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(57) ABSTRACT

Brushless motor in a washing machine including a stator
having a coil coupled to an upper frame, and a rotor having a
lower frame entirely formed of a metal to cover an outer
circumference and a bottom of the stator, a plurality of mag-
nets fitted to an inside wall of the lower frame at fixed inter-
vals opposite to the coil of the stator, and a support member
formed as one unit with, and at a central portion of the lower
frame coupled to a washing water shaft for transmission of a
rotating force of the lower frame to the washing water shaft,
thereby permitting smooth heat dissipation and drainage from
the motor, and shortening a fabrication process and time
period.

19 Claims, 7 Drawing Sheets
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1
BRUSHLESS DC MOTOR IN WASHING
MACHINE

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.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a washing machine, and
more particularly, to a brushless motor for driving an inner tub
or a pulsator in a washing machine.

2. Background of the Related Art

In general, the washing machine washes contaminated
laundry clean by driving the inner tub or the pulsator by using
a motor to circulate washing water having detergent con-
tained therein. FIG. 1 illustrates key parts of a related art full
automatic washing machine, provided with an inner tub 1, an
outer tub 2, and a shaft 5 having one end connected both to the
pulsator 3 fitted inside of the inner tub 1 and the inner tub 1
and the other end having serration 5a connected to a brushless
motor 4. The brushless motor 4 designed to make regular and
reverse rotation for driving the inner tub 1 and the pulsator 3
has a structure as shown in FIGS. 2 and 3.

That is, referring to FIG. 2, the brushless motor 4 is pro-
vided with a stator 10 having a coil 12 fitted to an upper frame
11 having a bearing 6 therein which is in turn fitted to the outer
tub 2, and a rotor 20 having a lower frame 21 fitted to an outer
circumference of the stator for being rotated by a polarity
difference. As shown in FIG. 3, there are a plurality of mag-
nets 22 fitted along an inside circumference of the lower
frame 21 in the rotor 20 at fixed intervals, and a back yoke 23
between the magnets and the lower frame for forming a
magnetic path and supporting the magnets. There are a plu-
rality of draft holes 24 in a bottom surface of the lower frame.
And, there is a support member 30 having female serration 31
along an inside surface injection molded as a unit with, or
bonded to the lower frame 21 for transmission of a rotating
power from the rotor to the shaft 5 having the male serration
and maintaining a gap between the upper frame 11 and the
lower frame 21.

The operation of the aforementioned system will be
explained.

Upon application of a power to the brushless motor 4, the
rotor 20 of the motor rotates in one direction by a polarity
difference from the stator 10 and a flow of magnetic flux along
the back yoke 23, to rotate the support member 30 coupled to
the lower frame 21 of the rotor 20. According to this, the shaft
5 coupled with the female serration 31 inside of the support
member 30 receives the rotating force of the rotor 20 through
the support member 30 to rotate the inner tub 1 coupled to the
shaft 5, thereby facilitating washing of the laundry.

However, the related art brushless motor has the following
various problems caused by the structure.

First, the general plastic injection molded lower frame 21
in the rotor 20 of the related art brushless motor 4 impedes
smooth dissipation of a heat generated during operation of the
motor 4 to keep accumulation of the heat inside of the motor
4, that causes thermal distortion of the lower frame 21 and
various components, and degrades the performance rapidly
and shortens a lifetime of the motor. Moreover, the many
steps required for injection molding of the rotor 20 in fabri-
cation of the brushless motor 4 takes much time period, which
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drops a productivity, and the reinforcement required for the
rotor 20 increases a total weight.

Second, the requirement for a separate device, such as a
jig(not shown), for fitting the magnets 22 to the related art
lower frame 21 at fixed intervals leads to a complicated fab-
rication process. That is, the fastening of the magnets 22 to the
jig and winding the back yoke 23 therearound for fitting the
magnets 22 to the lower frame 21 requires many fabrication
steps, that causes many defects, to increase a production cost.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a brush-
less motor in a washing machine that substantially obviates
one or more of the problems due to limitations and disadvan-
tages of the related art.

An object of the present invention is to provide a brushless
motor in a washing machine, which can prevent an internal
heating, for making a stable operation.

Another object of the present invention is to provide a
brushless motor in a washing machine, which can simplify
the steps of process for fitting the magnets to a rotor.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, the brushless motor in a washing machine
including a stator havihg a coil coupled to an upper frame, and
a rotor having a lower frame entirely formed of a metal to
cover an outer circumference and a bottom of the stator, a
plurality of magnets fitted to an inside wall of the lower frame
at fixed intervals opposite to the coil of the stator, and a
support member formed as one unit with, and at a central
portion of the lower frame coupled to a washing water shaft
for transmission of a rotating force of the lower frame to the
washing water shaft.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention:

In the drawings:

FIG. 1 illustrates a section showing a bottom system of a
related art full automatic washing machine;

FIG. 2 illustrates an enlarged sectional view of “A” part in
FIG. 1,

FIG. 3 illustrates a perspective view of a lower frame in a
rotor of a brushless motor in a related art washing machine,
with a partial cut away view;

FIG. 4 illustrates a perspective view of a lower frame in a
brushless motor in accordance with a first preferred embodi-
ment of the present invention;
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FIG. 5 illustrates a section of a brushless motor having the
lower frame in FIG. 4 applied thereto;

FIG. 6 illustrates a development of a lower frame to show
magnets fitted to the lower frame of the present invention;

FIG. 7 illustrates a bottom perspective view of a support
member in a brushless motor in accordance with a second
preferred embodiment of the present invention;

FIG. 8 illustrates a bottom perspective view of a first form
of support member in a brushless motor in accordance with a
third preferred embodiment of the present invention;

FIG. 9 illustrates a bottom perspective view of a second
form of support member in a brushless motor in accordance
with a third preferred embodiment of the present invention;

FIG. 10 illustrates a bottom perspective view of a third
form of support member in a brushless motor in accordance
with a third preferred embodiment of the present invention;
and,

FIG. 11 illustrates a section of a brushless motor having all
the embodiments of the present invention applied thereto.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. FIG. 4 illustrates a
perspective view of a lower frame in a brushless motor in
accordance with a first preferred embodiment of the present
invention, and FI1G. 5 illustrates a section of a brushless motor
having the lower frame in FIG. 4 applied thereto.

Referring to FIGS. 4 and 5, in the first embodiment of the
present invention, there is a lower frame 210 of the rotor 200
formed by pressing steel plate and having a lip 221 formed by
first and second lip portions 221a and 221b, a plurality of
magnets 220 fitted at fixed intervals along an internal circum-
ference of a first portion 210a of the lower frame 210 opposite
to a coil 120 of the stator 100, and a support member 300 at a
central portion supported on a lip 220a of a second portion
210b of the lower frame 210. The lower frame 210 ofthe rotor
200 is formed of steel plate, for smooth transmission and
dissipation of a heat generated at the motor 4 to outside of the
motor 4. And, by making the function of the back-yoke
between the lower frame 210 and the magnet 220 to form a
path of magnetic flux taken over by the lower frame 210,
reductions of an overall fabrication steps and a number of
components are made available. There are plurality of
grooves 211 in a bottom of the lower frame 210 in a radial
direction at fixed intervals along a circumference thereof for
collecting the washing water leaked through the shaft 5 and
accumulated on the bottom of the lower frame 210 to prevent
short circuit between the lower frame 210 and the coil 120 of
the brushless motor 4 caused by the washing water. There is a
drain hole 212 in a bottom surface of the groove 211 for drain
of the leaked washing water. There is a cooling fin between
the grooves 211 in the lower frame 210 for smoother dissipa-
tion of the heat generated within the stator 100. The cooling
fin 213 is formed in a radial direction with a length so that the
cooling fin 213 can blow air toward the stator 100 when the
rotor 200 is rotated for cooling the heat generated at the stator.
The cooling fin 213 is formed by lancing, to bend the cooling
fin 213 to be directed toward an upper side of the rotor 200 and
form a draft hole 214 for dissipation of the heat from the
stator. And, there are a plurality of projections 215 at fixed
intervals along an inside circumference of the lower frame
210 for fixing intervals of the magnets 220 in fitting the
magnets 220 thereto as shown in FIG. 6. These projections
215 permits to fit the magnets 220 with reference to the
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projections 215 on the inside surface of the lower frame 210
without the jig, for simplifying the fabrication process. Four
of'the projections 215 form a set, spaced by ‘W’ of a width of
the magnet 220, to support four corners of the magnet 220,
and the sets are formed such that there is a distance ‘S1’
between adjacent sets of the projections 215 to secure a dis-
tance ‘S’ between adjacent magnets 220. However, the pro-
jections are not limited to the above form, but may take
various forms. That is, though not shown, it can be known
with easy that, not only the four projections, but also two, or
even one projection may form one set, for fitting the magnets
220 at the fixed intervals.

Though the lower frame 210 of the rotor 200 of steel plate
in the first embodiment of the present invention permits, not
only smooth heat dissipation of the heat from the motor 4, but
also easy fitting of the magnets 220 on the lower frame 210, a
property of the material causes a problem of short circuit.
That is, once an insulation between the coil 120 of the stator
100 and the lower frame 210 of the rotor 200 are broken, a
current flowed to the coil 120 flows to the lower frame 210,
and, therefrom to the shaft 5 through the support member 300,
and, eventually, to the inner tub 1 and the washing waterin the
outer tub 2, that may causes an accident. This is caused since
the lower frame 210 and the support member 300 are formed
of'a conductive material as one unit. In a case the lower frame
210 and the support member 300 are formed of the same
materials, a vibration caused by rotation of the rotor 200 is
transmitted to the support frame 300 through the lower frame
210, and therefrom to the shaft 5. That is, since the materials
are the same, the natural frequencies are the same, which
allows direct transmission of the vibration occurred by the
rotation of the lower frame 210 without attenuation, that
results in complain from users as the vibration deteriorates a
product reliability.

Accordingly, the second embodiment of the present inven-
tion suggests to provide a support member 300 formed of an
insulating material different from a material of the lower
frame 210. That is, the support member 300 of the insulating
material can prevent flow of the current flowed along the
lower frame 210 to the shaft 5 through the support member
300, even if the insulation between the coil 120 of the stator
100 and the lower frame 210 of the rotor 200 is broken.
Furthermore, the formation of the lower frame 210 and the
shaft 300 of different materials differ natural frequencies, to
attenuate a portion of the vibration transmitted through the
lower frame 210 by the shaft 300. It can be known that the
attenuation of the vibration to the shaft 5 permits a low noise
operation of the washing machine. On the other hand, the
formation of the support member 300 of the insulating mate-
rial causes to require additional reinforcement of the support
member 300. Accordingly, as shown in FIG. 7, there are
additional radial ribs 330 formed between an inside circum-
ference of a circular rib 320 on the lower frame and an outside
circumference of the female serration 310, and additional
reinforcing ribs 340 along an outer circumference of the
circular rib 320, for preventing a problem caused by a drop of
strength of the support member 300 in advance.

In the meantime, the formation of the lower frame 210 and
the support member 300 of different materials may cause the
fabrication process to form as one unit to require more steps.
To cope with this, a third embodiment of the present invention
suggests to form a support member 300 which can be coupled
to the lower frame selectably, according to the following
various methods. That is, as shown in FIG. 8, a plurality of
downward coupling projections 350 are formed on a bottom
surface of the support member 300, and a plurality of cou-
pling holes 216 are formed in the lower frame 210, for accept-
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ing the coupling projections 350, respectively. This system
permits an exact and stable setting of the support member
onto the lower frame 210. Because, when it is intended to set
the support member 300 onto the lower frame 210, the cou-
pling projections can make a stable hold of the support mem-
ber 300 in a process the coupling projection 350 on the sup-
port member 300 is accommodated into the coupling holes
216 in the lower frame 210. Or, as shown in FIG. 9, a plurality
of fastening holes 360 may be formed both in a bottom sur-
face of the support member 300 and a surface of the lower
frame 210 opposite to the bottom surface, for fastening with
fastening means, such as bolts 361 or rivets(not shown). This
system provides a stable fastening of the support member 300
and the lower frame 210.

However, the present invention suggests a system as illus-
trated in FIG. 10 which is a combination of the system in FI1G.
8 and the system in FIG. 9, for more exact and stable coupling
between the support member 300 and the lower frame 210.
There are a plurality of coupling projections 350 and coupling
holes 360 along a bottom circumference of the support mem-
ber in symmetry, so that, when it is intended to couple the
support member 300 to the lower frame 210, the support
member 300 can be made to set on the lower frame 210
exactly as the coupling holes 216 guide the coupling projec-
tions 350, and, when the support member 300 and the lower
frame 210 are brought into a close contact, the support mem-
ber 300 and the lower frame 210 are fastened with bolts 361
or the like through the fastening holes 360, for making a stable
fastening between the support member 300 and the lower
frame 210. Eventually, the foregoing system provides a
brushless motor having a section as illustrated in FIG. 11.

The brushless motor in a washing machine of the present
invention has the following advantages as a material of the
brushless motor is improved and various deficiencies resulted
in following the change of material are supplemented.

Smooth hedt dissipation from the motor can be achieved, to
prevent deterioration of a motor performance coming from
the heat of the motor performance.

Smooth drainage of the washing water accumulated in the
brushless motor can be achieved, to permit to prevent short
circuit between the coil in the stator and the shaft in advance.

The easy and stable fitting of the magnets to the inside
surface of the lower frame in the rotor shortens an overall
fabrication process and time period.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the brushless
motor in a washing machine of the present invention without
departing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of'this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A brushless motor in a washing machine, comprising:

a stator having a coil, the stator coupled to an upper frame;

and

a rotor having a lower frame entirely formed of a metal to

cover an outer circumference and a bottom of the stator,
aplurality of magnets fitted to an inside wall of the lower
frame at fixed intervals opposite to the coil of the stator,
and a support member formed as a single piece with the
lower frame at a central portion thereof and coupled to a
washing water shaft for transmission of rotating force of
the lower frame to the washing water shaft, wherein the
lower frame includes a plurality of grooves formed in a
bottom surface thereof at fixed intervals along an inside
circumference of the bottom surface, each having a drain
hole in a bottom of the groove.
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2. The brushless motor as claimed in claim 1, wherein the
lower frame further includes a cooling fin between the
grooves in the lower frame for dissipation of heat from the
stator.

3. The brushless motor as claimed in claim 1, wherein the
lower frame further includes projections on an inside circum-
ference of the lower frame for fixing intervals of the magnets.

4. The brushless motor as claimed in claim 1, wherein a
bottom surface of the support member and a surface of the
lower frame have a plurality of fastening holes for fastening
the support member and the lower frame with fastening
means.

5. The brushless motor as claimed in claim 4, wherein the
fastening means comprise bolts or rivets.

6. The brushless motor as claimed in claim 1, wherein the
rotor having the lower surface entirely formed of a metal and
configured such that the outer circumference of the rotor
covers the plurality of magnets fitted to an inside wall thereof
serves as the yoke.

7. A brushless motor in a washing machine, comprising:

a stator having a coil, the stator coupled to an upper frame;

and

a rotor having a lower frame entirely formed of a metal to

cover an outer circumference and a bottom of the stator,
aplurality of magnets fitted to an inside wall of the lower
frame at fixed intervals opposite to the coil of the stator,
and a support member formed as a single piece with the
lower frame at a central portion thereof and coupled to a
washing water shaft for transmission of rotating force of
the lower frame to the washing water shaft, wherein the
lower frame includes a plurality of grooves formed in a
bottom surface thereof at fixed intervals along an inside
circumference of the bottom surface, each having a drain
hole in a bottom of the groove, wherein the lower frame
[her] further includes a cooling fin between the grooves
in the lower frame for dissipation of heat from the stator,
and wherein the cooling fin is formed by lancing the
lower frame, which forms a hole which is used as a draft
hole.

8. A brushless motor in a washing machine, comprising:

a stator having a coil, the stator coupled to an upper frame;

and

a rotor having a lower frame entirely formed of a metal to

cover an outer circumference and a bottom of the stator,
aplurality of magnets fitted to an inside wall of the lower
frame at fixed intervals opposite to the coil of the stator,
and a support member formed of a single material and as
a separate piece from the lower frame, and configured to
be attached to the lower frame at a central portion thereof
and directly coupled to a washing water shaft for trans-
mission of rotating force of the lower frame to the wash-
ing water shaft, wherein the support member is formed
of an insulating material that insulates it from the lower
frame, and includes:
a circular rib;
radial ribs and reinforcing ribs extending from a circum-
ference of the circular rib for reinforcing the lower
frame; and
afemale serration for coupling the support member with
the shaft, wherein the support member includes a
plurality of downward coupling projections on a bot-
tom surface thereof, and the lower frame includes a
plurality of coupling holes opposite to the coupling
projections for accepting the coupling projections on
the support member, for coupling the support member
and the lower frame.
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9. A brushless motor in a washing machine, comprising:
a stator having a coil, the stator coupled to an upper frame;
and
a rotor having a lower frame entirely formed of a metal to
cover an outer circumference and a bottom of the stator,
aplurality of magnets fitted to an inside wall of the lower
frame at fixed intervals opposite to the coil of the stator,
and a support member formed at a central portion of the
lower frame coupled to a washing water shaft for trans-
mission of rotating force of the lower frame to the wash-
ing water shaft, wherein the lower frame further includes
a cooling fin between grooves in the lower frame for
dissipation of heat from the stator and wherein the cool-
ing fin is formed by lancing the lower frame which forms
a hole which is used as a draft hole.
10. A brushless motor in a washing machine, comprising:
a stator having a coil, the stator coupled to an upper frame;
and
a rotor having a lower frame entirely formed of a metal to
cover an outer circumference and a bottom of the stator,
aplurality of magnets fitted to an inside wall of the lower
frame at fixed intervals opposite to the coil of the stator,
and a support member formed at a central portion of the
lower frame coupled to a washing water shaft for trans-
mission of rotating force of the lower frame to the wash-
ing water shaft, wherein the support member is formed
of an insulating material that insulates it from the lower
frame, and includes:
a circular rib;
radial ribs and reinforcing ribs extending from a circum-
ference of the circular rib for reinforcing the lower
frame; and
afemale serration for coupling the support member with
the shaft, wherein the support member includes a
plurality of downward coupling projections on a bot-
tom surface thereof, and the lower frame includes a
plurality of coupling holes opposite to the coupling
projections for accepting the coupling projections on
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inside circumference of the bottom surface, wherein the
grooves are formed in a radial direction of the lower
frame, wherein the grooves are formed by pressing the
lower frame, and a drain hole provided in a bottom of at
least one of the grooves.

14. A motor for a washing machine, comprising:
a drive shafi;
a stator;

a

rotor comprising a frame formed entirvely of steel and
configured to cover at least a portion of the stator, the
rotor having a plurality of magnets positioned adjacent
to a sidewall of the rotor and a bottom surface adjacent
the sidewall, wherein a center portion of the rotor pro-
trudes toward the stator and comprises a plurality of
coupling holes and at least one fastening hole; and

a support member configured to connect the rotor to the

drive shaft, wherein the support member comprises a
plurality of fastening holes and at least one coupling
projection configured to be inserted into a correspond-
ing coupling hole of the rotor.

15. A motor for a washing machine, comprising:
a drive shafi;
a stator;

a

rotor comprising a frame formed entirvely of steel and
configured to cover at least a portion of the stator, the
rotor having a plurality of magnets positioned adjacent
to a sidewall of the rotor and a bottom surface adjacent
the sidewall, wherein a center portion of the rotor pro-
trudes toward the stator and includes a central opening
having a projecting lip; and

a support member configured to connect the rotor to the

drive shaft and having an opening for receiving therein
the drive shaft, wherein corresponding projections and
recesses are formed on mating portions of the drive shaft
and the opening of the support member, and wherein the
projecting lip of the rotor is configured to bear against
and support the support member.

16. The motor of claim 15, wherein the support member

the support member, for coupling the support member
and the lower frame.

11. A brushless motor in a washing machine, comprising:
a stator having a coil and coupled to an upper frame; and

a rotor having a lower frame entirely formed of metal to
cover an outer circumference and a bottom of the stator,

comprises at least one reinforcing rib.
40 17. The motor of claim 16, wherein the at least one rein-
forcing rib comprises at least one circular rib.
18. The motor of claim 15, wherein the projecting lip
extends substantially perpendicular to the bottom surface of
the rotor, and then curves inward.

and a plurality of magnets fitted to an inside wall of the
lower frame at fixed intervals opposite to the coil of the
stator, wherein the lower frame further includes a cool-
ing fin formed as a single piece with the rotor for dissi-
pation of heat from the stator and wherein the cooling fin
is formed by lancing and bending the lower frame which
forms a hole which is used as a draft hole.

12. The brushless motor as claimed in claim 11, wherein
the rotor has a support member formed at a central portion of
the lower frame adjacent to the washing water shaft, wherein
the lower frame further includes a plurality of grooves formed
in a bottom surface of the lower frame at fixed intervals along
an inside circumference of the bottom surface.

13. A brushless motor in a washing machine, comprising:

a stator having a coil, and coupled to an upper frame; and

arotator having a lower frame entirely formed of a metal to

cover an outer circumference and a bottom of the stator,
and a plurality of magnets fitted to an inside wall of the
lower frame at fixed intervals opposite to the coil of the
stator, and a plurality of grooves formed in a bottom
surface of the lower frame at fixed intervals along an
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19. A washing machine, comprising:

an outer tub;

an inner tub rotatably mounted within the outer tub; and
a motor comprising:

drive shaft connected to the inner tub;

a single stator comprising a coil; and

a rotor comprising a_frame formed entively of steel and
configured to cover at least a portion of the stator and
to be connected to the drive shaft, the votor having a
plurality of magnets positioned adjacent to a sidewall
of the rotor, a bottom surface adjacent the sidewall,
and a plurality of cooling fins configured to project
from the bottom surface of the rotor, wherein the side-
wall comprises an extending lip at an end of the side-
wall opposite the bottom surface of the rotor, and
wherein the lip comprises a first portion that extends
substantially perpendicular to the sidewall of the
rotor, and a second portion that extends substantially
perpendicular to the first portion.



