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Description

Title of Invention: ROTOR AND MOTOR HAVING THE ROTOR
Technical Field

[0001]  The present invention relates to the field of motor technologies, and in particular, to a
rotor and a motor having the rotor.
Background Art

[0002]  In conventional motor technologies, in order to meet the requirement of higher
output efficiency (for example, a level equal to or greater than IE4), a synchronous
permanent magnet motor or a synchronous reluctance motor is commonly used.

[0003]  However, the synchronous permanent magnet motor needs to be made of an
expensive permanent magnet material, and the synchronous reluctance motor has an
efficiency bottleneck. Therefore, in recent years, a permanent-magnet auxiliary syn-
chronous reluctance motor has been proposed. In the permanent-magnet auxiliary syn-
chronous reluctance motor, a permanent magnet such as cheap ferrite is placed in a
flux barrier of a rotor of the conventional synchronous reluctance motor, so as to
improve the output efficiency of the motor. In this way, the requirement of output ef-
ficiency equal to or greater than IE4 level can be met at relatively low costs.

[0004]  All of the foregoing types of motors use a closed loop drive controller. However,
line-start motors are mostly used in industrial applications. Therefore, a permanent-
magnet auxiliary self-starting synchronous reluctance motor of a cast aluminum type
becomes a popular research topic.

[0005]  In the following patent document 1, a permanent-magnet auxiliary self-starting syn-
chronous reluctance motor of a cast aluminum type is proposed. In order to realize the
self-starting characteristic of the motor, annular end caps are respectively formed at
two axial ends of the rotor, and the end caps constitute a part of the conductive path of
the induced current.

[0006] It should be noted that, the above introduction of the technical background is only for
the purpose of facilitating a clear and complete description of the technical solutions of
the present invention and facilitating the understanding by those skilled in the art. The
above technical solutions are not considered to be well known to those skilled in the art
simply because these solutions are described in the background section of the present

invention.
Citation List
Patent Literature
[0007] [PTL 1] Chinese Patent Publication Gazette CN108141070A
Summary of Invention



WO 2020/145220 PCT/JP2020/000014

[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

Technical Problem

The inventor found that in the patent document 1, during manufacturing of a motor, it
is required to form the annular end caps at two ends of the rotor, and then insert a
permanent magnet into the flux barrier of the rotor. In the patent document 1, because
the annular end caps are disposed opposite to a part of the flux barrier along an axial
direction, after the end caps are formed at two ends of an end, the end cap impedes in-
stallation of the permanent magnet into the part of the flux barrier. Consequently,
fewer permanent magnets can be installed into the flux barrier of the rotor, resulting in
lower output efficiency of the motor.

In order to resolve the foregoing problem or other similar problems, embodiments of
the present invention provide a rotor and a motor having the rotor, so that the end cap
does not impede installation of the permanent magnet, and more permanent magnets
can be installed into the flux barrier, thereby improving output efficiency of the motor.
Solution to Problem

According to the first aspect of the embodiments of the present invention, a rotor is
provided. The rotor includes a rotor core. The rotor core rotates about a central axis
and is composed of electromagnetic steel plates laminated along an axial direction. The
rotor core includes a plurality of flux barriers penetrating through the electromagnetic
steel plates along the axial direction, and a permanent magnet is accommodated in at
least one of the flux barriers. An end cap assembly covering at least a part of the rotor
core is respectively disposed at two axial ends of the rotor core. The end cap assembly
includes at least two end caps separately disposed along a circumferential direction.

According to the second aspect of the embodiments of the present invention, a motor
is provided, and the motor has the rotor according to the first aspect.

The embodiments of the present invention bring the following beneficial effects: the
end cap assembly is designed to include the at least two end caps separately disposed
along the circumferential direction, so that the end cap does not impede installation of
the permanent magnet, and more permanent magnets can be installed into the flux
barrier, thereby improving the output efficiency of the motor.

The implementations of the present invention are disclosed in detail with reference to
the following description and the accompanying drawings. It should be understood that
the implementations of the present invention are not limited in scope thereby. The im-
plementations of the present invention include many variations, modifications, and
equivalents within the spirit and scope of the appended claims.

Features described and/or illustrated with respect to one embodiment may be used in
one or more other embodiments in the same or similar manner, in combination with, or

in place of, features in other embodiments.



WO 2020/145220 PCT/JP2020/000014

[0015]

[0016]

[0017]

[0018]

It should be emphasized that as used in this specification, the term "comprise/
include/have" specifies the presence of features, assemblies, or components, but does
not exclude the presence or addition of one or more other features, assemblies, or
components.

Brief Description of Drawings

[fig.1]Fig. 1 is a schematic perspective diagram of a rotor according to Embodiment 1
of the present invention.

[fig.2]Fig. 2 is a schematic perspective diagram obtained when the rotor according to
Embodiment 1 of the present invention is viewed along an axial direction.

[fig.3]Fig. 3 is a schematic diagram of an end cap assembly according to Embodiment
1 of the present invention.

[fig.4]Fig. 4 is a schematic diagram of a conductive path formed by the rotor of an im-
plementation according to Embodiment 1 of the present invention.

[fig.5]Fig. 5 is another schematic diagram obtained when the rotor according to Em-
bodiment 1 of the present invention is viewed along the axial direction.

[fig.6]Fig. 6 is a schematic diagram obtained before the end cap assembly is formed on
the rotor according to Embodiment 1 of the present invention.

[fig.7]Fig. 7 is a schematic diagram of a manner in which an end cap is in contact with
a conductive component when the end cap assembly is formed on the rotor according
to Embodiment 1 of the present invention.

[fig.8]Fig. 8 is another schematic perspective diagram of the rotor according to Em-

bodiment 1 of the present invention.

Description of Embodiments

The foregoing and other features of the present invention will become apparent from
the following specification with reference to the accompanying drawings. Specific im-
plementations of the present invention are disclosed in the specification and the ac-
companying drawings, which illustrate some implementations in which the principles
of the present invention may be adopted. It should be understood that, the present
invention is not limited to the implementations described, and conversely, the present
invention includes all modifications, variations and equivalents that fall within the
scope of the appended claims.

In the embodiments of the present invention, the singular form such as "a", "the", and
the like includes the plural form, and should be broadly understood as "one kind" or
"one category" rather than limited to "one". In addition, the term "the" should be un-
derstood to include both the singular form and the plural form, unless the context
clearly indicates otherwise. In addition, the term "according to" should be understood

to mean "at least in part according to", and the term "based on" should be understood
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to mean "at least in part based on", unless the context clearly indictates otherwise.

In the following description of the present invention, for convenience of description,
a center line around which a rotor core of a motor rotates is referred to as a "central
axis", a direction that is the same as or parallel to a direction in which the central axis
extends is referred to as an "axial direction", a radial direction that is centered on the
central axis is referred to as a "radial direction", and a direction around the central axis
is referred to as a "circumferential direction".

The following describes the embodiments of the present invention with reference to
the accompanying drawings.

Embodiment 1

Embodiment 1 provides a rotor. The rotor is applied to a motor, such as a permanent-
magnet auxiliary self-starting synchronous reluctance motor.

FIG. 1 is a schematic perspective diagram of the rotor according to the present em-
bodiment. FIG. 2 is a schematic diagram obtained when the rotor according to the
present embodiment is viewed along the axial direction. FIG. 3 is a schematic diagram
of an end cap assembly according to the present embodiment.

As shown in FIG. 1 and FIG. 2, the rotor 10 has a rotor core 11, and the rotor core 11
rotates about a central axis O-O’ and is composed of electromagnetic steel plates
laminated along the axial direction. The rotor core 11 includes a plurality of flux
barriers 11s penetrating through the electromagnetic steel plates along the axial
direction, and a permanent magnet 12 is accommodated in at least one of the flux
barriers. An end cap assembly 13 covering at least a part of the rotor core 11 is re-
spectively disposed at two axial ends of the rotor core 11.

In the present embodiment, the end cap assembly 13 includes at least two end caps
separately disposed along the circumferential direction.

FIG. 1 and FIG. 2 show a case in which the end cap assembly 13 includes four end
caps 13-1, 13-2, 13-3, and 13-4, but the present embodiment is not limited thereto. A
quantity of the end caps included in the end cap assembly 13 may be set according to
the actual requirement.

For clarity, a set of flux barriers and a set of permanent magnets that are arranged
along the radial direction are marked with reference numbers 11s and 12 in FIG. 1 and
FIG. 2 merely by way of example. In FIG. 1, four sets of electromagnetic barriers 11s
and four sets of permanent magnets 12 are disposed. Other sets of electromagnetic
barriers and permanent magnets that are unmarked are disposed in a manner same as
that in which the marked electromagnetic barriers and permanent magnets are
disposed.

In the foregoing embodiment, the end cap assembly 13 is designed to include at least

two end caps separately disposed along the circumferential direction, so that each end
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cap can be disposed at a location freely in the circumferential direction, and can be
located away from a location at which the permanent magnet 12 is inserted along the
axial direction. Therefore, the end cap does not impede installation of the permanent
magnet 12, so that more permanent magnets 12 can be installed into the flux barrier
11s, thereby improving output efficiency of the motor in which the rotor 10 is located.

In the present embodiment, the permanent magnet 12 may be exposed from adjacent
end caps (for example, from the end cap 13-1 and the end cap13-2, from the end cap
13-2 and the end cap 13-3, from the end cap 13-3 and the end cap 13-4, or from the
end cap 13-4 and the end cap 13-1). The permanent magnet 12 may be exposed from
adjacent end caps through setting of a distance between the adjacent end caps. In other
words, the distance between adjacent end caps may be set to such a value that the end
cap does not impede insertion of the permanent magnet 12 into the flux barrier 11s.

In the present embodiment, as shown in FIG. 1, the permanent magnet 12 may be ac-
commodated in each of the plurality of flux barriers 11s. Therefore, more permanent
magnets 12 can be installed into the flux barrier 11s of the rotor, thereby improving
output efficiency of the motor. However, the present embodiment is not limited
thereto, and the permanent magnet 12 may be accommodated in only some of the flux
barriers 11s.

In the present embodiment, as shown in FIG. 1, the end caps 13-1, 13-2, 13-3, and
13-4 may be disposed at equal intervals along the circumferential direction. However,
the present embodiment is not limited thereto, and the end caps 13-1, 13-2, 13-3, and
13-4 may also be disposed at different intervals along the circumferential direction, or
some end caps may be disposed at equal intervals while other end caps are disposed at
different intervals along the circumferential direction. A specific disposing manner
may be determined according to the actual requirement.

In the present embodiment, the end caps 13-1, 13-2, 13-3, and 13-4 may be made of
materials that are conductive but not magnetic, such as aluminum or copper.

In the present embodiment, as shown in FIG. 1 and FIG. 2, a conductive component
14 that is conductive but not magnetic may be further accommodated in the plurality of
flux barriers 11s, and the conductive component 14 is connected to adjacent end caps.
Similar to a manner of marking the flux barrier 11s and the permanent magnet 12, a set
of conductive components 14 arranged in the radial direction is marked in FIG. 1 and
FIG. 2 merely by way of example. The conductive component 14 is configured to
generate an induction torque, and the conductive component 14 and the end cap
connected to the conductive component 14 jointly form a conductive path of an
induced current. As a result, the induced current generated during rotation of the rotor
10 can flow through the conductive path, so that the motor in which the rotor 10 is

located can realize a self-starting characteristic.
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In the present embodiment, the conductive component 14 may be formed in the
following manner: a jig (a shape and a size of the jig are corresponding to those of the
permanent magnet 12) is inserted into the flux barrier 11s, a liquid material of the
conductive component 14 is injected into the remaining space of the flux barrier 11s,
and then the liquid material is solidified, thereby forming a solid conductive
component 14 in the flux barrier 11s. Afterwards, the jig may be pulled out of the flux
barrier 11s to form space for inserting a permanent magnet, and the permanent magnet
12 is inserted into the space.

In an implementation, as shown in FIG. 1 and FIG. 2, the conductive component 14
is accommodated in each flux barrier 11s. Therefore, adjacent end caps are connected
through each of a plurality of conductive components 14, thereby forming a plurality
of conductive paths. In this way, the motor can have a high load capacity during self-
starting, so that the motor has a good self-starting characteristic.

FIG. 4 is a schematic diagram of the conductive path formed according to this imple-
mentation. As shown in FIG. 4, adjacent end caps 13-2 and 13-3 are conducted using
each conductive component 14 in each flux barrier 11s, thereby forming a plurality of
conductive paths Pa -> P1 -> Pb, Pa -> P2 -> Pb, and Pa -> P3 -> Pb.

FIG. 5 is another schematic diagram obtained when the rotor according to the present
embodiment is viewed in the axial direction.

In another implementation, as shown in FIG. 5, the conductive component 14 is ac-
commodated only in the radially outermost flux barrier of the plurality of flux barriers
11s, and the conductive component 14 is not accommodated in other flux barriers.
Therefore, the adjacent end caps are conducted using only the radially outermost flux
barrier of the plurality of flux barriers 11s. That is, the adjacent end caps are conducted
using the conductive component 14 in the radially outermost flux barrier of the
plurality of flux barriers 11s, thereby forming a conductive path.

In this implementation, the induced current can still flow through a conductive path,
and therefore, the motor still has a relatively high load capacity during self-starting. In
addition, because the conductive component 14 is accommodated only in the radially
outermost flux barrier, a permanent magnet of a maximum volume can be filled in the
flux barriers other than the radially outermost flux barrier, thereby further improving
output efficiency of the motor. In other words, in this implementation, the motor can
have both a high load self-starting capacity and high output efficiency.

In the present embodiment, the end cap may be in contact with a part of the
conductive component 14, so that the end cap can be conducted to the conductive
component 14, thereby forming a conductive path of the induced current. FIG. 6 is a
schematic diagram obtained before the end cap assembly is formed on the rotor. FIG. 7

is a schematic diagram of a manner in which the end cap is in contact with the
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conductive component 14 when the end cap assembly is formed on the rotor. As shown
in FIG. 6 and FIG. 7, the end caps 13-1, 13-2, 13-3, and 13-4 are in contact with a part
of the conductive component 14 shown using dashed lines.

In the present embodiment, as shown in FIG. 7, each end cap has a plurality of
contact portions 13t in contact with the conductive component 14. Each contact portion
13t is at a location indicated using dashed lines in FIG. 7, and an area of each contact
portion 13t may be determined according to the actual requirement.

During formation of the conductive component 14, the liquid material of the
conductive component 14 needs to be injected into flux barrier space corresponding to
the dashed-line location in FIG. 7. If the flux barrier space is pretty small (that is, the
area of the contact portion is pretty small), it may be difficult to inject the liquid
material into the flux barrier space. Consequently, the end cap cannot be in contact
with the conductive component 14 in a desired manner. In the present embodiment, the
area of each contact portion 13t may be set to be greater than four square millimetres,
so that the liquid material of the conductive component 14 can be reliably injected into
the flux barrier space corresponding to the dashed-line location in FIG. 7, and the end
cap can be in contact with the conductive component 14 in a desired manner, thereby
forming a corresponding conductive path.

FIG. 8 is another schematic perspective diagram of the rotor according to the present
embodiment.

In the present embodiment, as shown in FIG. 8, a hole 15 may be formed on the end
cap. Heat dissipation and/or maintaining of dynamic balance can be realized through
formation of the hole 15. For heat dissipation, the hole 15 may be formed as a through
hole. For maintaining of dynamic balance, the hole 15 may be formed as a through
hole or as a non-through hole. For both heat dissipation and maintaining of dynamic
balance, the hole 15 may be formed as a through hole. A size of the hole and a depth of
the non-through hole may be determined according to the requirement for heat dis-
sipation and/or maintaining of dynamic balance.

In FIG.8, the hole 15 is formed on one end cap (13-2), but the present embodiment is
not limited thereto. The hole 15 may also be formed on a plurality of end caps. In
FIG.8, the hole 15 is formed on a side surface of the end cap, but the present em-
bodiment is not limited thereto. The hole 15 may also be formed on other locations of
the end cap.

In the present embodiment, a shape of the end cap may be designed according to the
actual requirement. For example, as shown in FIG. 1 to FIG. 5 and FIG. 7 to FIG. 8,
the end cap is designed to be roughly arc-shaped when viewed along the axial
direction. The present embodiment is not limited thereto, and the end cap may be

designed to be circular, polygonal, or the like.
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According to the rotor in the present embodiment, the end cap assembly is designed
to include at least two end caps separately disposed along the circumferential direction,
so that the end cap does not impede installation of the permanent magnet, and more
permanent magnets can be installed into the flux barrier, thereby improving output ef-
ficiency of the motor.

Embodiment 2

Embodiment 2 provides a motor having a stator and a rotor. The rotor may be as
described in Embodiment 1, and the descriptions thereof are omitted herein. The motor
may also include other components. For details, please refer to the conventional art.

The motor in the present embodiment may be a permanent-magnet auxiliary self-
starting synchronous reluctance motor.

According to the motor in the present embodiment, the end cap does not impede in-
stallation of the permanent magnet, and more permanent magnets can be installed into
the flux barrier, thereby improving output efficiency of the motor.

The embodiments of the present invention are described in detail with reference to
the accompanying drawings, which illustrate the manner in which the principles of the
present invention may be adopted. It should be understood that the implementation of
the present invention is not limited to manners of the above embodiments, and further
includes all variations, modifications, and equivalents within the scope of the present

invention.
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[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

PCT/JP2020/000014

Claims
A rotor, comprising:
a rotor core rotating about a central axis and being composed of a
plurality of electromagnetic steel plates laminated along an axial
direction, the rotor core comprising a plurality of flux barriers pen-
etrating through the electromagnetic steel plates along the axial
direction, and a permanent magnet being accommodated in at least one
of the flux barriers; and
an end cap assembly covering at least a part of the rotor core and being
respectively disposed at two axial ends of the rotor core, wherein
the end cap assembly comprises at least two end caps separately
disposed along a circumferential direction.
The rotor according to claim 1, wherein
the at least two end caps are disposed at equal intervals along the cir-
cumferential direction.
The rotor according to claim 1, wherein
the permanent magnet is exposed from adjacent end caps.
The rotor according to claim 1, wherein
the permanent magnet is accommodated in each of the flux barriers.
The rotor according to claim 1, wherein
the end cap is made of a material that is conductive and not magnetic.
The rotor according to claim 1, wherein
a conductive component that is conductive and not magnetic is further
accommodated in the plurality of flux barriers, the conductive
component being connected to the adjacent end caps.
The rotor according to claim 6, wherein
the conductive component is accommodated in each of the flux
barriers.
The rotor according to claim 6, wherein
the conductive component is accommodated in a radially outermost
flux barrier of the plurality of flux barriers.
The rotor according to any one of claims 6 to 8, wherein
each of the end caps comprises a plurality of contact portions in contact
with the conductive component, an area of each of the contact portions
being greater than 4 square millimetres.
The rotor according to claim 1, wherein

a hole is formed on the end cap.
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[Claim 11] The rotor according to claim 1, wherein
the end cap is arc-shaped when viewed along the axial direction.
[Claim 12] A motor, comprising a stator and the rotor according to any one of

claims 1 to 11.
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