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(54) STATOR FOR AXIAL-FLUX ELECTRIC MACHINE

(67)  The present invention relates to a stator of an
axial flux electric machine (1) comprising a casing (2)
and an active core including a plurality of wound cores
(9) arranged in a support disk (11), the support disk (11)
comprising a plurality of peripheral notches (14) spaced

apart along an outer periphery of the disk (11), with each

peripheral notch (14) having an engagement portion (17)
formed on the open end (15) thereof and designed to
cooperate with a corresponding engagement portion (18)
formed in the inner surface of the casing (2).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an axial flux
electric machine, and more specifically to an axial flux
motor or generator.

BACKGROUND OF THE INVENTION

[0002] Axial flux electric machines are widely known
in the art, and basically comprise at least one stator and
at least one disk-shaped rotor with permanent magnets
wherein the flux travels in the axial direction of the rotating
shaft of the machine. They can comprise both electric
motors and electric generators.

[0003] Some axial flux machines are constructed with
a central disk that supports the wound stator poles. This
central disk, however, must have its design developed
so as not to have mechanical or thermal properties that
negatively impact the operation of the machine.

[0004] EP 2869433 A1 shows one such prior art ma-
chine, wherein a support disk receives a series of radially
and equidistantly mounted coils.

[0005] A similar solution is disclosed in
W0202158052, which machine has a central support
flange that divides the stator into two stator halves,
wherein each stator half has wound cores.

OJECTIVES OF THE INVENTION

[0006] Itis one of the objectives of the presentinvention
to provide an axial flux electric machine with optimized
assembly.

[0007] It is another of the objectives of the present in-
vention to provide an axial flux electric machine with an
optimized design support disk, which allows the trans-
mission of torque to the casing.

[0008] It is yet another of the objects of the present
invention to provide an axial flux electric machine with a
support disk that enables the power cables of the ma-
chine to be securely held within it.

[0009] Itis yet another object of the present invention
to provide an axial flux electric machine in which losses
by currents induced in the motor components can be min-
imized.

[0010] Itis yet another of the objectives of the present
invention to provide a compact and high-power axial flux
electric machine.

SUMMARY OF THE INVENTION

[0011] The present invention relates to an axial flux
electric machine comprising a casing and an active core
comprising at least one rotor and at least one wound
stator, wherein the wound stator comprises a plurality of
wound cores arranged in a support disk.

[0012] The support disk comprises a flat plate having
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an inner edge and an outer edge, the flat plate having a
central hole and a plurality of wound core positioning
holes, each of the wound core positioning holes being
configured toreceive each of the plurality of wound cores.
[0013] The support disk further comprises a plurality
of peripheral notches spaced apart along an outer pe-
riphery of the disk, each peripheral notch having an open
outer end disposed at the outer edge of the disk, and a
rounded closed inner end.

[0014] At least one peripheral notch of the plurality of
peripheral notches has an engagement portion, formed
on the open end, designed to cooperate with a corre-
sponding engagement portion formed on the inner sur-
face of the casing.

[0015] Inoneembodimentof the invention, the support
disk may further comprise a plurality of docking holes for
positioning and tying machine power cables along the
periphery of the disk.

[0016] In one embodiment of the invention, the casing
is formed by a body part, a front cover, and a rear cover,
wherein the engagement portion is designed to cooper-
ate with a corresponding engagement portion formed on
the inner surface of the body part of the casing. In this
embodiment, the support disk is positioned centrally with
respect to the front and rear covers.

[0017] Inan embodiment of the invention, the engage-
ment portion is formed as two recesses, wherein each
recess is formed on one side of the open end; and the
corresponding engagement portion comprises a rectan-
gular protrusion which side edges fit into the recesses.
[0018] The machine may further comprise at least one
coolant fluid inlet hole and at least one coolant fluid outlet
hole, the support disk can be positioned in correspond-
ence with the at least one coolant fluid inlet and at least
one coolant fluid outlet of the casing.

[0019] Inanembodimentof the invention, each wound
core of the plurality of wound cores is a two-sided wound
core formed by joining two wound core parts, wherein
one of the two core parts comprises a male connection
and the other of the core parts comprises a female con-
nection, and wherein each core part comprises at least
one spacer element. Each of the core parts may further
have, on at least one radial end, a recess that relies on
a corresponding end edge of the positioning hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention will be described below
in more detail, with references to the accompanying
drawings, in which:

Figure 1 -is a perspective view of an axial flux electric
machine according to an embodiment of the present
invention;

Figure 2 - is a perspective sectional view of the cas-
ing of an axial flux electric machine according to an
embodiment of the present invention;

Figure 3 -is a perspective view of a stator component
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of an axial flux electric machine according to an em-
bodiment of the present invention;

Figure 4 - is a perspective view of the assembly of
a stator component of an axial flux electric machine
according to an embodiment of the present inven-
tion, the resin being removed;

Figure 5 - is a top perspective view of an axial flux
electric machine according to an embodiment of the
present invention, the central part of the casing and
the resin being removed;

Figure 6 - is a front view of a support disk of an axial
flux electric machine according to an embodiment of
the present invention;

Figure 7 - is an enlarged view of a portion of the
support disk of an axial flux electric machine accord-
ing to an embodiment of the present invention;
Figure 8 - is a sectional view of stator components
of an axial flux electric machine according to an em-
bodiment of the present invention, a central part of
the machine casing further being shown; and
Figures 9a and 9b - are perspective views of two
pairs of wound core components of an axial flux elec-
tric machine according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Figure 1 shows an axial flux motor according to
an embodiment of the present invention.

[0022] Although the present invention is described in-
corporated in an electric motor, it should be understood
that the solution of the presentinvention could be equally
applied to other axial flux electric machines, such as, for
example, axial flux generators.

[0023] As can be seen in Figure 1, the motor 1 com-
prises a casing 2 with a central through hole 3 and coolant
fluid inlet and outlet holes 4. The through hole 3 is intend-
ed for receiving a shaft, however, it should be understood
thatin other embodiments of the invention the shaft could
be integral to the motor.

[0024] As bestillustrated in the sectional view of figure
2, in the embodiment of the invention shown in the fig-
ures, the casing 2 is formed by a body part 5, a front
cover 6 and a rear cover 7. However, it should be under-
stood that the casing could be formed differently, for ex-
ample as a two-sided casing, with the two-sided body
part, with each half integral to a respective closure cap.
[0025] Figure 3 shows a perspective view of the motor
wound stator according to an embodiment of the present
invention. The figure shows a plurality of wound cores 9
surrounded by a resin 10. In one embodiment of the
present invention, the resin is an epoxy resin with high
thermal conductivity. However, one skilled in the art
would understand that the present invention would
achieve equivalent effect with a suitable thermosetting
material.

[0026] The plurality of wound cores 9 are mounted on
a support disk 11, best illustrated in figures 4 to 8. The
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support disk assists in positioning the magnetic core,
keeping the plurality of wound cores correctly positioned
during operation of the motor, and transmits torque to
the motor casing. In one embodiment of the invention,
the support disk 11 is a central support disk.

[0027] As best illustrated in figure 6, the disk 11 pref-
erably comprises a circular plate with a central hole 12
and a plurality of positioning holes 13 of the magnetic
core and coil assembly.

[0028] The disk 11 further comprises a plurality of pe-
ripheral notches 14, spaced apart along the outer periph-
ery of the disk.

[0029] As best illustrated in figure 7, the peripheral
notches 14 have an open outer end 15, at the edge of
the disk 11, and a rounded closed inner end 16.

[0030] Furthermore, at least one peripheral notch 14
of the plurality of peripheral notches 14 further has an
engagement portion 17 formed at the open end 15.
[0031] This engagement portion 17 is designed to co-
operate with a corresponding engagement portion 18
formed on the inner surface of the body part 5 of the
casing 2, as illustrated in figure 8. Of course, in the case
of an embodiment of the invention in which the casing
has a different shape, the corresponding engagement
portion 18 could be formed in the corresponding region
of the inner surface of that differently shaped casing.
[0032] In the preferred but non-limiting embodiment
shown in the figures, the engagement portion 17 is
formed as two corner recesses on each side of the open
end 15. In this embodiment, the corresponding engage-
ment portion 18 is a rectangular protrusion which side
edges engage the cornerrecesses. In the exemplary em-
bodimentillustrated in the figures, each corner recess 18
is a cutout with right angle to fit on the edge of the rec-
tangular protrusion.

[0033] The fitting between the disk and the casing al-
lows the transmission of torque to the motor casing. This
feature facilitates the assembly of the motor and ensures
its structural rigidity, and this fitting enables the transmis-
sion of torque.

[0034] Although the engagement portions 17 and 18
could be configured in other shapes, the embodiment in
which the recesses are formed in the disk 11 is preferred
as it reduces the amount of material used in the manu-
facture of the disk. In addition, the conformation of re-
cesses in the disk 11 is easier to perform than in the
casing 2, which would require complex machining.
[0035] Thedisk 11 ofthe presentinventionfurther com-
prises docking holes 20 for positioning and tying the ca-
bles 8 of the machine along the periphery of the disk (see
figure 8) . Thus, for cabling anchorage, a string of high
temperature resistant material is passed through the
docking holes 20 and the cabling is tied in the central
region between the holes 20. Of course, one skilled in
the art would understand that the presentinvention would
achieve equivalent anchoring effect with the use of other
fastening elements, such as, for example, clamps.
[0036] The mooring of the cables 8 prevents them from
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being exposed outside the resin region, what increases
the quality and efficiency of the assembly construction.
In addition, the anchorage ensures the correct position-
ing of the cables during the stator encapsulation process.
[0037] It should be noted that the holes 20, when not
used for cable mooring, allow the passage of the resin
10 during the manufacture of the motor, resulting in a
more efficient encapsulation process.

[0038] In a preferred embodiment of the invention, the
disk 11 is made of a low density electrically non-conduct-
ing material, such as for example resin fiber, capable of
withstanding high temperatures, such as for example
more than 200 °C without losing structural properties and
dielectric strength. It should be understood, however, that
the disk 11 could be manufactured in other suitable ma-
terials such as carbon fiber, BMC, or polyamide.

[0039] The supportdisk 11, in addition to ensuring the
rigidity of the system, also assists in the cooling system
of the motor according to the present invention.

[0040] As illustrated in figure 5, the support disk 11 is
positioned in correspondence with the coolant fluid inlet
and outlet 4a and 4b, in such a way that the coolant fluid
that enters through the fluid inlet 4a is divided to the two
sides of the disk 11, front and rear sides of the motor. In
that sense, in the illustrated embodiment of the present
invention, the disk 11 is positioned centrally with respect
to the covers 6 and 7.

[0041] Thus, for cooling of the motor, a cooling fluid is
pumped to the motor, entering through the inlet 4a, the
fluid flows through cooling channels present in the resin
10. The heated fluid will exit the motor through outlet 4b,
where it will need to pass through a heat exchanger to
dissipate the heat that has been extracted from the motor
into the environment.

[0042] For axial closure of the wound core and con-
tainment of the cooling fluid, closing plates may be used.
The rotor (not illustrated and of construction and opera-
tion known to those skilled in the art) is mounted axially
spaced apart from a corresponding plate of the closing
plates. Thus, each rotor is mounted spaced apart from a
respective closing plate.

[0043] In an embodiment of the present invention, the
plurality of wound cores is mounted on the disk 11 so as
to form a wound core split by the disk.

[0044] Thus, as bestillustrated in figure 9a, in one em-
bodiment of the present invention, each of the plurality
of formed wound cores comprises two core parts 21, 22.
One core part 21 comprises a male connection 23 and
the other of the core parts 22 comprises a female con-
nection 24. The fastening of the two core parts 21, 22 is
done through the male and female connections and by
an adhesive bonding, ensuring an improved connection.
[0045] Each of the core parts 21, 22 has, on at least
one radial end, a recess 27 that ensures correct position-
ing of the core part on the disk 11. Thus, the recess 27
forms afitting that relies on the edge of the corresponding
end of the positioning hole 13.

[0046] In the embodiment shown in figure 9a, the re-
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cesses 27 are formed at the outer radial end of the core
parts. Inthe embodiment shown in figure 9b, the recesses
27 are formed at the inner radial end of the core parts.
In embodiments of the present invention, recesses 27
are formed at both the inner radial end and the outer
radial end.

[0047] Further, each core part 21, 22 may comprise at
least one spacer element 25, 26, which is responsible
for providing an optimal spacing so that an optimal ad-
hesive layer thickness joining the parts is achieved.
[0048] Having described examples of embodiments of
the present invention, it should be understood that the
scope of the present invention encompasses other pos-
sible variations of the inventive concept described, being
limited only by the content of the claims only, including
possible equivalents.

Claims

1. Anaxialflux electric machine (1) comprising a casing
(2) and an active core including at least one rotor
and at least one wound stator, wherein the wound
stator comprises a plurality of wound cores (9) ar-
ranged in a support disk (11), the support disk (11)
comprising a flat plate having an inner edge and an
outer edge, the flat plate having a central hole (12)
and a plurality of wound core positioning holes (13),
each of the wound core positioning holes (13) being
configured to receive each of the plurality of wound
cores (9), the machine being characterized in that
the support disk (11) further comprises:

a plurality of peripheral notches (14) spaced
apart along an outer periphery of the disk (11),
each of the peripheral notches (14) having an
open outer end (15) disposed at the outer edge
of the disk (11) and a rounded closed inner end
(16); and

wherein at least one peripheral notch of the plu-
rality of peripheral notches (14) has an engage-
ment portion (17), formed on the open end (15),
designed to cooperate with a corresponding en-
gagement portion (18) formed on the inner sur-
face of the casing (2) .

2. The machine of claim 1, wherein the support disk
(11) further comprises a plurality of docking holes
(20) for positioning and tying connection cables (8)
of the machine along the periphery of the disk (11).

3. The machine of claim 1, wherein the casing (2) is
formed by a body part (5), a front cover (6) and a
rear cover (7), wherein the engagement portion (17)
is designed to cooperate with a corresponding en-
gagement portion (18) formed on the inner surface
of the body part (5) of the casing (2).
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The machine of claim 3, wherein the support disk
(11) is positioned centrally with respect to the front
and rear covers (6, 7).

(]

The machine of any one of claims 1 to 4, wherein:

the engagement portion (17) is formed as two
recesses, wherein eachrecess isformed on one
side of the open end (15); and

the corresponding engagement portion (18) 170
comprises a rectangular protrusion which side
edges fit into the recesses.

The machine according to any one of claims 1 to 5,
comprising at least one coolant fluid inlet hole (4a) 15
and at least one coolant fluid outlet hole (4b), and
wherein the support disk (11) is positioned in corre-
spondence with the at least one coolant fluid inlet
and at least one coolant fluid outlet (4a and 4b) of
the casing (2). 20

The machine according to any one of claims 1 to 6,
wherein each wound core of the plurality of wound
cores (9) is a two-sided wound core formed by joining
two wound core parts (21, 22), wherein one of the 25
two core parts (21) comprises a male connection (23)
and the other of the core parts (22) comprises a fe-
male connection (24) and wherein each core part
(21, 22) comprises at least one spacer element (25,
26). 30

The machine of claim 7, wherein each of the wound
core parts (21, 22) has, on at least one of its radial
ends, a recess (27) that relies on a corresponding

end edge of the positioning hole (13) of the support 35
disk (11).
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FIG. 8
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