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for an electrilic motor or generator.

The present invention concerns an improved cooling of an

electric motor or generator, more particularly what is

called a "slotless" permanent magnet motor or generator.

—
-l St

It 1s known that such a "slotless" permanent magnet motor

Or generator 1s mainly composed of a housing and, in this

housing, what 1is called a "slotless" tubular stator

lamination with

windings  wound

a smooth inner wall and electric

in or around said tubular stator

lamination on the one hand, and a rotor which is provided

with permanent magnets on the other hand.

Such motors and generators which are equipped with a

cooling formed

of a cooling jacket provided on the

Lama 4

outside of the stator through which cooling fluid flows

1s already known

A disadvantage o:

——t

at the rotor i1s o:

such known stators i1s that the cooling

"ten insufficient.

It 1s also known that "slotless" permanent magnet motors

Or dJenerators are often provided with an air cooling,

whereby air 1is

stator by means

screw or blades

blown over the winding heads of the

fan or by means of a

U

of an external

1ln one or other form, fixed on the

CONFIRMATION COPY
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rocor.
This principle of air cooling can be applied on

I
1 1)
B

the stator, as

far end OoO:

every winding head at each

5 . well as in order to realise an air flow from the

’lﬁ
p—

far end Oo:

the stator to the winding

winding head at one

head at the other far end of the stator, via the ailr

gap between the rotor and the stator, as well as in order

to realise an air flow from the middle of the stator in
10. the air gap, axially to the winding heads at the far

‘ends, to thus” cool the rotor shaft and the winding

heads.

Instead of air, it is also known that other gases can be

applied as a cooling medium.

15 A disadvantage of such cooling by means of air or another

cooling gas is that, in both cases, 1t 1is very difficult

to build a motor which is entirely closed in view oI a

dust—-free or moisture-free operation.

In exceptional <cases, as known for example from WO

20 01/35513 and US 5,304,883, direct o0il cooling of the

il

stator winding is known, whereby the live conductors ol

the stator winding are in direct contact with the ol1ll,

=

as a result of which there is a potential risk of

possible short circuits.

25 Direct cooling through the rotor is also one of the known

motor designs, but it is complex and expensive.
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In the case of permanent magnet motors or generators with

a higher speed and higher capacity of what 1s called the

"surface mounted" type, the magnets are fixed on the

rotor shaft and held on the rotor shaft by means of a

5 tube which has to absorb the centrifugal forces at a

high rotational speed and which is made of metal or of

carbon fibres, which tube is provided with a large pre-

stress around the magnets, such that the torgque can

also be transmitted at the maximum rotational speed.

10 Such motors or generators which are designed to operate at

| high speeds, are always as small as possible because of

among others mechanical and rotor-dynamical aspects. As a

result, the energy density 1n the stator may form a

problem and require a special cooling concept, for as the

15 stator heats up too much, this may result in an unwanted

temperature raise in the rotor. When the stator is too

hot, and due to air in. the air gap, it becomes more

difficult for the rotor to give off this heat, and the

rotor may also be additionally heated by the stator.

20 Especially when the above-mentioned tube which holds the

magnets on the rotor is made of carbon fibres, a heating

i

of the rotor may have disastrous consequences.

Some known permanent magnet motors and-: generators

moreover require an extra cooling of the rotor, which can

25 be realised for example by means of an air cooling through

the air gap between stator and rotor or through the shaft.

In order to remedy all the above-mentioned difficulties,

a complex, expensive and sizeable cooling circult 1s

usually required. Also, an entirely closed permanent
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magnet motor or-generator cannot be realised in a simple

manner, and

1S usue&

Another

major

the cost price of such a motor or generator

1lly very high.

disadvantage of the present known

permanent magnet motors or generators, for example as in

the

case O

5,304,883,

laborious,

"slotless”

above-mentioned WO 01/35513 and US

f the
is that providing the windings 1s vVvery
time-consuming and expensive, since the

stator lamination in this case has a smooth

inner wall without any teeth, around which the windings

can be wound,

as-in the case of motors or generators

with a conventional stator lamination.

The present

invention aims to remedy the above-mentioned

and other disadvantages.

To

=
e

housing,

this end
an electric

what

lamination,

electric

lamination

., the invention concerns an improved cooling

-

(-

1S

Iro

motor or generator consisting O:

F
-
~—

a

called a "slotless" tubular stator

~or with permanent magnets and

windings provided between the stator

and the rotor, characterised in that the

cooling comprises

stator Jlamina

are provided on

-

cooler which is provided between the

Ci

-ion and the rotor and in that the windings

this cooler.

An advantage of such a motor or generator according to

the

immediate environment of the rotor and of the windings OrI

the

invention

stator,

asS

18

a

that the cooling is applied 1in the

-
-

_’ﬁ
S N
——

result of which a very efficient
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cooling of the rotor with its magnets and the tube which

holds the magnets on the rotor, as well as of the

stator windings is obtained.

Another advantage is that such a motor or generator with

an internal cooling is more compact than a known motor oOr

generator with an external cooling Jjacket and a

comparable capacity.

Another advanntage is that, since the cooling is aprovided

internally in the stator, such a stator can Dbe used for

closed, motors or ' generators which are applied for

example in dusty and  damp environments or in

environments with flammable or corrosive gasses.

g~
=l

N

The above-mentioned cooler is preferably provided with

radial teeth directed towards the rotor which extend in

the axial direction of the stator and in between which

axially directed grooves are defined, such that the

cooler has an external shape of a conventional stator

lamination.

An advantage of such a cooler is that the above-

mentioned windings can be provided in a very simple

manner in the above-mentioned grooves around the above-

mentioned teeth, more particularly 1n the same manner as

1in the case of the conventional asynchronous or

synchronous motors and generators which are provided

with a stator lamination with teeth.
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An advantage linked thereto is that such a stator can be

)

actured at low cost and moreover can also be easily

manui

produced in series by applying the known full-automatic

winding techniques applied with conventional motors and

generators.

Another advantage is that such a cooler can also Dbe

manufactured via an automated process, for example Dby

means of extrusion, die-casting, stereo lithography or

the like.

In order to better explain the characteristics of the

invention, the following preferred embodiments of a motor

or generator with an improved cooling according to the

invention are described as an example only, without

being limitative in any way, with reference to the

accompanying drawings, 1n which:

Q

figure 1 schematically represents a stator of

motor or generator with an improved cooling

according to the invention in perspective;

figure 2 represents a section according to line II-II

in figure 1;

figure 3 represents the part indicated by F3 in

figure 2 to a larger scale;

figure 4 represents a section according to line IV-1IV

in figure 1;

figure 5 represents a section according to line V-V

1n figure 4;

figure 6 represents a first variant according to

figure 1;
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figure 7 represents a section according to line VII-

figure 6;

VII 1in

figure 8 represents a section according to line

VIII-VIII in figure 7;
5 figure 9 represents a second variant according to
figure 1;
figure 10 represents a section according to line X-X
in figure 9; o
figure 11 represents a section according to line XI-
10 XI in figure 1Q;
figure 12 represents a third and last variant
according to figure 1;
figure 13 represents a section according to line
XIIT-XIITI in figure 12;
15 figure 14 represents a section according to line XIV-
XIV in figure 13.
Figures 1 to 5 represent a stator 1 of a motor oOr
generator with an improved cooling according to the
invention, whereby the motor or generator 1s more
20 particularly of the type which is equipped with a rotor
2 with permanent magnets, which rotor 2 1s only
represented schematically in figures 2 and 3 by means of
a dashed line, for clarity’s sake.
The stator 1 1in this case consists of a tubular
25 housing 3 in which 1is provided a tubular stator
lamination 4 with a predominantly smooth inner wall 5,

W1l

1.e.

or teeth.

ith an inner wall 5 without any pronounced Jgrooves



CA 02545649 2006-04-27
WO 2005/046024 PCT/BE2004/000158

Between the stator lamination 4 and the rotor 2 1is

provided a cooler 6 through which a cooling fluid can be

g—
.

guided and which mainly consists of a cooling element /

which 1s connected to an outlet collector 8 on one far

end and which is connected to an inlet collector 9 on the

other far end.

The cooling element 7 is formed of a double-walled tube

with an outer cylindrical tube 10 whose outer diameter

corresponds to the inner diameter of the stator lamination

4 and an inner corrugated tube 11 whose corrugations are

such that they form radial teeth 12 directed towards

i

the rotor which extend in the axial direction and 1n

between which axially directed grooves 13 are defined.

The above-mentioned teeth 12 -~and grooves 13 are

preferably evenly distributed over the inner perimeter of

the cooling element 7.

The outer tube 10 and the inner tube 11 are connected

to each other by means of partitions 14 which form

passages 15 for a cooling fluid together with the outer

and the i1nner tube 10-11.

In the given example, the cooling element 7 1is Jjust as

long as the stator lamination 4.

The outlet collector 8 as well as the inlet collector

0 are formed of a ring-shaped element which is formed

of a cylindrical outer wall 16 which is provided on one

far end of the stator 1 in the housing 3 up against the
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stator lamination 4; a corrugated inner wall 17 which

extends up against and in the prolongation of the

corrugated inner tube 11 of the cooling element 7; a

sealing wall 18 which connects the above-mentioned outer

wall 16 to the inner wall 17: and a side wall 19 which 1is

connected to a far ehd of the cooling element 7 1in the

axial direction and which has been partially worked open

at the above-mentioned passages 15.

In the above-mentioned outer wall 16 of the outlet

collector 8 is provided an opening 20 situated opposite to

an outlet opening 21 in the housing 3, whereas in the

outer wall 16 of the inlet collector 9 1is provided an

opening 22 opposite to an inlet opening 23 in  the housing

3, which outlet and inlet openings 21-23 are provided for

connecting a cooling circuit which is not represented 1in

the figures.

In the given example, the walls of the grooves 13 of the

cooler 6 are coated with an electrically insulating film

or lavyer 24, called slot insulation.

Around the teeth 12 of the cooler 6 are provided

electric windings extending with axial parts 25 in the

above-mentioned grooves 13 and which have bent parts

26 at the far ends of the cooler 6 which are

schematically represented by means of a dashed line 1in

figure 1 and which are bundled together or tied together

in the known manner into what i1is called a ring-shaped

winding head 27 on every above-mentioned far end of the

stator 1.
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same manner, thanks to the toothed design of

)

25-26 can be wound 1in the

the cooler

6, as in the case of the known conventional motors and

generators which are edquipped with a s

-ator lamination

with teeth and grooves in which the windings are provided.

to the

n this mea

nner, for the winding of a stator 1 according

invention, use can be made of

installations

which could only be used until now for the automatic

winding  O:

motors and generators.

— S

= conventional synchronous and

asynchronous

Tt is clear that, in the case of the inventilon, :providing

windings 25-26 in the grooves 13 of the cooler 6 1s much

simpler than was possible until now with s

tyvpe having a stator lamine

inner wall.

-ators of the

tion with a grooveless smooth

The far ends of the stator 1 are preferably sealed by

mearls

paste

H

OL

28,

heat-conducting and

electrically

insulating

for example a paste on the basis of epoxy Or

silicones which is cast on the winding head 27 and

against the cooler. A tube which fits exactly 'in the

inner

up to

makes

diameter of the stator is hereby put in the stator,

for example,

COll

a height equal to that of

the housing.

tact with the sealing wall 18 o1

1)

and the thermally conducting paste is cast

The paste 28

the outlet

collector 8, the inlet collector 9 respectively on the

one hand,

and with the winding head 27 on the far end

concerned on the other hand.
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The cooler 6 is preferably made of a heat-conducting

and electrically insulating material as well.

-y

The use and working of a- stator with an improved

cooling according to the invention to be applied in a motor

0

the known

or generator 1is analogous to those  O:

embodiments, with this difference that the stator 1, in

the case of the invention, is connected to an external

cooling circuit via the outlet and 1inlet openings 21-23

in the housing, as a result of which a cooling fluid flows
via the outlet collector 8 through the passages 15 1in the

cooling element 7 to the inlet collector 9.

As a result, the stator 1 and the windings 25-26 of the

stator 1 are cooled directly, and the =zones around the

rotor 2 and the air in the air gap between the stator 1

and the rotor 2 are cooled indirectly, which has a

favourable effect on the temperature, guaranteeing a

N any

e. In the case of a closed motor, this idea can

longer 11

make the difference between a feasible and a non—-feasible

pr—
wrd

embodiment of the motor or of the generator.

r-

T+ 1is clear that the inside of the motor or of the

generator do not get 1into contact with the "outside

world", as no air has to be sucked in to be blown over the

winding heads or between the air gap. The motor housing

is sealed on the Dbearing plates, which are not

represented here, and which in this manner seal the motor

entirely.
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As a result, such a motor or generator according to the

invention can be used 1n dusty and moist circumstances

without any

problem.

Figures 6 to 8 represent a variant of a motor or generator

5 with an improved cooling according to the invention,

1is buillt i

}

which

n an analogous manner as the above-described

embodiment, but whereby the cooler 6 is made 1in another

manner.

The cooling element 7 of the cooler 6 is 1n this case

10 formed of

a series of axially directed pipes 29, which

are provided at a mutually equal distance from each other

and at a mutual distance from the stator lamination 4,

and which

which are

are held between two ring-shaped flanges 30

fixed in the stator lamination 4.

15 In the flanges 30 are provided passages 31 opposite to

the 1nner

which are

the far ends of the above-mentioned pipes 29, whereas 1in

edge of the flanges 30 are provided grooves 32

confined by radially inwardly directed teeth 33

situated at equal distances from each other.

20 The pipes

fluid.

The windings 25-26 are provided in the grooves 32 wi’

29 extend in the radial direction up between

the grooves 32 and they form passages 15 for a cooling

their axial parts 25.
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The cooling element 7 1is further formed of a

filling material 35 which is thermally conductive and

preferably also electrically i1nsulating and which 1s

provided in the space which 1is confined by the stator

lamination 4, the flanges 30, the pipes 29 and the axial

parts 25 of the windings 25-26.

In this manner, teeth 12 are formed so to say by the

filling material between the = axial parts 25 oD the

windings 25-26.

In the embodiment of figures 6 to &, the outlet and

inlet collectors 8-9 are formed of a similar, ring-

shaped element as in the embodiment of figure 1, but

whereby, in this case, a recess 36 is provided 1n the

inner wall 17 +turned towards the ‘rotor 2, in which

recess the winding head 27 1is cased on the far end

concerned of the stator 1 and whereby the space between

the winding head 27 and the collector 8—-9 concerned 1s

preferably filled with a similar filling material 35, as

described above.

The working and use of a motor or generator with an

improved cooler according to the last described

embodiment is entirely analogous to that of the first

embodiment, with this difference that, because of the

form of the outlet and inlet collector 8-9, the winding

heads 27 concerned are better cooled, since they are

enclosed by said collectors 8-9 for a large part, without

i

-he cooling medium getting into direct contact with the

live guides of the windings however.
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14

r-

represent a variant o a motor or

n improved cooling according to the

cooling element 7 which is similar to

that of figure 6, but whereby two series of .axially

directed pilipes

whéreby the pipe

29 are provided in this case and

s 29 of one series are situated at a

larger distance from the stator lamination 4 than the

pipes 29 of the other series.

The inlet and outlet collectors 8-9 are in this case

formed of a ring-shaped chamber 37 which is conflned by

the housing 3; of the cooling element 7; of an 1nner

tube 38 which has been provided concentrically 1n

the cooling element 7; and of a ring-shaped 1lid 39 or

which is connected to the housing 3 and to the above-

mentioned inner tube 38 by means of sealings 40 and 41.

contact with the

It is clear that the winding heads 27 are 1in direct

cooling fluid in this case which flows

into the collector 9 via the inlet opening 23 and which

leaves the outlet

collector 8 via the outlet opening <21,

I

such that, in this case, the cooling of the winding

heads 27 will Db

e even more efficient than in the case

of the above-described wvariants.

Figures 12 to 14

stator 1 which

represent another variant of an improved

is similar to that of figure 9, Dbut

whereby the cooling element 7 has been replaced by a

cooling element such as that of figure 1.

Tt is clear that

also other combinations are possible of
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a cooling element 7 according to one of the above-

described types with outlet and inlet collectors 8-9

in the form of a ring-shaped element or of a ring-

s'haped chamber 37, as described above.

It is also possible that the cooler 6 1is made in one

piece, whereby the cooling element 7 and the outlet and

inlet collectors 8-9 are integrated in one and the same

element.

The present invention is by no means 1limited to the

embodiments described as an example and represented in the

accompanying drawings; on the contrary, such a motor or

generator with an improved cooling according to the

invention can Dbe made in all sorts of shapes and

dimensions while still remaining within the scope of the

invention.
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Claims.
l.- Improved coolilng of an electric motor or generator

consisting of a housing, what is called a "slotless"

5 tubular stator lamination (4), a rotor (2) with permanent

magnets and electric windings (25-26) which are provided

between the stator lamination (4) and the rotor (2),

characterised in that the cooling comprises a cooler (0)

which is provided between the stator lamination (4) and

10 the rotor (2) and in that the windings (25-26) are

provided on this cooler (6).

2. Improved cooling according to claim 1,

characterised in that the cooler (6) is provided with

teeth (12) directed radially towards the rotor (2) which

15 extend 1in the axial direction of the stator (1) and in

between which axially directed grooves (13) are defined,

such that the cooler has an external form of a

conventional stator lamination.

3.- ‘mproved cooling according to claim 2,

20 characterised i1n that the above-mentioned teeth (12) and

grooves (13) are evenly distributed over the 1nner

perimeter of the cooler (6).

ey

4, - Improved cooling according to claim 2,

characterised in that the above-mentioned windings (25-

25 26) are provided around the above-mentioned teeth (12),
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whereby these windings (25-26) have axial parts (25)

which extend in the above-mentioned grooves (13) and

bent parts (26) which

called a winding hea

stator (1).

5.— Improved cooling
in that the cooler

(7) with one or severa

are bundled together into what 1is

d (27) on both far ends of the

according to claim 1, characterised

(6) -is formed of a cooling element

1 passages (15) for a cooling fluid.

6.- Improved cooling according to claim 5,

characterised in that the above-mentioned passages (15)

are axially directed

collector (8) on one

and are connected to an outlet

far end of the stator (1) and to an

inlet collector (9) on the other far end of the stator (1)

respectively.

7 .- Improved cooling according to claim 5,

characterised in that the above-mentioned cooling element

(7) is formed of a double-walled tube with an outer tube

aamadl

(10) and an inner tube (11).

8. Improved cooling according to claim 7,

characterised 1in that the outer tube (10) is a

cylindrical tube whose outer diameter corresponds tTO

the inner diameter of the stator lamination (4), whereas

the 1nner tube (11)

is a corrugated tube with axially

nd grooves (13), whereby the outer

directed teeth (12) ¢

and the inner tubes (10-11) are connected to each other
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by means of partitions (14) which, together with the

outer and the inner tubes (10-11), define the above-

mentioned passages (15) for the cooling fluid.

9.- Improved cooling according to claim 5, characterised

in that the cooling element (7) is formed of axially

directed pipes (29) which form the above-mentioned

passages (15) and which are provided at mutually equal

distances from each other between the stator lamination

(4) and the rotor (2) and are cased at least with their

far ends in two ring-shaped flanges (30) which are fixed

in the stator lamination (4).

10.- Improved cooling stator according to claim 29,

F
an.

characterised in that at least a part of the above-

men“:ioned pipes (29) are situated partially between the

axial parts (25) of the above-mentioned windilngs (25~

20) .

11.—- Improved cooling according to claim 3,

characterised in that the above-mentioned ring-shaped

flanges (30) are provided with teeth (33) which are

radially directed towards the rotor, in between which

the above-mentioned windings (25) are provided.

i,

12.- Improved cooling according to claim 11,

characterised in that the space between the pipes (29) and

the axial parts (25) of the windings (25-26) is at

least partially filled with a thermally conductive and

electrically insulating filling material (35).
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13.- Improved cooling according to claim Dy

characterised in +hat the above-mentioned outlet and

inlet collectors (8-9) are each formed of a ring-shaped

element which confines a ring-shaped chamber (37),

whereby this ring-shaped element is connected to a side

wall (19) against 2 far end of the cooling element (7)

and whereby this side wall (19) has Dbeen worked open at

the above-mentioned passages (15) of the cooling

element (7).

14.- Improved cooling according to claim 13, cﬁaracterised
in +that each above-mentioned ring-shaped element is
connected to the above-mentioned housing (3) with an outer
wall (16) and in that at least one ‘Opening (20-21) 1s
provided in this outef wall (16), which opening 1s

situated opposite to an outlet opening (21), inlet

opening (23) respectively, in the housing (3 .

15.- Improved cooling according to claim 14, characterised
in that in the above-mentioned ring-shaped element in the
wall (17) directed towards the rotor (2) 1is provided a

recess (36) in which the winding head (27) 1is cased on

the far end concerned of the stator (1).

16.- Improved cooling according to claim 5, characterised

i

-hat the above-mentioned outlet and 1inlet collectors

(8-=9) are formed of:-a ring-shaped chamber (37) which 1s

confined by the housing (3); of the cooling element (/)

of an inner tube (38) which is provided concentrically in

the cooling element (7); and of a ring-shaped lid (39)

which is connected to the housing (3) and to the above-
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mentioned inner tube (38).

17.- Improved cooling according to claim 16,

characterised in that in the housing (3), at the height

of the outlet and inlet collectors (8-9), 1s provided at

least one outlet (21) or inlet opening (23) respectively.

18.- Improved cooling according to claim 1, characterised

in that

the cooler (6) is made of a thermally conductive

and electrically insulating material.

19.- Improved cooling according to claim 1, characterised

in that

cooling

the cooler (6) forms a separation between the

fluid and the electric windings (25-26).
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AMENDED CLAIMS
[received by the International Bureau on 28 March 2005 (28.03.05);

original claims 1-19 replaced by new claims 1-18 (4 pages)]

1.- Cooling for an electric motor or generator consisting

of a housing, what is called a "“slotless” tubular stator

lamination (4), a rotor (2) with permanent magnets and

electric windings (25-26) which are provided between the
stator lamination (4) and the rotor (2), characterised in

that the cooling comprises a cooler (6) upon which said

windings (25-26) are provided and which is formed of a

cooling element (7) which 1is provided between the stator

lamination (4) and the rotor (2) and which cooling element

(7) is provided with teeth (12) directed radially towards
the rotor (2) which extend in the axial direction of the
stator (1) and in between which axially directed grooves
(13) are defined, such that the cooling element (7) has an
external form of a conventional stator lamination with

teeth for providing said windings (25-206).

2.~ Improved cooling according to claim 1, characterised in
that the above-mentioned teeth (12) and grooves (13) are
evenly distributed over the inner perimeter of the cooler
(0) .

3.- improved cooling according to claim 1, characterised in

that the above-mentioned windings (25-26) are provided

around the above-mentioned teeth (12), whereby these

windings (25-26) have axial parts (25) which extend in the

above-mentioned grooves (13) and bent parts (26) which are

bundled together into what is called a winding head (27) on
both far ends of the stator (1).

AMENDED SHEET (ARTICLE 19)
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4.- Improved cooling according to claim 1, characterised in

rhat the cooler (6) is formed of a cooling element (7) with

one or several passages (15) for a cooling fluid.

5.- Improved cooling according t€o claim 4, characterised 1n

rhat the above—mentioned passages (125) are axially directed

and are connected to an outlet collector (8) on one far end

of the stator (1) and to an inlet collector (9) on the

other Far end of the stator (l) respectively.

6.- Improved cooling according to claim 4, characterlised 1n

that the above-mentioned cooling element (7) is formed of a

double-walled tube with an outer tube (10) and an inner

tube (11).

7.~ Improved cooling according to claim 6, characterised in

that the outer tube (10) is a cylindrical tube whose outer
diameter corresponds to the inner diameter of the stator
lamination (4), whereas the inner tube (11) is a corrugated
tube with axially directed teeth (12) and grooves- (13),

whereby the outer and the inner tubes (10-11l) are connected

to each other by means of partitions (14) which, together
with the outer and the inner tubes (10-11), define the

above~-mentioned passages (15) for the cooling fluid.

8.~ Improved cooling according to claim 4, characterised in

that the cooling element (7) 1is formed of axially directed
pipes (29) which form the above-mentioned passages (15) and
which are provided at mutually equal distances from each

other between the stator lamination (4) and the rotor (2)

. and are cased at least with their far ends in two ring-

shaped flanges (30) which are fixed 1in the stator

lamination (4).

AMENDED SHEET (ARTICLE 19)
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9o~ Improvéd cooling stator according to <c¢laim 8,
characterised 1n that at least a part of the above-

mentioned pipes (29) are situated partially between the

axial parts (25) of the above-mentioned windings (25-26).

10.- Improved cooling according to claim 8, characterised
in that the above-mentioned ring-shaped flanges (30) are
provided with teeth (33) which are radially directed

towards the rotor, in between which the above-mentioned

windings (25) are provided.

11.~- Improved cooling according to claim 10, characterised
in that the space between the pipes (29) and the axial
parts (25) of the windings (25-26) is at 1least partially

filled with a thermally conductive and electrically

insulating f£illing material (35).

12.- Improved cooling according to claim 4, characterised

in that the above-mentioned outlet and inlet collectors (B—

9) are each formed of a ring-shaped element which confines
a ring-shaped chamber (37), whereby this ring-shaped

element is connected to a side wall (19) against a far end

of the cooling element (7) and whereby this side wall (19)

has been worked open at the above-mentioned passages (15)

of the cooling element (7).

13.- Improved cooling according to claim 12, characterised
in that each above-mentioned ring-shaped element is
connected to the above-mentioned housing (3) with an outer

wall (16) and 4in that at least one cpening (20-21) is

provided in this outer wall (16), which opening is situated

AMENDED SHEET (ARTICLE 19)
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opposite to an outlet opening (21), inlet opening (23)

respectively, in the housing (3).

14.- Improved cooling according to claim 13, characterised

in that in the above-mentioned ring—-shaped element in the

wall (17) directed towards the rotor (2) is provided a

recess (36) in which the winding head (27) is cased on the

far end concerned of the stator (1) .

15.~ Improved cooling according to claim 4, characterised

in that the.above—mentioned outlet and inlet collectors (8-

8y are formed of a ring-shaped chamber (37) which 1is

confined by the housing (3); of the cooling element (7); of

an inner tube (38) which is provided concentrically in the

coolihg element (7); and of a ring-shaped lid (39%9) which is

connected to the housing (3) and to the above-mentioned

inner tube (38).

16.- Improved cooling according to c¢laim 15, characterised
in that in the housing (3), at the height of the outlet and
inlet collectors (8~9), is provided at least one outlet

(21) or inlet opening (23) respectively.

1l7.- TImproved cooling according to claim 1, characterised

in that the cooler (6) is made of a thermally conductive

and electrically insulating material.

18.- TImproved cooling according to claim 1, characterised

in that the cooler (6) forms a separation between the

cooling fluid and the electric windings (25-26).

AMENDED SHEET (ARTICLE 19)



CA 02545649 2006-04-27
WO 2005/046024 PCT/BE2004/000158

1/9

)

Sanah

A\

-
e

b |




CA 02545649 2006-04-27

PCT/BE2004/000158

WO 2005/046024

|
_
_
_




CA 02545649 2006-04-27
WO 2005/046024 PCT/BE2004/000158

3/9

o “
X . . . r r r ra . y A ; p £ -
4 b A ' . ” o g A p ’ 5
A 7’ P 4 il 4 o 4 w’ = b’ v o
4 o o 2 2 » 4 4 - f ” v 4 o 4 P 4 f F o
. 5 4 4 A . y #
r - 7 ¥ o y X £ / , & ’
P A Py o ; f a4
4 p 4 P 4 o 4 & d A o 4 i
.f/ p / 2 .«‘/ g - .‘ J ”
/A P P’ o o - L
| W ‘.-' ““
» N |
N # ’ 4 q 4 F 4 A 2 o ’ o ¥
‘ ' W 4 ¢’
p & 3 2 . & ¢ P
: 7 o g o 2 P
y . 4 o o A / v, ‘ p
E 7 p A 4 A 4 4 .
r S S K . - 4 . o K Y S . ' p i : / p Y. 7

. r. y . » o ’ " P, & i . y / y. F. X . v 4 o .
o ¥ p 4 p # f F . P P P .4 , - > f g . P’ 2 f 4 4 7 P Y
# . A F £ . s A 4 A ’ / f 4 A A ; ’ d . é 4 d ’ . y.
. r o ../ 4 v, . A y 4 / ./ Y A y i ,./ r g’ / A o / 4 g o . o o .’.- y < /. » o v
wtih,

Z
AN

7
.'/

&

Y77/ 77
77777

: / .' __,./ .. .
N

AL LA AL L AL AL A A AL AL A AR LR RN r\\\“\\\\\\\\\\\\i‘i\.\ii§ % \\\
4 TLEHN R
T AT TP AN

RSTITITTTTTN




WO 2005/046024

CA 02545649 2006-04-27

4/9

{
T
\\ﬁ“\!‘/{ iz nY

A\ SN 4

PCT/BE2004/000158




CA 02545649 2006-04-27

WO 2005/046024 PCT/BE2004/000158

f
F¥

rapez

£

g
'-‘ -

B o e s~

Y797

. .. o4
Z 4.4
NS LY
\
N
\
\
5% s A

&4 4
2 <
45 < &

[ L’

A 3
A A

a / A
<

\\\Y&\\\\\\?ﬁq
a\l
A&

N

q

g v
l. Jﬂr

. g ' AR POLILELIOLIPRI PRI I LI PP /
’7" J o : PERPPLINCLRELPEIPLENRE P LS . ‘ / W
£ LR : SO0 : Y - PGP IRERELEOIIIGELPPII PRI P Y22 7.1
o L ses5c5es 4 A A At 5555
A AP 2402559559945 LA RA E A R RRAA awsur.(u?ra,f&aauaua YOI LR PV _ g AR
2 A . . . B,y R, S, Sy ek, Ay Ve ey Sy ey Sy P, Sk ] . Lty .P S A A

A o " ., 4 5 P, "
O iy, a4 !azg" : ’
3 & A F .
f \ i 4 d
4 4 £ ¢
o . Py / (..- -
4 P’ y // v o

TN,

7

-
e

-—_“-_—ﬂ-_-m-_-“-“—_-“——m-—————-_-_—“-“———

P AAALRAAA P L AR A AR AR AR AR AARALRLR AL LAA

7’7 P4 A A AARA R RAA R AR RALE R R AR AR LR R AR AR LR RR R ZARRLLAL .
’/IIII//IIII/IIIIIIII{IIIIIIIIIIIIIIIIII/III -

I V4 < g 2
POLHLPLLECPLLIILILIPELLE VPO NI PCIIOLLOLIIPELLIEEFPEL Y, M y/

“\
AR
A
s\
O
MO
)

LS

S
N

e i\\\\‘\

NNV -
R fj

| i gy . ks P Sy S S S — S— S = . — — — — — — A e e A — — d— Ak A T A ¥ P U G U S . S AP S W, At s S e s G e, G A, AR S S S— S— — — — — e — — — — — — S— — — oiﬁf;”
POLR RARARRR AR R, Ve AR AL IR LR LA R RRL AR AL LR LR LA T IR R R R R AR RLZRER A ZALRLRRALARARZR AL AR AARRRARARLE L A f
(Z’ R R R A AR A AR B A AR A R A e Ar A Ar A, YA

o/
/ | /
— ARy AR

|
A0 2230220077272 A

Z 25 P s /6
27 Phig&

.lﬁﬂlﬂﬂ‘ﬂﬂ'ﬂﬂluﬂl1;

.




00000000000000000000
WO 2005/046024 PCT/BE2004/000158

6/9

. : \? -"
: &
. . > | .‘ ) \
¥y
A SN - .



PCT/BE2004/000158

(4

A Y.

CA 02545649 2006-04-27
7/9

WO 2005/046024

X

A7

N

&

;
.
EEE
/

| zZ&
77 gi

N
T

o

a9
4
g A ol P /,
< > .-
P v,
5 ¢
g
, £
f £
P
P’
P

AN
NN

Spwn. S, Gepn il PR W i, S S . Sl S, Sy iy, Ay deleg, e, hin Au. i S, THAA, NG W 4, Ty Wein. Spdn. Py WAL, Sy wuln, Ghiy, i, A Salls WA Sk WA Shin Sl Suly Gupy W U, L, W S WD, UVR WA UL W ST WD TR WML . 4

L AL UL A
LA
L AR LALLA

s
2555

rAPEP L
7 4
¥

2/
PILIRE

rrv.
R

ERIIP LSS
YT o2
PEVIREEL VLA

g&-
o e e U S e T N N S Py B AR A A i e e P Y W, W T Y Gy i e R W W, A e W W e e s Y Y

AN

NN N N N N A A N N NN A N A N N A N N N A N N N N N A N N A N N A N S A N N S N A N N O

AR RS Y

NN

PPPPIILEPIILILEPIRILLPPILPLIOPAI PP IPLSRARLRIIEL

CORPIIELPVLIRG P E Y
vPPPILIPELIPIVLS P8R/
1222202270240 0¢008 ¢

R

AR AR

%

Y
'
;

W

NN R R A R AR A A AR R R R A R AR R NNNN

*

A

ALY ¢
5$3.

g [ o p’ f -

a 4 4 P N 4 A 4 2 A il 4 4
. . -
) 0 . l | . . l

»

B N Y W e NN

1.__.-.7.

SN L 2L 2 et WY
. ; NN .
Rt Wi - P
ARIAN TR AR k] e U
SRR AN NS I
R YIS T W BESSE
. \ TR I
. AN e
AN
A

PRAPALPPIIGPLIFSAERII I

W Y UH YWy W W, A W W W S i S S Y G e A A, S TR T TR, TR TR TR, T MR, W, W W Wy - - A . -

Y
gléa;

o.w./at XY ‘.\v‘w \ ‘.t"..;. .. ) .
LY .\Nﬁmmr \~1wvlf s L P
N4 wh S n Y .u \ﬁ .,..w CHT R
SIS YN
NER
AR LU

/7
VELEN SN, oyt
SRRy 5 ’& H
x !
A,
A RT o
0% B, =t

AR’ 2  \Y
ARRNRCGA, o

"l

PPPIPLPIELLELL ORI OOPPEPPRPOLIEI LIV ELPLIPIIIPY IIIIIIIIIII’I’/)IIIIII

Ifllflg
Pl E R L AL R L RRARARR R R RRL LI L LRAR AL LA LR A L RAR LA AL AR LR RRAARZARLR AR LR A4

LOTPIPRES YL L,
IIIV?J’Jf.'

7’
,ff.u.rnfx

7

S gA:

3

N

N

o NNt

& U, o, ey Gy S TS . VU, SEPS, S AR, Sally, ey Gy, . S Sal, Sy d—,, A AP o Sy, Shlje, Sy Ak gy S A, S S Y T AT Ay, S S W W W W T, duk, T, St Gk S W S A AN Sl ety Ay Sy S, 4
.
W S WA Ywn Gyl Gelly Wi S, i ek Y. Y VD, SN U A AU UL WL S AN, S, Ay G, Sy A, AP A S, e W, S S W W, S, S, Ay, S, S, e W W W D WD VR R el Tum Ay A vy A, e v @

m F LA AL ARARRA L ARALL AR AL AAALRAAARAAR AR LR RS ALRRALL CEXRZAAARLALLARLS
& : : A

NN
JHHID

g

AT

DO TR £ O 10 \ N

N,
N
VX

VI A W ¥, e % M % A et 3 WNANY \
: N % N LA fa e, NG SN R AN N AAS \
NN R , AR TR YA ' AINNN VAN AR .
U N . 4 W VAN NRSAAWNSA Alfvavf”f
N\ % A“W-mm‘wrvrff /IIIKJ‘-m-m_". ,

V

NN NN RN RN NN N NN N N A N A A N N N N N N N N N N N N N N N N N N N N N N N N NN NN N N SN N N NN SN S NUOSSSNN A NN AN R

ArAaRTTETRTTROGR AR

g

A

N
N\

AN\
AR

N
R
-3 3 N, N b b R
\ i - -
. N
e\
=
. . a !.r
./. -3
\ 3
b} z . . .
- /.
|\
Fa

NN NN

£

aptbenieianly _*m-—-l_-“m—-mﬂw-w—-——_-“——-“-m—m-mﬂ_-_ﬁ_ —
-

| ,,,./
RN N A\

27



00000000000000000000

WO 2005/046024 PCT/BE2004/000158

8/9




CA 02545649 2006-04-27

WO 2005/046024 PCT/BE2004/000158

9/9

VA '
p ‘1
L Y

'
g

4

\‘

i # il ¢
P o
: J e,

\ \\ NARANNAN \. '\\ \\\

\ ‘\\\\\\\‘.\“\\\\\\\‘\\\\\\\\‘\\\\\\\ \ .

A7

-“-“-_-m-m-_“_—_-“‘“ﬁ“-—-“—mu_ﬂ_——*-#w_

2

\\\\\\\‘\\\\\\\\‘\\\\‘\\\\\\\\\\\\‘\‘\\".\‘.’\\‘\\\\“‘\\'\\‘\"\\'\\‘\\\\\\\\\\\\‘\\\“‘\\\\\\‘\‘ ‘-‘\\\‘\

\\ l\ iiiiiliii I i\\\\\\ -- \\ ]
A /] . -

(NI
o T T O\

a0 23 3z




IR

r A e o b

c . -y A\ S — .
-




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - abstract drawing

