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The electrical machine (G) is connected with a first cooling-system (C3S11, CS21) for its direct cooling, while the first cooling-system
(CS11, CS21) circulates a first cooling-medium (A11, LQ11). The first cooling-system (CS11, CS21) Is connected with a second
cooling-system (C3S12, C522) to hand-over heat from the first cooling-system (CS11, CS21) to the second cooling-system (CS12,
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cool down the first cooling-medium (A11, LQ11) of the first cooling-system (CS11, CS21).
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Abstract

Arrangement for cooling of an electrical machine

The invention relates to a coolling-arrangement of an electri-

cal machine.

The electrical machine (G) 1s connected with a first cooling-

system (CS11, CS21) for 1ts direct cooling, while the first
cooling-system (CS11l, CS21) circulates a first cooling-medium
(All, LQ1l1l). The first cooling-system (CS1l1l, CSZ21) 1s con-

nected with a second cooling-system (CS12, CS22) to hand-over

heat from the first cooling-system (CS11l, CS21) to the second

cooling-system (CS12, CS22). The second cooling-system (CS12Z,
CS22) cilrculates a second cooling-medium (AlZ2) to remove the
received heat. The first cooling-system (CS1l1l, CS21) 1s con-
nected with a third cooling-system (CS13), which 1s a refrig-
eration-system, to additionally cool down the first cooling-
medium (All, LQ11l) of the first cooling-system (CS11, CSZ21).
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Description

Arrangement for cooling of an electrical machine

5O The i1nvention relates to a coocling-arrangement of an electri-

cal machine.

In a preferred embodiment the i1nvention relates to a huge
electrical machine, which 1is totally enclosed by a shell or

10 housing.

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

hysteresis, etc.
15

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

transfer from the inside of the machine to its surface.

This 1s not possible for a large machine, which shows a rela-
tively small surface per power rating and heat generation.

20
When a machine 1s installed indoor at a dry atmosphere it is
possible to operate the machine without a housing, so a cool-
ing 1s achieved by the circulation of ambient air through the

machine.
25

When the machine 1s 1nstalled under harsh conditions, like it

F
—

1s for generators being used in offshore wind-turbines, the

electrical machine need to be totally enclosed, so ambient
alr 1s not allowed to circulate through the machine. For this

30 application dedicated cooling-systems are required.

One very common cooling-method 1s the circulation of air or

another gaseous medium 1nside the electrical machine, while
the cooling-medium is kept cool by a heat-exchanger. This

35 cooling method disadvantageously requires large gas-to-air or
gas—to-water heat-exchangers. Furthermore considerable addi-
tional power 1s required to circulate the cooling-medium in-

side the machine.



b

5

10

15

20

25

30

35

CA 02683486 2009-10-26

200819938

Another cooling-method of a generator, which shows a stator

and a rotor, 1s the circulation of a liguid on a first side

of the stator. Thils first side to be cooled is opposite to an

alr gap, which 1s 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.

pr—
p—

This cooling method suffers from a considerable temperature-

gradient, which exists between the windings of the stator and

gr—
.

the cooling-medium - due to a moderate heat-conductivity of

F
—

the laminate-plates. Because of this it is difficulty to

maintain a predetermined winding-temperature, which is below

a required maximum-value.

Another cooling-method 1s 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 in the

cooling-medium hollow ceramic-cooling-pipes are used, which

are expensive and difficulty to handle.

FIG 3 to FIG 5 shows state-of-the-art arrangements for cool-

1ng of a generator G, which may be used inside a nacelle of a

wilnd-turbine.

Referring to FIG 3 the generator G is cooled by normal air A.

The cooling-air A 1s forced to flow through the generator G

by help of a fan F and is used inside the generator G for
cooling-purposes. The heated air A is leaving the generator G

later.

Referring to FIG 4 the generator G is cooled by air Al, which

1s forced to flow through the generator G by help of a fan
Fl.
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F
p—

It is not possible for offshore-locations to use amblent air

for the cooling as described in FIG 3 as ambient air com-

prises salt-particles.

Therefore a closed system is used to circulate the cooling-

air Al to and from the generator G, while a heat-exchanger HX
is used to hand-over the heat from the cooling air Al to an-
other cooling-system, which also uses air A2 for the trans-

port of heat.

The air A2 of this second cooling-system is forced to flow to

and from the heat-exchanger HX by help of a fan FZ2.

The cooling air Al is separated from an ambient air AZ by
help of the heat exchanger HX, which is a air-to-air heat-
exchanger. This results as described in two needed fans Fl1
and FZ2.

Referring to FIG 5 the generator G is cooled by a normal 11g-

uid LQO. The cooling liquid LQ is forced to flow through the
generator G by help of a pump P.

")

The cooling liquid LQ is cooled by ambient air A3 by help of
a heat-exchanger HX, which transfers the heat to circulated

ambilient air A3.

The air A3 is forced to flow to and from the heat-exchanger
HX by help of a fan F3.

The benefit of the liquid cooling system as shown in FIG 5 1s
a higher capacity in intensive cooling of the generator G and
furthermore, the generator G is separated from a salty ambi-

ent air, comparable to FIG 4.

For new electrical machines (i.e. as motors and generators)
an external magnetising system 1s replaced by permanent mag-

nets. For these types 1t 1s essential to keep the tempera-
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(}

tures of the magnets low to achieve a high capacity and effi-

ciency.

There are two basic physical constraints, which must be tak-
ing 1nto account to achieve a high cooling capacity - the
used cooling-medium as liquid or gas has to show a high speed
while passing hot-spots for an efficient cooling. Addition-

ally or alternatively the used cooling-medium has to show a

low temperature for an efficient cooling.

To circulate the cooling-medium with high speed induces a
high power-consumption needed by pumps of fans, so an overall
efficiency of the electrical machine is reduced. Furthermore
a high speed circulating cooling-medium may induce unaccept-

able noise.

There 1s one problem remaining: if the electrical machine 1is
located at hot sites as deserts it is not possible to cool
down the medium to a temperature, which is below the ambient

-

temperature. Additionally if the cooling-medium needs to be

cooled down close to the ambilent temperature then the size of

requlred heat-exchangers has to grow dramatically.

This relationship i1s not linear: the size is to a certain ex-
tend proportional to the “inverse of the temperature differ-

ence” - i1n this case:

A = K x 1/dT, where

A 1s a property for the dimension of the heat exchanger - for

example the surface aresa,

K 1s a constant-value, and

dT 1s the difference between the temperature of the cooled-

down medium and the ambient-temperature.

It 1s the aim of the present invention, to provide an im-
proved arrangement for cooling of an electrical machine, es-

peclally to be used at hot sites.



10

15

20

29

30

39

CA 02683486 2009-10-26

200819938

This aim is solved by the features of claim 1. Preferred em-

P

bodiments of the invention are described within the dependant

claims.

The inventive arrangement for cooling of an electrical ma-

chine comprises two cooling-systems as described as follows.

The electrical machine is connected with a first cooling-

system for its direct cooling, while the first cooling-system
circulates a first cooling-medium. The first cooling-system

is connected with a second cooling-system to hand-over heat

from the first cooling-system to the second cooling-system.

The second cooling-system circulates a second cooling-medium

to remove the received heat. The first cooling-system 1s con-
nected with a third cooling-system to additionally cool down

the first cooling-medium of the first cooling-system.

The third cooling-system might be any type of refrigeration-

system.

So the third cooling-system might be a refrigeration-system

of the vapor-compression refrigeration type, which comprises
an evaporator. The evaporator is used to connect the first

and the third cooling-system.

The third cooling-system might be a compression-cooling-

system or an absorption-cooling-system or a magentic-cooling-

system or even a Peltier-cooling-system - all of them using

g~

their cold “heat sink” to cool down the cooling-medium of the

first cooling-system.

So according to the invention a third cooling-system as de-
scribed above is brought additionally to an existing cooling-
system to enhance the cooling capacity of the whole electri-

cal machine.



10

15

20

25

30

39

CA 02683486 2009-10-26

200819938

P

So if it is necessary, it is possible, to enhance the cooling

capacity of a dedicated electrical machine by retrofitting
with the third refrigeration-system. Thilis system acts as a so

called "retro-fit".

Especially if a site, where the electrical machine 1s lo-
cated, 1is a very hot site, the third system allows to deal
with high ambient temperatures. So 1n this case the third
system may be introduced from the beginning or by retrofit-

ting 1f 1t 1s necessary.

The cooling-arrangement according to the invention allows to
cool down active parts, which are located inside the electri-
cal machine, to a temperature that is below the ambient tem-

perature.

This results in a higher capacity of the active parts. Espe-
cially if the electrical machine is a generator or motor it

is possible to reduce the amount of copper and magnets for a
given size of the generator or motor. This leads directly to

reduced costs, as copper is an expensive part of the machine.

As the amount of used copper and magnets is reduced, 1t 1s

possible to reduce the size of the generator or motor, too.

Furthermore the high cooling-capacity per volume of the gen-
erator or motor leads to a reduced size of the generator or

motor.

The inventive arrangement for cooling might be implemented as
additional feature of the generator or motor, which 1s able
to be refitted to already existing machines. So the result-
ing, whole cooling system of the electrical machine can be
adjusted later as an optional solution, which only needs to

be applied for hot sites.

The invention will be described 1n more detail by help of

some filgures, while:
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FIG 1 shows a first embodiment of the inventive cooling-

arrangement,

FIG 2 shows a second embodiment of the inventive cooling-

arrangement, and

FIG 3 to FIG 5 show state-of-the-art cooling-arrangements as

described above.

o~

FIG 1 shows a first embodiment of the inventive cooling-

arrangement, which 1s based on an alr-cooled generator G.

The generator G is located offshore and/or at hot sites 1in a

nacelle of a wind-turbine in a preferred embodiment.

There i1s a first cooling system CS1l1l, which 1s connected with
the generator G for its direct cooling. This first cooling-
system CS11l comprises a fan Fll to enforce the flow of cool-

ing-alir All through the generator G.

There 1s a second cooling system CS12 with a fan Fl12. Ambient

alr AlZ2 is forced to flow through the second cooling-system
CS12 by help of a fan Fl2.

The second cooling system CS12 1s connected wilith the first
cooling-system CS11 via an air-to-ailir heat-exchanger HX11.
The heat-exchanger HX11l 1s used to hand-over dissipated heat

from the cooling-air All to the ambient air AlZ.

According to the invention there is a third coolling-system
CS13, which i1s a refrigeration-system. The third-cooling-

system CS13 1s connected with the first cooling-system CS11
via an evaporator E 1f the refrigeration system 1s a vapor-

compression system

Because of this the pre-cooled air All of the first cooling-
circulit Cll 1s cooled-down additionally by the third-cooling-
system CS31.
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If the third cooling-system CS31 1s a vapor-compression Sys-

tem 1t comprises standard components: the evaporator E, a

compressor K, a condenser C and an expansion valve EV. The

F

heat 1s brought to a used cooling-liquld by help of the

evaporator E and 1s brought to the ambient via the air-cooled
condenser C. Ampient air Al3 1s forced to flow through the
condenser C by help of a fan F1l3.

In a preferred embodiment there is a bypass BP, which passes

parts of the cooling-air All over the evaporator E.

It 1s also possible, to use a liquid-cooled condenser C, es-

pecially if the generator G 1s located offshore. In this case
a lot of cold cooling-water could be used for cooling-

purposes.

FIG 2 shows a second embodiment of the inventive cooling-

arrangement, which 1s based on a liquid-cooled generator.

The generator G 1s located offshore and/or at hot sites 1in a

nacelle of a wind-turbine in a preferred embodiment.

There is a first cooling system CSZ21, which 1s connected with

the generator G for its direct cooling. This first cooling-

gy

system CS21 comprises a pump Pll to enforce the fiow of a

cooling-liquid LQ11 through the generator G.

There i1s a second cooling system CS22 with a fan F21. Ambilent
alr AlZ2 1s forced to flow through the second cooling-system
CS22 by help of the fan F21.

The second cooling system CS22 is connected with the first
cooling-system CSZ2]1 via a liquid-to—-air heat-exchanger HXZ21.
The heat-exchanger HXZ1 1s used to hand-over dissipated heat

from the cooling liquid LQ11l to the ambient air AlZ.

According to the 1nvention there 1s a third cooling-system

CS23, which is a refrigeration-system. The third-cooling-
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system CS23 is connected with the first cooling-system CSZ1

via an evaporator E if the refrigeration system 1s a vapor-

compression refrigeration system.

Because of this the pre-cooled liquid LQ11 of the first cool-
ing-circuit C21 is cooled-down additionally by the third-
cooling-system CSZ23.

If the third cooling-system CS23 1s a vapor-compression re-

frigeration system, it comprises standard components: the

I L

evaporator E, a compressor K, a condenser C and an expansion

valve EV. The heat is brought to a used cooling-liquid by

help of the evaporator E and is brought to the ambient via

the air-cooled condenser C. Ambient air Al3 1s forced to flow

through the condenser C by help of a fan F3l1l.

In a preferred embodiment there 1s a bypass BP, which passes
parts of the cooling-liquid LQ11 over the evaporator E or

over the cold heat sink 1f other refrigeration systems than

vapor—-compression systems are used.

It is also possible, to use a liquid-cooled condenser C, es-
pecially if the generator G is located offshore. In this case
a lot of cold cooling-water could be used for cooling-

purposes.

The refrigeration system as described in FIG 1 and FIG 2 are

shown as “standard one-step refrigeration system”.

It is also possible, to use other types of refrigeration sys-

tems like two-step-systems, absorption cooling-systems, etc.
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Patent Claims

1.

Arrangement for cooling of an electrical machine,

- where the electrical machine (G) 1s connected with a

first cooling-system (CS1l1l, CS21) for 1ts direct cool-
ing, while the first cooling-system (CS11, CS21) circu-

lates a first cooling-medium (All, LQ11),

- where the first cooling-system (CS1ll, CS21) 1s connected
with a second cooling-system (CS1l2, CS22) to hand-over
heat from the first cooling-system (CS1l1l, CS21) to the
second cooling-system (CS1l2, CS22), while the second

cooling-system (CS1lZ2, CS22) circulates a second cooling-

medium (AlZ2) to remove the received heat,
characterized in,

- that the first cooling-system (CS11l, CS21) is connected
with a third cooling-system (CS13), which is a refrig-
eration-system, to additionally cool down the first

cooling-medium (All, LQ1l1l) of the first cooling-system
(CS11, CS21).

Arrangement according to claim 1, characterized in, that
the first cooling-system (CS1ll, CS21) is connected with

the second cooling-system (CS12, CS22) via a heat-
exchanger (HX11l, HX21).

Arrangement according to claim 1, characterized in, that
the third cooling-system (CS13) 1s a vapor-compression re-
frigeration-system, which comprises an evaporator (E),
where the evaporator (E) 1s used to connect the first

cooling-system (CS11l, CS21) with the third cooling-system
(CS13).

Arrangement according to claim 1, characterized in, that
the third cooling-system (CS13) 1s an absorption-cooling-

system or a magnetic-cooling-system or a Peltier-cooling-
system.
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10.

11.

11

Arrangement according to claim 1, characterized in, that

F

the first coolling system (CS11l) comprises a fan (F1l1l) to

enforce the flow of cooling—-air (All) through the genera-
tor (G).

Arrangement according to claim 1, characterized in, that

the first cooling system (CS21) comprises a pump (P11l) to

enforce the flow of a cooling-liquid (LQ11l) through the

generator (G).

Arrangement according to claim 1, characterized in, that
the second cooling-system (CS12, CS22) comprises a fan
(F12, F21) to enforce the flow of ambient air (Al2)
through the second cooling-system (CS12, CS22).

Arrangement according to claim 2, characterized 1in, that

the heat-exchanger (HX11l) 1s an alr-to-air heat-exchanger.

Arrangement according to claim 2, characterized in, that
the heat-exchanger (HXZ21l) 1s a liquid-to-air heat-

exchanger.

Arrangement according to one of the preceding claims,
characterized 1in, that the third cooling-system (CS13,
CS23) comprises the evaporator (E), a compressor (K), a
condenser (C), which 1s alr-cooled or water-cooled, and

an expansion valve (EV), while heat is transferred to a

used cooling-liquid by help of the evaporator (E) and 1is

brought to the ambient via the condenser (C).

Arrangement according to one of the preceding claims,

characterized in, that the first cooling-system (CS11,

CS21) comprises a bypass (BP), which bypasses parts of
the cooling-medium (All, LQ1l) of the first cooling-
system (CS11l, CS21) from the third-cooling-system.
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12.

13.

12

Arrangement according to claim 1,

characterized 1n, that

the electrical machine 1s a generator (G), which 1s lo-

cated inside a nacelle of a wind-turbine.

Arrangement according to claim 1,

characterized 1n, that

the electrical machine (G) is located offshore and/or at

hot sites.

Fetherstonhaugh
Ottawa, Canada
Patent Agents
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