forming winding-heads 6 of the stator-

coll.

The laminate-plates 5 are fixed by two end-plates 15.

There 1s a fan /7 for air-cooling, while the fan 7 1s con-
nected with the stator 2. The fan 7 circulates air through
the air-gap AG and through the winding-heads 6 inside the
generator G, while the air-circulation occurs as shown along

a way w.

There 1s an alr-to-liquid heat-exchanger 8, which is con-

nected with the fan 7 for cooling-purposes.

The heat-exchanger 8 1s connected with a cooling-liquid-inlet
9 and with a cooling-liquid-outlet 10, which are used to
transport "colder" cooling-liquid to the heat-exchanger 8 and
to remove "warmer" cooling-liquid from the heat-exchanger 8
to carry away heat from the air-to-liquid heat-exchanger 8 to

—

an outer side of the generator G.

There are a number of hollow pipes 11, which are 1n a thermal

contact with the laminate-plates 5.

The hollow pipes 11 are made of metal in a preferred embodi-
ment. A first end of these pipes 11 are connected with the
cooling-liquid-inlet 9, while a second end of the pipes 11
are connected with the cooling-liguid-outlet 10, so a cool-

ing-circuit 1s built for the liquid cooling.

The fan 7 circulates cooling-air to cool down the rotor 1 and
the winding-heads 6 and to cool down the laminate-plates 5 1in

a (small) certaln extent.

The heat from the air-cooling-system i1s then transferred to

an amblent by help of the heat-exchanger 8, which is con-



10

15

20

23

30

35

CA 02683456 2009-10-26
200819892

nected with the cooling-liquid-inlet 9 and with the cooling-

liquid-outlet 10 for that purpose.

So a main part of a cooling-capacity by the cooling-ligquid 1s

’ and

used for the cooling of the metal-windings, which are located

into the slots.

There is a combination of air-cooling on one hand and of 1lig-

uid-cooling on the other hand.

FIG 2 shows a first detail along an intersection-line A-A of

the generator G referring to FIG 1.

There is a laminate-plate 5 of the stator 2, while the lami-

nate-plate 5 shows a number of slots bSa.

Between the stator 2 and the rotor 1 is the air-gap AG, while
the rotor 1 shows a number of magnets 4, fixed at the rotor
1.

The hollow pipes 11 for the liquid-cooling are connected 1in
thermal contact with the laminate-plates 5 of the generator
G.

FIG 3 shows a second detall of the generator G referring to
FIG 1 and FIG 2.

The slots 5a of the laminate-plate 5 are used to carry metal-
windings 14 of a stator-coil (not shown in detail). While the
first side of the laminate-plate 5 is faced to the air-gap AG
a second side of the laminate plate 5 1s 1n thermal connec-

tion with the laminate-plates 5 for cooling-purposes.

The second side is located opposite to the first side and 1s
connected via welding 13 with the hollow pipes 11. So the

welding 13 are used for the thermal connection.
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Inside this hollow pipe 11 the cooling-fluid is

clrculate to and from the heat-exchanger 8.

The hollow pipe 11 is in direct thermal contact

arranged to

with the

laminate-plate 5 of the stator 2 via the welding 13.

The described cooling-system with a welding-connection be-

H

tween the hollow-pipes 11 and the second side of the laminate

plates 5, while the hollow-pipes 11 are located

at the second

side of the laminate-plates 5 is a preferred embodiment of

the invention.

n another preferred embodiment 1t 1s possible to enclose the

hollow-pipes 11 by the laminate-plates 5, so the hollow-pipes

11 are forming an integrated part of the laminate-plates 5.

n another preferred embodiment 1t is possible to integrate

the hollow-pipes 11 with the metal windings 14 or with the

slots 5a or to combine the embodiments as described above.

In a preferred embodiment only "internal air" of the genera-

tor G 1s circulated inside, so it is possible to encapsulate

the generator G completely. Only the liquid-cooling is used

to remove the heat out from the generator G.
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CLAIMS:

—

1. Arrangement for cooling of an electrical machine,

comprising:

an outer rotor comprising a plurality of magnets;

an 1nner stator connected via bearings with the outer

rotor;

—

the inner stator comprising a plurality of laminate

plates which are connected by two end plates with the inner

stator;

the lamlinate plates comprise a plurality of slots in

ﬁ

which are disposed metal windings of a stator coil;

the stator coi1l extends beyond the slots to form

H

winding heads of the stator coil;

wherein the magnets are disposed partly 1nto an air

gap which 1s between the outer rotor and the laminate plates;

a fan arranged to circulate cooling air 1nside the

electrical machine along a route from the fan, through a first
opening through the end plates, through the winding heads,
through the air gap, along the end plates, through a second
openling through the end plates, through an alr-to-liquilid heat

exchanger, and back to the fan, thus the outer rotor, the

winding heads and the laminate plates are cooled and heat 1is

transferred to the heat exchanger;

where the heat exchanger 1s connected with a cooling

liguid inlet and with a cooling liquid outlet which are used to
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transport cooling liquid to and from the heat exchanger, thus

neat from the heat exchanger 1s carried away to an outer side

of the electrical machine;

H

wherein a plurality of hollow pipes are in thermal

contact with the laminate plates;

gr—

wherein first ends of the hollow pipes are connected

ﬁ

with the cooling ligquid 1nlet and second ends of the hollow

plpes are connected with the cooling liguid outlet, thus a

cooling circult 1s formed for the cooling liquid to cool the

hollow plpes and laminate plates;

wherein the heat exchanger and fan are arranged
within a space which 1s limited by the i1nner stator, the two

end plates and the laminate plates.

F

2 . The arrangement of claim 1, further comprising:

a first side of the laminate plates comprising the

slots faces the air gap, and

yr—

a second side of the laminate plates opposed to the

first side 1s in thermal connection with the hollow pipes.

3. The arrangement of claim 1, wherein the hollow pipes

r—

are formed as an integral part of the laminate plates.

ﬁ

4, The arrangement of claim 1, wherein the hollow pilpes

are integrated with the metal windings or with the slots of the

laminate plates.

5. The arrangement of claim 1, wherein the hollow pilpes

P

are made of metal or ceramic.
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0. The arrangement of claim 1, whereln the electrical
machine 1s a generator which 1s located 1nside a nacelle of a
wind turbine.
/. The arrangement of claim 1, wherein the electrical

5 machine is totally encapsulated by a shell so only air within

the electrical machine 1s circulated by the fan.

o

3 . The arrangement of claim 2, wherein the thermal

connection 1s formed as a weldlng connection.
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FIG 1
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FIG 2
Section A-A
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