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(57) Abréegée/Abstract:

An axial flux electrical machine comprises a substantially sealed housing (10) defining a fluid flow path (20), a heat exchanger (22)
for transferring heat energy from a fluid flowing in the fluid flow path to another fluid, a stator (16) located within the housing (10), a
rotatable shaft (12), a rotor (18) located within the housing (10) on the shaft (12) adjacent the stator (16) and rotatable with respect
to the stator (16), whereln the fluid flow path extends between the stator (16) and the rotor (18).
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(57) Abstract: An axial flux electrical machine comprises a substantially sealed housing (10) defining a fluid tlow path (20), a
heat exchanger (22) for transterring heat energy from a tluid tlowing in the fluid flow path to another fluid, a stator (16) located
within the housing (10), a rotatable shaft (12), a rotor (18) located within the housing (10) on the shaft (12) adjacent the stator
(16) and rotatable with respect to the stator (16), wherein the tluid tlow path extends between the stator (16) and the rotor (18).
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AXIAL FLUX ELECTRICAL MACHINES

The present invention relates to axial flux electrical machines.

BACKGROUND OF THE INVENTION

Axial flux electrical machines can provide high power outputs and compact dimensions,
leading to desirably high power densities. However, high magnetic field and electric current
densities in such machines can lead to significant overheating issues, particularly in respect

of the permanent magnets used in such machines.

Existing axial flux electrical machines make use of open chassis to provide air flow cooling
for the magnetic and electrical components. However, such designs do not provide the

required amount of cooling for higher power machines

It is therefore desirable to provide an axial flux electrical machine that can mitigate the

problems of overheating, particularly in higher power axial flux electrical machines.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided an axial flux electrical
machine comprising a substantially sealed housing, a stator mounted on, and located within,
the housing, a rotatable shaft located at least partially within the housing and extending
through the stator, and a rotor located on the shaft within the housing adjacent the stator, the
rotor being rotatable with respect to the stator, wherein a fluid flow path is defined within the
housing, the fluid flow path having a first portion which extends between the stator and the
rotor, a second portion that extends between the stator and the housing and a third portion
which links the first and second portions, such that the first, second and third portions form a

contiguous cooling path within the housing.

Such an electrical machine may further comprise a second stator located within the housing
such that the rotor is positioned between the first and second stators, wherein a second fluid
flow path is defined within the housing, the second fluid flow path having a first portion which
extends between the second stator and the rotor, a second portion that extends between the

second stator and the housing and a third portion which links the first and second portions |,
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such that the first, second and third portions form a second contiguous cooling path within

the housing.

The or each stator may define fluid flow channels therethrough, which fluid flow channels
extend radially from an outer edge region of the stator concerned to an inner edge region
thereof, the outer edge region being adjacent, and spaced from, a portion of the housing,
and the inner region being adjacent, and spaced from, the shaft, the fluid flow channels

providing at least part of the third portion of the associated fluid flow path.
The or each stator is preferably in thermal contact with the housing.

Such a machine may further comprise a heat exchanger for transferring heat energy from a
fluid flowing in a fluid flow path to another fluid. Such a heat exchanger may comprise a first
part located within the housing and arranged to contact fluid flowing in the fluid flow path,
and a second part external to the housing and in thermal contact with the first part. The

second part of the heat exchanger may be provided with air or liquid cooling.

The housing may be substantially filled with a cooling fluid chosen from a gas, a gas mixture,

a liquid and a liquid mixture.

The rotor may be provided with features of shape that are arranged to move a cooling fluid

along the or each fluid flow path when the machine is in use.

The rotor may comprise a frame, and a plurality of magnets mounted in the frame, the frame
having a first axial thickness, and the magnets having a second axial thickness, the second

axial thickness being less than the first axial thickness.

According to another aspect of the present invention, there is provided an axial flux electrical
machine comprising a substantially sealed housing, a shaft that extends within the housing,
a rotor mounted on the shaft within the housing, and a stator mounted within the housing,
wherein the housing, rotor and stator define at least one contiguous fluid flow path within the
housing, the fluid flow path having a first substantially radial portion, a second substantially

axial portion, and a third portion that links the first and second portions

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a single sided axial flux electrical machine embodying the

present invention;
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Figure 2 is a cross-sectional diagram of the electrical machine of Figure 1;

Figure 3 is a schematic diagram of a double sided axial flux electrical machine embodying

the present invention;
Figure 4 is a cross-sectional diagram of the electrical machine of Figure 3;

Figures 5 and 6 illustrate a first exemplary heat exchanger for use with a machine as shown

in Figure 1, 2, 3 or 4;

Figure 7 illustrate a second exemplary heat exchanger for use with a machine as shown in

Figure 1, 2, 3 or 4; and

Figures 8 and 9 illustrate respective views of a rotor suitable for use in the machines shown

in Figures 1 to 4.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic illustration of a single-sided axial flux electrical machine embodying
the present invention. The machine 1 comprises a housing 10 through which a rotatable
shaft 12 extends, supported by bearings (not shown in Figure 1). It will be appreciated that
the shaft can extend out of both sides of the housing 10, as shown in Figure 1, or out of a
single side only. The exact nature of the shaft mounting is not of importance for the

following description of embodiments of the present invention.

A rotor 16 is mounted on the shaft 12 and is rotatable with respect to the housing. A stator
18 is provided within the housing 10 and the shaft 12 passes through the stator. The shatft

12 and rotor 16 are rotatable with respect to the stator 18.

The stator is provided with cooling channels 20, which extend from a radially outer surface of

the stator 18 to a radially inward surface (not shown in Figure 1) adjacent the shaft 12.

Figure 2 is a cross-sectional view of part of the electrical machine of Figure 1. The shaft 12
can be seen to pass through the housing 10, supported by bearings 14. The rotor 16 is
attached to the shaft 12, and rotates therewith. The stator 18 is attached to an inner surface
of the housing, and has a radially outer surface 19 adjacent, but spaced from, another inner
surface of the housing 10. The stator 18 also has a radially inner surface 21 which is
adjacent, but spaced from, the shaft 12. The cooling channels 20 provide a link between the
radially outer and inner surfaces 19 and 21 of the stator. The stator 18 is attached to the

housing in such a way as to allow heat transfer between the two parts.
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When in use, the rotor 16 rotates with respect to the housing 10 and the stator 18, and
causes a low pressure region A to be formed at the radially inner portion of the rotor 16, and
stator 18. A high pressure region B is created at a radially outer region of the rotor 16, and
stator 18. The pressure difference is caused by the rotor 16 acting as a centrifugal fan or
pump. Since the cooling channels 20 are provided, then cooling fluid (gas or liquid) is
allowed to flow from the radially outer region to the radially inner region, back to the low

pressure region A.

The cooling channels 20 thereby provide a continuous cooling fluid path within the housing.
The cooling fluid path is made up of three contiguous portions: a first portion 22 which
extends between the rotor 16 and the stator 18, a second portion 24 that extends from the
high pressure region B to the low pressure region A through the cooling channels 20 of the

stator 18, and a third portion that extends between the stator 18 and the shaft 12.

The stator 18 Is attached to, and is in thermal contact with, the housing 10, and so cooling
fluid that is pumped around the contiguous cooling fluid path 22, 24, 26 passes a portion of
the stator 18 that is cooler than the inner temperature of the machine, by virtue of the fact
that the portion of the stator is in thermal contact with the housing 10. As such, the flow of
cooling fluid can remove heat from the rotor and stator, and lose heat through the housing
wall to which the stator is connected. The stator 18 and housing 10 thereby effectively act

as a heat exchanger for the cooling fluid.

Accordingly, the fluid flow caused by rotation of the rotor 18 is used to enable cooling of the

fluid, and hence cooling of the axial flux machine.

Figure 3 is a schematic illustration of a double-sided axial flux electrical machine which is
similar in structure to the single-sided machine of Figure 1. In the machine shown in Figure
3, a housing 30 carries a shaft 32 on bearings, as before. A single rotor 36 is mounted on
the shaft and rotates therewith. First and second stators 38 and 42 are provided and are
attached with respective inner walls of the housing 30, and are arranged to either side of the
rotor 30, such that the rotor 36 Is rotatable between the two stators 38 and 42. Asin the
machine shown in Figure 1 and 2, each stator 38, 42 is provided with cooling channels 40,
44,

As shown in Figure 4, the cooling channels 40, 44 enable the provision of two fluid flow
paths 46, 48, 50 and 52, 54, 56. Each fluid flow path passes through a stator which is

thermally attached with the housing, such that heat can flow from the stator to the housing to
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be dissipated in the ambient air. Figure 4 illustrates only part of the machine of Figure 3,

and shows that the shaft 32 is supported in the housing by bearings 34.

The structures shown in Figures 1 to 4 enable cooling fluid to flow around hotter parts of the
machine (that is, the rotor and stator) and through an effective heat exchanger that transfers
heat away from the fluid flowing in the fluid flow path or paths, thereby enabling cooling of
the stators and the rotor. It will be appreciated that the cooling channels 20, 40, 44 can be of
any suitable geometry, size and spacing. The channels are chosen to provide effective heat

transfer from the cooling fluid to the stator/housing 18/10.

Figures 5 and © illustrate side and end views respectively of one possible heat exchanger
fitted to an outer surface of the housing. This example heat exchanger comprises a plurality
of fins that extend axially and radially from and end of the housing 30. The fins provide a
large surface area from which heat transferred from the internal structure of the machine can
be dissipated. Such a structure improves the heat dissipation by providing a large fin
surface area. The fins may be attached to the housing 10, or may be provided by the
casting or machining of the housing 10. The shape and configuration of the fins shown ion
Figures 5 and 6 Is exemplary and it will be readily appreciated that the shape and

configuration can be altered in order to provide suitable heat dissipation characteristics.

Figure 7 illustrates a water-cooled heat exchanger attached to an outer end surface of the
housing 10. The heat exchanger 60 comprises a water jacket having an inlet 62 and an
outlet 64. Cooling fluid, such as air, water or oil, can be pumped into and out of the jacket 60

via Inlet and outlet connections 52 and 64.

Figures 8 and 9 illustrate respective end and partial side views of a rotor 70 suitable for use
In @ machine such as that shown in Figure 1 to 4 described above. The rotor 70 comprises a
frame having a mounting region 72 for attachment to a shaft. The frame also comprises a
plurality of radial arms 74 that extend radially outwardly from the mounting region 72. The

arms /4 have and axial thickness z,, as illustrated in Figure 9. The

A plurality of permanent magnets 76 are mounted in the frame between adjacent arms 74.
The magnets 76 engage with features of shape of the arms 74 in order to locate in the rotor
70 52 and a series of magnets 54 which are held in the frame 52. The frame also includes
circumferential portions 75 which extend between the arms 74 at a radially outer edge of the
rotor 70. The circumferential portions 75 serve to hold the magnets 76 radially in the rotor
/0. The circumferential portions have an axial thickness z, which is less that the axial

thickness z; of the arms. The magnets also have an axial thickness less than that of the
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arms. Such a difference in thickness creates features of shape of the rotor 70 that enhance
the flow of cooling fluid around the fluid flow path or paths. The reduced thickness of the
circumferential portions relative to the arms means that cooling fluid can pass outwardly from
the rotor 70.

In addition, the stepped shape of the frame and magnets results in improved heat transfer

from the magnets to the cooling fluid.

In one example of an electrical machine embodying the present invention, the housing 10 is
sealed and is filled with a gas or gas mixture such as nitrogen or air. In such a case the
channels of the stator(s) are designed so that a desired amount of heat can be removed

from the gas or gas mixture flowing around the fluid flow path or paths.

In another example of an electrical machine embodying the present invention, the housing
10 is again sealed, and is filled with a cooling liquid, such as oil, and the cooling liquid flows
around the fluid flow path or paths. In such a case, the cooling channels of the stator(s) are

designed to remove a desired amount of heat from the cooling fluid.

Although aspects of the invention have been described with reference to the embodiment
shown In the accompanying drawings, it is to be understood that the invention is not limited
to the precise embodiment shown and that various changes and modifications may be

effected without further inventive skill and effort.

't will also be appreciated that the embodiments and examples shown in the Figures are not

drawn to scale but to enhance the clarity of the drawings.
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7/
CLAIMS:
1. An axial flux electrical machine comprising:

a substantially sealed housing;
a stator mounted on, and located within, the housing;

a rotatable shaft located at least partially within the housing and extending through

the stator; and

a rotor located on the shaft within the housing adjacent the stator, the rotor being

rotatable with respect to the stator,

wherein a fluid flow path is defined within the housing, the fluid flow path having a
first portion which extends between the stator and the rotor, a second portion that
extends between the stator and the housing and a third portion which links the first
and second portions, such that the first, second and third portions form a contiguous

cooling path within the housing.

2. An electrical machine as claimed in claim 1, further comprising a second stator
located within the housing such that the rotor is positioned between the first and second
stators, wherein a second fluid flow path is defined within the housing, the second fluid flow
path having a first portion which extends between the second stator and the rotor, a second
portion that extends between the second stator and the housing and a third portion which
inks the first and second portions , such that the first, second and third portions form a

second contiguous cooling path within the housing.

3. An electrical machine as claimed in claim 1 or 2, wherein the or each stator defines
fluid flow channels therethrough, which fluid flow channels extend radially from an outer
edge region of the stator concerned to an inner edge region thereof, the outer edge region
being adjacent, and spaced from, a portion of the housing, and the inner region being
adjacent, and spaced from, the shaft, the fluid flow channels providing at least part of the

third portion of the associated fluid flow path.

4. An electrical machine as claimed in claim 1, 2 or 3, wherein the or each stator is In

thermal contact with the housing.

5. An electrical machine as claimed in any one of claims 1 to 4, further comprising a

heat exchanger for transferring heat energy from a fluid flowing in a fluid flow path to another
fluid.
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0. An electrical machine as claimed in claim 5, wherein the heat exchanger comprises a
first part located within the housing and arranged to contact fluid flowing in the fluid flow

path, and a second part external to the housing and in thermal contact with the first part.

/. An electrical machine as claimed in claim 6, wherein the second part of the heat

exchanger is provided with air or liquid cooling.

8. An electrical machine as claimed in any one of the preceding claims, wherein the
housing is substantially filled with a cooling fluid chosen from a gas, a gas mixture, a liquid

and a liquid mixture.

9. An electrical machine as claimed in any one of the preceding claims, wherein the
rotor is provided with features of shape that are arranged to move a cooling fluid along the or

each fluid flow path when the machine is in use.

10. An electrical machine as claimed in any one of the preceding claims, wherein the
rotor comprises a frame, and a plurality of magnets mounted in the frame, the frame having
a first axial thickness, and the magnets having a second axial thickness, the second axial

thickness being less than the first axial thickness.

11. An axial flux electrical machine substantially as hereinbefore described with

reference to, and as shown in, the accompanying drawings.

12. An axial flux electrical machine comprising a substantially sealed housing, a shaft
that extends within the housing, a rotor mounted on the shaft within the housing, and a stator
mounted within the housing, wherein the housing, rotor and stator define at least one
contiguous fluid flow path within the housing, the fluid flow path having a first substantially
radial portion, a second substantially axial portion, and a third portion that links the first and

second portions.
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