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(57) ABSTRACT 
A rotor having an improved structure capable of achieving 
enhanced durability is disposed in a motor, the rotor including 
a sleeve having a shaft hole, through which a motor shaft 
extends, rotor cores spaced apart from one another in a cir 
cumferential direction of the rotor, and permanent magnets 
each disposed between adjacent ones of the rotor cores Such 
that the permanent magnets are arranged in a radial manner 
about the sleeve. First and second cover plates may be dis 
posed at opposite sides of the permanent magnets in an axial 
direction. Each of the first and second cover plates may 
include a shaft receiving hole to receive the motor shaft. The 
rotor may include a plurality of support members each having 
a magnet Support portion arranged to Support an outer end of 
a corresponding one of the permanent magnets in a radial 
direction of the rotor. 

17 Claims, 12 Drawing Sheets 
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MOTOR AND ROTOR THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority benefit of Korean 
Patent Application No. 10-2012-0006425, filed on Jan. 19, 
2012, in the Korean Intellectual Property Office, the disclo 
sure of which is incorporated herein by reference. 

10 

BACKGROUND 

1. Field 
Embodiments disclosed herein relate to a motor having an 

improved structure capable of achieving an enhanced dura- 15 
bility. 

2. Description of the Related Art 
A motor is a machine which may obtain rotating force 

through electrical energy. In general, a motor includes a stator 
and a rotor. The rotor is configured to co-operate with the 20 
stator in an electromagnetic manner. The rotor is rotated by a 
force exerted between a magnetic field and current flowing 
through a coil. 

Permanent magnet motors, which use permanent magnets 
to generate an electric field, may be classified into a Surface 25 
mounted permanent magnet motor, an interior type perma 
nent magnet motor, and a spoke type permanent magnet 
motor. 
The spoke type permanent magnet motor may generate 

high power with high torque in that it exhibits high magnetic 30 
flux concentration. The spoke type permanent magnet motor 
may also be advantageous in that it may be miniaturized, as 
compared to other types of motors, for the same output power. 
The spoke type permanent magnet motor may be applied to 
drive motors for washing machines or electric vehicles, which 35 
require high power with high torque. 

Generally, the rotor of the spoke type permanent magnet 
motor includes permanent magnets arranged about a rotating 
shaft in a radial manner, and a body to support the permanent 
magnets while defining passages for magnetic flux. The body 40 
may include cores each arranged between adjacent ones of 
the permanent magnets, and cylindrical Supports each 
arranged between the rotating shaft and a corresponding one 
of the permanent magnets while being connected to a corre 
sponding one of the cores. 45 

In Such a spoke type permanent magnet motor, the cores of 
the rotor may be deformed or damaged due to centrifugal 
force generated during high-speed rotation of the rotor 
because the body of the rotor is weak in terms of structure. 

Furthermore, in the spoke type permanent magnet motor, 50 
magnetic flux may partially leak toward the rotating shaft 
through the cylindrical supports of the rotor body. When 
leakage of magnetic flux increases, the use rate of the perma 
nent magnets may be increased, as compared to other types of 
motors, for the same motor power. In this case, accordingly, 55 
there may be disadvantages in terms of material costs and 
motor miniaturization 

SUMMARY 
60 

Therefore, it is an aspect of the present invention to provide 
a rotor having an improved structure capable of achieving an 
enhanced durability, and a motor including the same. 

It is another aspect of the present invention to provide a 
rotor having an improved structure capable of achieving a 65 
reduction in magnetic flux leakage, and a motor including the 
SaC. 

2 
Additional aspects of the invention will be set forth in part 

in the description which follows and, in part, will be obvious 
from the description, or may be learned by practice of the 
invention. 

In accordance with an aspect of the present invention, a 
motor includes a stator and a rotor to co-operate with the 
stator in an electromagnetic manner Such that the rotor 
rotates, and a motor shaft coupled to the rotor, to rotate along 
with the rotor. The stator may include stator cores and coils 
wound around the stator cores, and the rotor may include a 
sleeve having a shaft hole, through which the motor shaft 
extends, a plurality of rotor cores arranged to be spaced apart 
from one another in a circumferential direction of the rotor, a 
plurality of permanent magnets each disposed between adja 
cent ones of the rotor cores Such that the permanent magnets 
are arranged in a radial manner about the sleeve, first and 
second cover plates disposed at opposite sides of the perma 
nent magnets in an axial direction, each of the first and second 
cover plates including a shaft receiving hole to receive the 
motor shaft, and a plurality of support members coupled to at 
least one of the first and second cover plates, each of the 
Support members including a magnet Support portion 
arranged to supportan outer end of a corresponding one of the 
permanent magnets in a radial direction of the rotor. 
The first cover plate may further include coupling holes 

arranged in the circumferential direction of the rotor. Each of 
the Support members may further include a coupling protru 
sion which protrudes from the magnet Support portion in the 
axial direction to fit in a corresponding one of the coupling 
holes. 
The coupling protrusion may have at least a portion extend 

ing outwardly of the first cover plate after passing through the 
corresponding coupling hole. 
The coupling protrusion may have a head Supported by an 

outer Surface of the first cover plate around the corresponding 
coupling hole. 

Each of the support members may further include a con 
nection Support portion connected to the coupling protrusion 
after inwardly extending from the magnet Support portion in 
the radial direction of the rotor, to support an axial end of the 
corresponding permanent magnet. 
The first cover plate may further include plate grooves each 

formed at an inner surface of the first cover plate facing the 
permanent magnets, to receive the connection Support portion 
of a corresponding one of the Support members. 

Each of the support members may further include a first 
coupler provided at one end of the support member, to be 
coupled to the first cover plate; and a second coupler provided 
at the other end of the support member, to be coupled to the 
second cover plate. 
The outer end of each of the permanent magnets may be 

disposed more inwardly in a radial direction of the rotor than 
outer Surfaces of the corresponding rotor cores disposed adja 
cent to each other in the circumferential direction of the rotor 
at opposite sides of the permanent magnet. The rotor may 
further include a Support member receiving portion defined 
by the adjacent rotor cores and the outer end of the permanent 
magnet disposed between the adjacent rotor cores. The mag 
net Support portion of the Support member corresponding to 
the permanent magnet may be received or disposed in the 
magnet member receiving portion. 
The rotor cores may include first and second rotor cores 

arranged adjacent to each other in the circumferential direc 
tion of the rotor. The adjacent first and second rotor cores may 
include outer Support protrusions extending to support the 
outer end of the permanent magnet disposed between the 
adjacent first and second rotor cores, respectively. The mag 
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net Support portion of the Support member corresponding to 
the permanent magnet may be disposed between the outer 
Support protrusion of the first rotor core and the outer Support 
protrusion of the second rotorcore. The first and second cover 
plates may be forcibly fitted around the motor shaft, to be 
fixed. 

Each of the support members may further include a non 
magnetic body. 

Each of the rotor cores may include a side Surface facing 
the corresponding permanent magnet in the circumferential 
direction of the rotor. The side surface of at least one of the 
rotor cores may include at least one side protrusion extending 
toward a side Surface of the corresponding permanent mag 
net. 

Each of the rotor cores may further include an aperture 
formed adjacent to the side protrusion of the rotor core, to 
assist deformation of the side protrusion. 
The at least one side protrusion may include a plurality of 

side protrusions arranged in a radial direction of the rotor. 
The rotor cores may include first and second rotor cores 

arranged adjacent to each other in the circumferential direc 
tion of the rotor. The first rotor core may include a first side 
protrusion extending to press a first side Surface of the per 
manent magnet disposed between the adjacent first and sec 
ond rotor cores. The second rotor core may include a second 
side protrusion extending to press a second side Surface of the 
permanent magnet disposed between the adjacent first and 
second rotor cores. The first and second side protrusions may 
be arranged to correspond to each other in the circumferential 
direction of the rotor. 
The rotor body may have a longer axial length than the 

permanent magnets. The side protrusion may extend axially 
outwardly of the permanent magnet, to Supportan axial end of 
the permanent magnet. 

In accordance with another aspect of the present invention, 
a rotor of a motor may be disposed within a stator of the 
motor. The rotor may include a sleeve formed with a shaft 
hole to be coupled with a motor shaft, a plurality of rotorcores 
arranged to be spaced apart from one another in a circumfer 
ential direction of the rotor, to define a plurality of rotor slots, 
a plurality of bridges arranged to connect the rotor cores to the 
sleeve, respectively, a plurality of permanent magnets respec 
tively inserted into the rotor slots such that each of the per 
manent magnets has an inner end spaced apart from the 
sleeve, a plurality of inner Support protrusions extending from 
the sleeve toward the rotor slots, to support the inner ends of 
the permanent magnets, respectively, a plurality of side pro 
trusions extending from the rotor cores toward the rotor slots, 
to press side Surfaces of the permanent magnets, respectively, 
and a plurality of Supportunits each having at least a portion 
disposed outside a corresponding one of the permanent mag 
nets in a radial direction of the rotor, to support at least a 
portion of an outer end of the corresponding permanent mag 
net. 

The rotor may further include first and second cover plates 
disposed at opposite sides of the permanent magnets in an 
axial direction, each of the first and second cover plates 
including a shaft receiving hole to receive the motor shaft. 
Each of the Support units may include a magnet Support 
portion disposed to Support an outer portion of the corre 
sponding permanent magnet in the radial direction of the 
rotor, a first coupler coupled to the first cover plate, and a 
second coupler coupled to the second cover plate. 

Each of the Support units may include an outer Support 
protrusion extending from a corresponding one of the rotor 
cores toward a corresponding one of the rotor slots, to Support 
an outer end of the corresponding permanent magnet. 
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4 
The rotor cores may include first and second rotor cores 

arranged adjacent to each other in the circumferential direc 
tion of the rotor. The plurality of side protrusions may include 
a first side protrusion extending to press a first side Surface of 
the permanent magnet disposed between the adjacent first and 
second rotor cores, and a second side protrusion extending to 
press a second side surface of the permanent magnet. 

Each of the rotor cores may further include an aperture 
formed adjacent to the side protrusion of the rotor core, to 
assist deformation of the side protrusion. 

In accordance with another aspect of the present invention, 
a motor may include a stator and a rotor, the rotor including a 
sleeve having an annular structure which is formed with a 
shaft hole in which a motor shaft is fitted, a plurality of rotor 
cores and magnets alternately arranged circumferentially 
about the sleeve, a plurality of bridges arranged circumferen 
tially about the sleeve to connect the plurality of rotor cores to 
the sleeve, a plurality of inner Support protrusions extending 
outwardly in a radial direction from the sleeve to form a space 
between each of the plurality of magnets and the sleeve, and 
a plurality of Support units arranged in a circumferential 
direction of the rotor to Support the plurality of magnets in an 
axial direction and a radial direction of the rotor. 

Each bridge among the plurality of bridges may corre 
spond to a respective rotor core and each inner Support pro 
trusion among the plurality of inner Support protrusions may 
correspond to a respective magnet. For example, each bridge 
among the plurality of bridges may be centrally disposed 
between adjacent inner Support protrusions among the plu 
rality of inner Support protrusions, and each inner Support 
protrusion among the plurality of inner support protrusions 
may be disposed at a central portion of the corresponding 
magnet. 

Each of the plurality of inner Support protrusions may 
include a connecting portion connected to the sleeve and a 
contact portion formed with a round Surface to contact the 
corresponding magnet, whereina width of the contact portion 
may be less than a width of the connecting portion. 

Each Supportunit among the plurality of supportunits may 
Support a corresponding magnet in the axial direction using a 
coupling member disposed on at least one end of the Support 
unit which couples the Supportunit together with at least one 
cover plate among a first cover plate and a second cover plate 
disposed at first and second ends of the rotor in the axial 
direction. Further, each Support unit among the plurality of 
Support units may support a corresponding magnet in the 
radial direction using a magnet Support portion disposed to 
Supportan outer end of the corresponding magnet in the radial 
direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects of the invention will become 
apparent and more readily appreciated from the following 
description of the embodiments, taken in conjunction with the 
accompanying drawings of which: 

FIG. 1 is a sectional view illustrating a configuration of a 
motor according to an exemplary embodiment of the present 
invention; 

FIG. 2 is a perspective view illustrating a stator included in 
the illustrated embodiment of the present invention; 

FIG.3 is a perspective view illustrating a rotor according to 
the illustrated embodiment of the present invention; 

FIG. 4 is an exploded perspective view illustrating the rotor 
according to the illustrated embodiment of the present inven 
tion; 
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FIG. 5 is an enlarged cross-sectional view taken along the 
line I-I of FIG. 3; 

FIG. 6 is a cross-sectional view taken along the line II-II of 
FIG.3: 

FIG. 7 is a view illustrating an example in which a coupling 
protrusion in the rotor of FIG.3 has a head; 

FIG. 8 is a view illustrating a rotor body included in a rotor 
according to another embodiment of the present invention; 

FIG.9 is an enlarged view illustrating a portion of the rotor 
according to the embodiment of the present invention shown 
in FIG. 8: 

FIG. 10 is an enlarged view illustrating different examples 
of side protrusions in the rotor according to the embodiment 
of the present invention shown in FIG. 8: 

FIG. 11 is a sectioned perspective view illustrating a rotor 
according to another embodiment of the present invention; 
and 

FIG. 12 is a view illustrating a washing machine, to which 
the motor according to the illustrated embodiment of the 
present invention may be applied. 

DETAILED DESCRIPTION 

Hereinafter, embodiments of the present invention will be 
described with reference to the accompanying drawings. In 
the following description, “axial direction X' refers to a 
direction parallel to a motor shaft, for example, as shown in 
FIG. 1. “Circumferential direction C refers to a direction 
extending along the circumference of a circle, and “radial 
direction R’ refers to a direction extending along the radius of 
the circle. 

Referring to FIG. 1, a motor 100 is illustrated. The motor 
100 includes a motor housing 110 to form an outer appear 
ance of the motor 100. The motor housing 110 may include a 
first housing 112 and a second housing 114, which are sepa 
rated from each other in an axial direction of the motor 100. 
The first housing 112 and second housing 114 may be fas 
tened to a stator 200. 

The stator 200 is disposed within the motor housing 110, 
along with a rotor 300. The stator 200 may be fixed to the 
motor housing 110. The rotor 300 is configured to co-operate 
with the stator 200 in an electromagnetic manner such that the 
rotor 300 rotates. The rotor 300 may be disposed within the 
Stator 200. 
A motor shaft 120 is inserted into the rotor 300 such that it 

rotates along with the rotor 300. The motor shaft 120 is 
rotatably supported, at one side thereof, by the first housing 
112 via a bearing 122. The motor shaft 120 is rotatably 
Supported, at the other side thereof, by the second housing 
114 via a bearing 124. One end of the motor shaft 120 pro 
trudes outwardly of the motor housing 110 through an open 
ing 113 formed at the first housing 112. 
As shown in FIGS. 1 and 2, the stator 200 may include a 

stator body 210, a first insulator 220, a second insulator 222, 
and coils 240. The coils 240 are not shown in FIG. 2. 
A space is formed at a central portion of the stator body 

210, to receive the rotor 300. Stator cores 214 are arranged 
around a rotor receiving portion 212 in a circumferential 
direction (e.g., direction C in FIG. 5) of the rotor 300. The 
stator cores 214 extend in a radial direction from the rotor 
receiving portion 212. The stator body 210 may beformed by 
stacking pressed iron plates. 
As the stator cores 214 are spaced apart from one another in 

the circumferential direction, stator slots 216 are formed such 
that each stator slot 216 is arranged between the adjacent 
stator cores 214. The coils 240 are wound around the stator 
cores 214, respectively, such that they are received in the 
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6 
stator slots 216. Each stator core 214 is formed with an 
extension core portion 215 at an inner end thereof adjacent to 
the rotor 300. The extension core portion 215 has an increased 
width. The stator core 214 formed together with the extension 
core portion 215 is substantially t-shaped. A clearance is 
defined between an inner Surface of each extension core por 
tion 215 and an outer surface of the rotor 300, for rotation of 
the rotor 300. 
The first insulator 220 and second insulator 222 are made 

ofa material having an electrical insulation property. The first 
insulator 220 and second insulator 222 are arranged at oppo 
site sides of the stator body 210 in the axial direction. The first 
insulator 220 and second insulator 222 are coupled to oppo 
site sides of the stator body 210, respectively, to cover the 
stator core 214. Each of the first insulator 220 and second 
insulator 222 is formed with coupling protrusions 221 
extending toward the stator body 210. The coupling protru 
sions 221 are fitted into coupling holes 217 formed at the 
stator body 210. 

Each of the first insulator 220 and second insulator 222 
includes an annular rim 224, coil Supports 225 arranged to 
correspond to respective stator cores 214, and coil guides 226 
respectively protruded from radial inner and outer ends of 
each coil support 225. The coil guides 226 in both the first 
insulator 220 and second insulation 222 protrude in a direc 
tion away from the stator body 210. The coil supports 225 are 
spaced apart from one another in the circumferential direction 
Such that a space corresponding to each stator slot 216 is 
defined between the adjacent coil supports 225. 
The coils 240 are wound around the stator core 214 and the 

coil supports 225 of the first and second insulators 220 and 
222 in a state in which the first and second insulators 220 and 
222 are coupled to the stator body 210. 

Fastening holes 218 may be formed to axially extend 
through the stator body 210. Fastening members (not shown) 
Such as pins or rivets may be fastened to the fastening holes 
218 in order to couple plates constituting the stator body 210. 
Through holes (not shown) are formed through the first and 

second housings 112 and 114, to correspond to the fastening 
holes 218 of the stator body 210. Thus, the first housing 112, 
second housing 114, and stator 200 may be fastened by the 
single fastening members. 
As shown in FIGS. 3 to 6, the rotor 300 includes a rotor 

body 310 arranged in the rotor receiving portion 212 (FIG. 2) 
of the stator body 210, and permanent magnets 320 inserted 
into the rotor body 310. The rotor body 310 may beformed by 
stacking plate members, which are prepared by pressing a 
silicon steel plate. 

In order to reinforce the structural rigidity of the rotor 300, 
a first cover plate 390a and a second cover plate 390b may be 
disposed at opposite sides of the rotor body 310 in the axial 
direction (direction X), respectively. A shaft hole 392 may be 
centrally formed through the first and second cover plates 
390a and 390b, to receive the motor shaft 120. 
The first and second cover plates 390a and 390b are 

arranged to cover outsides of the permanent magnets 320 in 
the axial direction. For example, as shown in FIG. 4, a per 
manent magnet 320 inserted into a rotor slot 350 may be 
covered at a first end side surface by the first cover plate 390a 
and be covered at a second end side Surface by the second 
cover plate 390b. An exposed top surface (outward radial 
direction) of the permanent magnet may be covered by a 
support member 420, which will be explained in more detail 
later. Thus, the first and second cover plates 390a and 390b 
prevent the permanent magnets 320 from being separated 
from the rotor 300 in the axial direction. The first and second 
cover plates 390a and 390b may also be used as a structure to 
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balance the rotor 300 when the rotor 300 is in an unbalanced 
state. The first and second cover plates 390a and 390b may be 
made of a non-magnetic material, for example, copper or 
stainless steel. 
As shown in FIGS. 4 and 5, the permanent magnets 320 are 

arranged in the circumferential direction of the rotor 300 such 
that they are disposed around the motor shaft 120 in a radial 
manner. FIG. 4 illustrates an example in which eight perma 
nent magnets are arranged. However, the number of perma 
nent magnets may be varied. The permanent magnets may be 
ferrite magnets or magnets containing a rare earth material 
Such as neodymium or Samarium. 

Each permanent magnet 320 has an inner end 321 disposed 
adjacent to the motor shaft 120 in the radial direction of the 
rotor 300. Each permanent magnet 320 also has an outer end 
322 disposed adjacent to the stator 200. The inner end 321 and 
outer end 322 of each permanent magnet 320 have shorter 
sides extending in the circumferential direction of the rotor 
300, and longer sides extending in the radial direction of the 
rotor 300. In each permanent magnet 320, the shorter sides are 
connected to the longer sides. The longer sides have a longer 
length than the shorter sides. For example, each permanent 
magnet may be formed in the shape of a cuboid, in which a 
first length of the cuboid in the axial directionX is longer than 
a second length of the cuboid in the radial direction R, and the 
second length is longer thana third length of the cuboid in the 
circumferential direction C. Alternatively, two or more 
lengths of the cuboid may be equal to one another. 

Each permanent magnet 320 has N and Spoles (N and S 
referring to polarities of the permanent magnet 320) arranged 
in the circumferential direction of the rotor 300. Adjacent 
ones of the permanent magnets 320, namely, a first permanent 
magnet 320a and a second permanent magnet 320b, are 
arranged Such that the same poles thereof face each other. In 
accordance with a magnetic circuit established by the above 
described magnet arrangement, it may be possible to concen 
trate magnetic flux generated from the permanent magnets, 
and thus achieves an enhancement in performance while 
reducing motor size. 

The rotor body 310 includes a sleeve 330 formed with a 
shaft hole332, in which the motor shaft 120 is fitted, and rotor 
cores 340 connected to the sleeve 330. 
The sleeve 330 has an annular structure. The sleeve 330 has 

an inner circumference 334 contacting the motor shaft 120 
fitted in the shaft hole 332, and an outer circumference 336 
facing the permanent magnets 320 inserted into the rotor body 
31 O. 
The thickness t of the sleeve 330 between the inner and 

outer circumferences 334 and 336 may range between about 
1.0 mm and about 3.0 mm. When the thickness t is greater 
than 3.0 mm, leakage of magnetic flux from the rotor cores 
340 to the sleeve 330 increases, thereby degrading the per 
formance of the motor. On the other hand, when the thickness 
t is smaller than 1.0 mm, there may be a structural problem in 
that the sleeve 330 may be deformed when the motor shaft 
120 is forcibly fitted into the shaft hole 332. 
The rotor cores 340 support the permanent magnets 320 

while establishing magnetic paths for magnetic flux gener 
ated from the permanent magnets 320. The rotorcores 340 are 
arranged in the circumferential direction of the rotor 300 
while being spaced apart from one another, to form rotor slots 
350 to receive the permanent magnets 320. 
The rotor cores 340 may be connected to the sleeve 330 via 

bridges 360, respectively. The bridges 360 are arranged in the 
circumferential direction of the rotor 300 while correspond 
ing to respective rotor cores 340. Each bridge 360 outwardly 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
extends from the outer circumference336 of the sleeve 330 in 
the radial direction, to be connected to the inner end of the 
corresponding rotor core 340. 

Each bridge 360 may have a width W1 of about 1.0 mm or 
less. The width W1 of each bridge 360 may influence the 
amount of magnetic flux leaking toward the sleeve 330 
through the bridge 360. When the width W1 of each bridge 
360 is reduced, an increase in magnetic resistance may occur, 
thereby reducing leakage of magnetic flux in accordance with 
an increase in magnetic resistance. 

However, when the width W1 of each bridge 360, which is 
a structure to connect the corresponding rotor core 340 to the 
sleeve 330, is excessively reduced, the bridge 360 may be 
damaged or the rotor body 310 may be deformed during 
high-speed rotation of the rotor 300. Therefore, the width W1 
of each bridge 360 may be about 0.4 mm or more in order to 
secure a desired structural strength. 
The permanent magnets 320 are received in respective 

rotor slots 350, each of which is defined between the adjacent 
two rotor cores 340. Since each permanent magnet 320 is 
arranged to be spaced apart from the sleeve 330, an inner 
space 370 (FIG. 5) is formed between the permanent magnet 
320 and the sleeve 330. By virtue of the inner space 370, it 
may be possible to effectively suppress leakage of magnetic 
flux from the permanent magnet 320 toward the motor shaft 
120 via the sleeve 330. 
The rotor body 310 includes inner support protrusions 380 

to support the inner ends 321 of the permanent magnets 320, 
respectively, in order to space the permanent magnets 320 
from the sleeve 330. The inner support protrusions 380 are 
arranged to correspond to respective permanent magnets 320. 
The inner support protrusions 380 extend outwardly from the 
outer circumference 336 of the sleeve 330 in the radial direc 
tion toward the inner ends 321 of the permanent magnets 320. 
The sleeve 330, rotor cores 340, bridges 360, and inner Sup 
port protrusions 380 may be integrally formed using the same 
material, to constitute the rotor body 310. 

Each inner support protrusion 380 is arranged between the 
bridges 360 disposed adjacent to each other in the circumfer 
ential direction of the rotor 300. In this case, each inner 
support protrusion 380 may be spaced apart from the adjacent 
bridges 360. The inner support protrusions 380 may be 
formed to be separate from the bridges 360. 
When the structure to Support the permanent magnets is 

integrated with the bridges, the width of the bridges increases, 
thereby causing an increase in leakage of magnetic flux 
toward the motor shaft. However, when the inner support 
protrusions 380 are formed separately from the bridges 360, 
to be separate from the bridges 360, as shown in FIG.5, it may 
be possible to reduce the width of the bridges 360, to thereby 
reduce leakage of magnetic flux. 
When each inner support protrusion 380 is disposed near 

the corresponding bridges 360, leakage of magnetic flux 
toward the sleeve 330 via the inner support protrusion 380 is 
increased, even though the inner support protrusion 380 is 
separate from the bridges 360. To this end, each inner support 
protrusion 380 may be centrally disposed in the correspond 
ing inner space 370 in the circumferential direction of the 
rotor 300 such that the inner support protrusion 380 is spaced 
apart from the two bridges 360 disposed adjacent thereto as 
far as possible. Also, each bridge 360 may be centrally dis 
posed between the adjacent two inner Support protrusions 
380. 

Each inner support protrusion 380 may be arranged to 
support a central portion of the inner end 321 of the corre 
sponding permanent magnet 320. Then, it may be possible to 
stably support the permanent magnet 320 in the case in which 
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the inner end of the permanent magnet 320 is supported by 
one Support protrusion. The central portion of the inner end 
321 of the permanent magnet 320 corresponds to a region 
where the N and Spoles of the permanent magnet 320 meet. 
When the inner support protrusion 380 supports the above 
described region, it may be possible to reduce leakage of 
magnetic flux through the inner support protrusion 380. 

Each inner Support protrusion 380 includes a connecting 
portion 382 connected to the sleeve 330, and a contact portion 
384 contacting the corresponding permanent magnet 320. 

In each inner support protrusion 380, the width of the 
connecting portion 382 may be greater than the width of the 
contact portion 384. The connecting portion 382 of each inner 
support protrusion 380 should have a width greater than a 
minimum width capable of providing a desired structural 
strength to the inner support protrusion 380. Although the 
contact portion 384 of each inner support protrusion 380 may 
have a further increased width in terms of stable support for 
the corresponding permanent magnet 320, adverse affects 
may be exhibited due to the increased width during magne 
tization of the permanent magnet 320. 

Each permanent magnet 320 is magnetized after being 
inserted into the corresponding rotor slot 350 in a non-mag 
netized state. In this case, when the width of the contact 
portion contacting the corresponding permanent magnet 320 
is excessively great, the magnetic field to magnetize the per 
manent magnet 320 may leak through the inner Support pro 
trusion 380. As a result, unstable magnetization of the per 
manent magnet 320 may be exhibited in the vicinity of the 
contact portion 384. 

To this end, the width of the contact portion 384 of each 
inner support protrusion 380 may be minimized to the extent 
that the permanent magnet 320 is stably maintained. The 
contact portion 384 of each inner support protrusion 380 may 
beformed with a round surface in order to reduce the contact 
area of the contact portion 384 contacting the corresponding 
permanent magnet 320. Alternatively, the contact portion 384 
may be formed in another shape, for example, a rectangular 
shape. 
As shown in FIGS. 3 to 6, the rotor 300 includes support 

units 400 to Support the outer ends of the permanent magnets 
320, respectively. At least a portion of each support unit 400 
is disposed outside the corresponding permanent magnet 320 
in the radial direction of the rotor 300. Each supportunit 400 
Supports the outer end 322 of the corresponding permanent 
magnet 320, to prevent the permanent magnet 320 from being 
separated from the rotor body 310 due to centrifugal force 
during rotation of the rotor 300. 

Each supportunit 400 may include a support member 420 
coupled to at least one of the first and second cover plates 
390a and 390b. The support member 420 may be made of a 
non-magnetic material, for example, stainless steel or a plas 
tic material. FIG. 6 illustrates an example in which the Sup 
port member 420 is coupled to both the first and second cover 
plates 390a and 390b. However, the support member 420 may 
be supported by only one of the first and second cover plates 
390a and 390b. 
The Support member 420 has a magnet Support portion 422 

disposed to support the outer end 322 of the permanent mag 
net 320 in the radial direction of the rotor 300. 
The outer end 322 of each permanent magnet 320 may be 

disposed more inwardly in the radial direction of the rotor 300 
than the outer peripheral Surfaces of the corresponding rotor 
cores 340. For example, as shown in FIG. 5, the permanent 
magnets 322 do not extend as far outwardly in the radial 
direction compared to the rotor cores 340. A support member 
receiving space 352 is defined by the two rotor cores adjacent 
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10 
to each other in the circumferential direction of the rotor 300, 
for example, first and second rotor cores 34.0a and 340b, and 
the outer end 322 of the permanent magnet 320 disposed 
between the first and second rotor cores 34.0a and 340b. The 
magnet Support portion 422 may be disposed within the Sup 
port member receiving space 352. Such that an inner Surface 
(in the radial direction) of the magnet Support portion 422 is 
adjacent to the permanent magnet 320, and an outer Surface 
(in the radial direction) of the magnet Support portion 422 
extends so that the outer Surface lies Substantially flush along 
the circumferential direction of the rotor 300 with the outer 
surfaces of the adjacent rotor cores. The inner surface of the 
magnet Support portion 422 may form an outer Surface of the 
rotor body 310, along with the outer peripheral surfaces of the 
rotor cores 340. 
The support member 420 may include a first coupler 424 

provided at one end of the support member 420, to be coupled 
to the first cover plate 390a. 
The first coupler 424 may be constituted by a coupling 

protrusion 426 protruded from the magnet Support portion 
422 toward the first cover plate 390a. The first cover plate 
390a may be provided with coupling holes 394 arranged in 
the circumferential direction of the rotor 300, to correspond to 
respective Support members 420. The coupling protrusion 
426 of each support member 420 is fitted in the corresponding 
coupling hole 394, so that the support member 420 is Sup 
ported by the first cover plate 390a. 

In order to stably couple the support member 420 to the first 
cover plate 390a, at least a portion of the coupling protrusion 
426 may be protruded outwardly of the first cover plate 390a 
after passing through the coupling hole 394. 
As shown in FIG. 7, the coupling protrusion 426 may 

include a head 427 supported by an outer surface of the first 
cover plate 390a around the coupling hole 394. The head 427 
prevents the first cover plate 390a from being separated from 
the support member 420. The support member 420 is firmly 
fixed to the first cover plate 390a and second cover plate 390b 
by heads 427 provided at opposite ends of the support mem 
ber 420. Thus, the support member 420 may also function as 
a member to fix the two cover plates 390a and 390b. 
The head 427 may have a hook shape such that it is forcibly 

fitted in the corresponding coupling hole 394 of the first cover 
plate 390a when the rotor 300 is assembled. While the hook 
faces downward in FIG. 7, other configurations are possible, 
including having the hook facing the opposite direction or 
having two hooks, one facing each direction. 
The support member 420 may also include a first connec 

tion Support portion 428 connected to the coupling protrusion 
426 after inwardly extending from the magnet Support portion 
422 in the radial direction of the rotor 300. The first connec 
tion support portion 428 is arranged between the first cover 
plate 390a and the corresponding permanent magnet 320, to 
Support axial ends of the permanent magnet 320. Accord 
ingly, the permanent magnet 320 is prevented from moving 
axially by the first connection support portion 428. Thus, an 
enhancement in the structural stability of the rotor 300 is 
achieved. 
The first cover plate 390a is formed, at an inner surface 

thereof facing the permanent magnets 320, with plate grooves 
395 to receive the first connection support portions 428 of the 
Support members 420, respectively. Thus, the plate grooves 
395 may be arranged circumferentially about the rotor 300, 
with each plate groove corresponding to a location of first 
connection Support portions 428 of the Support members. 
Further, plate grooves 395 may also correspond to locations 
of coupling holes 394 which are also disposed in the circum 
ferential direction of the rotor 300. 
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Each Support member 420 may also include a second cou 
pler 430 provided at the other end of the support member 420, 
to be coupled to the second cover plate 390b. Similar to the 
configuration of the first coupler 424, the second coupler 430 
may include a coupling protrusion 432 and a second connec 
tion Support portion 434. 

The first cover plate 390a and second cover plate 390b may 
beforcibly fitted around the motor shaft 120 such that they are 
fixed. In this case, the coupling between the Support member 
420 and the first and second coverplate 390a and390b may be 
firmly maintained without structures such as heads to fix the 
support member 420 and the first and second cover plate 390a 
and 390b. 

Although not shown, the rotor 300 may be reinforced by a 
plastic member integrated with the outer surface of the rotor 
body 310 and the outer surfaces of the first and second cover 
plates 390a and 390b through insert injection molding. In this 
case, the coupling protrusions 426 and 432 respectively pro 
truded outwardly of the first and second cover plates 390a and 
390b may function to assist coupling between the plastic 
member and the first and second cover plates 390a and 390b. 
By way of illustration, in FIG. 3 it can be seen that coupling 
protrusions protrude outwardly from the first cover plate 
390. 

FIGS. 8 to 10 illustrate a rotor according to an embodiment 
of the present invention. As shown in FIGS. 8 and 9, the rotor 
includes a rotor body 510, and permanent magnets 520 (FIG. 
9) inserted into the rotor body 510. 

The rotor body 510 includes a sleeve 530 and rotor cores 
540. The sleeve 530 has an annular structure. The sleeve 530 
has a shaft hole 532 to be coupled with the motor shaft 120. 
The rotor cores 540 are connected to the sleeve 530 via 
bridges 560, respectively. The rotor cores 540 are arranged to 
be spaced apart from one another in a circumferential direc 
tion of the rotor 500, to define rotor slots 550. 

Each permanent magnet 520 is inserted into a correspond 
ing one of the rotor slots 550. Each permanent magnet 520 is 
arranged between corresponding ones of the rotor cores 540 
disposed adjacent to each other in the circumferential direc 
tion of the rotor, for example, the corresponding first and 
second rotor cores 54.0a and 540b. 

Each permanent magnet 520 has an inner end 521 spaced 
apart from the sleeve 530. Thus, an inner space 570 is defined 
between the permanent magnet 520 and the sleeve 530. The 
inner ends 521 of the permanent magnets 520 are supported 
by inner support protrusions 580. Each inner support protru 
sion 580 is protruded from the sleeve 530 toward a corre 
sponding one of the rotor slots 550 while being arranged 
between corresponding ones of the bridges 560 disposed 
adjacent to each other in the circumferential direction of the 
rotor 500. 
The rotor includes supportunits 400 to support outer ends 

522 of the permanent magnets 520, respectively. Each Sup 
portunit 400 may be constituted by an outer support protru 
sion 440 disposed to support the outer end 522 of the corre 
sponding permanent magnet 520. Each outer Support 
protrusion 440 extends from the corresponding rotor core 540 
towards the corresponding rotor slot 550, to cover a corre 
sponding lateral edge of the outer end 522 of the permanent 
magnet 520. Thus, a portion of the outer end 522 of the 
permanent magnet 520 is covered on each side by outer 
support protrusions 440 which extend from adjacent rotor 
cores (e.g., first and second rotor cores 54.0a and 540b). 

Each rotor core 540 may be provided with side protrusions 
552 extending to the insides of the corresponding rotor slots 
550, respectively. For example, the first rotor core 54.0a and 
second rotor core 540b, which are disposed at opposite sides 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
of the corresponding permanent magnet 520, may include a 
first side protrusion 552a and a second side protrusion 552b. 
each extending toward the permanent magnet 520, respec 
tively. The first rotor core 54.0a has a side surface 541a facing 
a first side surface 523 of the permanent magnet 520. The first 
side protrusion 552a is formed at the side surface 541a of the 
first rotor core 540a. The second rotor core 540b has a side 
surface 541b facing a second side surface 524 of the perma 
nent magnet 520. The second side protrusion 552b is formed 
at the side surface 541b of the second rotor core 540b. 
The first side protrusion 552a and second side protrusion 

552b press the side surfaces 523 and 524 of the permanent 
magnet 520 inserted between the first and second rotor cores 
54.0a and 540b, to fix the position of the permanent magnet 
520, and thus act to prevent the permanent magnet 520 from 
moving during rotation of the rotor 300. When the rotor body 
510 has a longer axial length than the permanent magnets 
520, the first and second side protrusions may have portions 
disposed axially outwardly of the permanent magnets 520. 
Accordingly, the axial ends of the permanent magnets 520 
may be supported by the first and second side protrusions 
552a and 552b, so that the permanent magnets 520 may be 
prevented from moving axially. 
The first and second side protrusions 552a and 552b may 

be arranged to correspond to each other in the circumferential 
direction of the rotor. Also, each of the first and second side 
protrusions 552a and 552b may include a plurality of side 
protrusions aligned in the radial direction of the rotor. Further, 
a plurality of side protrusions may be aligned in the axial 
direction of the rotor so that a plurality of side protrusions 
may be arranged in both the axial and radial directions of the 
rotor. Alternatively, the plurality of side protrusions may be 
disposed alternately in the radial and/or axial directions of the 
rotor so that side protrusions do not correspond to each other 
in the circumferential direction of the rotor. 

Each rotor core 540 may include an aperture 542 formed 
adjacent to each side protrusion 552. Theaperture 542 assists 
deformation of the side protrusion 552 occurring when the 
corresponding permanent magnet 520 is inserted into the 
corresponding rotor slot 550. The deformed side protrusion 
552 elastically presses the permanent magnet 520, thereby 
preventing the permanent magnet 520 from be separated. 
As shown in FIG. 10, the shapes of the side protrusion 552 

and aperture 542 may be varied. In order to smoothly deform 
the guide protrusion 552 when the guide protrusion 552 is 
pressed by the permanent magnet 520, a curved (e.g., semi 
circular) surface 552c oran inclined (e.g., polygonal) Surface 
552d may be formed at the side protrusion 552. The aperture 
542 may beformed with an arc portion (e.g., circular portion) 
542a or an inclined portion (e.g., polygonal portion) 542b, 
which corresponds to the curved surface 552c or inclined 
surface 552d of the side protrusion 552. 

Although FIG. 9 illustrates an example in which each rotor 
core is formed, at opposite side surfaces thereof, with side 
protrusions, respectively, Such a side protrusion may be 
formed only at one side surface of the rotor core. 

FIG. 11 is a view illustrating a rotor according to an 
embodiment of the present invention. No description will be 
given of the configurations overlapping with those of FIG.9. 
As shown in FIG. 11, a support member 460 may be disposed 
between the outer support protrusion 440 of the first rotorcore 
54.0a and the outer support protrusion 440 of the second rotor 
core 540b. The support member 460 supports the outer end 
522 of the corresponding permanent magnet 520, along with 
the outer Support protrusions 440. Thus, an enhancement in 
the structural stability of the rotor is achieved. 
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Similar to FIG.4, plates may be arranged at opposite ends 
of the rotor body, respectively. The support member 460 may 
be coupled to each plate, so that it may be fixed. 

FIG. 12 is a view illustrating a configuration of a washing 
machine according to an exemplary embodiment of the 
present invention. 
As shown in FIG. 12, the washing machine, which is des 

ignated by reference numeral “1”, includes a cabinet 10 to 
form an outer appearance of the washing machine, a tub 20 
disposed within the cabinet 10, to store water, a drum 30 
rotatably disposed within the tub 20, and a drive motor 2 to 
drive the drum 30. 
A loading opening 11 is formed at a front wall of the 

cabinet 10, to allow loading of laundry. The loading opening 
11 is opened or closed by a door 12 installed at the front wall 
of the cabinet 10. 
A water supply tube 50 is installed over the tub 20, to 

supply washing water to the tub 20. The water supply tube 50 
is connected, at one side thereof, to an external water Supply 
source (not shown). The water supply tube 50 is also con 
nected, at the other side thereof, to a detergent supplier 60. 
The detergent supplier 60 is connected to the tub 20 via a 
connecting tube 55. Water supplied through the water supply 
tube 50 is supplied to the interior of the tub 20, along with a 
detergent, via the detergent supplier 60. 
A drainage pump 70 and a drainage tube 75 are installed 

beneath the tub 20, to drain water from the interior of the tub 
20. 
A plurality of through holes 31 are formed through a 

peripheral wall of the drum 30, for flow of washing water. 
Lifters 32 are installed on an inner surface of the peripheral 
wall of the drum 30, to allow tumbling of laundry during 
rotation of the drum 30. 
A drive shaft 80 is coupled to the drum30. The drive shaft 

80 is rotatably supported by the tub 20. One end of the drive 
shaft 80 extends outwardly of the tub 20 after passing through 
a rear wall 21 of the tub 20. 
A bearing housing 82 is installed at the rear wall 21 of the 

tub 20, to rotatably support the drive shaft 80. The bearing 
housing 82 may be made of an aluminum alloy. When the tub 
20 is injection-molded, the bearing housing 82 may be 
inserted into the rear wall 21 of the tub 20. A bearing 84 is 
installed between the bearing housing 82 and the drive shaft 
80, to allow the drive shaft 80 to rotate smoothly. 
The drive motor 2 is mounted on a bottom wall of the tub 

20. The drive motor 2 includes a motor housing 110, a stator 
200 fixed to the motor housing 110, and a rotor (not shown) 
disposed within the stator 200. The drive motor 2 may include 
a stator and a rotor, which are selected from those described 
with reference to FIGS. 1 to 11. 
A motor pulley 91 is mounted at an end of the motor shaft 

120 extending outwardly of the motor housing 110. A drum 
pulley 92 is mounted to the drive shaft 80 connected to the 
drum 30. The motor pulley 91 and drum pulley 92 may be 
connected by a belt 93. The motor pulley 91, drum pulley 92, 
and belt 93 constitute a power transmission to transmit drive 
force from the motor 100 to the drive shaft 80 of the drum30. 

Although the washing machine has been described, as an 
example, with reference to FIG. 12, matters described in 
FIGS. 1 to 11 may be applied not only to various home 
electronic appliances Such as a washing machine, a clothes 
drying machine, and an air conditioner, but also to an electric 
vehicle, which requires a miniaturized high-power motor. 
As apparent from the above description, in accordance 

with embodiments of the present invention, it may be possible 
to achieve enhanced durability of a motor by increasing the 
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14 
structural strength of a rotor, and thereby preventing the rotor 
from being deformed or damaged during high-speed rotation 
thereof. 

It may also be possible to achieve an enhancement in the 
performance of the motor through reduction of leakage of 
magnetic flux toward a motor shaft, and a reduction in motor 
size for the same output power. 
The disclosure herein has provided example embodiments 

of a motor and a rotor thereof. However the disclosure is not 
limited to particular embodiments described herein. For 
example, although the motor and rotor thereof has been 
described as being applicable to the washing machine shown 
in FIG. 12, it may be applied to types of washing machines, 
for example, a top loading washing machine. Further, the 
motor need not be disposed in the location as shown in FIG. 
12 and need not transmit a drive force from the motor via a 
belt, but may be disposed in other locations and may transmit 
a drive force through other mechanisms, so long as the desired 
performance may be achieved. 

Although a few embodiments of the present invention have 
been shown and described, it would be appreciated by those 
skilled in the art that changes may be made in these embodi 
ments without departing from the principles and spirit of the 
invention, the scope of which is defined in the claims and their 
equivalents. 

What is claimed is: 
1. A motor comprising: 
a Stator, 
a rotor to co-operate with the stator in an electromagnetic 
manner Such that the rotor rotates; and 

a motor shaft coupled to the rotor, to rotate along with the 
rotor, 

wherein the rotor comprises: 
a sleeve having a shaft hole, through which the motor 

shaft extends; 
a plurality of rotor cores spaced apart from one another 

in a circumferential direction of the rotor; 
a plurality of permanent magnets each disposed between 

adjacent ones of the rotor cores; first and second cover 
plates disposed at opposite sides of the permanent 
magnets in an axial direction, each of the first and 
second cover plates comprising a shaft receiving hole 
to receive the motor shaft; and 

a plurality of Support members coupled to at least one of 
the first and second cover plates, each of the Support 
members comprising a magnet Support portion 
arranged to Support an outer end of a corresponding 
one of the permanent magnets in a radial direction of 
the rotor, wherein each of the support members fur 
ther comprises a connection Support portion con 
nected to a coupling protrusion after inwardly extend 
ing from the magnet Support portion in the radial 
direction of the rotor, to support an axial end of the 
corresponding permanent magnet. 

2. The motor according to claim 1, wherein: 
the first cover plate further comprises coupling holes 

arranged in the circumferential direction of the rotor; 
and 

each of the Support members further comprises the cou 
pling protrusion which protrudes from the magnet Sup 
port portion in the axial direction to fit in a correspond 
ing one of the coupling holes. 

3. The motor according to claim 2, wherein the coupling 
protrusion has at least a portion extending outwardly of the 
first cover plate after passing through the corresponding cou 
pling hole. 



US 9,419,482 B2 
15 

4. The motor according to claim 3, wherein the coupling 
protrusion has a head Supported by an outer Surface of the first 
cover plate around the corresponding coupling hole. 

5. The motor according to claim 1, wherein the first cover 
plate further comprises plate grooves each formed at an inner 
Surface of the first cover plate facing the permanent magnets, 
to receive the connection Support portion of a corresponding 
one of the Support members. 

6. The motor according to claim 1, wherein each of the 
Support members further comprises a first coupler provided at 
one end of the support member, to be coupled to the first cover 
plate; and 

a second coupler provided at the other end of the support 
member, to be coupled to the second cover plate. 

7. The motor according to claim 1, wherein: 
the outer end of each of the permanent magnets is disposed 
more inwardly in a radial direction of the rotor than outer 
Surfaces of the corresponding rotor cores disposed adja 
cent to each other in the circumferential direction of the 
rotor at opposite sides of the permanent magnet; 

the rotor further comprises a Support member receiving 
portion defined by the adjacent rotor cores and the outer 
end of the permanent magnet disposed between the adja 
cent rotor cores; and 

the magnet Support portion of the Support member corre 
sponding to the permanent magnet is disposed in the 
Support member receiving portion. 

8. The motor according to claim 1, wherein: 
the rotor cores comprise first and second rotor cores 

arranged adjacent to each other in the circumferential 
direction of the rotor; 

the adjacent first and second rotor cores comprise outer 
Support protrusions extending to support a portion of the 
outer end of the permanent magnet disposed between the 
adjacent first and second rotor cores, respectively; and 

the magnet Support portion of the Support member corre 
sponding to the permanent magnet is disposed between 
the outer support protrusion of the first rotor core and the 
outer Support protrusion of the second rotor core. 

9. The motor according to claim 1, wherein the first and 
second cover plates are forcibly fitted around the motor shaft, 
to be fixed. 

10. The motor according to claim 1, wherein each of the 
Support members further comprises a non-magnetic body. 

11. The motor according to claim 1, wherein: 
each of the rotor cores comprises a side Surface facing the 

corresponding permanent magnet in the circumferential 
direction of the rotor; and 

the side Surface of at least one of the rotor cores comprises 
at least one side protrusion extending toward a side 
Surface of the corresponding permanent magnet. 

12. The motor according to claim 11, wherein the at least 
one side protrusion comprises a plurality of side protrusions 
arranged in a radial direction of the rotor. 

13. A motor comprising: 
a Stator, 
a rotor to co-operate with the stator in an electromagnetic 
manner Such that the rotor rotates; and 

a motor shaft coupled to the rotor, to rotate along with the 
rotor, 

wherein the rotor comprises: 
a sleeve having a shaft hole, through which the motor 

shaft extends; 
a plurality of rotor cores spaced apart from one another 

in a circumferential direction of the rotor; 
a plurality of permanent magnets each disposed between 

adjacent ones of the rotor cores; first and second cover 
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plates disposed at opposite sides of the permanent 
magnets in an axial direction, each of the first and 
second cover plates comprising a shaft receiving hole 
to receive the motor shaft; and 

a plurality of Support members coupled to at least one of 
the first and second cover plates, each of the Support 
members comprising a magnet Support portion 
arranged to Support an outer end of a corresponding 
one of the permanent magnets in a radial direction of 
the rotor, 

wherein: 
each of the rotor cores comprises a side Surface facing 

the corresponding permanent magnet in the circum 
ferential direction of the rotor; 

the side surface of at least one of the rotor cores com 
prises at least one side protrusion extending toward a 
side Surface of the corresponding permanent magnet; 
and 

the at least one of the rotor core further comprises an 
aperture formed adjacent to the at least one side pro 
trusion, to assist deformation of the side protrusion. 

14. A motor comprising: 
a Stator, 
a rotor to co-operate with the stator in an electromagnetic 
manner Such that the rotor rotates; and 

a motor shaft coupled to the rotor, to rotate along with the 
rotor, 

wherein the rotor comprises: 
a sleeve having a shaft hole, through which the motor 

shaft extends; 
a plurality of rotor cores spaced apart from one another 

in a circumferential direction of the rotor; 
a plurality of permanent magnets each disposed between 

adjacent ones of the rotor cores; first and second cover 
plates disposed at opposite sides of the permanent 
magnets in an axial direction, each of the first and 
second cover plates comprising a shaft receiving hole 
to receive the motor shaft; and 

a plurality of Support members coupled to at least one of 
the first and second cover plates, each of the Support 
members comprising a magnet Support portion 
arranged to Support an outer end of a corresponding 
one of the permanent magnets in a radial direction of 
the rotor, wherein: 

each of the rotor cores comprises a side Surface facing 
the corresponding permanent magnet in the circum 
ferential direction of the rotor; 

the side surface of at least one of the rotor cores com 
prises at least one side protrusion extending toward a 
side Surface of the corresponding permanent magnet; 

the rotor cores comprise first and second rotor cores 
arranged adjacent to each other in the circumferential 
direction of the rotor; 

the first rotor core comprises a first side protrusion 
extending to press a first side Surface of the permanent 
magnet disposed between the adjacent first and sec 
ond rotor cores, and the second rotor core comprises a 
second side protrusion extending to press a second 
side Surface of the permanent magnet disposed 
between the adjacent first and second rotor cores; and 

the first and second side protrusions are arranged to 
correspond to each other in the circumferential direc 
tion of the rotor. 

15. A motor comprising: 
a Stator, 
a rotor to co-operate with the stator in an electromagnetic 
manner Such that the rotor rotates; and 
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a motor shaft coupled to the rotor, to rotate along with the 
rotor, 

wherein the rotor comprises: 
a sleeve having a shaft hole, through which the motor 

shaft extends; 
a plurality of rotor cores spaced apart from one another 

in a circumferential direction of the rotor; 
a plurality of permanent magnets each disposed between 

adjacent ones of the rotor cores; first and second cover 
plates disposed at opposite sides of the permanent 
magnets in an axial direction, each of the first and 
second cover plates comprising a shaft receiving hole 
to receive the motor shaft; and 

a plurality of support members coupled to at least one of 
the first and second cover plates, each of the support 
members comprising a magnet support portion 
arranged to support an outer end of a corresponding 
one of the permanent magnets in a radial direction of 
the rotor, wherein: 

each of the rotor cores comprises a side surface facing 
the corresponding permanent magnet in the circum 
ferential direction of the rotor; 

the side surface of at least one of the rotor cores com 
prises at least one side protrusion extending toward a 
side surface of the corresponding permanent magnet; 
and 

the at least one side protrusion extends axially outwardly 
of the permanent magnet, to support an axial end of 
the permanent magnet. 

16. A rotor of a motor, the rotor being disposed within a 
stator of the motor, the rotor comprising: 

a sleeve formed with a shaft hole to be coupled with a motor 
shaft; 

a plurality of rotor cores arranged to be spaced apart from 
one another in a circumferential direction of the rotor, to 
define a plurality of rotor slots; 

a plurality of bridges arranged to connect the rotor cores to 
the sleeve, respectively; 

a plurality of permanent magnets respectively inserted into 
the rotor slots, wherein an inner end of each of the 
permanent magnets is spaced apart from the sleeve; 

a plurality of inner support protrusions extending from the 
sleeve toward the rotor slots, to support the inner ends of 
the permanent magnets, respectively; 
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18 
a plurality of side protrusions extending from the rotor 

cores toward the rotor slots, to press side surfaces of the 
permanent magnets, respectively; and 

a plurality of support units each having at least a portion 
disposed outside a corresponding one of the permanent 
magnets in a radial direction of the rotor, to support at 
least a portion of an outer end of the corresponding 
permanent magnet, wherein: 

the rotor cores comprise first and second rotor cores 
arranged adjacent to each other in the circumferential 
direction of the rotor; and 

the plurality of side protrusions comprise a first side pro 
trusion extending to press a first side surface of the 
permanent magnet disposed between the adjacent first 
and second rotor cores, and a second side protrusion 
extending to press a second side surface of the perma 
nent magnet. 

17. A rotor of a motor, the rotor being disposed within a 
stator of the motor, the rotor comprising: 

a sleeve formed with a shaft hole to be coupled with a motor 
shaft; 

a plurality of rotor cores arranged to be spaced apart from 
one another in a circumferential direction of the rotor, to 
define a plurality of rotor slots; 

a plurality of bridges arranged to connect the rotor cores to 
the sleeve, respectively; 

a plurality of permanent magnets respectively inserted into 
the rotor slots, wherein an inner end of each of the 
permanent magnets is spaced apart from the sleeve; 

a plurality of inner support protrusions extending from the 
sleeve toward the rotor slots, to support the inner ends of 
the permanent magnets, respectively; 

a plurality of side protrusions extending from the rotor 
cores toward the rotor slots, to press side surfaces of the 
permanent magnets, respectively; and 

a plurality of support units each having at least a portion 
disposed outside a corresponding one of the permanent 
magnets in a radial direction of the rotor, to support at 
least a portion of an outer end of the corresponding 
permanent magnet, wherein each of the rotor cores fur 
ther comprise an aperture formed adjacent to the side 
protrusion of the rotor core, to assist deformation of the 
side protrusion. 


