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(57) Abstract: The present invention relates to a spoke-type
permanent magnet rotor (1) used in brushless direct current
electric motors (12), forming the rotating part inside the
stator (13) that forms the stationary part thereof and having
an air gap (14) between the inner surface of the stator (13)
and itself, comprising a cylindrical core (2) produced from
ferromagnetic laminations or ferromagnetic powder metal, a
shatt (3) fixed to the core (2) and forming the rotational axis
of the rotor (1), a hub (5) disposed at the center of the core
(2) and having a shaft hole (4) that bears the shatt (3), more
than one pole segment (6) disposed all around the hub (5),
more than one magnet slot (7) disposed between the pole
segments (6), more than one magnet (8) tangentially magnet-
ized, placed in the magnet slots (7) and extending outwards
in the radial direction, and two end rings (9) produced from
non-magnetic materials such as aluminum and plastic and
fixed on the front and rear planar surfaces of the core (2) by
the injection molding method.
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Description

[0001]

[0002]

[0003]

[0004]

[0005]

A SPOKE PERMANENT MAGNET ROTOR
The present invention relates to a spoke permanent magnet rotor used in
brushless direct current motors.
The developments and regulations in the field of energy efficiency have
increased the demand for high-efficiency electric motors. Spoke-type
rotors comprise more than one magnet placed between the pole segments
forming the rotor core and the magnets extend in the radial direction
around the rotor shaft towards the outer periphery of the rotor core. The
magnets are tangentially magnetized with respect to their thickness and
the magnetic flux generated by the magnets is collected on the pole pieces
between which the magnets are placed. In spoke-type rotors, the magnetic
flux density in the air gap between the stator and rotor, in other words the
amount of the useful flux that provides the rotation of the rotor at the
desired speed and torque is increased as compared to other magnet
rotors. Despite the said advantages of spoke-type rotors, the mechanical
structure of the core is weakened and the resistance of the rotor to
centrifugal forces decreases due to the magnets extending from the center
outwards in the radial direction and which are positioned close to each
other. Furthermore, an increase in flux leakages is observed.
In the United States Patent Application No. US2007085437, a spoke
permanent magnet rotor used in electric motors and the production
method thereof are explained.
The aim of the present invention is the realization of a spoke-type
permanent magnet rotor wherein the resistance thereof to centrifugal
forces is increased and the flux leakages are decreased.
The spoke-type rotor realized in order to attain the aim of the present
invention, explicated in the first claim and the respective claims thereof
and forming the rotating portion in the stator in a brushless direct current
motor, comprises a ferromagnetic core, a shaft forming the rotational axis
thereof, a hub bearing the shaft at the center of the core, pole segments
disposed around the hub, magnets placed in the magnet slots between the

pole segments, and end rings produced from non-magnetic materials such



WO 2014/082839 PCT/EP2013/073406

[0006]

[0007]

[0008]

[0009]

[0010]
[0011]
[0012]
[0013]
[0014]
[0015]

[0016]

[0017]
[0018]

2/6

as plastic or aluminum and fixed on the front and rear surfaces of the core
by the injection molding method. The length of the magnets in the axial
direction is longer than the length of the core (the length of the magnet
slots) and the ends of the magnets extend outside the front and rear
planar surfaces of the core and are embedded into the plastic end rings on
the said surfaces.

In an embodiment of the present invention, the rotor comprises magnet
slots narrowing from the hub outwards in the radial direction. The magnets
placed in the magnet slots are also in trapezoid form, narrowing outwards
in the radial direction.

In another embodiment of the present invention, the rotor comprises
oblong or elliptic holes with rounded edges, that longitudinally hollow each
pole segment by passing through the pole segment in the axial direction,
of which the cross-sectional length in the radial direction is more than its
width. Thanks to the rounded edges of the holes, plastic bars are injected
into the holes without leaving gaps and a cage structure with high
mechanical resistance is obtained in the core.

The resistance of the rotor of the present invention to centrifugal forces is
increased; magnetic flux leakages are decreased and the performance of
the motor is increased.

The rotor realized in order to attain the aim of the present invention is
illustrated in the attached figures, where:

Figure 1 —is the schematic view of an electric motor.

Figure 2 - is the perspective view of a spoke rotor.

Figure 3 - is the exploded view of a spoke rotor.

Figure 4 - is the perspective view of a spoke rotor core.

Figure 5 — is the front view of a spoke rotor core.

Figure 6 — is the perspective view of a spoke rotor core in an embodiment
of the present invention.

Figure 7 — is the front view of a spoke rotor core in an embodiment of the
present invention.

Figure 8 — is the longitudinal cross-sectional view of a spoke rotor.

Figure 9 - is the view of cross-section A - A in Figure 3.
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The elements illustrated in the figures are numbered as follows:
1. Rotor

Core

Shaft

Shaft hole

Hub

Pole segment

Magnet slot

® N o o b~ b

Magnet

9. Endring

10. Hole

11. Bar

12.  Motor

13. Stator

14. Air gap

The spoke-type permanent magnet rotor (1) used in the brushless direct
current electric motors (12) driving the components like drum, circulation
pump and discharge pump in household appliances like laundry washing
and/or drying machine and dishwasher, forming the rotating part inside a
stator (13) that forms the stationary part thereof and having an air gap (14)
between the inner surface of the stator (13) and itself, comprises a
cylindrical core (2) produced from ferromagnetic laminations or
ferromagnetic powder metal, a shaft (3) that is fixed to the core (2) and
forming the rotational axis of the rotor (1), a hub (5) disposed at the center
of the core (2) and having a shaft hole (4) that bears the shaft (3), more
than one pole segment (6) disposed all around the hub (5), more than one
magnet slot (7) disposed between the pole segments (6), more than one
magnet (8) tangentially magnetized, placed in the magnet slots (7) and
extending outwards in the radial direction, and two end rings (9) produced
from non-magnetic materials such as plastic or aluminum, fixed on the
front and rear planar surfaces of the core (2) by the injection molding
method and providing the balance of the rotor (1).

The rotor (1) of the present invention comprises the magnets (8), of which
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the length in the axial direction is longer than the length of the magnet
slots (7) and of which the portions extending outwards from the front and
rear planar surfaces of the core (2) are embedded into the end rings (9)
(Figure 1, Figure 4, Figure 6).

The front and rear end portions of each magnet (8), which is longer than
the length of the magnet slots (7) in the axial direction or in other words,
longer than the length of the core (2), extending outwards from the rear
and front planar surfaces of the core (2) are embedded into the end rings
(9) or end rings (9) are injected thereon; thus, the magnets (8) are
provided to be held in a rigid structure in the core (2), the movement of the
magnets (8) in the axial and radial direction is prevented and resistance to
centrifugal forces is increased. The ends of the magnets (8) extending
outwards from the front and rear surfaces of the core (2) create an
“‘overhang” effect and thus the flux density directed from the magnets (8)
to the air gap (14) is increased. Flux leakage at the end portions of the
magnets (8) is prevented, demagnetization risk is reduced, the torque
obtained from the unit volume of the magnets (8) is increased, overheating
is prevented and the motor (12) efficiency is increased.

In another embodiment of the present invention, the rotor (1) comprises
the magnet slots (7) narrowing from the hub (5) outwards in the radial
direction and the magnets (8) with trapezoid cross-sections placed in the
magnet slots (7) (Figure 6, Figure 7). In this embodiment, the amount of
the tangential flux acting on the air gap (14) from the magnet (8) is
increased without any change in the volume of the magnet (8). The
magnetic field vectors in the direction perpendicular to the radially inclined
edges of the magnet (8) with trapezoid cross-sections are directed to the
air gap (14), the flux density in the air gap (14) is increased and the motor
(12) performance is improved.

In another embodiment of the present invention, the rotor (1) comprises
more than one hole (10) with rounded edges that longitudinally hollows the
pole segment (6) by passing through each pole segment (6) in the axial
direction and the cross sectional length of which in the radial direction is

more than its width and more than one bar (11) formed by injecting
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non-magnetic material into the holes (10), extending between the end
rings (9) in the axial direction along the core (2), forming a cage around
the hub (5) (Figure 4, Figure 5, Figure 6, Figure 7, Figure 9).

In another embodiment of the present invention, the cross-sections of the
holes (10) and the bars (11) injected into the holes (10) are oblong with
rounded short edges.

In another embodiment of the present invention, the cross-sections of the
holes (10) and the bars (11) injected into the holes (10) are elliptic.

The holes (10) in oblong or elliptical form with rounded edges, provide
improvement in the injection of the bars (11) into the holes (10) during the
process of injection molding. The bars (11) are produced by being injected
into the holes (10) with agonic inner surfaces. The cage structure formed
by the bars (11) is strengthened and the mechanical resistance of the rotor
(1) is increased by preventing the formation of gaps in the bars (11). The
cage structure formed by the bars (11) hold together the pole segments (6)
and the magnets (8) in a rigid structure. Particularly, the resistance to
centrifugal and tangential forces of the portions, which join the pole
segments (6) and the hub (5) and which are weak in terms of mechanical
resistance, is improved and the rotor (1) is prevented from disintegrating at
high speeds. The noise level of the motor (12) is decreased and
overheating is prevented.

In the rotor (1) of the present invention, the mechanical structure is
strengthened by increasing resistance to centrifugal forces. The magnets
(8) that are longer than the length of the core (2) generate the “overhang”
effect known in the technique and thus the amount of the flux acting on the
air gap (14) from the magnets (8) is increased and the motor (12)

performance is improved.
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Claims

1.

A rotor (1) forming the rotating part of an electric motor (12) inside the stator
(13) and having an air gap (14) between the inner surface of the stator (13)
and itself, comprising a cylindrical ferromagnetic core (2), a shaft (3) forming
the rotational axis thereof, a hub (5) disposed at the center of the core (2) and
having a shaft hole (4) that bears the shaft (3), more than one pole segment
(6) disposed all around the hub (5), more than one magnet slot (7) disposed
between the pole segments (6), more than one magnet (8) placed in the
magnet slots (7) and extending outwards in the radial direction, and two end
rings (9) produced from non-magnetic material and fixed on the front and rear
planar surfaces of the core (2) by the injection molding method, characterized
in that the magnets (8), of which the length in the axial direction is longer than
the length of the magnet slots (7) and of which the portions extending outwards
from the front and rear planar surfaces of the core (2) are embedded into the
end rings (9).

A rotor (1) as in Claim 1, characterized in that the magnet slots (7) narrowing
from the hub (5) outwards in the radial direction and the magnets (8) with
trapezoid cross-sections, placed in the magnet slots (7).

A rotor (1) as in Claim 1 or 2, characterized in that more than one hole (10)
with rounded edges that longitudinally hollows each pole segment (6) by
passing through the pole segment (6) in the axial direction and of which the
cross-sectional length in the radial direction is more than its width and in that
more than one bar (11) formed by injecting non-magnetic material into the
holes (10), extending between the end rings (9) in the axial direction along the
core (2) and forming a cage around the hub (5).

A rotor (1) as in Claim 3, characterized in that the holes (10) and the bars (11),
the cross-sections of which are oblong with rounded short edges.

A rotor (1) as in Claim 3, characterized in that the holes (10) and the bars (11),

the cross-sections of which are elliptic.
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Figure 4
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Figure 6

Figure 7
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