© 2016/163606 A1 I I K0 OO0 O OO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/163606 Al

13 October 2016 (13.10.2016) WIPO|PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO2K 1/27 (2006.01) HO2K 16/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
HO2K 49/10 (2006.01) DO6F 37/30 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Tat tional Application Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/KR2015/010203 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KZ,
(22) International Filing Date: LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
25 September 2015 (25.09.2015) MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
. ) PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
10-2015-0048311 6 ApI’il 2015 (06.04.2015) KR kind Of regional pl‘OleCliOl’l available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: LG ELECTRONICS INC. [KR/KR]; 128, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Yeoui-daero, Yeongdeungpo-gu, Seoul 07336 (KR). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventor: INOUE, Hiroyuki; IP Center, LG Electronics E\If 1]\3/[Ec El\ikFIﬁ/[FTR’I\IGLB’I\I%R’PIiRiDI;Uﬁ(I)E’Ig’ IsTE LsTI Is“g
Inc., 51, Gasan digital 1-ro, Geumcheon-gu, Seoul 08592 > > > 2 > > NIy DT 90 D
(KR) SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: KIM, Yong In et al,; KBK & Associates, 7th Published:

Floor, 82, Olympic-ro, Songpa-ku, Seoul 05556 (KR).

with international search report (Art. 21(3))

(34

Title: LAUNDRY TREATMENT APPARATUS

|Fig. 3]

SV

430

400

a0 |
L

(57) Abstract: A laundry treatment apparatus is disclosed. The laundry treatment apparatus includes a cabinet (100) defining the ap -
pearance of the laundry treatment apparatus, a drum (300) rotatably disposed in the cabinet (100), and a drive unit (400) for rotating
the drum (300), wherein the drive unit (400) includes a first drive unit (410) for generating rotational force required to rotate the
drum (300), and a second drive unit (430) for changing the ratio of rotational force generated by the first drive unit (410) and rota-
tional force transferred to the drum (300), wherein the first drive unit (410) includes a first stator (411) for generating rotating mag -
netic fields, a magnetic flux converter (413) rotatably disposed radially outside the first stator (411) to change the magnetic flux of
the magnetic fields generated by the first stator (411), and a first rotor (415) disposed radially outside the magnetic flux converter
(413) and rotatable by the magnetic fields, wherein the magnetic flux converter (413) is configured to rotate with the second drive
unit (430).
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Description

Title of Invention: LAUNDRY TREATMENT APPARATUS

Technical Field

The present invention relates to a laundry treatment apparatus.
Background Art

FIG. 1 is a view showing a conventional belt drive type laundry treatment apparatus.

The conventional laundry treatment apparatus shown in FIG. 1 may include a cabinet
1 defining the appearance of the laundry treatment apparatus, a tub 2 disposed in the
cabinet 1 to contain washing water, and a drum 3 rotatably disposed in the tub 2 to
contain laundry.

The cabinet 1 and the tub 2 include an introduction port for allowing the inside
thereof to communicate with the outside thereof. The laundry treatment apparatus
further includes a door 11 for opening and closing the introduction port.

The cabinet 1 further includes springs 4 and a damper 5 to attenuate vibrations
generated by the rotation of the drum 3.

The laundry treatment apparatus further includes a power unit 6.

The power unit 6 includes a motor 64 for generating rotational force, a first pulley 62
rotatable by the rotational force generated by the motor 64, a second pulley 63 having a
larger diameter than the first pulley 62, a belt 65 for causing the first and second
pulleys 62 and 63 to rotate together, and a shaft 61, which is integrally formed at one
end thereof with one side of the second pulley 63 and at the other end thereof with the
drum 3 to transfer the rotational force, generated by the power unit 6, to the drum 3.

More specifically, in order to transfer the rotational force generated by the motor 64
to the second pulley 63, which has a larger diameter than the first pulley 62, the first
pulley 62 and the second pulley 63 are connected to each other via the belt 62 wound
therearound. The first and second pulleys 62 and 63, which have different diameters,
transfer the low-speed, high-torque rotational force to the drum 3.

The tub 2 further includes a bearing housing 22, and a bearing 21, rotatably provided
in the bearing housing 22, in order to reduce the radial load generated during rotation
of the shaft 61.

The conventional belt drive reduction mechanism using pulleys has a problem of
generation of noise due to rotation of the belt 65. Furthermore, the reduction
mechanism has a problem of breakage of the belt 65.

In addition, since space required for rotation of the belt 65 has to be ensured because
the first and second pulleys 62 and 63 are provided in the cabinet 1, assembly thereof
is difficult.
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Furthermore, since the first pulley 62 rotates at a higher speed and the second pulley
63 rotates at a higher torque in the state in which the belt 65 is in contact with the first
and second pulleys 62 and 63, friction is generated between the belt 65 and the pulleys
62 and 63, thus deteriorating the motor efficiency.

In addition, since the belt 65 is in contact with the first and second pulleys 62 and 63,
there is a problem in that the motor may be burned when excessive load is applied to
the power unit 6.

FIG. 2 is a view showing a conventional direct-drive type laundry treatment
apparatus.

The conventional laundry treatment apparatus shown in FIG. 2 may include a cabinet
10 defining the appearance of the laundry treatment apparatus, a tub 20 disposed in the
cabinet 10 to contain washing water, and a drum 30 rotatably disposed in the tub 20 to
contain laundry.

The cabinet 10 further includes springs 40 and a damper 50 in order to attenuate vi-
brations generated by the rotation of the drum 30.

The cabinet 10 and the tub 20 include an introduction port for allowing the inside
thereof to communicate with the outside thereof. The laundry treatment apparatus
further includes a door 101 for opening and closing the introduction port.

The laundry treatment apparatus further includes a power unit 60 for rotating the
drum 30. The power unit 60 generates rotational force, and rotational force generated
by the power unit 60 is transferred to a shaft 601 and is in turn transferred to the drum
30, which is configured to be rotated with the shaft 601.

The tub 2 further includes a bearing housing 202 and a bearing 201, rotatably
provided in the bearing housing 202, in order to reduce the radial load generated
during rotation of the shaft 601.

The power unit 60 includes a stator 6021 for generating a rotating magnetic field, and
a rotor 6023 adapted to be rotated by the rotating magnetic field generated by the stator
6021. Since the conventional direct-drive type laundry treatment apparatus shown in
FIG. 2 enables only the rotation of the drum 3, it has to further include gears in order to
reduce the speed and thus transfer high torque.

Attempts have been made to reduce the rotational speed of the drum 3 by causing a
change in the magnetic flux in the direct-drive type laundry treatment apparatus.

When the drum 3 rotates at a high speed, a change of magnetic flux occurs with a
short period at magnets provided in a magnetic flux converter or a rotor. This is
problematic in that the magnets provided in the magnetic flux converter or the rotor are
heated due to the generation of eddy current, thus deteriorating the efficiency with

which the magnetic flux is transmitted.
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Disclosure of Invention

Technical Problem

An object of the present invention devised to solve the problem lies on the provision
of a laundry treatment apparatus equipped with a drive unit, which is capable of
reducing noise caused by vibrations.

Another object of the present invention devised to solve the problem lies on the
provision of a laundry treatment apparatus equipped with a drive unit, which is capable
of eliminating defects caused by breakage of a belt.

A further object of the present invention devised to solve the problem lies on the
provision of a laundry treatment apparatus equipped with a drive unit, which obviates a
belt and is thus simple to assemble.

Still another object of the present invention devised to solve the problem lies on the
provision of a laundry treatment apparatus equipped with a drive unit, which operates
without interference so as to improve the efficiency of the motor.

Yet another object of the present invention devised to solve the problem lies on the
provision of a laundry treatment apparatus, which is capable of changing the reduction
gear ratio of a single drive unit in order to realize a high-speed rotation mode and a
low-speed rotation mode of a drum.

Still yet another object of the present invention devised to solve the problem lies on
the provision of a laundry treatment apparatus equipped with a drive unit, which is
capable of preventing heating of magnets provided in a magnetic flux converter or a
rotor in order to improve transmission efficiency.

Solution to Problem

The object of the present invention can be achieved by providing a laundry treatment
apparatus including a cabinet defining an appearance of the laundry treatment
apparatus, a drum rotatably disposed in the cabinet, and a drive unit for rotating the
drum, wherein the drive unit includes a first drive unit for generating rotational force
required to rotate the drum, and a second drive unit for changing a ratio of rotational
force generated by the first drive unit and rotational force transferred to the drum,
wherein the first drive unit includes a first stator for generating rotating magnetic
fields, a magnetic flux converter rotatably disposed radially outside the first stator to
change magnetic flux of magnetic fields generated by the first stator, and a first rotor
disposed radially outside the magnetic flux converter and rotatable by the magnetic
fields, wherein the magnetic flux converter is configured to rotate with the second
drive unit.

The second drive unit may include a second stator for generating rotating magnetic

fields, and a second rotor rotatable by rotating magnetic fields generated by the second
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for supplying current to a first coil, which is wound around the first stator to generate
rotating magnetic fields, and a second inverter driving circuit for supplying current to a
second coil, which is wound around the second stator to generate rotating magnetic
fields, wherein the first inverter driving circuit and the second inverter driving circuit
may supply current independently from each other.

When the drum has to be rotated at a predetermined rotational speed or higher, the
first inverter driving circuit and the second inverter driving circuit may supply current
such that an angular rotational speed of the magnetic flux converter is the same as that
of the first rotor.

When the drum has to be rotated below a predetermined rotational speed, the second
inverter driving circuit may supply current such that the second rotor is held.

The second inverter driving circuit may supply direct current to the second coil to
hold the second rotor.

The laundry treatment apparatus may further include a magnetic flux converter
holder for selectively holding the magnetic flux converter.

The laundry treatment apparatus may further include a first coil wound around the
first stator to generate rotating magnetic fields, a second coil wound around the second
stator to generate rotating magnetic fields, a switch disposed between the first coil and
the second coil to selectively release an electrical connection between the first coil and
second coil, and an inverter driving circuit for supplying current to the first coil.

When the drum has to be rotated at a predetermined rotational speed or higher, the
switch may be controlled to electrically connect the first coil to the second coil.

When the drum has to be rotated below a predetermined rotational speed, the switch
may be controlled to release the electrical connection between the first coil and second
coil so as to supply current only to the inverter driving circuit.

When the drum has to be rotated below a predetermined rotational speed, the
magnetic flux converter holder may hold the magnetic flux converter to prevent

rotation of the magnetic flux converter.

Advantageous Effects of Invention

The present invention provides a laundry treatment apparatus equipped with a drive
unit, which is capable of reducing noise caused by vibrations.

Furthermore, the present invention provides a laundry treatment apparatus equipped
with a drive unit, which is capable of eliminating defects caused by the breakage of a
belt.

In addition, the present invention provides a laundry treatment apparatus equipped
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with a drive unit, which obviates a belt and is thus simple to assemble.
Furthermore, the present invention provides a laundry treatment apparatus, which is

provided with a drive unit adapted to operate without interference so as to improve the
efficiency of the motor.

In addition, the present invention provides a laundry treatment apparatus, which is
capable of changing the reduction gear ratio of a single drive unit in order to realize a
high-speed rotation mode and a low-speed rotation mode of a drum.

Furthermore, the present invention provides a laundry treatment apparatus equipped
with a drive unit, which is capable of preventing heating of magnets provided in a
magnetic flux converter or a rotor in order to improve transmission efficiency.

Brief Description of Drawings

The accompanying drawings, which are included to provide a further understanding
of the invention, illustrate embodiments of the invention and together with the de-
scription serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a view showing a conventional belt drive type laundry treatment apparatus;

FIG. 2 is a view showing a conventional direct-drive type laundry treatment
apparatus;

FIG. 3 is a view showing a laundry treatment apparatus according to the present
invention;

FIGs. 4 and 5 are views showing a drive unit of the laundry treatment apparatus
according to the present invention;

FIG. 6 is a view showing a second drive unit of the laundry treatment apparatus
according to the present invention;

FIG. 7 is a view showing a current supply of the laundry treatment apparatus
according to the present invention;

FIG. 8 is a view showing another embodiment of the drive unit of the laundry
treatment apparatus according to the present invention; and

FIG. 9 is a view showing another embodiment of the current supply of the laundry
treatment apparatus according to the present invention.

Best Mode for Carrying out the Invention

Hereinafter, preferred embodiments of the present invention are described in detail
with reference to the accompanying drawings. The embodiments are not limited to the
embodiments disclosed hereinafter, but may be embodied in different modes. The em-
bodiments are provided for completeness of disclosure and informing the scope to
persons skilled in this field of art. The same reference numbers may refer to the same

elements throughout the specification.
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FIG. 3 is a view showing a laundry treatment apparatus according to the present
invention.

In general, laundry treatment apparatuses may be embodied as washing apparatuses
for washing laundry, drying apparatuses for drying laundry, or washing and drying ap-
paratuses for carrying out both the washing and drying. In order to be embodied as a
washing apparatus, the laundry treatment apparatus has to include a tub 200 for
containing washing water. Meanwhile, in order to be embodied as a drying apparatus,
the laundry treatment apparatus has to include a tub 200 for drying laundry.

For convenience of explanation, the laundry treatment apparatus according to the
present invention will be described as being a washing apparatus equipped with a tub
200. However, it should be noted that the laundry treatment apparatus according to the
present invention is not limited to the washing apparatus, and may also be used as a
drying apparatus or a washing and drying apparatus.

Referring to FIG. 3, the laundry treatment apparatus according to the present
invention may include a cabinet 100 defining the appearance of the laundry treatment
apparatus, a tub 200 disposed in the cabinet 100 to contain washing water, a drum 300
rotatably disposed in the tub 200 to contain laundry, a drive unit 400 for generating
power required to rotate the drum 300, a vibration damping unit 500 for attenuating vi-
brations caused by rotation of the drum 300, a door 700 for allowing laundry to be put
into or taken out of the drum 300, and a control panel 800 for enabling a user to input
operation commands of the laundry treatment apparatus and to check the current
operating state of the laundry treatment apparatus.

The cabinet 100 may be configured to have any shape as long as it defines the ap-
pearance of the laundry treatment apparatus, and is not limited to the shape shown in
FIG. 3.

The drum 300 generates vibrations while it rotates. The vibrations are transmitted to
the tub 200, thus causing the tub 200 to vibrate. Due to the vibrations transmitted to the
tub 200, a problem occurs in that the tub 200 collides with the cabinet 100.

Accordingly, in order to solve the problem, the laundry treatment apparatus includes
the vibration damping unit 500 for attenuating vibrations. The vibration damping unit
500 may include a first vibration damping part 510, made of an elastic material, and a
second vibration damping part 530, made of a damping material and serving as a
damper.

Referring to FIG. 3, although the first vibration damping part 510 is illustrated as
being connected between the upper surface of the tub 200 and the upper surface of the
cabinet 100 and the second vibration damping part 530 is illustrated as being
connected between the lower surface of the tub 200 and the lower surface of the

cabinet 100, the first vibration damping part 510 and the second vibration damping part
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530 are not limited to the shape and position shown in FIG. 3. The vibration damping
unit 500 may be constructed to have any shape and position as long as it can attenuate
vibrations.

In order to allow laundry to be put into or taken out of the drum 300, introduction
ports are formed through the tub 200, the drum 300 and the cabinet 100 for commu-
nication therebetween.

The door 700 is hingedly coupled to the cabinet to open and close the cabinet. The
inner surface of the door 700 is preferably configured to be convex toward the drum
300 so as to prevent laundry and washing water from overflowing from the drum 300
and the tub 200.

Although not shown in the drawing, gaskets (not shown) may be provided between
the inner surface of the door 700 and the drum 300 and between the inner surface of
the door 700 and the tub 200 so as to prevent laundry and washing water from
overflowing and to prevent vibrations generated by the drum 300 from being
transmitted to the tub 200 and the cabinet 100.

Although the drawing illustrates the introduction ports provided at the front faces of
the cabinet 100, the tub 200 and the drum 300, and the door 700 provided at the front
face of the cabinet 100, the structure may be changed into any construction without
limitation as long as the door 700 is provided at the cabinet 100 to open and close the
introduction ports formed in the cabinet 100, the tub 200 and the drum 300.

In other words, if the drum 300 is configured to be tilted, the introduction ports of the
tub 200 and the cabinet 100 will be configured to communicate with the introduction
port of the tilted drum 300. Accordingly, the door 700 may also be tilted, not at the
front face but at lateral side faces.

The drive unit 400 may include a first drive part 410 for generating power required to
rotate the drum 300 and a second drive part 430 for converting the rotational force
generated by the first drive part 410.

FIG. 4 is a view showing the first drive part 410.

Referring to FIG. 4, the first drive part 410 may include a first stator 411 for
generating magnetic fields, a magnetic flux converter 413 for converting the flux of the
rotating magnetic fields generated by the stator 411, and a first rotor 415 capable of
being rotated by the magnetic flux converted by the magnetic flux converter 413.

The first stator 411 may include a first stator core 4111, which has a hollow center
and a plurality of ridges protruding radially outward, and a first coil 4113 wound
around the first stator core 4111.

Since the first coil 4113 is supplied with current from a current supply (not shown)
and is wound around the first stator core 4111, rotating magnetic fields are generated
by the first stator core 4111.
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The first rotor 415 may include a first rotor magnet part 4153, disposed at the inner
circumference of the first rotor 415 and having a plurality of magnets, and a first rotor
housing 4151, for supporting the first rotor magnet part 4153.

The plurality of magnets included in the first rotor magnet part 4153 are preferably
disposed such that the magnets with the N poles facing the center of the first drive unit
410 and the magnets with the S poles facing the center of the first drive unit 410 are al-
ternately positioned.

Since the above-mentioned first drive unit 410 is configured to be identical to that of
a BLDC motor, which is usually used in the related art, a description thereof is
omitted.

FIG. 5 is a view showing the second drive part 430.

Referring to FIG. 5, the second drive part 430 may include a second stator 431 for
generating rotating magnetic fields and a second rotor 433 capable of being rotated by
the rotating magnetic fields generated by the second stator 431.

The second stator 431 may include a second stator core 4311, which has a hollow
center and a plurality of ridges protruding radially outward, and a second coil 4313
wound around the second stator core 4311.

The second rotor 433 may include a second rotor magnet part 4333, disposed at the
inner circumference of the second rotor 433 and having a plurality of magnets, and a
second rotor housing 4331 for supporting the second rotor magnet part 4333.

The plurality of magnets included in the second rotor magnet part 4333 are
preferably disposed such that the magnets with the N poles facing the center of the
second drive unit 430 and the magnets with the S poles facing the center of the second
drive unit 430 are alternately positioned.

The second drive part 430 differs from the first drive part 410 in that the component
corresponding to the magnetic flux converter 413 is not provided between the second
stator 431 and the second rotor 433.

Referring again to FIGs. 3, 4 and 5, the first drive part 410 may be of the direct drive
type, which is constructed to directly rotate a shaft 470 for rotating the drum 300.

Accordingly, the first drive part 410 is preferably disposed at the rear surface of the
drum 300. The second drive part 430 may be coupled to the magnetic flux converter
413 of the first drive part 410.

More specifically, the second rotor housing 4331, which is rotated by the second
stator 431, is preferably coupled to the magnetic flux converter 413 to be rotated
therewith.

In other words, the first drive part 410 serves to rotate the shaft 470 and to in turn
rotate the drum 300, and the second drive part 430 serves to rotate the magnetic flux

converter 413 without direct contribution to rotation of the drum 300.
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The magnetic flux converter 413 serves to change the reduction gear ratio while the
rotating magnetic fields generated by the first stator 411 are transferred to the first
rotor 415.

The angular rotational speed of the magnetic flux converter 413 and the reduction

gear ratio of the first drive part 410 may be represented by the formula below.

al
S - kO

-

N, tw, | N, tA w2

wherein Gr is a reduction gear ratio, is the angular rotational speed of rotating
magnetic fields generated by the first stator 411, is the angular rotational speed of the
magnetic flux converter 413, Ns is the number of poles of the magnetic flux converter
413, and Nh is the number of poles of the first stator 411.

Specifically, referring to the above formula, it is noted that the reduction gear ratio of
the angular rotational speed of the rotating magnetic fields generated by the first stator
411 and the angular rotational speed of the first rotor 415 is proportional to the angular
rotational speed of the magnetic flux converter 413.

In other words, as the angular rotational speed of the magnetic flux converter 413 is
lowered, the reduction gear ratio is increased, thus enabling low-speed rotation of the
drum 300. In contrast, as the angular rotational speed of the magnetic flux converter
413 is increased, the reduction gear ratio is decreased, thus enabling high-speed
rotation of the drum 300.

Theoretically speaking, it is considered that, as the angular rotational speed of the
magnetic flux converter 413 is increased, high-speed rotation of the drum 300 becomes
easier. Actually, when the magnetic flux converter 413 rotates at a high speed, a
problem occurs in that magnetic flux is abruptly changed and eddy current is generated
while the rotating magnetic fields generated by the first stator 411 pass through the
magnetic flux converter 413, which is rotating at a high speed, whereby the magnetic
flux converter 413 or the first rotor 415 is heated, thus deteriorating transmission ef-
ficiency.

In order to solve the problem, the laundry treatment apparatus according to the
present invention may be constructed to synchronize the angular rotational speed of the
rotating magnetic fields generated by the first stator 411 with the angular rotational
speed of the magnetic flux converter 413.

Hereinafter, two embodiments according to the present invention, which are con-
structed to solve the problem, will be described.

In a first embodiment, when the drum 300 rotates at a high speed, the laundry
treatment apparatus may include an inverter driving circuit 630 in order to synchronize

the angular rotational speed of the rotating magnetic fields generated by the first stator
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411 with the angular rotational speed of the magnetic flux converter 413, which is
rotatable with the second rotor 433, as shown in FIG. 7.

[98] Referring to FIG. 7, the inverter driving circuit 630 may include a first inverter
driving circuit 6301 for supplying current to the first stator 411 to generate rotating
magnetic fields, and a second inverter driving circuit 6303 for supplying current to the
second stator 431 to generate rotating magnetic fields.

[99] Mlustrative description will now be given with additional reference to FIGs. 4 and 5.
The first stator core 4111 may include the ridges, which protrude radially outward, and
around which the first coil 4113 is wound, and the first coil 4113 may be composed of
six coils U11, V11, W11, U12, V12 and W12.

[100] Similarly, the second coil 4313 may be composed of six coils U21, V21, W21, U22,
V22 and W22.

[101] Since the operating principle whereby the inverter driving circuit 630 supplies three-
phase current to the first coil 4113 and the second coil 4313 to cause the first stator 411
and the second stator 431 to generate rotating magnetic fields is well known to those
skilled in the art, a detailed description thereof is omitted.

[102] The first inverter driving circuit 6301 and the second inverter driving circuit 6303
may be constructed to be identical to a three-phase circuit of a BLDC motor, which is
usually used to supply three-phase current to the first coil 4113 and the second coil
4313 to generate rotating magnetic fields.

[103] More specifically, the first inverter driving circuit 6301 may supply three-phase
current to the first coil 4113, and the second inverter driving circuit 6303 may supply
three-phase current to the second coil 4313. The first inverter driving circuit 6301 and
the second inverter driving circuit 6303 may be controlled independently from each
other.

[104] As described above, when there is a great difference between the angular rotational
speed of the rotating magnetic fields generated by the first stator 411 and the angular
rotational speed of the magnetic flux converter 413 during high-speed rotation of the
drum 300, a problem occurs in that eddy current is generated, thus deteriorating
transmission efficiency. In order to solve the problem, the angular rotational speed of
the first stator 411 may be synchronized with the angular rotational speed of the
magnetic flux converter 413.

[105] Since the magnetic flux converter 413 is constructed to rotate with the second rotor
433 of the second drive part 430 in order to realize the synchronization between the
angular rotational speeds, the second inverter driving circuit 6303 may control the
supply of three-phase current such that the angular rotational speed of the magnetic
flux converter 413 is synchronized with the angular rotational speed of the rotating

magnetic fields generated by the first stator 411.
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During low-speed rotation of the drum 300, the second inverter driving circuit 6303
may supply direct current to the second coil 4313. As shown in FIG. 6, since static
poles are formed at the second stator 431 without generating rotating magnetic fields
when direct current is supplied to the second coil 4313, the second rotor 433 is held
and prevented from rotating.

Since the second rotor 433 is prevented from rotating, the magnetic flux converter
413, which is constructed to be rotatable with the second rotor 433, is also prevented
from rotating.

When the magnetic flux converter 413 is held as described above, there is an effect
of increasing the reduction gear ratio of the rotational force transferred from the first
drive part 410 without change of other elements.

Hereinafter, a second embodiment of the present invention is described with
reference to FIGs. 8 and 9.

Since the basic system and construction of the second embodiment are substantially
identical to those of the first embodiment except for an inverter driving circuit 630 and
a magnetic flux converter holder 4131 provided at the magnetic flux converter 413, a
redundant description thereof is omitted.

The first embodiment includes the first inverter driving circuit 6301 and the second
inverter driving circuit 6303, which are controllable independently from each other in
order to synchronize the angular rotational speed of the rotating magnetic fields
generated by the first stator 411 with the angular rotational speed of the second rotor
433, which is rotatable with the magnetic flux converter 413 in the high-speed rotation
mode of the drum 300. In contrast, the second embodiment may include the single
inverter driving circuit 630 connected to the first coil 4113 and the second coil 4313 to
supply three-phase current, as shown in FIG. 9.

In the case of having to synchronize the angular rotational speed of the rotating
magnetic fields generated by the first stator 411 with the angular rotational speed of the
magnetic flux converter 413 to rotate the drum at a high speed, a switch 670 provided
at the inverter driving circuit 630 may be controlled to connect the first coil 4113 to the
second coil 4313.

In the case of having to rotate the drum 300 at a low speed, the switch may be
controlled to release the electrical connection between the first coil 4113 and the
second coil 4313.

More preferably, the first coil 4113 for supplying three-phase current is first
connected in series to the inverter driving circuit 630, and the first coil 4113 is then
connected in series to the second coil 4313 such that the switch 670 is provided
between the first coil 4113 and the second coil 4313 to open and close the connection

therebetween.
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[115]

[116]

[117]

[118]

[119]

[120]

[121]

Consequently, in the case of controlling the switch 670 to connect the first coil 4113
to the second coil 4313, the three-phase current, supplied from the inverter driving
circuit 630, is supplied to the first coil 4113 and the second coil 4313, and thus the
angular rotational speed of the rotating magnetic fields generated by the first stator 411
may be synchronized with the angular rotational speed of the magnetic flux converter

413 in the high-speed rotation mode of the drum 300.
In contrast, the switch 670 may be controlled to release the connection between the

first coil 4113 and the second coil 4313 in the low-speed rotation mode of the drum
300. Consequently, the inverter driving circuit 630 may supply the three-phase current
only to the first coil 4113 but not to the second coil 4313, which has been electrically
disconnected from the first coil 4113. As a result, there is an effect of preventing un-
necessary consumption of electric power.

As described above, the laundry treatment apparatus according to the present
invention aims to hold the magnetic flux converter 413 to maximize the reduction gear
ratio in the low-speed rotation mode of the drum 300. Even if the three-phase current is
not supplied to the second coil 4313 due to opening of the switch 670, the magnetic
flux converter 413 is not held and prevented from rotating. Accordingly, the second
embodiment may further include the magnetic flux converter holder 4131 for holding
the magnetic flux converter 413, as shown in FIG. 8.

Although the magnetic flux converter holder 4131 is provided at the housing of the
rotating object to press the magnetic flux converter 413 in a direction perpendicular to
the surface of the magnetic flux converter 413, as illustrated in the drawing, the
magnetic flux converter holder 4131 may be modified into any configuration, and the
mounting position and shape of the magnetic flux converter holder 4131 are not

limited to those shown in the drawing.
Mode for the Invention

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

Industrial Applicability

The present invention provides a laundry treatment apparatus equipped with a drive
unit, which is capable of reducing noise caused by vibrations.

It will be apparent to those skilled in the art that various modifications and variations
can be made in 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.
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Claims

A laundry treatment apparatus comprising:

a cabinet defining an appearance of the laundry treatment apparatus;

a drum rotatably disposed in the cabinet; and

a drive unit for rotating the drum,

wherein the drive unit comprises:

a first drive unit for generating rotational force required to rotate the
drum; and

a second drive unit for changing a ratio of rotational force generated by
the first drive unit and rotational force transferred to the drum,
wherein the first drive unit comprises:

a first stator for generating rotating magnetic fields;

a magnetic flux converter rotatably disposed radially outside the first
stator to change magnetic flux of magnetic fields generated by the first
stator; and

a first rotor disposed radially outside the magnetic flux converter and
rotatable by the magnetic fields,

wherein the magnetic flux converter is configured to rotate with the
second drive unit.

The laundry treatment apparatus according to claim 1, wherein the
second drive unit comprises:

a second stator for generating rotating magnetic fields; and

a second rotor rotatable by rotating magnetic fields generated by the
second stator.

The laundry treatment apparatus according to claim 2, further
comprising:

a first inverter driving circuit for supplying current to a first coil, which
is wound around the first stator to generate rotating magnetic fields;
and

a second inverter driving circuit for supplying current to a second coil,
which is wound around the second stator to generate rotating magnetic
fields,

wherein the first inverter driving circuit and the second inverter driving
circuit supply current independently from each other.

The laundry treatment apparatus according to claim 3, wherein, when
the drum has to be rotated at a predetermined rotational speed or

higher, the first inverter driving circuit and the second inverter driving
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[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

14
PCT/KR2015/010203

circuit supply current such that an angular rotational speed of the
magnetic flux converter is the same as that of the first rotor.

The laundry treatment apparatus according to claim 3, wherein, when
the drum has to be rotated below a predetermined rotational speed, the
second inverter driving circuit supplies current such that the second
rotor is held.

The laundry treatment apparatus according to claim 5, wherein the
second inverter driving circuit supplies direct current to the second coil
to hold the second rotor.

The laundry treatment apparatus according to claim 2, further
comprising a magnetic flux converter holder for selectively holding the
magnetic flux converter.

The laundry treatment apparatus according to claim 7, further
comprising:

a first coil wound around the first stator to generate rotating magnetic
fields;

a second coil wound around the second stator to generate rotating
magnetic fields;

a switch disposed between the first coil and the second coil to se-
lectively release an electrical connection between the first coil and
second coil; and

an inverter driving circuit for supplying current to the first coil.

The laundry treatment apparatus according to claim 8, wherein, when
the drum has to be rotated at a predetermined rotational speed or
higher, the switch is controlled to electrically connect the first coil to
the second coil.

The laundry treatment apparatus according to claim 8, wherein, when
the drum has to be rotated below a predetermined rotational speed, the
switch is controlled to release the electrical connection between the first
coil and second coil so as to supply current only to the inverter driving
circuit.

The laundry treatment apparatus according to claim 10, wherein, when
the drum has to be rotated below a predetermined rotational speed, the
magnetic flux converter holder holds the magnetic flux converter to

prevent rotation of the magnetic flux converter.
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