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(57) ABSTRACT

The present invention discloses a motor comprising: a stator
part; and a rotor assembly rotatably disposed with respect to
the stator part, wherein the rotor assembly comprises: a ring,
magnet including an insertion hole with a shaft disposed
therein and a plurality of first grooves formed at one side
thereol along a first imaginary circle; and a core member
including a body portion disposed between the shait and the
insertion hole, and an extension portion covering the plu-
rality of first grooves, wherein the extension portion com-
prises a plurality of second grooves deviated from a plurality
of first imaginary straight lines which pass from a center of
the first imaginary circle respectively through the plurality
of first grooves.

17 Claims, 8 Drawing Sheets
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ROTOR ASSEMBLY, MOTOR AND DUAL
CLUTCH TRANSMISSION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED [PATENT]
APPLICATIONS

This application is a Reissue Application of U.S. Pat. No.
10,566,860 issued Feb. 18, 2020 (U.S. patent application
Ser. No. 15/318,219 filed Jun. 12, 2015). U.S. patent appli-
cation Ser. No. 15/315,219 1s a U.S. National Stage Appli-
cation under 35 U.S.C. § 371 of PCT Application No.
PCT/KR2015/005941, filed Jun. 12, 2015, which claims
priority to Korean Patent Application No. 10-2014-0072114,
filed Jun. 13, 2014], whose]. The entire disclosures of PCT
Application No. PCI/KR2015/005941 and Korean Patent

Application No. 10-2014-0072114 are hereby incorporated
by reference.

TECHNICAL FIELD

The present invention relates to a rotor assembly, a motor,
and a dual-clutch transmission (DCT) including the same.

BACKGROUND ART

A transmission of a vehicle, which 1s a transmission
device manually operated by a clutch operation of a user or
automatically operated by a mission depending on speed, 1s
configured to include a motor.

Generally, an interior permanent magnet (IPM)-type
motor having a permanent magnet installed 1n a rotor 1s used
as a motor of a transmission.

Since an IPM-type motor uses an NdFeB-based perma-
nent magnet which 1s lightweight and has strong magnetism,
it has an advantage of high efliciency and power density.

However, an NdFeB-based permanent magnet includes
neodymium (Nd), which 1s a rare earth, and thus there 1s a
problem of an increase in manufacturing costs of a motor
itsell due to an increase in price of the rare earth.

Therefore, the recent trend 1s toward a rare earth-free
motor which does not use rare earths.

A rare earth-free motor includes a ferrite magnet motor, an
induction motor, a reluctance motor, and so on, and the most
representative motor of these 1s the ferrite magnet motor.

A ferrite magnet motor 1s a motor using a ferrite magnet,
which 1s a magnetic ceramic, and has an advantage of lower
price and easier design than a rare earth motor.

However, since a ferrite magnet 1s relatively vulnerable to
impact, it has problems 1n that a crack 1s generated when a
motor rotates at a high speed and the performance of the
motor 1s degraded due to discharging a cracked matenal.

DISCLOSURE

Technical Problem

The present invention 1s directed to providing a motor
which 1s able to suppress a crack generated 1n a magnet.

Technical Solution

One aspect of the present invention provides a motor
including a stator part and a rotor assembly disposed to be
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rotatable with the stator part. The rotor assembly may
include a ring magnet configured to include an msertion hole
in which a shatt 1s disposed and a plurality of first grooves
formed on one surface thereol along a first imaginary circle
and a core member configured to include a body portion
disposed between the shait and the insertion hole and an
extension portion covering the plurality of first grooves. The
extension portion may include a plurality of second grooves
which are not on a plurality of first imaginary straight lines
that respectively pass from a center of the first imaginary
circle through the plurality of first grooves.

The plurality of second grooves may be disposed along a
second 1maginary circle defined on the extension portion.

A diameter of the second 1maginary circle may be less
than a diameter of the first imaginary circle.

The extension portion may have a diameter greater than a
diameter of the first imaginary circle and cover at least a part
of one surface and the other surface of the ring magnet.

The diameter of the first imaginary circle, the diameter of
the second imaginary circle, a diameter of the extension
portion, and a diameter of the ring magnet may satisty the
following formula 1.

D2<D1<D3=D4 [Formula 1]

Herein, D1 1s the diameter of the first imaginary circle, D2
1s the diameter of the second imaginary circle, D3 1s the
diameter of the extension portion, and D4 1s the diameter of
the ring magnet.

An axial length of the core member may be greater than
a length of the ring magnet.

The extension portion may include a plurality of third
grooves formed on one surface thereof.

The number of the third grooves may be the same as the
number of the first grooves.

Third imaginary straight lines respectively passing from
the center of the first imaginary circle through the third
grooves may overlap with the first imaginary straight lines.

The third imaginary straight lines respectively passing
from the center of the first imaginary circle through the third
grooves may respectively have a predetermined angle with
the first imaginary straight lines.

The second grooves are respectively disposed not to be on
the third 1imaginary straight lines respectively passing from
the center of the first imaginary circle through the third
grooves.

An angle between each of the third imaginary straight
lines respectively passing from the center of the first 1magi-
nary circle through the third grooves and each of the first
straight lines may be less than an angle between each of
second 1maginary straight lines respectively passing from
the center of the first imaginary circle through the second
grooves and each of the first imaginary straight lines.

The angle between each of the third imaginary straight
lines and each of the first imaginary straight lines 1s less than
or equal to 10°.

The extension portion may include a first extension por-
tion extending toward the one surface of the ring magnet and
a second extension portion extending toward the other
surface of the ring magnet, and the first extension portion
and the second extension portion may be formed in a disk
shape and have practically the same diameter.

The second grooves may have protrusion portions pro-
truding from a bottom surface thereof.

Ends of the protrusion portions may be formed to be lower
than a flat surface of the extension portion.

Another aspect of the present invention provides a motor
including a stator part and a rotor assembly disposed to be
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rotatable with the stator part. The rotor assembly may
include a ring magnet including an insertion hole 1n which
a shaft 1s disposed, and a core member disposed between the
shaft and the imsertion hole and extending toward one
surface and the other surface of the ring magnet. An exten-
sion portion may include a plurality of second and third

grooves. The extension portion may include a plurality of
second grooves which are not on a plurality of third imagi-
nary straight lines respectively passing from a center of the
insertion hole through the plurality of third grooves.

Advantageous Ellects

A rotor assembly according to an exemplary embodiment
of the present mvention reduces generation of a crack by
mimmizing a pressure applied to a ring magnet when the
rotor assembly 1s manufactured.

Also, the rotor assembly can use an 1njected resin 1nstead
ol a metal core to reduce a weight of the rotor and mitigate
an 1mpact caused by vibration.

The rotor assembly, a motor and a dual-clutch transmis-
sion (DCT) including the same reduce an exposed area of the
ring magnet and reduce generation of a crack.

The rotor assembly 1ncreases performance of the motor by
preventing a cracked maternial from being discharged to the
outside even when a crack 1s generated on the ring magnet.

The various eflects and advantages of the present inven-
tion are not limited to the above description and may be
more easily understood through a process of describing a
detailed description of the exemplary embodiment of the
present invention.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual view of a motor according to one
embodiment of the present invention;

FIG. 2 1s a conceptual view of a dual-clutch transmission
(DCT) that the motor of one embodiment of the present
invention 1s applied to;

FI1G. 3 1s a perspective view of a rotor assembly according
to one embodiment of the present invention;

FIG. 4 1s a perspective view of a ring magnet according
to one embodiment of the present invention;

FIG. 5 1s a cross-sectional view of FIG. 3 taken 1 a
direction of [A-A] V-V,

FIG. 6 1s a cross-sectional view of FIG. 3 taken 1n a
direction of [B-B] VI-VI.

FIG. 7 1s a planar projection view of the rotor assembly
according to one embodiment of the present invention;

FIG. 8 1s a modified example of FIG. 7;

FIG. 9 1s a graph of measured slip torque of the motor
according to one embodiment of the present invention; and

FIG. 10 1s a graph of measured coating effects according,
to one embodiment of the present invention.

MODES OF THE INVENTION

While the present invention may be modified 1n various
ways and take on various alternative forms, specific embodi-
ments thereol are shown in the drawings and described in
detail below as examples. There 1s no intention to limait the
present mvention to the particular forms disclosed, and the
invention should cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the
appended claims.

It should be understood that, although the terms “first,”
“second,” etc. may be used herein to describe various
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4

clements, these elements are not limited by these terms.
These terms are only used to distinguish one element from
another. For example, a second element could be termed a
first element, and, similarly, a first element could be termed
a second element, without departing from the scope of the
present invention. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed 1tems.

It should be understood that when an element 1s referred
to as being “connected” or “coupled” to another element, 1t
may be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (1.e., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting to the invention. As used herein, the singular forms
are intended to include the plural forms as well unless
clearly indicated otherwise by context. It should be further
understood that the terms “comprises,” “comprising,”
“includes,” and/or “including” specity the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents when used herein, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It should be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that
1s consistent with their meaning in the context of the relevant
art and are not to be interpreted 1n an 1dealized or overly
formal sense unless expressly so defined here.

In the description of the embodiments according to the
present invention, 1 a case 1n which any one element 1s
formed “on” (“above”) or “under” (“below’) another ele-
ment, “on” (“above”) or “under” (“below”) includes a case
in which both of the elements are directly in contact with
cach other or at least one other element 1s indirectly disposed
and formed between the two elements. Also, a case 1n which
“on” (*“above”) or “under” (“below™) 1s used may 1nclude a
meaning of both an upward direction and a downward
direction with respect to one element.

Heremaiter, embodiments of the present invention will be
described with reference to the accompanying drawings, but
like reference numerals refer to like components and over-
lapping descriptions thereof will be omitted.

FIG. 1 1s a concept view of a motor according to one
embodiment of the present invention, FIG. 2 1s a concept
view of a dual-clutch transmission (DCT) that the motor of
one embodiment of the present invention 1s applied to, FIG.
3 1s a perspective view of a rotor assembly according to one
embodiment of the present invention, and FIG. 4 1s a
perspective view ol a ring magnet according to one embodi-
ment of the present invention.

According to FIG. 1, a motor according to an embodiment
of the present invention includes a housing 100, a stator part
300, and a rotor assembly 200 disposed 1n the stator part
300.

The housing 100 has one open side so that the stator part
300 may be disposed and fixed 1n the housing 100. A shape
of the housing 100 may be formed to vary depending on a
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type of motor to be used. When the housing 100 1s used for
a DC'T, a pair of motors may be disposed 1n the housing 100
with a shape shown 1n FIG. 1.

A power output shaft (not shown) may be disposed on one
side of the housing 100. The power output shait may
selectively receive power from a shaft 230 of the rotor
assembly 200.

Unlike a single plate clutch transmission mounted 1n a
conventional vehicle with a manual transmission, the DCT
includes a set of two clutches so that first, third, and
fifth-shift stages (a first speed change) are performed with
power transmitted through one clutch, and second, forth, and
sixth-shift stages (a second speed change) are performed
with power transmitted through the other clutch. In this case,
one motor of the pair of motors may transmit power for the
first speed change, and the other motor may transmit power
for the second speed change.

The DCT may provide convenient driving and smooth
speed change like a vehicle with a conventional automatic
transmission, and may provide fuel efliciency higher than
that of a vehicle with a conventional manual transmission.

Referring to FIG. 2, the DCT includes a dual clutch 2
including a set of two clutches, a transmission control unit
3 configured to set each transmission by receiving power
from the dual clutch 2, [a clutch actuator] two clutch
actuators 1 configured to control [each of the] respective
clutches of the dual clutch 2, a gear shifting actuator 4
configured to shiit gears by performing selecting and shift-
ing on the transmission control unit 3, and a control unit 5
configured to control the [clutch actuator] two clutch actua-
tors 1 and the gear shifting actuator 4 by [receiving all] using
information of a vehicle, such as a vehicle speed, and a gear
shifting command.

[Therefore, the DCT is connected to the motor by a
selecting operation of the clutch actuator 1 and transmits
power to each transmission.]

However, a structure of the DCT 1s not necessarily limited
thereto, and various well-known configurations that control
gear shifting by receiving driving power from the [motor]
motors may be applied thereto.

Referring to FIG. 1 again, the stator part 300 1s disposed
in the housing 100. In the stator part 300, an insulator 1s
disposed 1n a stator core, and a coil may be wound around
the 1nsulator. Therefore, the stator core 1s electrically insu-
lated even when power 1s applied to the coil. Therefore, the
stator core may 1nclude a coil wound around an integral
stator core, and may be formed by coupling a plurality of
divided cores to each other.

The rotor assembly 200 includes the shaft 230, a ring
magnet 210, and a core member 220 that fixes the shaft 230
and the ring magnet 210.

Referring to FIG. 3, a plurality of second [grooves]
recesses 224 and a plurality of third [grooves] recesses 225
may be formed on an upper surface of the core member 220.
The second recesses 224 are formed in the corve member 220
and open to the upper surface of the core member 220. The
second [grooves] recesses 224 may have a shape corre-
sponding to a shape of a nozzle 1njecting a molten 1njected
resin mto a metal mold when an 1njection molding of the
core member is performed. The second [grooves] recesses
224 may be formed at appropriate positions at which a tlow
of the resin 1s easily controlled when the 1njection molding
1s performed.

A plurality of third [grooves] recesses 225 may be formed
on an upper surface of the core member 220. The third
recesses 225 ave formed in the cove member 220 and open
to the upper surface of the cove member 220. The third
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[grooves] recesses 225 may be formed at positions corre-
sponding to positions of first grooves 215 (FIG. 4) formed
on the ring magnet 210. Therefore, the third [grooves]
recesses 225 may be a standard for controlling a mounting
position when the rotor assembly 200 1s mounted i1n the
motor. The number of third [grooves] recesses 225 may be
the same as the number of first grooves of the ring magnet
210.

The shatt 230 1s disposed to pass through the core member
220 and the ring magnet 210, and a gear 231 that transmuits
power to a transmission may be formed at one end of the

shaft 230.

Referring to FIG. 4, the ring magnet 210 has one surface
212 and the other surface 213, and an insertion hole 211 into
which the shaft 230 1s inserted and which 1s formed at the
center of the ring magnet 210. The ring magnet 210 may be
manufactured with a ferrite sintering method.

The ring magnet 210 1s a ferromagnetic oxide containing,
an 1ron oxide as a main component, and thus the ring magnet
210 1s very chemically stable and may be a polar anisotropic
ferrite sintered magnet using a Sr or Ba-based ferrite mag-
netization direction.

A method of manufacturing the ring magnet 210 1includes
a first step of wet-mixing 1ron oxide with a Sr or Ba-based
oxide or carbide, a second step of performing calcination
and crushing with a ferrite chemical reaction process, and a
third step of adding a sintering additive, such as CaCQO3,
S102, SrCO3, to the crushed material and forming a fine-
milled slurry with an average grain diameter of 0.75-1.0 um
using a ball mall.

The method of manufacturing the ring magnet 210 further
includes a fourth step of molding a multi-polar amisotropic
magnet or a radial anisotropic magnet by drying the slurry
and sintering and processing the formed object.

First grooves 215 (or first recesses) may be a standard for
deciding a magnetism direction of the ring magnet 210. The
number of the first grooves 215 may be approprately
controlled depending on a pole number of magnet. A plu-
rality of first grooves 215 may be formed to surround the
insertion hole 211 and the plurality of first grooves 215 may
be connected to the insertion hole 211. The insertion hole
211 is connected to an inclined surface 214 and [may be
formed to be wider] tie inclined surface 214 widens toward
the outside. [The first grooves 215 may be formed to be
wider in an axial direction.] The first grooves 215 may
include a bottom surface and a side surface extending from
the bottom surface to the upper surface of the ving magnet
210. The plurality of first grooves 215 arve formed in the ving
magnet 210 and open to the upper surface of the ring magnet
210.

FIG. 4 illustrates a configuration in which the ring magnet
210 1s magnetized to have eight poles. The ring magnet 210
may be oriented 1n a dotted arrow direction as a magneti-
zation direction thereof. However, the ring magnet 210 1s not
limited thereto, and may have a configuration 1n which the
ring magnet 1s oriented in a radial direction as the magne-
tization direction thereof.

FIG. 5 1s a cross-sectional view of FIG. 3 taken in a
direction of [A-A] V-V, and FIG. 6 is a cross-sectional view
of FIG. 3 taken in a direction of [B-B] VI-V1.

Referring to FIG. 5, the core member 220 includes a body
portion 221 formed between the ring magnet 210 and the
shaft 230 to fix the nng magnet 210 and the shatt 230, and
extension portions 222 and 223 that extend from the body
portion 221 and partially cover an upper surface and a lower
surface of the ring magnet 210.
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The core member 220 1s formed between the ring magnet
210 and the shaft 230 by injection molding so that a
manufacturing process thereof 1s simple. A weight of the
rotor assembly 200 1s reduced and an impact caused by
vibration 1s mitigated. The core member may be manufac-
tured of polyphenylene sulfide (PPS) or polyamide 9T
(PA9T) which have a good thermal stability. However, the
core member 220 1s not limited thereto, and the core member
220 may be manufactured of various injected polymer
resins.

Specifically, the extension portions 222 and 223 include a
first extension portion 222 partially covering the upper
surface of the ring magnet 210 and a second extension
portion 223 partially covering the lower surface of the ring
magnet 210. The first extension portion 222 and the second
extension portion 223 may be formed 1n a disk shape and
may have practically the same diameter and thickness.

The extension portions 222 and 223 have a predetermined
thickness. Therefore, a length H2 of the core member 220 in
an axial direction i1s greater than a length H1 of the ring
magnet 210. The extension portions 222 and 223 may have
a thickness that 1s suflicient to protect the upper surface and
the lower surface of the ring magnet 210. Therefore, an
exposed area of the ring magnet 210 1s reduced and gen-
eration of a crack 1s reduced. The upper surface of the core
member 220 is spaced apart from the upper surface of the
ring magnet 210 in a direction parallel to the axial divection.

The first extension portion 222 includes the plurality of
second [grooves] recesses 224. The second [grooves]
recesses 224 may include protrusion portions 224a protrud-
ing from a bottom surface thereol. The protrusion portions
224a may be formed to be lower than a flat surface (an upper
surface) of the first extension portion 222. Fach of the
second recesses 224 has a substantially cvlindrvical outer
surface that surrounds the corresponding protrusion portion
224a such that a majority of each of the second vecesses 224
is annular. Shapes of the second [grooves] recesses 224 may
correspond to a shape of a nozzle mjecting a molten resin
into a metal mold when the core member 220 is 1njection
molded. The second [grooves] recesses 224 may be formed
at appropriate positions to easily control a flow of the
injected resin. The second recesses 224 ave misaligned with
respect to the ring magnet 210 in any direction parallel to
the axial direction such that no overlap exists, in any
dirvection parallel to the axial divection, between any of the
second recesses 224 and the ving magnet 210.

The ring magnet 210 may have a specific gravity of 7.4 to
7.8, and a specific gravity of the core member 220 config-
ured of an injected resin may be 1.5 to 1.9.

Referring to FIG. 6, the first extension portion 222 may
include a respective fixing part 222a coupled to each of the
plurality of first [groove] grooves 215 formed on the ring
magnet 210. [The] Each fixing part 222a may be a portion
inserted into a respective one of the plurality of first [groove]
grooves 215 when the injection molding 1s performed.
Therefore, the ring magnet 210 and the core member 220
may be prevented from slipping even when the rotor assem-
bly 200 rotates at a high speed.

The first extension portion 222 may include the third
[grooves] recesses 225 that correspond to the first grooves
215. Also, the second extension portion 223 may include
fourth [grooves] recesses 225a that correspond to the third
[arooves] recesses 225.

The shatt 230 may include a fixing groove 232 formed on
an ner circumierential surface thereof. The fixing groove
232 1s intermittently or continuously formed to increase
bonding force between the core member 220 and the shaft
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230. The gear 231 that transmits power 1s formed at one end
of the shaft 230 (i.e., a lower end), and a groove 233 to
which a magnet (400 of FIG. 1) may be attached may be
formed at the other end [thereof.] of the shaft 230 (i.e., an
upper end). The shaft 230 extends in an axial direction from
the lower end to the upper end.

FIG. 7 1s a planar projection view of the rotor assembly
according to one embodiment of the present invention, and
FIG. 8 1s a modified example of FIG. 7.

Referring to FIG. 7, the third [grooves] recesses 225 may
be formed at positions corresponding to the first grooves 2135
of the ring magnet 210 when seen in the planar projection
view. Therefore, a third imaginary straight line (overlapped
with L1) passing through the center of a first imaginary
circle C1 and two of the third [grooves] recesses 225 may
correspond to a first imaginary straight line L1 passing
through the center of the first imaginary circle C1 and two
of the first grooves 215.

The third [grooves] recesses 225 are formed at positions
corresponding to the first grooves 215 which are a standard
for setting the magnetization direction of the ring magnet,
and the rotor assembly may be accurately mounted on the
motor using the third [grooves] recesses 225.

The plurality of first grooves 215 of the ring magnet 210
are disposed along the first imaginary circle C1, and the
plurality of second [grooves] recesses 224 may be disposed
along a second imaginary circle C2. In this case, the first
imaginary circle C1 may have [the same diameter as that of
the insertion hole of the ring magnet and] a diameter greater
than that of the insertion hole.

A diameter of the second imaginary circle C2 may be
smaller than the diameter of the first imaginary circle C1.
When the second imaginary circle C2 1s larger than the first
imaginary circle C1, a pressure of the mjected resin intro-
duced when the imnjection molding 1s performed 1s directly
applied to one surface of the ring magnet 210, and thus the
ring magnet 210 may be damaged.

The diameter of the first extension portion 222 of the core
member 1s formed to be greater than the diameter of the first
imaginary circle C1 [to cover] so that the first extension
portion 222 partially covers the one surface [and the other
surface] of the ring magnet 210. In the case, the first
extension portion 222 may cover the plurality of first
[eroove] grooves 215 of the ring magnet 210. Particularly, a
ratio of a diameter of the body portion of the core member
to the diameter of the ring magnet may be 1:2 to 1:2.5.

Therefore, a diameter D1 of the first imaginary circle C1,
a diameter D2 of the second imaginary circle C2, a diameter
D3 of the first extension portion 222, and a diameter D4 of
the ring magnet 210 may satisiy the following formula 1.

D2<D1<D3=D4 [Formula 1]

The second [grooves] recesses 224 may be disposed not
to be on the first imaginary straight line L1 passing through
the center of the first imaginary circle C1 and two of the
plurality of first grooves 215. When the second [grooves]
recesses 224 are disposed on the first imaginary straight line
L1, an injection pressure is directly applied to the [the] first
grooves 215 when the core member 220 1s injection-molded,
and thus there 1s a problem in which excessive stress 1s
concentrated on the first grooves 215.

Also, a temperature of the imnjected resin 1s greater than or
equal to about 300° C. so that a momentary temperature
difference 1s generated and a thermal impact may cause
cracks around the first grooves 215.

Theretore, the second [grooves] recesses 224 are disposed
not to be on the first imaginary straight lines L1, and thus a
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stress applied to the first grooves 215 may be relatively
mitigated when the rotor 1s manufactured.

Each of the first grooves 215 and/or the third [grooves]
recesses 225 may be disposed between a plurality of second
[arooves] recesses 224a, 224b and 224c, and the first
grooves 215 and the second [grooves] recesses 224 may be
disposed at an angle of about 25° to 55°. In this case, an
angle 011 between the second [groove] recess 224b and one
of the third [groove] recesses 225 may be the same as or
different from an angle 612 between the second [groove]
recess 224c and one of the third [groove] recesses 225.

Referring to FIG. 8, the third [grooves] recesses 225 and
the first grooves 215 may be disposed not to correspond to
cach other. Such a structure has an advantage 1n that the core
member 220 may stably support the ring magnet 210 when
the rotor rotates at high speed by increasing the thicknesses
of the extension portions 222 and 223 filling the first grooves
215.

Therefore, the first imaginary straight line .1 and each of
a third imaginary straight line L3 passing through the center
of the first imaginary circle C1 and the third [grooves]
recesses 225 are disposed not to correspond to each other so
that a predetermined angle 03 exists between them. For
example, the third imaginary straight line L3 and the first
imaginary straight line .1 may have an angle of less than or
equal to 10°.

In this case, the second [grooves] recesses 224 may be
disposed at positions which also do not correspond to the
third 1maginary straight lines L.3. That 1s, the angle 03
between the third imaginary straight line L3 and the first
imaginary straight line L1 may be less than an angle 02
between the second 1maginary straight line L2 and the first
imaginary straight line L1. That is, the third [grooves]
recesses 225 may be disposed closer to the first grooves 2135
than the second [grooves] recesses 224.

The third [grooves] recesses 225 may mark the magne-
tization direction of the ring magnet, and thus 1t 1s advan-
tageous to dispose the third [grooves] recesses 225 close to
the first grooves 215. The second [grooves] recesses 224 are
disposed as far away from the first grooves 215 as possible
to mitigate stress applied to the first grooves 215.

FIG. 9 1s a graph of measured slip torque of the motor
according to one embodiment of the present invention, and
FIG. 10 1s a graph of measured coating eflects according to
one embodiment of the present invention.

In FIG. 9, the vertical axis shows a torque value [(N-mm)]
N-m. The left side ([Before]Prior art) of the horizontal axis
shows torque data of an existing motor, and the right side
(|After}/nvention) thereof shows torque data of a motor
using the rotor according to the embodiment of the present
invention.

Referring to FIG. 9, the motor according to the embodi-
ment of the present mvention generates 40 N-m of torque,
while the existing motor generates 25 N-m of torque. The
torque data of the motor to which the embodiment of the
present invention 1s applied 1s more remarkably increased
compared to the torque of the existing motor. The first
grooves of the rnng magnet are filled with the core member
so that the extension portions of the core member partially
cover the upper surface and the lower surface of the ring
magnet, and thus slip torque 1s 1increased. Slip torque refers
to torque generated when a magnet slips from a core member
when a rotor suddenly stops during rotation.

Referring to FIG. 4, a coating layer may be formed on at
least one of the one surface 212, the other surface 213, and
an outer circumierential surface 216 of the ring magnet 210.
Therefore, even through cracks are generated on the ring
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magnet 210, a cracked maternial 1s prevented from being
discharged to the outside, and thus the performance of the
motor can be increased. Also, the magnet 1s prevented from
being corroded.

A method of forming a coating layer includes sanding and
preheating a surface of the ring magnet 210, coating the
sanded surface, post-heating the coating layer, and manu-
facturing the coating layer. However, the coating method 1s
only an exemplary example and 1s not limited thereto.
Various coating methods may be applied depending on kinds
ol coating matenals.

A Teflon coating layer may be formed at a thickness of 10
to 30 um. However, the coating material 1s not necessarily
limited thereto, and various coating materials that prevent a
crack generated in the ring magnet 210 or corrosion of the
magnet may be selected.

The vertical axis 1n FIG. 10 shows an mner pressure value
of the ring magnet 210. The left side of the horizontal axis
shows 1nner pressure data when a Teflon coating 1s not
formed, and the right side thereof shows an inner pressure
data when a 20 um thickness Teflon coating 1s formed.
Referring to FIG. 10, when the Teflon coating 1s formed,
iner pressure performance 1s icreased more than the case
in which the coating 1s not formed.

The mmvention claimed 1s:

1. A rotor comprising;:

a shaft that extends in an axial direction from a lower end
to an upper end,

a ring magnet including a first hole into which the shatt 1s
inserted, the ring magnet having an upper surface; and

a core member disposed between the shaft and the ring
magnetfand including a resin material], and a part of
the core member 1s on the upper surface of the ring
magneit,

wherein [the ring magnet includes] a plurality of first
recesses [disposed on] are formed in the ring magnet
and open to the upper surface of the ring magnet,

wherein an upper surface of the core member is [disposed
on the upper surtace of the ring magnet such that the
upper surface of the core member is] spaced apart [in
the axial direction] from the upper surface of the ring
magnet in a direction parallel to the axial direction,

wherein [the core member includes] a plurality of second
recesses [disposed on] are formed in the core member
and open to the upper surface of the core member, [the
second recesses and the first recesses being disposed to
be misaligned in a radial direction.}

wherein the plurality of first vecesses ave located along
specific rvadial divections extending outward from the
shaft, the plurality of second recesses are located along
specific rvadial divections extending outward from the
shaft, and the specific radial divections along which the
second recesses are located differ from the specific
radial divections along which the first vecesses are
located, and

wherein a shortest distance between the shaft and Jone}
each of the second recesses in respective radial direc-
tions extending outward from the shaft 1s less than a
shortest distance between the shaft and [one] eac’ of
the first recesses in [the] respective radial [direction]
dirvections extending outward from the shaft, and

wherein a shortest distance [in a radial direction] between
the shaft and an outer [end] circumferential edge of the
upper surface of the core member 1s greater than the

shortest distance [in a radial direction] between the

shaft and [the one] each of the first recesses Jon the
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upper surface of the ring magnet] in the respective
radial directions extending outward from the shaft, and

wherein all of the plurality of second vecesses are dis-
posed on a same circumference about the shaft, and an
outer boundary of each of the second rvecesses is
substantially cvlindvical,

whevrein all of the plurality of second recesses disposed on
the same circumference are misaligned with respect to
the ving magnet in any direction parallel to the axial
dirvection such that no overlap exists, in any direction
parallel to the axial divection, between any of the
second recesses and the ving magnet.

2. The rotor of claim 1, wherein:

[the core member includes] a plurality of third recesses
[disposed on] are formed in the core member and oper
to the upper surface of the core member|, and

wherein a shortest distance between the shaft and one of
the third recesses 1s less than the shortest distance
between the shait and the one of the first recesses in the
radial direction; and

wherein the third recesses at least partially overlap with
the first recesses in an axial direction].

3. The rotor of claim 2, wherein the shortest distance
between the shaft and [the one] eact: of the second recesses
in the respective radial divections extending outward from
the shaft is less than [the] a shortest distance between the
shaft and [the one] each of the third recesses in [the}
respective radial [direction] directions extending outward
from the shaft.

4. The rotor of claim 3, wherein [the second recesses and
the third recesses are disposed to be misaligned 1n a radial
direction] the plurality of third recesses are located along
specific radial divections extending outward from the shaft,
and the specific radial divections along which the second
recesses are located differ from the specific radial divections
along which the thivd rvecesses are located.

5. The rotor of claim 2, wherein:

[the plurality of second recesses are disposed on a same

circumference about the shaft; and]

the plurality of third recesses are disposed on a same
circumierence about the shatft.

[6. The rotor of claim 2, wherein the third recesses are
disposed 1n a same direction as the first recesses 1n a radial
direction.]

7. The rotor of claim 2, wherein an angle between a center
ol one of the first recesses and a center of one of the second
recesses 1 a circumierential direction with respect to the
shaft 1s greater than an angle between the center of one of the
first recesses and a center of one of the third recesses 1n a
circumierential direction with respect to the shatft.

8. The rotor of claim 1, wherein the core member 1s made
of 1injected polymer resin, the polymer resin made of poly-
phenylene sulfide (PPS) or polyamide 9T (PA9T).

9. The rotor of claim 1, wherein each of the second
recesses separately includes protrusion portions protruding,
from a bottom surface thereof, and ends of the protrusion
portions are formed at a lower level than the upper surtace
of the core member in any direction parallel to the [radial]
axial direction.

10. The rotor of claim 1, wherein the core member covers
the first recesses.

[11. The rotor of claim 1, wherein the upper surface of the
core member partially overlaps with the first recesses 1n an
axial direction.}

[12. The rotor of claim 1, wherein the shaft includes
fourth recesses disposed on a surface thereof which are
coupled to the core member.]
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13. The rotor of claim 1, wherein a length of the core
member in [an] said direction parallel to the axial direction
1s greater than a length of the ring magnet 1n said direction
parallel to the axial direction.

14. The rotor of claim 2, wherein the first recesses include
a bottom surface and a side surface extending from the
bottom surface to the upper surface of the ring magnet.

15. A motor comprising:

a rotor; and

a stator,

wherein the rotor comprises|;]-

a shalt that extends in an axial direction from a lower
end to an upper end,

a ring magnet including a first hole into which the shatt
1s mnserted, the ring magnet having an upper surface;
and

a core member disposed between the shait and the ring
magnetfand including a resin material], and a part of
the core member 1s on the upper surface of the ring
magneit,

wherein [the ring magnet includes] a plurality of first

recesses [disposed on an] are formed in the ring magnet

and open to the upper surface of the ring magnet,

wherein an upper surface of the core member is [disposed
on the upper surtace of the ring magnet such that the
upper surface of the core member is] spaced apart [in
the axial direction] from the upper surface of the ring
magnet in a direction parallel to the axial direction,

wherein [the core member includes] a plurality of second
recesses [disposed on] are formed in the core member
and open to the upper surface of the core member, [the
second recesses and the first recesses being disposed to
be misaligned in a radial direction.}

wherein the plurality of first vecesses ave located along

specific rvadial divections extending outward from the
shaft, the plurality of second recesses are located along
specific rvadial divections extending outward from the
shaft, and the specific radial divections along which the
second recesses are located differ from the specific
radial divections along which the first vecesses are
located, and

wherein a shortest distance between the shaft and Jone}

each of the second recesses in respective radial direc-

tions extending outward from the shaft 1s less than a

[radially] shortest distance between the shaft and [one]

each of the first recesses in [the] respective radial

[direction] directions extending outward from the shaft,

and

wherein a shortest distance [in a radial direction] between

the shaft and an outer [end] circumferential edge of the

upper surface of the core member 1s greater than the

shortest distance [in a radial direction] between the

shaft and [the one] eack of the first recesses [on the
upper surface of the ring magnet] in the respective
radial directions extending outward from the shaft, and

wherein all of the plurality of second recesses are dis-
posed on a same circumference about the shaft, and an
outer boundary of each of the second recesses is
substantially cvlindrvical, and

wherein all of the plurality of second recesses disposed on
the same circumference are misaligned with respect to
the ving magnet in any direction parallel to the axial
dirvection such that no overlap exists, in any direction
parallel to the axial direction, between any of the
second recesses and the ving magnet.

16. The motor of claim 15, wherein:
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[the core member includes] a plurality of third recesses
[disposed on] are formed in the core member and open
to the upper surface of the core member|, and

wherein a shortest distance between the shaft and one of
the third recesses 1s less than the radially shortest s
distance between the shaft and the one of the first
recesses 1n the radial direction; and

wherein the third recesses at least partially overlap with

the first recesses in an axial direction].

17. The motor of claim 16, wherein the shortest distance 10
between the shaft and [the one] eact: of the second recesses
in the respective radial divections extending outward from
the shaft is less than [the] a shortest distance between the
shaft and [the one] eack of the third recesses in [the]
respective radial [direction] directions extending outward 15
from the shaft.

18. The motor of claim 17, wherein [the second recesses
and the third recesses are disposed to be misaligned 1n the
radial direction] the plurality of thivd recesses arve located
along specific radial divections extending outward from the 20
shaft, and the specific vadial divections along which the
second recesses arve located differ from the specific radial
dirvections along which the thivd recesses are located.

19. The motor of claim 15, wherein the first recesses
include a bottom surface and a side surface extending from 25
the bottom surface to the upper surface of the ring magnet.

20. The motor of claim 15, wherein each of the second
recesses separately includes protrusion portions protruding
from a bottom surface thereof, and ends of the protrusion
portions are formed at a lower level than the upper surface 30
of the core member 1n any direction parallel to the axial
direction.
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