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(57) Abstract: A brushless direct current (BLDC) motor
is disclosed. The BLDC motor includes a shaft made of a
nonmagnetic material, a plurality of magnets surrounding
the outer circumterence of the shaft, a stator surrounding
the outer circumferences of the magnets, wherein each of
the magnets has an arc-shaped outer circumferential sur-
face, an arc-shaped inner circumferential surface facing
the shaft, and opposite side surfaces facing other adjacent
magnets, and the magnets include a first magnet magnet-
ized in a direction directed from the outer circumferential
surface to the inner circumferential surface, a second
magnet magnetized in a direction directed from the inner
circumferential surface to the outer circumferential sur-
face, and a third magnet magnetized in a direction direc-
ted from one side surface to the other side surface. The
efficiency of the motor is improved while eddy current
loss is minimized.
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1
Description
Title of Invention: BLDC MOTOR AND CLEANER HAVING THE
SAME
Technical Field
[1] The present invention relates to a brushless direct current (BLDC) motor and a

cleaner having the same, and more particularly to a BLDC motor including a plurality

of magnets mounted at a shaft and a cleaner having the same.

Background Art

2] A brushless direct current (BLDC) motor, which is a kind of DC motor, is configured
such that a rotor includes a magnet, whereby no brush is needed.

[3] The BLDC motor may include a motor housing, a stator disposed in the motor
housing, and a magnet located inside the stator.

(4] The BLDC motor generates low noise, and is suitable for high-speed rotation. In a
case in which the BLDC motor is applied to a cleaner, an impeller for suctioning air
and moving the suctioned air into a duct collection unit may rotate at a high speed.

[5] It is required for the BLDC motor to rotate at a high speed with high efficiency.
Disclosure of Invention

Technical Problem
[6] Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a brushless direct current (BLDC)

motor having low eddy current loss and high efficiency and a cleaner having the same.

Solution to Problem

[7] In accordance with an aspect of the present invention, the above and other objects
can be accomplished by the provision of a brushless direct current (BLDC) motor
including a shaft made of a nonmagnetic material, a plurality of magnets surrounding
the outer circumference of the shaft, a stator surrounding the outer circumferences of
the magnets, wherein each of the magnets has an arc-shaped outer circumferential
surface, an arc-shaped inner circumferential surface facing the shaft, and opposite side
surfaces facing other adjacent magnets, and the magnets include a first magnet
magnetized in a direction directed from the outer circumferential surface to the inner
circumferential surface, a second magnet magnetized in a direction directed from the
inner circumferential surface to the outer circumferential surface, and a third magnet
magnetized in a direction directed from one side surface to the other side surface.

[8] The first magnet and the second magnet may be opposite to each other while the
shaft is located between the first magnet and the second magnet.

[9] The third magnet may be located between the first magnet and the second magnet in
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a circumferential direction.

The third magnet may include a plurality of third magnets sequentially arranged
along the outer circumference of the shaft.

The third magnet may include a plurality of left-side third magnets and a plurality of
right-side third magnets. The left-side third magnets may be located on the left side of
the second magnet, the shaft, and the first magnet, and the right-side third magnets
may be located on the right side of the second magnet, the shaft, and the first magnet.

The left-side third magnets and the right-side third magnets may be magnetized
toward the second magnet.

Each of the magnets may be configured such that an angle between a first extension
line connecting from the center of rotation of the shaft to the one side surface and a
second extension line connecting from the center of rotation of the shaft to the other
side surface is one selected from among 36 degrees, 45 degrees, and 60 degrees.

The BLDC motor may further include a sleeve surrounding the magnets, the sleeve
being made of carbon fiber.

The shaft may be made of stainless steel (STS).

In accordance with another aspect of the present invention, there is provided a
cleaner including a BLDC motor having a shaft, an impeller mounted at the shaft, and
an impeller cover surrounding the impeller, the impeller cover being configured to
guide air driven by the impeller into the BLDC motor, wherein the BLDC motor
includes a plurality of magnets surrounding the outer circumference of the shaft, a
stator surrounding the outer circumferences of the magnets, each of the magnets has an
arc-shaped outer circumferential surface, an arc-shaped inner circumferential surface
facing the shaft, and opposite side surfaces facing other adjacent magnets, and the
magnets include a first magnet magnetized in a direction directed from the outer cir-
cumferential surface to the inner circumferential surface, a second magnet magnetized
in a direction directed from the inner circumferential surface to the outer circum-
ferential surface, and a third magnet magnetized in a direction directed from one side
surface to the other side surface.

The first magnet and the second magnet may be opposite to each other while the
shaft is located between the first magnet and the second magnet.

The third magnet may be located between the first magnet and the second magnet in
a circumferential direction.

The third magnet may include a plurality of third magnets sequentially arranged
along the outer circumference of the shaft.

The third magnet may include a plurality of left-side third magnets and a plurality of
right-side third magnets. The left-side third magnets may be located on the left side of
the second magnet, the shaft, and the first magnet, and the right-side third magnets
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may be located on the right side of the second magnet, the shaft, and the first magnet.
The left-side third magnets and the right-side third magnets may be magnetized

toward the second magnet.

Each of the magnets may be configured such that an angle between a first extension
line connecting from the center of rotation of the shaft to the one side surface and a
second extension line connecting from the center of rotation of the shaft to the other
side surface is one selected from among 36 degrees, 45 degrees, and 60 degrees.

The BLDC motor may further include a sleeve surrounding the magnets, the sleeve

being made of carbon fiber.

Advantageous Effects of Invention

The present invention has the effect of smoothing the flow of flux, thereby
maximizing the performance of magnets, and of minimizing eddy current loss using an
assembly of a plurality of magnets having different directions of magnetization.

In addition, the present invention has the effect of optimizing a pattern of magne-
tization, thereby improving field energy.
Brief Description of Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a view showing a fan motor assembly of an embodiment of a cleaner
having a brushless direct current (BLDC) motor according to the present invention;

FIG. 2 is a cross-sectional view showing a stator and a rotor of an embodiment of the
BLDC motor shown in FIG. 1;

FIG. 3 is an enlarged sectional view showing part A of FIG. 2;

FIG. 4 is a view showing a magnet magnetization direction in the embodiment of the
BLDC motor according to the present invention;

FIG. 5 is a view showing a magnet magnetization angle in the embodiment of the
BLDC motor according to the present invention;

FIG. 6 is a view showing eddy current loss in the embodiment of the BLDC motor
according to the present invention and eddy current loss in a comparative example; and

FIG. 7 is a view showing eddy current loss in the rotor based on the number of
magnets in the embodiment of the BLDC motor according to the present invention.
Best Mode for Carrying out the Invention

Hereinafter, embodiments of the present invention will be described in detail with
reference to the accompanying drawings.

FIG. 1 is a view showing a fan motor assembly of an embodiment of a cleaner

having a brushless direct current (BLDC) motor according to the present invention.
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The cleaner having the BLDC motor may include a fan motor assembly 2 for
suctioning air. The fan motor assembly 2 may include a fan 4 and a BLDC motor 6 for
rotating the fan 4. The cleaner having the BLDC motor may further include a
collection unit for collecting foreign matter in air flowing as the result of the operation
of the fan motor assembly 2. The collection unit may include a dust collection net or a
cyclone duct collection box, which is installed in front of the fan motor assembly 2 in a
direction in which the air flows.

The fan 4 includes an impeller 42 and an impeller cover 44 configured to surround
the impeller 42. The impeller cover 44 is provided with an air suction port 43.

The impeller 42 is constituted by a plurality of blades. The blades are curved ina cir-
cumferential direction. During the rotation of the impeller 42, air may be suctioned
through the air suction port 43, and may then be discharged in a radial direction of the
impeller 42. The impeller 42 may be mounted at a shaft 14, which will be described
hereinafter in detail. When the shaft 14 is rotated as the result of driving of the BLDC
motor 6, the impeller 42 may be rotated together with the shaft 14.

The impeller cover 44 may be coupled to a motor housing 8 of the BLDC motor 6.

The fan 4 may further include a diffuser 46 for forcibly feeding air discharged
through the outlet of the impeller 42 and a guide vane 48 for guiding the air forcibly
fed by the diffuser 46 into the motor.

The diffuser 46 may be located around the outside of the impeller 42. The air having
passed through the impeller 42 is forcibly fed by the diffuser 46. At this time, speed
energy may be converted into pressure energy.

The guide vane 48 may be located between the diffuser 46 and the BLDC motor 6 in
the direction in which the air flows. The fan 4 may further include a disk body 49. The
guide vane 48 may be formed at the outer circumference of the disk body 49. The disk
body 49 may have a coupling part 50, which is coupled to at least one selected from
between the impeller cover 44 and the motor housing 8.

The BLDC motor 6 may be a 3-phase, 2-pole, 3-slot BLDC motor.

The BLDC motor 6 may include a motor housing 8, a stator 10, and a rotor 12. The
BLDC motor 6 may further include a bearing 16 mounted in the motor housing 8 for
supporting the shaft 14.

The motor housing 8 may define the external appearance of the BLDC motor 6. In
the motor housing 8 may be defined a space 82 for receiving the stator 10 and the rotor
12. The motor housing 8 may be formed in the shape of a cup when viewed in section.
One surface of the motor housing 8 that faces the impeller cover 44 may be open.

The motor housing 8 may be provided with an impeller cover coupling part 84,
which is coupled to the impeller cover 44. One selected from between the impeller

cover coupling part 84 and the impeller cover 44 may be inserted into the other
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selected from between the impeller cover coupling part 84 and the impeller cover 44.
The impeller cover coupling part 84 and the impeller cover 44 may be coupled to each
other by means of a fastening member, such as a screw, or a hanger member, such as a
hook.

Heat may be dissipated from the BLDC motor 6 due to air that is blown by the fan 4.
The motor housing 8 may be provided with an opening 86, through which the air
blown by the fan 4 is introduced into the motor housing 8.

The motor housing 8 may include an air discharge port 88, through which the air
having cooled the interior of the BLDC motor 6 is discharged from the BLDC motor 6.
The air discharge port 88 may be formed in at least one selected from between the cir-
cumference of the motor housing 8 and the side of the motor housing 8§ opposite to the
opening 86.

FIG. 2 is a cross-sectional view showing a stator and a rotor of an embodiment of the
BLDC motor shown in FIG. 1, FIG. 3 is an enlarged sectional view showing part A of
FIG. 2, FIG. 4 is a view showing a magnet magnetization direction in the embodiment
of the BLDC motor according to the present invention, and FIG. 5 is a view showing a
magnet magnetization angle in the embodiment of the BLDC motor according to the
present invention.

The BLDC motor 6 may include a shaft 14, which is made of a nonmagnetic
material, and a plurality of magnets M1, M2, M3, M4, M5, M6, M7, and M8, which
surround the outer circumference of the shaft 14.

Since the shaft 14 is made of a nonmagnetic material, little flux flows in the shaft 14.
The shaft 14 may be made of stainless steel (STS).

The magnets M1, M2, M3, M4, M5, M6, M7, and M8 may constitute the rotor 12.

The BLDC motor 6 may further include a sleeve 18. The sleeve 18 may surround the
magnets M1, M2, M3, M4, M5, M6, M7, and M8. The sleeve 18 may constitute the
rotor 12 together with the magnets M1, M2, M3, M4, M5, M6, M7, and MS. The
sleeve 18 may be made of carbon fiber. The sleeve 18 may protect the magnets M1,
M2, M3, M4, M5, M6, M7, and M8. The sleeve 18 may define the external appearance
of the rotor 12.

The stator 10 includes a stator core 102 and a coil 110 wound on the stator core 102.

The stator 10 may surround the magnets M1, M2, M3, M4, M5, M6, M7, and M8.
The stator core 102 may include a back yoke 103 having teeth 104, 105, and 106
protruding therefrom.

The stator core 102 may surround the magnets M1, M2, M3, M4, M5, M6, M7, and
MS. The back yoke 103 may have therein spaces S4 for receiving the magnets M1,
M2, M3, M4, M5, M6, M7, and M8 and the shaft 14.

The teeth 104, 105, and 106 may protrude from the back yoke 103. Specifically, the
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teeth 104, 105, and 106 may protrude from the inner circumference of the back yoke
103. The teeth 104, 105, and 106 may be arranged along the back yoke 103 at equal
intervals. The stator core 102 may have spaces S1, S2, and S3, which are defined
between the respective teeth 104, 105, and 106. The coil 110 may be located in the
spaces S1, S2, and S3. The BLDC motor 6 may include the three teeth 104, 105, and
106, which protrude from the back yoke 103 toward a magnet 122. In this case, the
BLDC motor 6 may be a 3-slot BLDC motor. Each of the teeth 104, 105, and 106 may
include a neck 107 protruding from the back yoke 103 and a shoe 108 protruding from
the neck 107 in a direction in which the magnet is partially surrounded.

The spaces S1, S2, and S3, in which the coil 110 can be received, of the stator core
102 may be defined between the respective necks 107. The spaces S4, in which the
magnets M1, M2, M3, M4, M5, M6, M7, and M8 can be received, of the stator core
102 may be defined between the respective shoes 108.

The coil 110 may be a 3-phase coil.

The magnets M1, M2, M3, M4, M5, M6, M7, and M8 may be arranged so as to
surround the outer circumference of the shaft 14 in a ring shape.

6 to 10 magnets M1, M2, M3, M4, M5, M6, M7, and M8 may be disposed around
the shaft 14. The rotor 12 may include the magnets M1, M2, M3, M4, M5, M6, M7,
and M8, which surround the shaft 14 in a divided state. The rotor 12 may be
configured to have a divided structure.

A part of each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 that faces the
shaft 14 is provided with a semicircular recess. The magnets M1, M2, M3, M4, M5,
M6, M7, and M8 may surround the outer circumference of the shaft 14.

Each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 may have an arc-
shaped outer circumferential surface 21 and an arc-shaped inner circumferential
surface 22. Opposite side surfaces 23 and 24 of each of the magnets M1, M2, M3, M4,
M5, M6, M7, and M8, which connect the outer circumferential surface 21 with inner
circumferential surface 22, may be formed in a straight line. The magnets M1, M2,
M3, M4, M5, M6, M7, and M8 may be bonded to the outer circumferential surface of
the shaft 14.

Each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 may have an arc-
shaped outer circumferential surface 21, an arc-shaped inner circumferential surface 22
facing the shaft 14, and opposite side surfaces 23 and 24 facing other adjacent
magnets. Each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 may include an
outer circumferential surface 21, one side surface 23, an inner circumferential surface
22, and the other side surface 24.

The magnets M1, M2, M3, M4, M5, M6, M7, and M8 may have the same shape. The
magnets M1, M2, M3, M4, M5, M6, M7, and M8 may have the same size.
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The magnets M1, M2, M3, M4, M5, M6, M7, and M8 include a first magnet M1
magnetized in a direction E directed from the outer circumferential surface 21 to the
inner circumferential surface 22, a second magnet M5 magnetized in a direction F
directed from the inner circumferential surface 22 to the outer circumferential surface
21, and third magnets M2, M3, M4, M6, M7, and M8 magnetized in a direction G
directed from one side surface 23 to the other side surface 24.

As shown in FIG. 3, the first magnet M1 and the second magnet M5 may be opposite
to each other in a state in which the shaft 14 is located between the first magnet M1
and the second magnet M5. The first magnet M1 and the second magnet M5 may be
arranged at the outer circumference of the shaft 14 so as to have a phase difference of
180 degrees. When the shaft 14 is rotated 180 degrees, the positions of the first magnet
M1 and the second magnet M5 may be inversed.

The third magnets M2, M3, M4, M6, M7, and M8 may be located between the first
magnet M1 and the second magnet M5 in a circumferential direction. The third
magnets M2, M3, M4, M6, M7, and M8 may surround the remaining parts of the shaft
14 that are not surrounded by the first magnet M1 and the second magnet M5. The
third magnets M2, M3, M4, M6, M7, and M8 may be sequentially arranged along the
outer circumference of the shaft 14. The third magnets M2, M3, M4, M6, M7, and M8
may surround the remaining parts of the shaft 14 that are not surrounded by the first
magnet M1 and the second magnet MS5.

The magnets constituting the rotor 12 may be generally magnetized in a direction of
the first magnet M1 -> the third magnets M2, M3, M4, M6, M7, and M8 -> the second
magnet M5.

Referring to FIG. 3, the third magnets M2, M3, M4, M6, M7, and M8 may include a
plurality of left-side third magnets M2, M3, and M4 and a plurality of right-side third
magnets M6, M7, and M8.

Referring to FIG. 3, the left-side third magnets M2, M3, and M4 may be located on
the left side of the second magnet M3, the shaft 14, and the first magnet M1, and the
right-side third magnets M6, M7, and M8 may be located on the right side of the
second magnet M5, the shaft 14, and the first magnet M1.

The left-side third magnets M2, M3, and M4 and the right-side third magnets M6,
M7, and M8 may be symmetric with respect to the second magnet M5, the shaft 14,
and the first magnet M1. The left-side third magnets M2, M3, and M4 and the right-
side third magnets M6, M7, and M8 may be magnetized in the direction toward the
second magnet MS5.

When the shaft 14 is rotated 180 degrees, the positions of the left-side third magnets
M2, M3, and M4 and the right-side third magnets M6, M7, and M8 may be inversed.

The rotor 12 may be divided into two poles, such as an N pole and an S pole. A 180
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degree part of the rotor 12 may have an N pole, and another 180 degree part of the
rotor 12 may have an S pole. The BLDC motor 6 may be a 2-pole BLDC motor. Here,
the N pole and the S pole are divided from each other at one of the left-side third
magnets M2, M3, and M4 and one of the right-side third magnets M6, M7, and MS.

In a case in which the rotor 12 includes 8 magnets, the BLDC motor 6 may have a
2-pole, 8-division pattern of magnetization.

The first magnet M1 shown in FIG. 4(B) may be magnetized between a pair of mag-
netizing yokes 200 and 202 for magnetizing the magnet, and may be magnetized in a
direction directed from the outer circumferential surface 21 to the inner circumferential
surface 22. The first magnet M1 may be magnetized in a direction E perpendicular to a
tangent line of the center of the outer circumferential surface 21 and to a tangent line of
the center of the inner circumferential surface 22.

The second magnet M5 shown in FIG. 4(C) may be magnetized between a pair of
magnetizing yokes 200 and 202 for magnetizing the magnet, and may be magnetized in
a direction directed from the inner circumferential surface 22 to the outer circum-
ferential surface 21. The second magnet M5 may be magnetized in a direction F per-
pendicular to a tangent line of the center of the inner circumferential surface 22 and to
a tangent line of the center of the outer circumferential surface 21.

The third magnets M2, M3, M4, M6, M7, and M8 shown in FIG. 4(D) may be
magnetized between a pair of magnetizing yokes 200 and 202 for magnetizing the
magnets, and may be magnetized in a direction directed from one side surface 23 to the
other side surface 24.

Each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 is configured such that
an angle 01 between a first extension line X1 connecting from the center O of rotation
of the shaft to one side surface 23 and a second extension line X2 connecting {from the
center O of rotation of the shaft to the other side surface 24 may be one selected from
among 36 degrees, 45 degrees, and 60 degrees.

Here, the first extension line X1 and the second extension line X2 may be division
lines for dividing the magnets. The angle 01 between the first extension line X1 and
the second extension line X2 may be a division angle 01 by which the magnets are
divided from each other.

The division angle 01 may be defined by Equation 1 below.

[Equation 1]

01=360/N

Where N indicates the number of magnets surrounding the shaft 14. N may be one
selected from among 6, 8, and 10.

In a case in which the number of magnets is 10, the division angle 01 is 36 degrees.

In a case in which the number of magnets is 8, the division angle 01 is 45 degrees. In a
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case in which the number of magnets is 6, the division angle 01 is 60 degrees.

Each of the magnets M1, M2, M3, M4, M5, M6, M7, and M8 may have a mag-
netizing angle X.

The magnetizing angle X may be set based on the middle line Y between the first
extension line X1 and the second extension line X2. Here, the middle line Y may be
located between the first extension line X1 and the second extension line X2.

The magnetizing angle X of the first magnet M1 and the magnetizing angle X of the
second magnet M5 may be identical to or parallel to the middle line Y

In a case in which the magnetizing angle X shown in FIG. 5 is O degrees, this magnet
may be the first magnet M 1, magnetized in the direction directed from the outer cir-
cumferential surface 21 to the inner circumferential surface 22.

In a case in which the magnetizing angle X shown in FIG. 5 is 180 degrees, this
magnet may be the second magnet M5, magnetized in the direction directed from the
inner circumferential surface 22 to the outer circumferential surface 21.

The magnetizing angle X of the third magnets M2, M3, M4, M6, M7, and M8 may
be defined by Equation 2 below.

[Equation 1]

02 =180°- (01/2 + X)

Where 02 indicates an angle between a line Z in a direction of magnetization and the
first extension line X1, and X indicates the magnetizing angle of the third magnets M2,
M3, M4, M6, M7, and M8.

A direction G in which each of the third magnets M2, M3, M4, M6, M7, and M8 is
magnetized may be symmetric to the middle line Y.

FIG. 6 is a view showing eddy current loss in the embodiment of the BLDC motor
according to the present invention and eddy current loss in a comparative example, and
FIG. 7 is a view showing eddy current loss in the rotor based on the number of
magnets in the embodiment of the BLDC motor according to the present invention.

In a case in which the rotor 12 includes 6 divided magnets, these magnets may
include one first magnet M1, one second magnet M5, and four third magnets. In a case
in which the rotor 12 includes 8 divided magnets, these magnets may include one first
magnet M1, one second magnet M5, and six third magnets. In a case in which the rotor
12 includes 10 divided magnets, these magnets may include one first magnet M1, one
second magnet M5, and eight third magnets.

In a case in which the rotor 12 of the BLDC motor 6 does not have a divided magnet
type structure, eddy current loss in the rotor may be high. In a case in which the rotor
12 of the BLDC motor 6 is configured to have a divided magnet type structure having
different magnetizing directions according to the present invention, eddy current loss

in the rotor may be low.
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FIG. 6(H) is a view showing saturation of eddy current loss in the comparative
example, and FIG. 6(I) is a view showing saturation of eddy current loss in the BLDC

motor according to the present invention.
Specifically, FIG. 6(H) is a view showing saturation of eddy current loss in a case in

which a undivided magnet M is provided as a comparative example, and FIG. 6(1) is a
view showing saturation of eddy current loss in a case in which 8 divided magnets are
provided.

It can be seen that the sum of the saturations of eddy current loss I1, 12, I3, 14, IS, and
16 shown in FIG. 6(I) is less than the sum of the saturations of eddy current loss HI,
H2, H3, H4, HS5, and H6 shown in FIG. 6(H). In addition, it can be seen that in a case
in which the first magnet M 1, the second magnet M35, and the third magnets M2, M3,
M4, M6, M7, and M8, which have different magnetizing directions, surround the shaft
14, eddy current loss in the rotor is reduced.

Meanwhile, in a case in which the number of divided magnets is 4 or less, the effect
of magnet loss reduction in the BLDC motor 6 is not significant. According to the
present invention, therefore, 6 or more magnets are provided. However, in a case in
which the number of divided magnets is 12 or more, the number of parts may be
increased, and the assembly process may be complicated, whereby productivity may be
reduced.

In the BLDC motor 6 according to the present invention, the number of divided
magnets may be one selected from among 6, 8, and 10.

Referring to FIG. 7, on the assumption that eddy current loss in the rotor is 100 % in
a case in which the number of magnets is 6, eddy current loss in the rotor may be about
60 % in a case in which the number of magnets is 8§, and eddy current loss in the rotor
may be about 35 % in a case in which the number of magnets is 10. In the BLDC
motor 6, therefore, the number of divided magnets may be one selected from among 6,
8, and 10.

Mode for the Invention

Various embodiments have been described in the best mode for carrying out the
invention.
Industrial Applicability

The present invention is applied to the fields related to a brushless direct current
(BLDC) motor and a cleaner having the same.

Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

A brushless direct current (BLDC) motor comprising:

a shaft made of a nonmagnetic material;

a plurality of magnets surrounding an outer circumference of the shaft;
a stator surrounding outer circumferences of the magnets, wherein

each of the magnets has:

an arc-shaped outer circumferential surface;

an arc-shaped inner circumferential surface facing the shaft; and
opposite side surfaces facing other adjacent magnets, and

the magnets comprise:

a first magnet magnetized in a direction directed from the outer circum-
ferential surface to the inner circumferential surface;

a second magnet magnetized in a direction directed from the inner cir-
cumferential surface to the outer circumferential surface; and

a third magnet magnetized in a direction directed from one side surface
to the other side surface.

The BLDC motor according to claim 1, wherein the first magnet and
the second magnet are opposite to each other while the shaft is located
between the first magnet and the second magnet.

The BLDC motor according to claim 1, wherein the third magnet is
located between the first magnet and the second magnet in a circum-
ferential direction.

The BLDC motor according to claim 3, wherein the third magnet
comprises a plurality of third magnets sequentially arranged along the
outer circumference of the shaft.

The BLDC motor according to claim 2, wherein

the third magnet comprises a plurality of left-side third magnets located
on a left side of the second magnet, the shaft, and the first magnet and a
plurality of right-side third magnets located on a right side of the
second magnet, the shaft, and the first magnet, and

the left-side third magnets and the right-side third magnets are
magnetized in the direction toward the second magnet.

The BLDC motor according to claim 1, wherein each of the magnets is
configured such that an angle between a first extension line connecting
from a center of rotation of the shaft to the one side surface and a
second extension line connecting from the center of rotation of the shaft

to the other side surface is one selected from among 36 degrees, 45
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degrees, and 60 degrees.

The BLDC motor according to claim 1, further comprising a sleeve sur-
rounding the magnets, the sleeve being made of carbon fiber.

The BLDC motor according to claim 1, wherein the shaft is made of
stainless steel (STS).

A cleaner comprising:

a BLDC motor having a shaft;

an impeller mounted at the shaft; and

an impeller cover surrounding the impeller, the impeller cover being
configured to guide air driven by the impeller into the BLDC motor,
wherein

the BLDC motor comprises:

a plurality of magnets surrounding an outer circumference of the shaft;
and

a stator surrounding outer circumferences of the magnets,

each of the magnets has:

an arc-shaped outer circumferential surface;

an arc-shaped inner circumferential surface facing the shaft; and
opposite side surfaces facing other adjacent magnets, and

the magnets comprise:

a first magnet magnetized in a direction directed from the outer circum-
ferential surface to the inner circumferential surface;

a second magnet magnetized in a direction directed from the inner cir-
cumferential surface to the outer circumferential surface; and

a third magnet magnetized in a direction directed from one side surface
to the other side surface.

The cleaner according to claim 9, wherein the first magnet and the
second magnet are opposite to each other while the shaft is located
between the first magnet and the second magnet.

The cleaner according to claim 9, wherein the third magnet is located
between the first magnet and the second magnet in a circumferential
direction.

The cleaner according to claim 11, wherein the third magnet comprises
a plurality of third magnets sequentially arranged along the outer cir-
cumference of the shaft.

The cleaner according to claim 10, wherein

the third magnet comprises a plurality of left-side third magnets located

on a left side of the second magnet, the shaft, and the first magnet and a
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plurality of right-side third magnets located on a right side of the
second magnet, the shaft, and the first magnet, and
the left-side third magnets and the right-side third magnets are
magnetized in the direction toward the second magnet.

[Claim 14] The cleaner according to claim 9, wherein each of the magnets is
configured such that an angle between a first extension line connecting
from a center of rotation of the shaft to the one side surface and a
second extension line connecting from the center of rotation of the shaft
to the other side surface is one selected from among 36 degrees, 45
degrees, and 60 degrees.

[Claim 15] The cleaner according to claim 9, wherein the BLDC motor further
comprises a sleeve surrounding the magnets, the sleeve being made of

carbon fiber.
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[Fig. 6]

[Fig. 7]
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