(12) STANDARD PATENT (11) Application No. AU 2017204361 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(30)

(31)

(43)
(43)
(44)
(71)
(72)

(74)

(56)

Title
Laundry treatment apparatus and method of controlling the same

International Patent Classification(s)
DO6F 39/04 (2006.01) DO6F 33/02 (2006.01)

Application No: 2017204361 (22) Date of Filing:  2017.06.27

Priority Data

Number (32) Date (33) Country
10-2017-0025737 2017.02.27 KR
Publication Date: 2018.09.13

Publication Journal Date: 2018.09.13
Accepted Journal Date: 2019.06.27

Applicant(s)
LG Electronics Inc.

Inventor(s)
Jung, Jonegseok;Kim, Hyunsang

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 151 Nicholson Street, MELBOURNE, VIC, 3000, AU

Related Art

US 2010/0307200 A1
US 2014/0208523 A1
US 2009/0013729 A1




27 Jun 2017

2017204361

ABSTRACT

A laundry treatment apparatus includes a cabinet having first and second washing apparatuses
that treat laundry introduced through a front opening and through a top opening, respectively.
The second washing apparatus includes: a tub that holds water and has an opening at a top
that is accessible through the second opening; a drum inside the tub that rotates about a
vertical shaft; an agitation unit protruding upward from a center bottom surface of the drum
that agitates water and laundry inside the rotating drum; a heater that heats water in the tub; a
water supply valve controlling a flow of water into the tub; and at least one processor that
controls the heater to heat a first amount of water in the tub to a first temperature; and
controls the water supply valve to additionally supply, to the first amount of water,

incremental amounts of water to into the tub.
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Invention Title

Laundry treatment apparatus and method of controlling the same

The following statement is a full description of this
invention, including the best method of performing it known to
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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of an earlier filing date and right of
priority to Korean Patent Application No. 10-2017-0025737, filed on February 27, 2017,

which is hereby incorporated by reference as if fully set forth herein.

TECHNICAL FIELD
[0002]  The present disclosure generally relates to a laundry treatment apparatus and a

method of controlling the same.

BACKGROUND

[0003]  Generally, a laundry treatment apparatus is an apparatus that washes and/or
dries laundry. The laundry treatment apparatus typically performs either a washing function
or a drying function. Some laundry treatment apparatuses perform both a washing function
and a drying function. In addition, some washing machines include a steam supply device to
perform a refreshing function, such as removing wrinkles, smells, and static electricity from
laundry.

[0004] Laundry treatment apparatuses are typically classified as a front loading type
laundry treatment apparatus or a top loading type laundry treatment apparatus, depending on
a direction in which laundry is loaded. An example of a front loading type laundry treatment
apparatus is a drum washing machine or a drum drying machine.

[0005] A front loading type laundry treatment apparatus is a laundry treatment
apparatus configured such that an opening is formed in the front of the laundry treatment
apparatus, with a shaft of a drum being parallel to the ground or inclined relative thereto at an
angle. A top loading type laundry treatment apparatus is a laundry treatment apparatus
configured such that an opening is formed in the top of the laundry treatment apparatus, with
a shaft of a drum being perpendicular to the ground.

[0005A] It is desired to address or ameliorate one or more disadvantages or limitations

associated with the prior art, or to at least provide a useful alternative.

SUMMARY
[0005B] In accordance with some embodiments of the present invention, there is
provided a washing apparatus comprising:

a tub configured to hold water and having an opening at a top of the tub;
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a tub cover arranged on the tub and provided to cover the top of the tub, the
tub cover defining an introduction port through which an inside of the tub is
accessible;

a tub door provided at the tub cover and configured to open and close the
introduction port of the tub cover separately, the tub being substantially sealed in case
that the tub door closes the introduction port;

a drum provided inside the tub and configured to rotate about a vertical shaft,
a width of the drum being greater than a height of the drum;

an agitation unit that protrudes upward from a center part of a bottom surface
of the drum and that is configured to agitate water and laundry inside the drum in a
state in which the drum rotates about the vertical shaft;

a heater configured to heat water in the tub;

a water supply pipe configured to supply cold water to the tub;

a water supply valve configured to control a flow through the water supply
pipe; and

at least one processor configured to, in a state in which the introduction port is
closed by the tub door, control the water supply valve and the heater by:

controlling the heater to heat a first amount of water in the tub to a first
temperature; and

intermittently controlling the water supply valve to additionally and
intermittently supply, to the first amount of water that was heated to the first
temperature by the heater, incremental amounts of water into the tub to reduce

the difference in pressure between the inside and outside of the tub.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005C] Some embodiments of the present invention are hereinafter described, by way

of example only, with reference to the accompanying drawings, in which:

[0006] FIGS. 1A to 1C are diagrams illustrating examples of various laundry
treatment apparatuses according to some implementations;

[0007]  FIG. 2 is a diagram illustrating an example of a sectional view showing the
interior of a laundry treatment apparatus according to an implementation;

[0008]  FIG. 3 is a diagram illustrating an example of a sectional view showing the

interior of a laundry treatment apparatus according to another implementation;
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[0009] FIG. 4 is a diagram illustrating an example of a construction of a drum, an
agitation unit, and a driving unit;

[0010] FIGS. 5A and 5B are diagrams illustrating examples of an agitation unit;

[0011]  FIG. 6 is a diagram illustrating another example of an agitation unit;

[0012] FIGS. 7A and 7B are diagrams illustrating examples of an operation of a
coupling;

[0013]  FIG. 8 is a diagram illustrating an example of a control of a laundry treatment
apparatus according to some implementations;

[0014] FIG. 9 is a diagram illustrating an example of a control flow of a laundry
treatment apparatus according to some implementations;

[0015]  FIG. 10 is a diagram illustrating an example of a structure of a tub door of the
laundry treatment apparatus according to some implementations;

[0016] FIG. 11 is a diagram illustrating an example of a change in level of water in a
tub when wash water is supplied to perform main washing;

[0017]  FIG. 12 is a diagram illustrating an example of a change in level of water in
the tub when intermittent water supply is performed before wash water is supplied to perform
main washing;

[0018]  FIG. 13 is a diagram illustrating an example of a control flow of a laundry
treatment apparatus according to some implementations; and

[0019]  FIG. 14 is a diagram illustrating an example of a control flow for stepwise
alleviating environmental changes in a laundry treatment apparatus according to some

implementations.

DETAILED DESCRIPTION

[0020] Implementations disclosed herein provide a laundry treatment apparatus that
includes both a front-loading first washing apparatus and a top-loading second washing
apparatus, where the top-loading second washing apparatus is provided with an agitation unit
inside a tub, and is configured to incrementally heat and supply water into the tub.

[0021] In one aspect, a laundry treatment apparatus may include a cabinet having a
first opening and a second opening; a first cabinet door and a second cabinet door provided at
the cabinet and configured to open and close the first opening and the second opening,
respectively; a first washing apparatus provided in the cabinet and configured to treat laundry
that is introduced from a front side of the first washing apparatus through the first opening;

and a second washing apparatus configured to treat laundry introduced from an upper side of
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the second washing apparatus through the second opening. The second washing apparatus
may include: a tub configured to hold water and having an opening at a top of the tub that is
accessible through the second opening of the cabinet; a tub cover arranged on the tub and
provided to cover the top of the tub, the tub cover defining an introduction port through
which an inside of the tub is accessible; a tub door provided at the tub cover and configured
to open and close the introduction port of the tub cover separately from the second cabinet
door opening and closing the second opening of the cabinet; a drum provided inside the tub
and configured to rotate about a vertical shaft; an agitation unit that protrudes upward from a
center part of a bottom surface of the drum and that is configured to agitate water and laundry
inside the drum in a state in which the drum rotates about the vertical shaft; a heater
configured to heat water in the tub; a water supply pipe configured to supply water to the tub;
a water supply valve configured to control a flow through the water supply pipe. The second
washing apparatus may also include at least one processor configured to, in a state in which
the introduction port is closed by the tub door, control the water supply valve and the heater
by: controlling the heater to heat a first amount of water in the tub to a first temperature; and
controlling the water supply valve to additionally supply, to the first amount of water,
incremental amounts of water into the tub.

[0022] In some implementations, the second washing apparatus may be arranged
above the first washing apparatus and may be configured with a second washing capacity that
1s smaller than a first washing capacity of the first washing apparatus.

[0023] In some implementations, controlling the water supply valve to supply the
incremental amounts of water into the tub of the second washing apparatus may include:
controlling the water supply valve to provide a supply of water through the water supply pipe
into the tub for a first amount of time; and controlling the water supply valve to interrupt the
supply of water through the water supply pipe into the tub for a second amount of time.

[0024] In some implementations, the second amount of time may be longer than the
first amount of time.

[0025] In some implementations, controlling the water supply valve to supply the
incremental amounts of water into the tub of the second washing apparatus may include:
controlling the water supply valve to alternate, a plural number of times, between providing
the supply of water through the water supply pipe into the tub for the first amount of time and
controlling the water supply valve to interrupt the supply of water through the water supply

pipe into the tub for the second amount of time.
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[0026] In some implementations, the at least one processor may be further configured
to: after controlling the water supply valve to supply the incremental amounts of water into
the tub of the second washing apparatus: control the water supply valve to additionally supply
a second amount of water into the tub of the second washing apparatus; and control the
second washing apparatus to rotate the drum inside the tub based on the second amount of
water being added into the tub.

[0027] In some implementations, the first amount of water added into the tub may
result in a first water level in the tub at which a portion of the agitation unit is immersed
below the first water level and an uppermost end of the agitation unit is exposed above the
first water level, and the second amount of water added into the tub may result in a second
water level in the tub at which the uppermost end of the agitation unit is immersed below the
second water level.

[0028] In some implementations, controlling the heater to heat the first amount of
water in the tub of the second washing apparatus to the first temperature may include: heating
the water at the first water level in the tub to a highest temperature among available water
temperature setting values provided by the laundry treatment apparatus.

[0029] In some implementations, the agitation unit may include a first surface that is
exposed to an interior of the drum of the second washing apparatus, the first surface being
plated with a first material.

[0030] In some implementations, the laundry treatment apparatus may further
include: a water level sensor configured to sense a level of water in the tub of the second
washing apparatus. The at least one processor may be further configured to: control the water
supply valve to supply water into the tub at a first rate until a first time at which an uppermost
end of the agitation unit is immersed below a water level of the tub; and after the first time,
control the water supply valve to supply water into the tub at a second rate less than the first
rate.

[0031] In some implementations, the laundry treatment apparatus may further
include: a temperature sensor configured to sense a temperature in the tub of the second
washing apparatus. The at least one processor may be configured to: control the water supply
valve to supply water into the tub at a first rate until a first time at which a temperature
sensed by the temperature sensor satisfies a first condition; and after the first time, control the
water supply valve to supply water into the tub at a second rate less than the first rate.

[0032] Insome implementations, the at least one processor may be further configured

to control the water supply valve and the heater by: while controlling the water supply valve
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to supply the incremental amounts of water into the tub, intermittently controlling the heater
to heat the incremental amounts of water that are added into the tub.

[0033] In some implementations, the at least one processor may be further configured
to control the water supply valve and the heater by: controlling the water supply valve to
supply a first incremental amount of water into the tub; controlling the heater to heat the
water in the tub; detecting that a temperature of the water in the tub is heated to a first
temperature; and based on detecting that the temperature of the water in the tub is heated to
the first temperature, controlling the water supply valve to supply a second incremental
amount of water into the tub.

[0034] In some implementations, the agitation unit may be composed of a first
material that is different than a second material of the drum.

[0035] In some implementations, the agitation unit may include a surface that is
plated with a third material having a third coefficient of thermal expansion that is different
from a first coefficient of thermal expansion of the first material of the agitation unit.

[0036] In some implementations, the water supply pipe may be configured to supply
water having a second temperature that is lower than the first temperature to which the first
amount of water in the tub is heated by the heater.

[0037] In some implementations, the agitation unit may be fixedly coupled to the
bottom surface of the drum of the second washing apparatus.

[0038] In some implementations, the agitation unit may be configured to rotate in
conjunction with a rotation of the drum of the second washing apparatus.

[0039] In some implementations, the agitation unit may be configured to rotate
independently of a rotation of the drum of the second washing apparatus.

[0040] In some implementations, the drum of the second washing apparatus may be a
second drum of the laundry treatment apparatus, and the first washing apparatus may further
include a first drum configured to rotate about a horizontal shaft.

[0041] It is to be understood that both the foregoing general description and the
following detailed description are merely exemplary and explanatory and are intended to
provide further explanation of the present invention as claimed.

[0042] In recent years, the sizes of laundry treatment apparatuses have increased in
response to the demands of users. In many scenarios, a single large-capacity laundry

treatment apparatus is utilized in a home. When different types of laundry are to be sorted
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and washed, therefore, the laundry treatment apparatus is repeatedly used several times. For
example, when larger items such has adult clothes and smaller items such as underwear or
baby clothes are to be separately washed, a laundry treatment apparatus is often used to
separately wash each type of laundry. As a result, washing time is increased, and power
consumption is also increased.

[0043]  Using a large-sized laundry treatment apparatus to wash a small amount of
laundry is often not preferable in terms of energy savings. Since a washing course set in the
large-sized laundry treatment apparatus is generally used to wash a large amount of laundry,
water consumption may be high. In addition, power consumption to rotate a large-sized drum
also may be high. Furthermore, typical laundry cycles of large-capacity machines have
longer washing times.

[0044] In addition, since the washing cycle in large-sized laundry treatment
apparatuses is mainly used for general clothes, such large-sized laundry treatment apparatuses
may not be suitable for washing delicate clothes, such as underwear or baby clothes.
Furthermore, a large-sized laundry treatment apparatus may not be suitable for frequently
washing small amounts of laundry, even though users may prefer washing smaller loads more
frequently.

[0045] For at least these reasons, in some scenarios, a small-sized laundry treatment
apparatus having a smaller capacity may be preferable over a large-sized laundry treatment
apparatus.

[0046] In some implementations, a combination-type laundry treatment apparatus
may include both a small-sized laundry treatment apparatus and a large-sized laundry
treatment apparatus. The small-sized laundry treatment apparatus may have a relatively
small volume. Even when a small amount of water is supplied into a tub, therefore, the
bottom surface of a drum may easily contact the water.

[0047]  In scenarios where the small-sized laundry treatment apparatus is configured
as a top-loading type laundry treatment apparatus, an agitation unit may be provided at the
bottom surface of the drum to contact water. The agitation unit may protrude from the
bottom surface of the drum and may be configured to agitate laundry as the laundry rotates
within the tub, thus improving cleaning performance.

[0048] However, in some scenarios, the presence of an agitation unit at the bottom
surface of the drum may cause difficulties when hot water is introduced into the drum. In

such scenarios, the hot water may cause damage to an agitation unit.
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[0049]  For example, such difficulties may arise when water in a tub is heated using a
heater in the small-sized laundry treatment apparatus. In such scenarios, the water may be
heated to a high temperature in the state in which a small amount of hot water is first supplied
into the tub, followed by additionally supplying lower-temperature water to achieve the
desired final temperature.

[0050] However, when an initial amount of hot water is supplied in the small-sized
laundry treatment apparatus, the agitation unit generally comes into contact with the water at
the bottom of the tub. If the initially supplies water is heated, then the agitation unit is also
heated. Subsequently, when lower-temperature water is supplied, the temperature of the
heated agitation unit and the heated water is lowered to a desired final temperature.

[0051] When the agitation unit contacts additionally supplied water having a low
temperature in the state in which the temperature of the agitation unit is high, however, the
agitation unit abruptly undergoes thermal shrinkages, with the result that the agitation unit
may be damaged.

[0052] In the case in which the agitation unit is made of materials having different
coefficients of thermal expansion or in the case in which the surface of the agitation unit is
plated with a metal material having a different coefficient of thermal expansion than the
interior of the agitation unit, the agitation unit may be damaged by an abrupt change in
temperature.

[0053] In addition, the interior of the small-sized laundry treatment apparatus is
substantially sealed in order to prevent wash water or bubbles from being discharged to the
outside during washing. In a course including heating, therefore, environmental changes in
the small-sized laundry treatment apparatus may be large. For example, in a heated state, in
which water is heated to the highest temperature, the change in temperature and pressure in
the tub and the drum may be large. In such scenarios, there may result an abrupt change in
temperature and pressure in the drum. Such an abrupt change in temperature may damage the
agitation unit and such an abrupt change in pressure may instantaneously generate negative
pressure in the sealed tub, which may cause many problems.

[0054] Implementations disclosed herein may, in some scenarios, address the
difficulties described above.

[0055] In some implementations, a laundry treatment apparatus is configured to
reduce damage to components in the laundry treatment apparatus while heating water in the
tub. In particular, the laundry treatment apparatus may be configured to reduce damage to an

agitation unit during heating of water in the tub.
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[0056] In some implementations, a laundry treatment apparatus is configured to
mitigate an abrupt change in temperature of an agitation unit, thereby reducing damage to the
agitation unit. As such, even if the agitation unit is made of materials having different
coefficients of thermal expansion or includes parts having different coefficients of thermal
expansion, damage may be reduced to the agitation unit.

[0057] In some implementations, a laundry treatment apparatus is configured to
perform iterated, stepwise cooling of an agitation unit after the agitation unit is heated. As
such, even when the agitation unit is heated to a high temperature, damage may be reduced
by avoiding sudden changes in temperature.

[0058] In some implementations, a laundry treatment apparatus is configured to
mitigate abrupt negative pressure from being generated in a tub. The laundry treatment
apparatus may be configured to mitigate abrupt negative pressure from being generated in a
tub irrespective of the temperature of water supplied from the outside.

[0059] In some implementations, a laundry treatment apparatus is configured to heat
wash water and perform a washing cycle. In some implementations, a laundry treatment
apparatus 1s configured to mitigate occurrences of a door being deformed or opened by
negative pressure in a tub. In some implementations, a laundry treatment apparatus is
configured to mitigate instantaneously high negative pressure from being generated in a tub.
The laundry treatment apparatus may be configured to mitigate instantaneously abrupt
negative pressure from being generated in a tub due to the amount of air being greater than
the amount of air flowing per unit time between the inside and the outside of the tub.

[0060]  Additional advantages, objects, and features will be set forth in part in the
description which follows and in part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned from practice. The objectives
and other advantages may be realized and attained by the structure particularly pointed out in
the written description and claims hereof as well as the appended drawings.

[0061] In accordance with some implementations, a laundry treatment apparatus
includes a cabinet defining the external appearance thereof, a tub provided in the cabinet for
storing water, a drum rotatably provided in the tub for receiving laundry, an agitation unit
provided at the bottom surface of the drum so as to agitate the laundry, a heater for heating
the water in the tub, a water supply pipe for supplying water to the tub, a water supply valve
for opening and closing the water supply pipe, a drainage pump for draining the water from
the tub, and a controller for performing control such that the water supply valve is opened

until at least a portion of the agitation unit is exposed, the heater is operated to heat the water
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in the tub, and the water supply valve is intermittently opened when the operation of the
heater is completed.

[0062] The cabinet may be provided in the upper part thereof with an opening, and
the width of the drum may be greater than the height of the drum.

[0063] The agitation unit may be made of a different material than the drum.

[0064] The surface of the agitation unit may be plated with a material having a
different coefficient of thermal expansion than the agitation unit.

[0065] The controller may perform control such that the water supply valve is
intermittently opened until the agitation unit is immersed in water.

[0066] The controller may perform control such that the opening time of the water
supply valve is shorter than the closing time of the water supply valve when the water supply
valve is intermittently opened.

[0067] Upon sensing that the entirety of the agitation unit is immersed in water, the
controller may perform control such that the water supply valve is continuously open.

[0068] Upon sensing that the entirety of the agitation unit is immersed in water, the
controller may perform control so as to change the cycle at which or the time for which the
water supply valve is opened and closed.

[0069]  Upon sensing that the level of water in the tub is a level at which the laundry
in the drum can be washed, the controller may perform control such that the water supply
valve is closed.

[0070]  The laundry treatment apparatus may further include a temperature sensor for
sensing the temperature in the tub, wherein, upon determining that the temperature in the tub
sensed using the temperature sensor before the agitation unit is immersed in water is lower
than a specific temperature, the controller may perform control so as to continuously open the
water supply valve or to change the cycle at which or the time for which the water supply
valve is intermittently opened.

[0071]  Upon sensing that the heater is exposed to air before the heater is operated,
the controller may perform control such that the water supply valve is opened. Upon sensing
that the entirety of the agitation unit is immersed in water before the heater is operated, the
controller may perform control such that the drainage pump is operated.

[0072] The laundry treatment apparatus may further include a driving unit for
rotating the drum, wherein the controller may perform control such that the driving unit is

operated when the water supply valve is intermittently opened.
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[0073]  The laundry treatment apparatus may further include a spray nozzle provided
in the end of the water supply pipe for spraying water, wherein the controller may perform
control such that water is supplied into the tub through the spray nozzle when the water
supply valve is intermittently opened.

[0074]  The laundry treatment apparatus may further include a spray nozzle separately
provided in the water supply pipe for spraying water into the tub, wherein the controller may
perform control such that water is supplied into the tub through the spray nozzle when the
water supply valve is intermittently opened.

[0075]  The laundry treatment apparatus may further include a water level sensor for
sensing the level of water in the tub, wherein the controller may perform control such that the
level of water in the tub is sensed through the water level sensor.

[0076]  The laundry treatment apparatus may further include a first laundry receiving
unit provided in the upper part or the lower part of the tub for receiving laundry.

[0077]  The first laundry receiving unit may include a first tub provided separately
from the tub for storing water and a first drum rotatably provided in the first tub.

[0078] In accordance with some implementations, a laundry treatment apparatus
includes a cabinet defining the external appearance thereof, a tub provided in the cabinet for
storing water, the tub being provided in the upper part thereof with an introduction port,
through which laundry is introduced, a drum rotatably provided in the tub for receiving
laundry, a door for opening and closing the introduction port, an agitation unit protruding
upward from a center part of the bottom surface of the drum so as to agitate the water and the
laundry as the laundry rotates around the agitator, a heater for heating the water in the tub, a
water supply pipe connected to an external water supply source for supplying water to the tub,
a water supply valve for opening and closing the water supply pipe, and a controller for
controlling the operation of the water supply valve and the operation of the heater in the state
in which the introduction port is closed by the door, wherein the controller controls the
operation of the heater such that the water in the tub is heated to a boiling temperature at a
boiling level and then controls the operation of the water supply valve such that the water
supply valve supplies water through intermittent water supply to stepwise alleviate
environmental changes caused by the operation of the heater.

[0079]  In accordance with some implementations, a method of controlling a laundry
treatment apparatus, including a tub for storing wash water, a drum provided in the tub for
receiving laundry, an introduction port formed in the upper part of the tub for allowing

laundry to be introduced therethrough, and a door for opening and closing the introduction
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port, includes heating the water stored in the tub in the state in which the introduction port is
closed by the door to boil the laundry in a high-temperature, high-humidity environment (a
boiling step), intermittently supplying water to the tub to stepwise alleviate environmental
changes caused at the boiling step (an alleviation step), and agitating the laundry in the drum
in the alleviated environment to perform washing (a washing step).

[0080] In accordance with some implementations, a laundry treatment apparatus
includes a cabinet having a first opening and a second opening, a first cabinet door and a
second cabinet door provided at the cabinet for opening and closing the first opening and the
second opening, respectively, a first washing apparatus provided in the cabinet for treating
laundry introduced from the front after the first cabinet door is opened, and a second washing
apparatus for treating laundry introduced from above after the second cabinet door is opened,
wherein the second washing apparatus includes a tub provided so as to be accessible after the
second opening is opened through the second cabinet door, the tub being configured to store
water, the upper part of the tub being open, a tub cover located at the upper part of the tub for
covering the upper part of the tub, the tub cover being provided with an introduction port,
through which laundry is introduced, a tub door provided at the tub cover for opening and
closing the introduction port, the tub door being configured to be manipulated by a user
independently of the second cabinet door, a drum provided in the tub so as to be rotatable
about a vertical shaft, an agitation unit protruding upward from a center part of the bottom
surface of the drum so as to agitate the water and the laundry while the laundry rotates around
the agitator, a heater for heating the water in the tub, a water supply pipe connected to an
external water supply source for supplying water to the tub, a water supply valve for opening
and closing the water supply pipe, and a controller for controlling the operation of the water
supply valve and the operation of the heater in the state in which the introduction port is
closed by the tub door, and wherein the controller controls the operation of the heater such
that the water in the tub is heated to a boiling temperature at a boiling level and then controls
the operation of the water supply valve such that the water supply valve supplies water
through intermittent water supply to stepwise alleviate environmental changes caused by the
operation of the heater.

[0081] In accordance with some implementations, a method of controlling a laundry
treatment apparatus, including a tub for storing wash water, an introduction port provided in
the upper surface of the tub, and a door for opening and closing the introduction port,
includes a washing course selection step of selecting a heating course in which laundry is

heated, a water supply step of supplying water to the tub, a heating step of heating the water
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stored in the tub, a negative pressure prevention step of performing intermittent water supply
to supply water into the tub for a first predetermined amount of time and to interrupt the
supply of water for a second predetermined amount of time, a washing water supply step of
supplying water to a washing level for washing after the negative pressure prevention step,
and a main washing step.

[0082]  Hereinafter, some examples of implementations will be described in detail
with reference to the accompanying drawings. In some implementations, the configuration of
an apparatus or a control method of the apparatus, which will be described below, is merely
given to describe some examples, without being intended to limit the scope of the present
disclosure.

[0083] FIGS. 1A to 1C are diagrams showing examples of implementations of a
laundry treatment apparatus. The implementations of the laundry treatment apparatus may
commonly include a first washing apparatus 110, which is a main laundry treatment
apparatus, and a second washing apparatus 120, which is an auxiliary laundry treatment
apparatus.

[0084]  Alternatively, the laundry treatment apparatus may not include both the first
washing apparatus 110 and the second washing apparatus 120. That is, the laundry treatment
apparatus may include either the first washing apparatus 110 or the second washing apparatus
120.

[0085] The laundry treatment apparatus will be described as including a plurality of
processing units merely for convenience of description, and the case in which the laundry
treatment apparatus includes a single processing unit is not excluded.

[0086] The first washing apparatus 110 may be configured as a washer for
performing a washing cycle to remove foreign matter from laundry or as a dryer for
performing a drying cycle to remove moisture from laundry. Even in the case in which the
first washing apparatus 110 is configured as a washer, the first washing apparatus 110 may
perform a drying cycle to dry laundry.

[0087] The second washing apparatus 120 may be configured as a washer for
performing a washing cycle to remove foreign matter from laundry or as a dryer for
performing a drying cycle to remove moisture from laundry. Even in the case in which the
second washing apparatus 120 is configured as a washer, the second washing apparatus 120

may perform a drying cycle to dry laundry.
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[0088] The first washing apparatus 110 may have a larger size than the second
washing apparatus 120 so as to have a larger washing or drying capacity than the second
washing apparatus 120.

[0089]  The reason for this is that it is necessary for the second washing apparatus 120
to rapidly wash or dry underwear, baby clothes, or a small amount of laundry while saving
energy.

[0090] The second washing apparatus 120 may be separably coupled to the first
washing apparatus 110 (see FIG. 1A) or may be integrated into the first washing apparatus
110 (see FIGS. 1B and 1C).

[0091] Referring to FIG. 1A, the second washing apparatus 120 may be separably
coupled to the first washing apparatus 110 in order to constitute a single laundry treatment
apparatus.

[0092] In the case in which the second washing apparatus 120 is configured to be
separated from the first washing apparatus 110, the first washing apparatus 110 may include a
first cabinet 111 that defines the external appearance thereof, and the second washing
apparatus 120 may include a second cabinet 121 that defines the external appearance thereof,
the second cabinet 121 being distinguished from the first cabinet 111.

[0093] The second washing apparatus 120 may be provided under the first washing
apparatus 110.

[0094]  Additionally, in the case in which the second washing apparatus 120 is
configured to be separated from the first washing apparatus 110 but is provided together with
the first washing apparatus 110, the second washing apparatus 120 may be disposed on, under,
or beside the first washing apparatus 110.

[0095] The first washing apparatus 110 may be configured as a front loading type
laundry treatment apparatus, and the second washing apparatus 120 may be configured as a
top loading type laundry treatment apparatus.

[0096] In this case, the second washing apparatus 120 may be configured as a drawer
type laundry treatment apparatus in order to avoid interference with the front loading type
laundry treatment apparatus.

[0097] That is, the second washing apparatus 120 may include a drawer 121la
configured to be withdrawn forward from the second cabinet 121 and a laundry receiving unit
defined in the drawer 121a for receiving laundry.

[0098] In some implementations, since the first washing apparatus 110 is located on

the second washing apparatus 120, the first cabinet 111 of the first washing apparatus 110
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may be provided at the lower surface thereof with a plurality of connection parts 111a
configured to be located on the second cabinet 112 of the second washing apparatus 120, and
the second cabinet 112 of the second washing apparatus 120 may be provided in the upper
surface thereof with recesses, into which the connection parts 111a are received and located.

[0099] In some implementations, when the second washing apparatus 120 is coupled
to the first washing apparatus 110, a controller provided in any one selected from between the
first washing apparatus 110 and the second washing apparatus 120 may be configured to
control both the first washing apparatus 110 and the second washing apparatus 120.

[00100] To this end, the connection parts 111a may be configured as connectors for
transmitting an electrical signal between the first washing apparatus 110 and the second
washing apparatus 120.

[00101] In some implementations, the second washing apparatus 120 may be
configured to operate only when the first washing apparatus 110 is located on the second
washing apparatus 120 in order to prevent the second washing apparatus 120 from
overturning when the drawer 121a is withdrawn.

[00102]  The first washing apparatus 110 may be provided with a control panel C for
displaying the status of the first washing apparatus 110 and the second washing apparatus 120
and allowing a user to input an operation command to the first washing apparatus 110 and the
second washing apparatus 120.

[00103] Unlike what is shown in FIG. 1A, the first washing apparatus 110 may be
configured as a top loading type laundry treatment apparatus, and the second washing
apparatus 120 may be configured as a front loading type laundry treatment apparatus.
Furthermore, the second washing apparatus 120 may be disposed on, under, or beside the first
washing apparatus 110.

[00104] FIGS. 1B and 1C show implementations in which a first washing apparatus
110 and a second washing apparatus 120 are integrated into a single body.

[00105] FIGS. 1B and 1C show the case in which the first washing apparatus 110 is
configured as a top loading type laundry treatment apparatus and the second washing
apparatus 120 is configured as a front loading type laundry treatment apparatus. FIG. 1B
shows the case in which the second washing apparatus 120 is disposed under the first
washing apparatus 110, and FIG. 1C shows the case in which the second washing apparatus
120 is disposed on the first washing apparatus 110.

[00106] Referring to FIG. 1B, a first cabinet 111 that defines the external appearance

of the first washing apparatus 110 and a second cabinet 121 that defines the external
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appearance of the second washing apparatus 120 may be coupled to each other in order to
constitute a single body.

[00107] In order to avoid interference with the first washing apparatus 110, the second
washing apparatus 120 may include a drawer 121a configured to be withdrawn forward from
the second cabinet 121 and a laundry receiving unit defined in the drawer 121a for receiving
laundry.

[00108]  The first cabinet 111 may be provided with a control panel C for displaying
the status of the first washing apparatus 110 and the second washing apparatus 120 and
allowing a user to input an operation command to the first washing apparatus 110 and the
second washing apparatus 120.

[00109] Since the first washing apparatus 110 is disposed on the second washing
apparatus 120, the control panel C may be provided at the first cabinet 111 of the first
washing apparatus 110.

[00110] Referring to FIG. 1C, the first washing apparatus 110 and the second washing
apparatus 120 may be provided in a single cabinet 111 that defines the external appearance
thereof.

[00111] The cabinet 111 may be provided with a control panel C for displaying the
status of the first washing apparatus 110 and the second washing apparatus 120 and allowing
a user to input an operation command to the first washing apparatus 110 and the second
washing apparatus 120.

[00112]  Since the second washing apparatus 120 is disposed on the first washing
apparatus 110, the control panel C may be provided at the portion of the first cabinet 111 in
which the second washing apparatus 120 is located.

[00113] FIGS. 2 and 3 show the interiors of laundry treatment apparatuses according
to some implementations.

[00114] FIG. 2 shows the case in which a first washing apparatus 110 is disposed
under a second washing apparatus 120, and FIG. 3 shows the case in which a first washing
apparatus 110 is disposed on a second washing apparatus 120.

[00115]  FIGS. 2 and 3 show the case in which the first washing apparatus 110 and the
second washing apparatus 120 may be provided in a single cabinet 111. Alternatively, the
first washing apparatus 110 and the second washing apparatus 120 may be separately
provided such that the first washing apparatus 110 and the second washing apparatus 120

include different cabinets.

16



27 Jun 2017

2017204361

w

25

30

[00116] In addition, FIGS. 2 and 3 show the case in which the first washing apparatus
110 1s configured as a front loading type laundry treatment apparatus and the second washing
apparatus 120 is configured as a top loading type laundry treatment apparatus. Alternatively,
the first washing apparatus 110 and the second washing apparatus 120 may be configured as
other different types of laundry treatment apparatuses.

[00117]  The first washing apparatus 110 may include first laundry receiving units 112
and 113 provided in the first cabinet 111 for receiving laundry, and the second washing
apparatus 120 may include a second laundry receiving unit 200 provided in the second
cabinet 121 for receiving laundry.

[00118] In the case in which the first washing apparatus 110 is configured as a washer,
the first laundry receiving units 112 and 113 may include a first tub 112 for storing water and
a first drum 113 rotatably provided in the first tub 112 for receiving laundry. The first
washing apparatus 110 may further include a first driving unit 114 provided at one surface of
the first tub 112 for rotating the first drum 113, a first water supply unit 115 for supplying
water to the first tub 112, and a first drainage unit 116 for draining water from the first tub
112. The first driving unit 114 may include a first stator 114a for generating a rotating
magnetic field, a first rotor 114b configured to be rotatable by the rotating magnetic field, and
a first shaft 114c for connecting the first rotor 114b to one surface of the first drum 113.
Alternatively, the first driving unit 114 may include a motor provided at one side of the first
tub 112, a shaft connected to one surface of the first drum 113, the shaft protruding to the rear
surface of the first tub 112, pulleys provided at the shaft and the motor, and a belt
interconnecting the pulleys.

[00119] The first water supply unit 115 may include a first water supply pipe 115a
connecting the first tub 112 to an external water supply source and a first water supply valve
115b for adjusting the flow rate of water in the first water supply pipe 115a.

[00120]  The first drainage unit 116 may include a first drainage pipe 116a extending
from the first tub 112 to the outside of the first cabinet 111 and a first drainage pump 116b
for providing the power necessary to drain water from the first tub 112, the first drainage
pump 116b communicating with the first drainage pipe 116a.

[00121] In the case in which the second washing apparatus 120 is configured as a
washer, the second washing apparatus 120 may have the same functions as the first washing
apparatus 110 except that the second washing apparatus 120 is different in size from the first

washing apparatus 110.
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[00122]  That is, the second washing apparatus 120 may include a second tub 122
provided on, under, or beside the first washing apparatus 110 for storing water, a second
drum 200 rotatably provided in the second tub 122 for receiving laundry, a second driving
unit 300 provided at one surface of the second tub 122 for rotating the second drum 200, a
second water supply unit 125 for supplying water to the second tub 122, and a second
drainage unit 126 for draining water from the second tub 122.

[00123] The second drum 200 may be formed in a cylindrical shape. The second
drum 200 may be provided in the upper part thereof with an opening 123. The opening 123
of the second drum 200 communicates with an introduction port 122e formed in the upper
part of the second tub 122.

[00124] A tub door 120a is provided to open and close the introduction port 122e of
the second tub 122. When the tub door 120a covers the introduction port 122e, the second
tub 122 is substantially sealed.

[00125] A tub cover 120b is provided at the upper part of the second tub 122. The tub
cover 120b covers the upper part of the second tub 122. The lateral space between the second
tub 122 and the second drum 200 is covered by the tub cover 120b.

[00126]  The introduction port 122¢ in the second tub 122 is defined by the tub cover
120b. Consequently, the tub cover 120b may be mounted to the second tub 122.

[00127]  Since the possibility of the second washing apparatus 120 being used as an
auxiliary laundry treatment apparatus is good, the second washing apparatus 120 may have a
smaller volume than the first washing apparatus 110. However, it is necessary to provide a
predetermined level of washing efficiency and washing capacity of the second washing
apparatus 120.

[00128]  To this end, the second drum 200 may be configured such that the diameter of
a drum introduction port, through which laundry is introduced, or the bottom surface 230 of
the second drum is greater than the width of surfaces of the second drum adjacent to the drum
introduction port. In other words, the second drum 200 may be configured such that the
length of the surface perpendicular to a second shaft 330 is greater than that of the surface
parallel to the shaft.

[00129]  For example, in the case in which the drum introduction port faces upward,
the second drum may be configured such that the width of the second drum is greater than the
height of the second drum.

[00130]  As aresult, the diameter of the surface that is rotated by the shaft is increased,

thereby further increasing the centrifugal force of the second drum 200 and greatly improving
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the efficiency of washing of laundry in the second drum 200. In addition, the area of the
second drum 200 in which laundry is received and supported is increased, thereby increasing
the washing capacity of the second drum 200.

[00131] In some implementations, the first washing apparatus 110 includes a first
support part 112a for supporting the first tub 112 at the cabinet 111, and the second washing
apparatus 120 includes a second support part 122a for supporting the second tub 122 at the
cabinet 111.

[00132] The first support part 112a and the second support part 122a may be
configured as a combination of a spring and a damper or as a combination of a bracket and a
connection bar.

[00133] The shapes of the first support part 112a and the second support part 122a are
not particularly restricted, as long as the first support part 112a and the second support part
122a are capable of supporting the first tub 112 and the second tub 122.

[00134] In some implementations, the cabinet 111 may further include a partition wall
111b for partitioning the first washing apparatus 110 and the second washing apparatus 120
from each other.

[00135] In the case in which the second washing apparatus 120 is configured as a
drawer type washing apparatus, a drawer 111a may be provided in the cabinet 111 such that
the drawer 111a can be withdrawn from the cabinet 111, and the second tub 122 and the
second drum 200 may be provided in the drawer 111a.

[00136] The second driving unit 300 may include a second stator 310 for generating a
rotating magnetic field, a second rotor 320 configured to be rotatable by the rotating magnetic
field, and a second shaft 330 for connecting the second stator to one surface of the drum.

[00137]  Alternatively, the second driving unit 300 may include a motor provided at
one side of the second tub 122, a shaft connected to one surface of the drum, the shaft
protruding to the rear surface of the tub, pulleys provided at the shaft and the motor, and a
belt interconnecting the pulleys.

[00138] The second water supply unit 125 may include a second water supply pipe
125a connecting the second tub 122 to an external water supply source and a second water
supply valve 125b for adjusting the flow rate of water in the second water supply pipe 125a.

[00139] In some implementations, the second water supply unit 125 may further
include a divergence pipe 125c¢ diverging from the second water supply pipe 125a and a spray
nozzle 125d provided in the end of the divergence pipe 125c¢ so as to face the interior of the

second tub.
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[00140] A divergence valve 125¢e, such as a three-way valve, may be provided in the
connection part of the divergence pipe 125¢ and the second water supply pipe 125a.

[00141] The spray nozzle 125d may be provided in the end of the second water supply
pipe 125a.

[00142]  The spray nozzle 125d may supply water to the second tub 122a in the form
of spray.

[00143] As a result, laundry received in the second drum 200 may be effectively
wetted.

[00144] In addition, the second drainage unit 126 may include a second drainage pipe
126a extending from the second tub 122 to the outside of the first cabinet 121 and a second
drainage pump 126b for providing power necessary to drain water from the second tub 122,
the second drainage pump 126b communicating with the second drainage pipe 126a.

[00145] The first washing apparatus 110 may include a first heater 118 for heating
water in the first tub 112 and a first hot air supply unit 119 for supplying hot air to the first
tub 110.

[00146]  The first heater 118 may be provided at the lower part of the first tub 110. A
sheath heater may be used as the first heater 118.

[00147]  The shape of the first heater 118 is not particularly restricted as long as the
first heater 118 is capable of heating water in the first tub 110.

[00148]  The first hot air supply unit 119 may include a duct 119a for supplying air to
the first tub 110, a duct heater 119b provided in the duct 119a, and a fan 119c for supplying
air from the duct 119a to the first tub 112.

[00149] In the same manner as the first washing apparatus 110, the second washing
apparatus 120 may include a second heater 128 and a second hot air supply unit 129.

[00150] In some implementations, the first washing apparatus 110 and the second
washing apparatus 120 may include a power supply unit for supplying power to the first
washing apparatus 110 and the second washing apparatus 120.

[00151]  The power supply unit may be configured as a switch provided at the cabinet
111. The power supply unit may be provided at one side of the control panel C.

[00152] The power supply unit may include a first power supply unit 117 for
supplying power to the first washing apparatus 110 and a second power supply unit 117 for
supplying power to the second washing apparatus 120.

[00153] In some implementations, at least one selected from between the first washing

apparatus 110 and the second washing apparatus 120 may be configured as a dryer. In the
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case in which at least one selected from between the first washing apparatus 110 and the
second washing apparatus 120 is configured as a dryer, the processing unit may not include a
water supply unit, a drainage unit, a tub, and a heater.

[00154] In addition, the second washing apparatus 120 may include at least one
selected from among a water level sensor 122b for sensing the level of water in the second
tub 122, a temperature sensor 122d for sensing the temperature of the second tub 122, and a
load sensor 122c for sensing the load of the second drum 200.

[00155]  The construction of the water level sensor 122b is not particularly restricted as
long as the water level sensor 122b is capable of sensing the level of water in the second tub
122. The construction of the temperature sensor 122d is not particularly restricted as long as
the temperature sensor 122d is capable of sensing the temperature of the second tub 122. The
construction of the load sensor 122c is not particularly restricted as long as the load sensor
122c¢ is capable of sensing the load of the second drum 200.

[00156] The second washing apparatus 120 may further include an agitation unit 600
provided at the bottom surface of the second drum 200 for agitating laundry. For example,
the agitation unit 600 may agitate laundry as the laundry rotates around the agitation unit 600.
As such, in some scenarios, the agitation unit 600 may improve the efficiency of washing of
laundry if the second drum 200 is of relatively small size.

[00157] The agitation unit 600 may be coupled to the bottom surface of the second
drum 200 or may be integrally formed with the second drum 200. In some implementations,
the agitation unit 600 may be rotatable together with the second drum 200.

[00158] In some implementations, the agitation unit 600 may be rotatably provided at
the bottom surface of the second drum 200 so as to be rotatable in the same direction as the
second drum 200, to be rotatable in the direction opposite the direction in which the second
drum 200 is rotated, or to be rotatable irrespective of the direction in which the second drum
200 is rotated.

[00159] FIG. 4 is a view showing an implementation in which the agitation unit 600 is
coupled to the second drum.

[00160] The second drum 200 includes a cylindrical drum body 210 having an open
lower surface 213, a drum bottom surface 230 fixed to the drum body 210 for closing the
open lower surface 213, and a drum introduction port located at the upper surface of the drum
body 210 for allowing laundry to be introduced therethrough.

[00161] As previously described, the width of the drum body 210 is less than the

diameter of the drum bottom surface 230.
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[00162] The drum introduction port may be configured as an open surface 211 formed
at the upper part of the drum body. In the case in which a balancer 220 is provided at the
open upper surface 211, however, the drum introduction port may be configured as a through
hole 223 provided in the balancer 220.

[00163] That is, in the case in which the balancer 220 includes a housing 221 fixed to
the open upper surface 211, a through hole (i.e. a housing through hole) 223 formed through
the housing, and a channel 225 defined in the housing for allowing a fluid or a ball to
circulate therealong, the through hole 223 may serve as the drum introduction port.

[00164] Only one selected from between the fluid or the ball may be provided in the
channel 225. Alternatively, both the fluid and the ball may be provided in the channel 225.
When the second drum 200 is eccentrically rotated, the fluid or the ball in the channel 225 of
the balancer 220 moves in the direction opposite the direction in which the eccentric force (i.e.
the centrifugal force applied to the laundry in the drum) is applied, thereby reducing the
eccentric rotation of the drum (i.e. the vibration of the drum).

[00165] In some implementations, the drum body 210 is provided with a plurality of
communication holes 215, through which the inside and the outside of the drum body
communicate with each other. Consequently, the water stored in the second tub 122 may
move into the drum body 210 through the communication holes 215, and the water in the
drum body 210 may move to the second tub 122 through the communication holes 215.

[00166] In some implementations, the second driving unit 300 may further include a
shaft fixing unit 400 coupled to the drum bottom surface 230 for enabling easy coupling
between the second shaft 330 and the drum bottom surface 230.

[00167] The shaft fixing unit 400 may include a fixing body 410 located outside a
space defined by the second drum 200 (i.e. a laundry receiving space) and a fixing arm 420
extending from the fixing body 410 toward the edge of the drum bottom surface 230.

[00168] At least one selected from between the fixing body 410 and the fixing arm
420 may be fixed to the drum bottom surface 230.

[00169] The second shaft 330 is fixed to the fixing body 410. The fixing arm 420 may
include a first fixing arm 421, a second fixing arm 422, and a third fixing arm 423, which are
arranged about the second shaft 330 so as to be spaced apart from each other by a
predetermined angle. The first fixing arm 421, the second fixing arm 422, and the third
fixing arm 423 may be spaced apart from each other by the same angle or by different angles.

[00170] In the case in which the first fixing arm 421, the second fixing arm 422, and

the third fixing arm 423 are spaced apart from each other by the same angle, the first fixing
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arm 421, the second fixing arm 422, and the third fixing arm 423 may be spaced apart from
each other by an angle of 120 degrees.

[00171] The fixing arm 420 may be coupled to a base 231 provided at the drum
bottom surface 230. The second washing apparatus 120 washes laundry using the rotational
force of the second drum 200. Frictional mechanically force is generated in the second drum
200 by increasing and decreasing the rotational speed of the second drum 200 or changing the
rotational direction of the second drum 200, whereby the laundry received in the second drum
200 is scrubbed.

[00172]  When the laundry is washed using only the rotation of the second drum 200,
however, sufficient frictional mechanically force may not be generated. That is, an additional
construction may be required in order to maximize the frictional mechanically force.

[00173] To this end, the second washing apparatus 120 may include an agitation unit
600 for applying mechanical force to the laundry received in the second drum 200 to improve
washing efficiency.

[00174] The agitation unit 600 may include a plurality of arms 63, 65, and 67
protruding from the drum bottom surface 230 and extending from the center of the drum
bottom surface 230 toward the circumference of the drum body 210. That is, the arms 63, 65,
and 67 may radially extend from the center of the drum bottom surface 230.

[00175]  The drum bottom surface 230 may fix the agitation unit 600 through the base
231.

[00176] FIG. 4 shows the case in which the arms 63, 65, and 67 of the agitation unit
600 are coupled to the base 231. Alternatively, the base 231 may be coupled to the entire
lower surface of the agitation unit 600.

[00177] A center part 61 provided at the center of the agitation unit 600 may protrude
from the drum bottom surface 230 toward the drum introduction port 223, and the arms 63,
65, and 67 may include a first arm 63, a second arm 65, and a third arm 67 arranged about the
center part 61 so as to be spaced apart from each other by an angle of 120 degrees.
Alternatively, a larger number of arms or a smaller number of arms may be provided. In an
implementation, the number of arms is three, to which, however, the present disclosure is not
limited.

[00178]  As previously described, the base 231, which is coupled to the agitation unit
600 or supports the agitation unit 600, may be provided at the drum bottom surface 230.
Specifically, the base 231 provided at the drum bottom surface 230 may support the arms 63,
65, and 67 or may be coupled to the arms 63, 65, and 67. The base 231 may include a first
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arm base 231a for supporting the first arm 63, a second arm base 231b for supporting the
second arm 65, and a third arm base 231c¢ for supporting the third arm 67.

[00179] In some implementations, the agitation unit 600 may protrude into the second
drum 200 such that the agitation unit 600 is rotated simultaneously when the second drum
200 1s rotated to apply impact to the laundry, to push the laundry to the drum body 210, or to
generate a strong stream of water in the water stored in the second tub 122, thereby
maximizing the physical force applied to the laundry.

[00180] FIGS. 5A and 5B show examples of the structure of the agitation unit 600.

[00181] The agitation unit 600 may include an agitation unit body 620 fixed to the
drum bottom surface 230 in a protruding fashion for agitating laundry and a reinforcement
coupling part 640 received in the agitation unit body 620 for increasing the rigidity of the
agitation unit body 620, the reinforcement coupling part 640 being coupled to the drum
bottom surface 230 (hereinafter, referred to as the bottom surface) for fixing the agitation unit
body 620 to the bottom surface 230.

[00182] In some implementations, the portion of the agitation unit 600 that contacts
laundry and wash water and the portion of the agitation unit 600 that contacts the drum
bottom surface 230 may be separately provided.

[00183] The reinforcement coupling part 640 may be a medium for coupling the
agitation unit body 620 to the drum bottom surface 230.

[00184] The agitation unit body 620 may be made of the same material as the second
drum 200, and the reinforcement coupling part 640 may be made of a different material than
the second drum 200.

[00185]  For example, the agitation unit body 620 may be made of stainless steel, and
the reinforcement coupling part 640 may be made of a material that is lightweight and can be
easily processed or formed, such as plastic or aluminum.

[00186]  The agitation unit body 620 may be configured as a housing for receiving the
reinforcement coupling part 640. The housing 620 may be provided with an opening 622,
through which the reinforcement coupling part 640 is inserted. For example, the agitation
unit body 620 may be a housing having an opening 622 for receiving the reinforcement
coupling part 640. The housing 620 may be configured to have a shape corresponding to that
of the reinforcement coupling part 640.

[00187]  The reinforcement coupling part 640 may include a center part received in the
agitation unit body 620 and fixed to the center of the bottom surface 230 and a plurality of

arms 643, 645, and 647 radially extending from the center part. In some implementations,
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the reinforcement coupling part 640 may constitute the frame of the agitation unit 600, and
the reinforcement coupling part 640 may serve as the surface of the agitation unit 600.

[00188]  The agitation unit body 620 may include a center part 621, in which the center
part of the reinforcement coupling part 640 is received, and arms 623, 625, and 627, in which
the arms 643, 645, and 647 of the reinforcement coupling part 640 are received.

[00189]  That is, the center part 621 and the arms 623, 625, and 627 of the agitation
unit body 620 may be configured as a single housing.

[00190] In this case, the agitation unit body 620 and the reinforcement coupling part
640 may be coupled to each other such that the center part 621 of the agitation unit body 620
and the center part of the reinforcement coupling part 640 constitute the center part 61 of the
agitation unit 600 and such that the arms of the agitation unit body 620 and the arms of the
reinforcement coupling part 640 constitute the first, second, and third arms 63, 65, and 67.

[00191] Referring to FIG. SA, the agitation unit body 620 may be provided with one
or more coupling protrusions 6201 for achieving secure coupling with the reinforcement
coupling part 640. The coupling protrusions 6201 may protrude from the opening 622.

[00192]  The reinforcement coupling part 640 may be completely or partially received
in the agitation unit body 620.

[00193]  Referring to FIG. 5B, when the reinforcement coupling part 640 is completely
received in the agitation unit body 620, only the lower surface 641 of the reinforcement
coupling part 640 may be exposed outward from the surface of the agitation unit 600, and the
remaining portion of the reinforcement coupling part 640 may be received in the agitation
unit body 620.

[00194] The coupling protrusions 6201 may be coupled into location holes 646
provided in the ends and opposite side surfaces of the arms 643, 645, and 647 of the
reinforcement coupling part 640. Alternatively, the coupling protrusions 6201 may be
coupled into location holes 646 provided in the portions of the center part of the
reinforcement coupling part 640 from which the arms 643, 645, and 647 of the reinforcement
coupling part 640 do not extend. In other words, the location holes 646 may be formed in the
portions of a location plate 644 that correspond to the coupling protrusions 6201.

[00195]  That is, the location holes 646 may be formed in the portions of the location
plate 644 that correspond to the ends and the opposite side surfaces of the arms 643, 645, and
647 of the reinforcement coupling part 640 and that correspond to the portions of the center
part of the reinforcement coupling part 640 between the arms.

[00196]  The surface of the agitation unit body 620 may be plated with a metal material.
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[00197] FIGS. 6 and 7 show an implementation in which only the agitation unit 600 is
rotatable or both the second drum 200 and the agitation unit 600 are simultaneously rotatable.

[00198] The second driving unit 300 may be provided under the agitation unit 600 to
provide the power necessary to rotate at least one selected from between the agitation unit
600 and the second drum 200.

[00199]  The surface 650 of the agitation unit 600 may be plated.

[00200] The reason for this is that, when the agitation unit 600 is made of a lighter
material than the second drum 200 and the surface of the agitation unit 600 is then plated
with a metal material, the moment of inertia is reduced and the agitation unit 600 is consistent
with the interior of the second drum 200.

[00201] In addition, the second washing apparatus 120 may include a coupling 500
provided between the agitation unit 600 and the second driving unit 300 so as to be rotated by
the power from the second driving unit 300. The structure in which the power from the
second driving unit 300 is transmitted to the coupling 500 will be described later. The
coupling 500 may be provided in the second tub 122 so as to be disposed under the agitation
unit 600.

[00202] In some implementations where the agitation unit 600 is separately rotatable,
the coupling 500 may be configured to rotate the agitation unit 600 and the second drum 200
in different directions or to rotate only the agitation unit 600 when the level of water in the
second tub 122 is a predetermined level or higher, and may be configured to rotate the
agitation unit 600 and the second drum 200 in the same direction when the level of water in
the second tub 122 is lower than the predetermined level. The coupling 500 may be made of
a material having a lower specific gravity than water.

[00203]  For example, the coupling 500 may be made of plastic. In order to increase
the rigidity thereof, the coupling 500 may be made of engineered plastic or reinforced plastic.
When water is supplied to the second tub 122, therefore, the coupling 500 may move upward
toward the agitation unit 600. When water is drained from the second tub 122, therefore, the
coupling 500 may move away from the agitation unit 600.

[00204]  Generally, in a washing process in which mechanical force is applied to
laundry to remove foreign matter from the laundry, the level of water in the second tub 122
may be the predetermined level or higher. In a spin-drying process in which the second drum
200 is rotated at a high speed to remove moisture from the laundry, the level of water in the
second tub 122 may be lower than the predetermined level. Consequently, the predetermined

level may be defined as the level at which the agitation unit 600 is exposed to air.
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[00205]  As such, in some implementations where the agitation unit 600 is separately
rotatable, the coupling 500 may be configured to rotate the agitation unit 600 and the second
drum 200 in different directions or may rotate only the agitation unit 600 in the washing
process and may be configured to rotate the agitation unit 600 and the second drum 200 in the
same direction in the spin-drying process.

[00206] In order words, the coupling 500 may be configured to rotate the agitation
unit 600 and the second drum 200 in different directions depending on the level of water in
the second tub 122.

[00207]  The second washing apparatus 200 may further include a shaft fixing unit 400
for connecting the second driving unit 300 to the bottom surface 230 of the second drum 200.

[00208]  The shaft fixing unit 400 may be coupled to the outer circumferential surface
of the drum body 210. When the shaft fixing unit 400 is rotated, therefore, the drum body
210 may be rotated. When the shaft fixing unit 400 is stopped, the drum body 210 may be
stopped.

[00209] In other words, the shaft fixing unit 400 may transmit power necessary to
rotate the second drum 200.

[00210]  When the level of water in the second tub 122 is lower than the predetermined
level, the coupling 500 may be coupled to the shaft fixing unit 400 to transmit power to the
second drum 200. When the level of water in the second tub 122 is the predetermined level
or higher, the coupling 500 may be separated from the shaft fixing unit 400 to interrupt the
transmission of power to the second drum 200.

[00211]  Specifically, when the level of water in the second tub 122 is the
predetermined level or higher, the coupling 500 may be separated from the shaft fixing unit
400 and may then move upward toward the agitation unit 600. When the level of water in the
second tub 122 is lower than the predetermined level, the coupling 500 may move downward
and may then be coupled to the shaft fixing unit 400.

[00212]  The coupling 500 may directly receive power from the second driving unit
300. When the level of water in the second tub 122 is the predetermined level or higher,
therefore, the coupling 500 may be coupled to the agitation unit 600 in order to rotate only
the agitation unit 600, in implementations where the agitation unit 600 is separately rotatable.
When the level of water in the second tub 122 is lower than the predetermined level, the
coupling 500 may be coupled to the shaft fixing unit 400 in order to rotate the shaft fixing
unit 400.
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[00213] Hereinafter, the scheme in which the coupling 500 receives power from the
second driving unit 300 and the structure in which the coupling 500 selectively rotates the
shaft fixing unit 400 will be described.

[00214]  The second driving unit 300 includes a shaft receiving unit 340 for rotatably
receiving the second shaft 330. The second shaft 330 extends through the shaft receiving unit
340. The shaft fixing unit 400 may include a hub 410, to the lower part of which the shaft
receiving unit 340 is coupled, the hub 410 including a shaft through part 411, through which
the second shaft 330 extends, and fixing arms 420 radially extending from the hub 410 so as
to be coupled to the bottom surface 230 of the drum.

[00215]  That is, the second shaft 330 may be configured to be rotated by the second
stator 310 and the second rotor 320 but not to directly rotate the shaft fixing unit 400 due to
the shaft receiving unit 340. In other words, the second shaft 330 may be freely rotatable in
the shaft receiving unit 340, and may extend through the shaft fixing unit 400.

[00216]  The agitation unit 600 may be coupled to the end of the second shaft 330 so as
to be rotatable together with the second shaft 330. That is, the power generated from the
second driving unit 300 may be directly transmitted to the agitation unit 600. However, the
power generated from the second driving unit 300 is not directly transmitted to the shaft
fixing unit 400.

[00217] In some implementations, the coupling 500 may be provided above the hub
410 so as to be movable upward and downward along the second shaft 330 depending on a
change in the level of water in the second tub 122.

[00218] The coupling 500 may include a power transmission part 510 coupled to the
second shaft 330 for receiving power from the second driving unit 300.

[00219] The second shaft 330 may include a shaft body 331 connected to the second
rotor 320 and a shaft gear part 332 extending from the shaft body 331, the shaft gear 332
being provided on the outer circumferential surface of the portion thereof that protrudes from
the hub 410 with a first gear 332a. The shaft through part 411 may include a hub gear 411a
spaced apart from the shaft gear part 332 by a predetermined distance while receiving at least
a portion of the shaft gear part 332. The hub gear 411a may be provided on the inner
circumferential surface thereof with a second gear 411b.

[00220]  That is, the first gear 332a may be provided on the portion of the second shaft
330 that is exposed upward from the hub 410.

[00221] The power transmission part 510 may include a coupling gear 511, which is

provided on the inner circumferential surface thereof with a third gear 511a configured to be
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engaged with the first gear 332a and to be movable in the longitudinal direction of the shaft
gear part 332 and which is provided on the outer circumferential surface thereof with a fourth
gear 511b configured to be engaged with the second gear 411b when the power transmission
part 510 is inserted between the shaft gear part 332 and the hub gear 411a.

[00222] When water is introduced into the second tub 122, the power transmission
part 510 may move upward in the longitudinal direction of the shaft gear part 332. When
water is drained from the second tub 122, the power transmission part 510 may move
downward in the longitudinal direction of the shaft gear part 332 and may then be inserted
between the shaft gear part 332 and the hub gear 41 1a.

[00223]  That is, since the third gear 511a is engaged with the first gear 332a of the
shaft gear part 332, the power transmission part 510 may directly receive power from the
second shaft 330.

[00224]  When water is supplied into the second tub 122 and the level of water in the
second tub 122 reaches a predetermined level in the state in which the power transmission
part 510 is inserted between the shaft gear part 332 and the hub gear 411a, therefore, the
power transmission part 510 is separated from the shaft gear part 332 and the hub gear 411a
and then moves upward.

[00225]  Asa result, the hub gear 411a is not rotated even when the shaft gear part 332
is rotated. The shaft fixing unit 400 and the second drum 200 are not rotated either. At this
time, when the power transmission part 510 contacts the lower part of the agitation unit 600,
the agitation unit 600 may be rotated by the coupling 500. When the agitation unit 600 is
fixed to the upper end of the shaft gear part 332, the agitation unit 600 may be continuously
rotated together with the second shaft 330.

[00226]  Therefore, for implementations in which the agitation unit 600 is separately
rotatable, in the washing process, only the agitation unit 600 is rotated in the state in which
the second drum 200 is fixed, with the result that a stream of water is generated in the second
drum 200, thereby improving washing efficiency.

[00227] In addition, when water is drained from the second tub 122 and thus the level
of water in the second tub 122 becomes less than the predetermined level, the power
transmission part 510 may be inserted between the shaft gear part 332 and the hub gear 41 1a.

[00228] At this time, the fourth gear 511b of the coupling gear is engaged with the
second gear 411b of the hub gear. When the power transmission part 510 is rotated by the
shaft gear part 332, therefore, the hub gear 411a may be rotated.
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[00229] In this way, the power transmission part 510 may transmit power generated
from the second driving unit 300 to the shaft fixing unit 400 via the hub gear 411a, whereby
the second drum 200 may be rotated.

[00230] At this time, the agitation unit 600 may be rotated together with the shaft gear
part 332, whereby the agitation unit 600 and the second drum 200 may be simultaneously
rotated.

[00231] In the spin-drying process, therefore, the agitation unit 600 and the second
drum 200 may be simultaneously rotated, whereby twisting of laundry may be alleviated.

[00232] In some implementations, the coupling 500 may further include a fixing plate
512 extending from the upper part of the coupling gear 511 such that the coupling gear is
fixed to the fixing plate 512 and a receiving rib 513 extending from the end of the fixing plate
512 for separably receiving the hub gear 411a.

[00233]  That is, a space for receiving the hub gear 411a may be provided under the
receiving rib 513 and the fixing plate 512. Water may be introduced into the space. When
water is supplied into the second tub 122, therefore, the coupling 500 may float.

[00234] In some implementations, the coupling 500 may further include an extension
rib 520 extending from the receiving rib 513 and an agitation coupling part 530 protruding
from the end of the extension rib so as to be separably coupled to the lower part of the
agitation unit 600.

[00235] A space which contacts water or into which water is introduced may be
provided under the agitation coupling part 530 and the extension rib 520 such that the
coupling 500 can more easily float.

[00236] In some implementations, the agitation unit 600 may protrude upward such
that the coupling 500 can be separably received in the lower part of the center part 61 thereof.
In addition, the agitation unit 600 may further include a coupling rib 620 extending
downward from the center part 61 thereof so as to be located in the extension rib 520 in order
to receive the power transmission part 510.

[00237]  Consequently, contact force between the agitation unit 600 and the coupling
500 may be increased. In some implementations, the agitation unit 600 may not be fixed to
the second shaft 330 but may be freely rotated by the second shaft 330. In this case, the
agitation unit 600 may contact the power transmission part 510, the agitation coupling part
530, and the extension rib 520 of the coupling 500. When the coupling 500 is rotated,

therefore, the agitation unit 600 may also be rotated.
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[00238] In some implementations, the shaft receiving unit 340 may include a receiving
pipe 341 for rotatably receiving a portion of the second shaft 330 and a receiving fixing part
342 extending from the upper part of the receiving pipe 341 so as to be coupled to the lower
part of the hub 410. Consequently, the second shaft 330 may be rotated independently of the
shaft receiving unit 340, whereby power may not be directly transmitted to the shaft fixing
unit 400.

[00239] In addition, the shaft receiving unit 340 may further include a receiving
bearing 343 provided at the inner circumferential surface of the receiving pipe 341 for
preventing the transmission of power from the second shaft 330 to the shaft receiving unit
340 and inducing free rotation of the second shaft 330.

[00240] In some implementations, the shaft through part 411 may further include a
hub coupling part 411c provided separately from the hub 410 so as to be separably coupled to
the hub 410 and extending from the outer circumferential surface of the hub gear 411a so as
to be coupled to the hub 410.

[00241] The above structure may be advantageous when it is difficult to perform a
single forming process from the hub 410 to the shaft through part 411 since the shape of the
hub 410 is complicated.

[00242] FIGS. 7A and 7B show examples of the change in position of the coupling
500 depending on the level of water in the second tub 122.

[00243] Referring to FIG. 7A, when the level of water in the second tub 122 is a
predetermined level or higher, water is introduced into the space under the coupling 500, with
the result that the coupling 500 moves upward. At this time, the coupling 500 may move
upward until the upper part of the coupling 500 comes into contact with the lower part of the
center part 61 of the agitation unit 600.

[00244]  The coupling 500 may rotate the agitation unit 600, since the coupling 500 is
rotated by the shaft gear part 332. However, the coupling 500 does not rotate the shaft fixing
unit 400, since the coupling 500 is separated from the hub gear 411a.

[00245]  When the level of water in the second tub 122 is the predetermined level or
higher, only the agitation unit 600 may be rotated. In the washing process, a stream of water
is generated in the second drum 200, and laundry is appropriately twisted, thereby improving
washing efficiency.

[00246] Referring to FIG. 7B, when the level of water in the second tub 122 is less
than the predetermined level, water is discharged from the space under the coupling 500, with

the result that the coupling 500 moves downward. At this time, the coupling 500 moves
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downward until the power transmission part 510 of the coupling 500 is inserted between the
hub gear 411a and the shaft gear part 332.

[00247]  When the coupling 500 is rotated by the rotation of the shaft gear part 332, the
coupling 500 rotates the hub gear 411a.

[00248]  Additionally, in the case in which the agitation coupling part 530 of the
coupling 500 sufficiently protrudes and the coupling rib 620 of the agitation unit 600 contacts
the upper surface of the coupling 500, the coupling 500 may rotate the agitation unit 600
while rotating.

[00249]  Additionally, in the case in which the center part 61 of the agitation unit 600
is fixed to the upper end of the shaft gear part 332, the agitation unit 600 may be rotated when
the shaft gear part 332 is rotated.

[00250] At this time, the shaft gear part 332, the coupling gear 511, and the hub gear
411a may be rotated at the same angular speed.

[00251] Consequently, the fixing unit 400 and the agitation unit 600 are
simultaneously rotated, thereby achieving the effect of the fixing unit 400 and the agitation
unit 600 being rotated as a single body.

[00252] In the spin-drying process, twisting of laundry is alleviated, thereby
preventing damage to the laundry, since the second drum 200 and the agitation unit 600 are
simultaneously rotated, rather than the agitation unit 600 rotating separately from the second
drum 200.

[00253] Referring to FIG. 8, a controller 700 of the laundry treatment apparatus may
control the first washing apparatus 110 and the second washing apparatus 120.

[00254]  The controller 700 may control all components of the first washing apparatus
110 and the second washing apparatus 120. In addition, the controller 700 may be connected
to the control panel C so as to transmit and receive a control signal to and from the control
panel C. The controller 700 may be integrated into the control panel C. Alternatively, the
controller 700 may be provided separately from the control panel C.

[00255]  In addition, the controller 700 may control the first water supply valve 115b,
the second water supply valve 125b, the first driving unit 114, the second driving unit 300,
the first drainage pump 116b, and the second drainage pump 126b.

[00256]  In addition, the controller 700 may control the first heater 118 and the first hot
air supply unit 119 of the first washing apparatus 110 and the second heater 128 and the
second hot air supply unit 129 of the second washing apparatus 120.
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[00257] In the case in which the first washing apparatus 110 and the second washing
apparatus 120 are separately provided, as previously described, the connection parts 111a
may be provided to electrically connect the first washing apparatus 110 and the second
washing apparatus 120 with each other.

[00258] The connection parts 111a may serve to transmit a control signal from the
controller 700, which is provided in one selected from between the first washing apparatus
110 and the second washing apparatus 120.

[00259] In some implementations, the laundry treatment apparatus may perform a
course in which the first and second heaters 118 and 128 are driven. That is, the laundry
treatment apparatus may perform a course in which the water stored in the first tub 112 or the
second tub 122 is heated by the first and second heaters 118 and 128.

[00260] The course may be an allergen-removing course for removing ticks and
microorganisms from laundry or a boiling course for maximizing laundry washing force.

[00261]  The allergen-removing course may be a course in which the water in the first
tub 112 or the second tub 122 is maintained at a temperature of 50 C or higher for 10
minutes or more, and the boiling course may be a course in which the water in the first tub
112 or the second tub 122 is heated to a temperature of 50 C or higher to remove foreign
matter from laundry.

[00262] In some implementations, in the case in which the boiling course or the
allergen-removing course is performed in the second washing apparatus 120, it may not be
preferable to heat water to the temperature required in the boiling course or the allergen-
removing course after water is supplied into the second tub 122 to a predetermined level in
order to perform the boiling course or the allergen-removing course.

[00263] The reason for this is that the greater the amount of waters, the greater the
amount of energy that is required, since the specific heat of water is high. In order to save
energy, therefore, water may be supplied to a predetermined level, the water may be heated to
a high temperature, and cold water or hot water may be supplied to a target level such that the
cold water or the hot water is mixed with the heated water to attain a target heating
temperature.

[00264] That is, a small amount of water is heated to a first temperature, and then
water 1s additionally supplied to adjust the total temperature of the water to a second

temperature lower than the first temperature. The first temperature may be about 90 C, for

example 86.4 C. The second temperature may be about 50 C.
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[00265] When water contacting laundry is heated to the first temperature, however,
the laundry may be damaged.

[00266] When water is heated to the first temperature, therefore, it is preferable for the
laundry in the second drum 200 to avoid contact with water as much as possible.

[00267] In some implementations, when the water in the second tub 122 is heated, it is
preferable for the second heater 128 to be immersed in the water. The reason for this is that,
if the second heater 128 is operated in the state of being exposed to air, the second heater 128
may be overheated.

[00268] In order to satisfy the above conditions, it is preferable to supply water to a
level of water at which a portion of the agitation unit 600 is immersed when a course
including heating is performed.

[00269] The second heater 128 is provided between the bottom surface of the second
tub 122 and the bottom surface of the second drum 2300, and the agitation unit 600 is
provided above the second heater 128. In the case in which at least a portion of the agitation
unit 600 is immersed in water, therefore, the second heater 128 is sufficiently immersed in
the water.

[00270] In addition, the laundry received in the second drum 200 is located above the
agitation unit 600. When a portion of the agitation unit 600 is immersed in water, therefore,
the probability of the laundry being exposed to the water heated to the first temperature is
very low.

[00271]  Furthermore, if only the second heater 128 is immersed and the second heater
128 heats only water at a level at which the agitation unit 600 is entirely exposed to air, there
is a possibility of the temperature of the second tub 122 not being adjusted to the second
temperature when water is additionally supplied to perform the allergen-removing course or
the boiling course, since the amount of heated water is too small.

[00272]  When the allergen-removing course or the boiling course including heating is
performed, therefore, the controller 700 may perform control such that the second water
supply valve 125b is opened until the water level sensor 122b senses the level of water in the
second tub 122 at which at least a portion of the agitation unit 600 is immersed.

[00273]  Subsequently, the controller 700 may perform control such that the second
water supply valve 125b is closed to interrupt the supply of water and the second heater 128
is operated to heat the water in the second tub 122 to the first temperature. Subsequently,

when the temperature sensor 122d senses that the temperature of the water in the second tub
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122 has reached the first temperature, the controller 700 may perform control such that the
second water supply valve 125b is opened again to supply water to the second tub 122.

[00274]  Asaresult, energy may be maximally saved in the course including heating.

[00275]  Alternatively, the second heater 128 may be immersed, water may be supplied
to a level at which the agitation unit 600 is exposed, and the second heater 128 may be
operated to heat the water to the first temperature.

[00276] In some implementations, when the second heater 128 is operated to heat the
water in the second tub 122 to the first temperature, the agitation unit 600 may also be heated
to the first temperature due to heat balance.

[00277] At this time, the portion of the second drum 200 that is located higher than the
agitation unit 600 is not heated to the first temperature, with the result that a temperature
difference relative to the agitation unit 600 may be created. The agitation unit 600 may
thermally expand as the result of heating, but the portion of the second drum 200 may not
thermally expand. As a result, the coupling between the agitation unit 600 and the portion of
the second drum 200 may not be effectively achieved.

[00278]  For example, in the case in which only the agitation unit 600 is heated, the
second drum 200 and the agitation unit 600 may rub against each other when the agitation
unit 600 or the second drum 200 is rotated, whereby the agitation unit 600 or the second drum
200 may not be smoothly rotated.

[00279]  Additionally, in the case in which the second water supply pipe 125a is
opened to abruptly supply water having a temperature lower than the first temperature when
the agitation unit 600 has been heated to the first temperature, thermal impact may be applied
to the agitation unit 600.

[00280] In the case in which the agitation unit 600 is made of a different material than
the second drum 200 or includes a component made of a different material than the second
drum 200, the agitation unit 600 may be damaged, since the rate of thermal shrinkage of the
agitation unit 600 is different from that of the second drum 200.

[00281] Additionally, in the case in which the surface of the agitation unit 600 is
plated or the agitation unit body 620 and the reinforcement coupling part 640 are made of
different materials, the agitation unit 600 may be damaged due to the difference in thermal
shrinkage.

[00282]  For example, the surface of the agitation unit 600 may be cracked, may swell,

or may peel off.
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[00283] FIG. 9 shows a control method that is capable of preventing damage to the
agitation unit 600.

[00284]  When the second water supply valve 125b is opened to supply water to the
second tub 122 under the control of the controller 700, a level at which at least a portion of
the agitation unit 600 is immersed in the water in the second tub 122 may be defined as a first
level 1, a level at which the agitation unit 600 is entirely immersed in the water may be
defined as a second level II, and a level at which the second heater 128 is immersed in the
water may be defined as a third level III. That is, the level of water is increased in the order
of the third level III, the first level I, and the second level II (see FIGS. 2 and 3).

[00285]  The controller 700 may determine the level of water in the second tub 122 by
directly sensing the level of water in the second tub 122 through the water level sensor 122b
or using data regarding the opening time of the second water supply valve 125b and the flow
rate per unit time in the second water supply pipe 125a.

[00286] The laundry treatment apparatus may perform a course including heating to
heat water using a heater. The controller 700 may analyze information about a course that a
user inputs through the control panel C to perform the course including heating.

[00287] When the course including heating is selected or performed, the controller
700 may perform control so as to perform a water supply step (S1) of supplying water into
the tub to a first level at which at least a portion of the agitation unit 600 is exposed, a heating
step (S2) of operating the heater to heat the water in the tub to a first temperature, and a first
additional water supply step (S3) of intermittently supplying water to a second level at which
the entirety of the agitation unit 600 starts to be immersed in the water.

[00288]  The first additional water supply step (S3) may be a step of slowly reducing
the change in temperature in the tub. In particular, the first additional water supply step (S3)
may be a step of stepwise reducing the change in temperature in the tub.

[00289]  That is, the controller 700 may perform control such that the second water
supply valve 125b is opened until water is supplied to the first level such that at least a
portion of the agitation unit 600 is immersed in the water, the second heater 128 is operated
to heat the water in the second tub 122, and the second water supply valve 125b is
intermittently opened after the operation of the second heater 128 is completed.

[00290]  The controller 700 may perform control such that a small amount of water is
supplied to the second tub 122, the second heater 128 is operated to heat the water to a high
temperature, and the heated water is mixed with water supplied at the first additional water

supply step, thereby obtaining a desired temperature.

36



27 Jun 2017

2017204361

25

30

[00291] When the heating step (S2) is completed, the agitation unit 600 may also be
heated, and may be heated to the first temperature due to heat balance. At the first additional
water supply step (S3), water having a temperature lower than the first temperature is
intermittently supplied to solve the above problem.

[00292]  The controller 700 may perform control such that water is supplied for a first
predetermined amount of time at the first additional water supply step (S3), waiting is
performed for a second predetermined amount of time, water is supplied again for the first
predetermined amount of time, and waiting is performed for the second predetermined
amount of time, which are repeated, thereby slowly reducing the temperature of the agitation
unit 600.

[00293]  Since the temperature of the agitation unit 600 is slowly reduced, as described
above, the agitation unit 600 may be prevented from being damaged even in the case in
which the agitation unit 600 is made of a different material than the second drum 200 or
includes a component made of a different material than the second drum 200.

[00294]  Additionally, in the case in which the agitation unit body 620 and the
reinforcement coupling part 640 of the agitation unit 600 are made of different materials, the
difference in thermal shrinkage may be considerably reduced, thereby preventing the
agitation unit 600 from being damaged.

[00295] Additionally, in the case in which the surface of the agitation unit 600 is
plated with a material having a different coefficient of thermal expansion than the agitation
unit 600, the difference in thermal shrinkage between the surface and the interior of the
agitation unit 600 may be considerably reduced, thereby preventing the agitation unit 600
from being damaged.

[00296] In some implementations, in the case in which the agitation unit 600 is made
of a metal material, the temperature of the agitation unit 600 may be abruptly changed by
even a small amount of water. For this reason, it is preferable for the first predetermined
amount of time to be very short. In addition, it is necessary to secure a time for which the
entirety of the agitation unit 600 reaches a thermal equilibrium state due to the water supplied
for the first predetermined amount of time. For this reason, it is preferable for the second
predetermined amount of time to be relatively long. The first predetermined amount of time
may be 0.1 seconds, and the second predetermined amount of time may be 10 seconds. That
is, when the operation of the second heater 128 is completed, the time for which the second
water supply valve 125b is open may be shorter than the time for which the second water

supply valve 125b is closed.
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[00297] At the first additional water supply step (S3), the controller 700 may perform
control such that the second drum 200 is rotated. The reason for this is that, when the second
drum 200 is rotated, air flows in the second drum 200 and laundry frequently contacts the
agitation unit 600, whereby the agitation unit 600 is more effectively cooled.

[00298]  That is, the controller 700 may perform control such that the second driving
unit 300 is operated when the second water supply valve 125b is intermittently opened.

[00299] In some implementations, before the heating step (S2) is commenced, the
second heater 128 must be immersed in water, and at least a portion of the agitation unit 600
must be exposed.

[00300] At the water supply step (S1), however, the level of water in the second tub
122 may be lower than the third level or may be higher than the first level for several reasons.

[00301] Consequently, the controller 700 may perform control such that a first level
sensing step (S1-1) of sensing whether the water in the second tub 122 is lower than the third
level or is higher than the first level is performed at the water supply step (S1).

[00302] Upon determining that the level sensed at the first level sensing step (S1-1) is
less than the third level, the controller 700 may perform control such that water is supplied
into the second tub 122 up to the first level. Upon determining that the level sensed at the
first level sensing step (S1-1) is higher than the first level, the controller 700 may perform
control so as to perform a level adjustment step (S1-2) of draining the water from the second
tub until the level of water in the second tub 122 becomes the first level.

[00303] That is, upon sensing that the second heater 128 is exposed to air before the
second heater 128 is operated, the controller 700 may perform control such that the second
water supply valve 125b is opened at the level adjustment step (S1-2). Upon sensing that the
entirety of the agitation unit 600 is immersed in water, the controller 700 may perform
control such that the second drainage pump 126b is operated at the level adjustment step (S1-
2).

[00304] In some implementations, at the first additional water supply step (S3),
washing and drying cycle times may be delayed due to waiting for the second predetermined
amount of time. For this reason, it may be inefficient to supply water to a target level for
performing the course including heating using an intermittent water supply method of the
first additional water supply step.

[00305] Consequently, the controller 700 may perform control so as to perform a
second level sensing step (S3-1) of sensing whether the level of water sensed by the water

level sensor 122b at the first additional water supply step (S3) is greater than the second level.
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[00306] Upon sensing that the level of water in the second tub 122 is greater than the
second level at the second level sensing step (S3-1), the controller 700 may perform control
so as to perform a second additional water supply step (S4) of supplying water into the
second tub 122 to the target level.

[00307] That is, upon determining that the entirety of the agitation unit 600 is
immersed in water at the first additional water supply step (S3), the controller 700 may
perform control so as to immediately perform the second additional water supply step (S4).

[00308] At the second additional water supply step (S4), water may be continuously
supplied to the target level.

[00309] When water is continuously supplied at the second additional water supply
step (S4), the controller 700 may perform control such that second water supply valve 125b is
intermittently opened until the agitation unit 600 is immersed in water, 1.e. until the level of
water becomes the second level. Subsequently, when the entirety of the agitation unit 600 is
immersed in water, the controller 700 may perform control such that second water supply
valve 125b is continuously open.

[00310]  Subsequently, upon sensing that the level of water in the second drum 200 or
the second tub 122 is sufficient to wash or rinse laundry through the water level sensor 122b,
the controller 700 may perform control such that the second water supply valve 125b is
closed.

[00311]  The course including heating is included in the washing or rinsing cycle. For
this reason, there is no reason to supply water into the second tub 122 to a higher level. That
is, the second additional water supply step (S4) may be finished.

[00312] A level at which laundry can be washed or rinsed may be defined as a fourth
level IV (see FIG. 2).

[00313] In some implementations, intermittent water supply may be needed at the
second additional water supply step (S4).

[00314] The reason for this is that, when cold water is instantaneously supplied into
the second tub 122 in the state in which the temperature in the second tub 122 is relatively
high, the pressure in the second tub 122 is abruptly reduced, whereby the second tub 122 may
be damaged or deformed.

[00315] In order to solve this problem, therefore, intermittent water supply may be
performed at the second additional water supply step (S4). That is, at the second additional
water supply step (S4), water may be supplied for a third predetermined amount of time and

waiting may be performed for a fourth predetermined amount of time, which may be repeated.
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[00316] That is, upon sensing that the entirety of the agitation unit 600 is immersed in
water at the first additional water supply step (S3), the controller 700 may perform control so
as to change the cycle at which or the time for which the second water supply valve 125b is
intermittently opened.

[00317] The third predetermined amount of time may be longer than the first
predetermined amount of time, and the fourth predetermined amount of time may be shorter
than the second predetermined amount of time. The reason for this is that agitation may be
more greatly affected by the additional water supply.

[00318] In some implementations, when the entirety of the agitation unit 600 is
immersed in water, the temperature of the agitation unit 600 may be equal to that of the water.
Even when cold water is supplied afterward, the cold water is mixed with the water first,
whereby the agitation unit 600 is little affected by the cold water.

[00319] In the case in which the entirety of the agitation unit 600 is immersed in water,
therefore, a large amount of water may be rapidly supplied, whereby the water supply time
may be maximally reduced.

[00320] In some implementations, when the first additional water supply step (S3) is
performed after the heating step (S2), the temperature of the agitation unit 600 may be
sufficiently low even in the case in which the agitation unit 600 is not immersed in water,
whereby the agitation unit 600 is little affected by the additionally supplied water.

[00321] In this case, it is inefficient to perform the first additional water supply step
(S3) until the level of water becomes the second level.

[00322] Consequently, the controller 700 may measure the temperature of the
agitation unit 600 through the temperature sensor 122d, and upon determining that the
temperature of the agitation unit 600 is sufficiently low, may perform control so as to
immediately perform the second additional water supply step (S4).

[00323] The controller 700 may indirectly measure the temperature of the agitation
unit 600 by measuring the temperature in the second tub 122.

[00324]  That is, upon sensing that the temperature in the second tub 122 is lower than
a specific temperature through the temperature sensor 122d before the agitation unit 600 is
immersed in water, the controller 700 may perform control so as to continuously open the
second water supply valve 125b or to change the cycle at which or the time for which the

second water supply valve 125b is intermittently opened.
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[00325]  The specific temperature may be a temperature equivalent to the temperature
of the cold water that is supplied or a temperature different from that of the cold water by

about3 T.

[00326] In some implementations, the controller 700 may perform control such that
water is guided to the spray nozzle 125d via the divergence valve 125¢ at the first additional
water supply step (S3).

[00327]  That is, the second water supply valve 125b may be intermittently opened
such that water is supplied into the second tub 122 through the spray nozzle 125d.

[00328] At the first additional water supply step (S3), therefore, water may be
supplied into the second tub 122 in the form of spray, whereby a small amount of water may
uniformly contact the large area of the agitation unit 600.

[00329]  As a result, the agitation unit 600 may be slowly and uniformly cooled.

[00330] In some implementations, the spray nozzle 125d may be provided in the end
of the second water supply pipe 125a.

[00331] In this case, the controller 700 may control only the second water supply
valve 125b in order to slowly and uniformly cool the agitation unit 600.

[00332]  As a result, an abrupt change in temperature of the agitation unit 600 may be
prevented, thereby preventing damage to the agitation unit 600.

[00333] In the above description, the first washing apparatus 110 and the second
washing apparatus 120 are provided, and the course including heating is performed in the
second washing apparatus 120. Alternatively, the same control method and structure as
described above may be applied to the first washing apparatus 110.

[00334] In addition, the second washing apparatus 120 may be provided separately
from the first washing apparatus 110 so as to be used as a stand-alone laundry treatment
apparatus.

[00335]  Hereinafter, an implementation for solving problems caused by the change in
temperature and pressure in the second washing apparatus 120, which is a small-sized
laundry treatment apparatus, will be described. In the previous implementation, the change in
temperature in the tub is focused on. In this implementation, the change in pressure in the tub
is focused on. However, the change in both temperature and pressure in the tub may be
focused on.

[00336] The space in the tub 122 is not completely physically sealed such that air

cannot flow between the inside and the outside of the tub 122. The reason for this is that air
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can flow between the inside and the outside of the tub 122 though an air channel unit, which
is intentionally provided.

[00337] The space in the tub 122 may be described as being sealed in the case in
which the amount of air that can flow through a communication part between the inside and
the outside of the tub 122 per unit time is much less than the amount of air that must flow
between the inside and the outside of the tub 122 per unit time in order to reduce the
difference in pressure between the inside and the outside of the tub 122, which
instantaneously and abruptly occurs.

[00338] Consequently, the space in the tub 122 may be instantaneously sealed. That is,
when a difference in pressure between the inside and the outside of the tub 122 occurs due to
abrupt compression or expansion of air in the tub 122 in the state in which the tub door 120a
is closed, the amount of air per unit time that can flow between the inside and the outside of
the tub 122 1s much less than the amount of air per unit time that must flow between the
inside and the outside of the tub 122 in order to reduce the difference in pressure between the
inside and the outside of the tub 122. As a result, negative pressure or positive pressure may
be instantaneously and abruptly generated in the tub 122.

[00339] The structure of the tub door of the second washing apparatus will be
described with reference to FIG. 10. The structure of the tub door, which will be described
hereinafter, will be identically or similarly applied to the implementation shown in FIGS. 2
and 3.

[00340]  The tub door 120a may be fixed to the tub cover 120b in the form of a hook.
A hook hanger may be formed at the tub cover 120b. When the hook is inserted into the
hook hanger, the tub door 120a is closed. When the hook is separated from the hook hanger,
the tub door 120a is opened.

[00341]  Specifically, the tub door 120a may be locked and unlocked by a push/open
button type locking unit 432. That is, when the upper surface of the tub door 120a is pushed
to close the tub door 120a, the tub door 120a is locked, and when the upper surface of the tub
door 120a is pushed again to open the tub door 120a, the tub door 120a is unlocked.

[00342]  The locking unit 432 includes a latching protrusion 4322 protruding from the
upper surface of the tub cover 120b, the latching protrusion 4322 having a fastening hole
4321. The locking unit 432 further includes an unlocking part 4323. The unlocking part
4323 may be provided at the inner surface of the tub door 120a.

[00343] When a user applies force in the direction in which the latching protrusion

4322 is inserted while closing the tub door, the unlocking part 4323 is inserted into the
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fastening hole 4321 and is fixed by the latching protrusion 4322. When the user applies force
again in the direction in which the latching protrusion 4322 is inserted in the state in which
the tub door is closed, the unlocking part 4323 is separated from the fastening hole 4321,
whereby the coupling between the latching protrusion 4322 and the unlocking part 4323 is
released. Alternatively, the latching protrusion 4322 may be provided at the tub door 120a,
and the unlocking part 4323 may be provided at the tub cover 120b.

[00344] In some implementations, the tub door 120a or the tub cover 120b may be
provided with an opening part 4324 for increasing the distance between the tub door 120a
and the tub cover 120b. The opening part 4324 is provided at the inner surface of the tub
door 120a to provide elastic force toward the tub cover 120b. When the tub door is unlocked,
therefore, the tub door is pushed from the tub cover.

[00345] The laundry treatment apparatus is different from a general top loading type
washer as follows. In the general top loading type washer, the upper surface of the tub is
open and communicates with the interior of the cabinet. In the laundry treatment apparatus
according to the present disclosure, however, the upper surface of the tub is closed.

[00346]  That is, the introduction port 122e formed in the upper part of the tub 122 is
opened and closed by the tub door 120a rotatably provided at the upper surface of the tub
cover 120b.

[00347]  The reason that the upper surface of the tub is closed is that a large amount of
bubbles may be generated in the tub 122 due to the rotation of the drum and the generated
bubbles may flow outward through the upper surface of the tub, since the height of the tub
122 is smaller than the diameter of the tub 122. In order to solve this problem, the upper
surface of the tub is closed.

[00348] In some implementations, in order to prevent water in the tub 122 from being
discharged outward through the introduction port 122e, any one selected from between the
tub door 120a and the tub cover 120b may be further provided with a sealing part 120b for
sealing the gap between the tub door 120a and the introduction port 122e when the tub door
120a closes the introduction port 122e.

[00349] In the case in which the tub door 120a is provided with a transparent window
120c, the user may check whether foreign matter remains through the window 120c.

[00350] FIG. 11 is a view showing the change in level of water in the tub when wash
water is supplied to perform main washing. When water stored to a first level in the tub 122
is heated and then water is supplied into the tub 122 for a subsequent step, the level of water

in the tub 122 is abruptly increased from the first level to a second level.
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[00351] When the tub door 120a is closed, the space in the tub 122 is sealed. As
previously described, however, the space in the tub 122 is not physically sealed, and a
detailed description thereof will be omitted.

[00352] When the water stored in the tub 122 is heated and then cold water is
additionally supplied, the air in the tub 122 is instantaneously and abruptly condensed, with
the result that high negative pressure is instantaneously and abruptly generated in the sealed
tub 122, whereby the level of water stored in the tub is increased.

[00353] In this case, the tub cover and the tub door may be temporarily or
permanently deformed, with the result that an unnecessary gap may be formed between the
tub cover and the tub door.

[00354] In addition, the negative pressure instantaneously and abruptly generated in
the sealed tub 122 may be applied to the tub door, which is configured to be locked and
unlocked by the push/open button type locking unit, such that the tub door is moved toward
the inside of the tub, whereby the locking unit may be unlocked. In other words, when the
negative pressure generated in the tub is higher than the force applied by the user in order to
open the tub door, the tub door may be pulled, with the result that the tub door may be
opened.

[00355] Hereinafter, a method of minimizing the negative pressure that may be
instantaneously and abruptly generated in the tub 122 will be described. Such a change in
pressure may be caused by the change in temperature.

[00356] FIG. 12 is a view showing a change in level of water in the tub when
intermittent water supply is performed before wash water is supplied to perform main
washing. FIG. 13 is a flowchart showing a method of controlling the laundry treatment
apparatus according to some implementations, and FIG. 14 is a view showing the detailed
flow of a negative pressure prevention or intermittent water supply step shown in FIG. 13.

[00357] The method of controlling the laundry treatment apparatus according to some
implementations may include a washing course selection step (S100) of selecting a heating
course in which laundry is heated, a water supply step (S400) of supplying water to the tub
122, a heating step (S600) of heating the water stored in the tub 122, a negative pressure
prevention step (S700) of performing intermittent water supply to supply water into the tub
122 for a first predetermined amount of time and to interrupt the supply of water for a second
predetermined amount of time, a washing water supply step (S800) of supplying water to a
washing level for washing after the negative pressure prevention step, and a main washing

step (S900). The negative pressure prevention step may be a step of stepwise or slowly
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alleviating abrupt pressure and temperature changes in the tub, i.e. abrupt environmental
changes in the tub. Consequently, the negative pressure prevention step may be referred to as
an environmental change alleviation step.

[00358] When a user selects a washing course at the washing course selection step
(S100), the controller 700 performs control such that a washing cycle is performed according
to the selected washing course.

[00359] The washing cycle is a cycle of supplying water containing detergent into the
tub and rotating the drum to wash laundry using frictional force generated on the inner
circumferential surface of the drum and bending force caused by a stream of water generated
in the tub.

[00360] The heating course is a course in which water is supplied into the tub 122 to a
predetermined level before the washing cycle of washing the laundry and in which the wash
water 1s heated to a predetermined temperature using the heater 128 provided in the tub 122
to remove microorganisms from the laundry and soak the laundry.

[00361] In this case, the wash water may be heated to about 90 C or higher. The
reason for this is that, when water is heated to about 90 C or higher, germs or

microorganisms present in laundry can be effectively killed.

[00362] That is, the heating step may be a step of heating water to about 90 C or
higher in addition to simply heating water, i.e. a boiling step. 90 C may be the highest
temperature of wash water that can be allowed or preset in the laundry treatment apparatus.

[00363] At the water supply step (S400), the amount of water that is supplied is set
depending on the weight of laundry sensed at a laundry weight sensing step performed before
the heating course or the water supply step (S400).

[00364] The water supply step (S400) may include a temperature sensing step of
sensing the temperature of water supplied into the tub 122.

[00365] At the temperature sensing step, the temperature of water supplied into the tub
122 may be sensed using the temperature sensor 122d provided in the tub 122. The
temperature sensor 122d may be provided in the water supply pipe to sense the temperature
of water that is supplied into the tub 122.

[00366] When the temperature of water sensed at the temperature sensing step is lower
than a predetermined temperature, intermittent water supply may be repeated N1 times (S500

and S710). In the case in which intermittent water supply is repeated N1 times, water is
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supplied to a washing level for washing without performing the negative pressure prevention
step (§700), and then the main washing step is performed.

[00367] When the temperature of water sensed at the temperature sensing step is
higher than the predetermined temperature, the negative pressure prevention step (S700) is
performed.

[00368]  The predetermined temperature may be about 10 C, which is the temperature
of the water supplied from an external water supply source.

[00369] When cold water having a temperature of about 10 C supplied from the
external water supply source is added to the water heated at the heating step (S600), the water
in the tub is cooled due to an abrupt change in temperature and the air in the tub is contracted,
with the result that negative pressure may be generated in the tub.

[00370] In the case in which the temperature of water supplied from the outside is low,
therefore, intermittent water supply is performed several times to reduce the temperature of
the heated water in the tub 122, thereby preventing negative pressure from being
instantaneously generated due to a large amount of water being supplied at once. In this case,
NI times may be 30 times.

[00371] In some implementations, the method of controlling the laundry treatment
apparatus according to some implementations may include an initial level sensing step (S200)
of sensing the initial level of water in the tub before the water supply step (S400).

[00372] The initial level sensing step (S200) is performed after the washing course
selection step. At the initial level sensing step (S200), whether water is present in the tub 122
is determined before water is supplied into the tub 122.

[00373] When the initial level of water sensed at the initial level sensing step (S200) is
lower than a predetermined level, the water supply step (S400) may be performed. When the
initial level of water sensed at the initial level sensing step (S200) is higher than the
predetermined level, intermittent water supply may be repeated N2 times (S500 and S710).

[00374] The predetermined level may be a level at which the level of water stored in
the tub is sufficient to be heated. Upon determining that the level of water in the tub is higher
than the predetermined level, therefore, the heating step (S600), the washing water supply
step (S800), and the main washing step (S900) may be performed without performing the
water supply step (S400).

[00375]  Alternatively, upon determining that the level of water in the tub is higher

than the predetermined level, a drainage step (not show) of draining water to reduce the level
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of water in the tub 122 to a level for heating may be performed, followed by the heating step
(S600), the washing water supply step (S800), and the main washing step (S900).
Consequently, it is possible to make uniform the time for which the heating step is performed
through the drainage step of draining water to reduce the level of water in the tub 122 to the
level for heating, thereby saving energy. In the case in which intermittent water supply is
repeated N2 times, the washing water supply step (S800) and the main washing step (S900)
are performed without performing the negative pressure prevention step (S700).

[00376] That the sensed initial level of water is higher than the predetermined level
means that water has already been stored in the tub 122.

[00377]  When the temperature sensor 122d cannot directly measure the temperature of
water stored in the tub 122, it is not possible to measure the temperate of water stored in the
tub 122.

[00378] In order to solve this problem, upon determining that water has already been
stored in the tub 122, intermittent water supply is performed several times to reduce the
temperature of the heated water in the tub 122, thereby preventing negative pressure from
being instantaneously generated due to a large amount of water being supplied at once. N2
times may be 30 times.

[00379] The laundry treatment apparatus may include a water level sensor for
transmitting electromagnetic waves (including ultrasonic waves) to water and receiving the
electromagnetic waves reflected by the water.

[00380] In an example, in the case in which the level of water in the tub 122 is directly
measured, the water level sensor is provided at the upper side of the tub 122 to measure the
level of water stored in the tub 122. A water level frequency measured by the water level
sensor is in inverse proportion to the level of water in the tub. That is, when the water level
frequency is high, the level of water in the tub may be low, and when the water level
frequency is low, the level of water in the tub may be high.

[00381] In another example, in the case in which the level of water in the tub 122 is
indirectly measured, the water level sensor may measure the level of water in a water level
pipe that is vertically provided so as to be parallel to the tub 122. The water level pipe is
connected to the lower side of the tub 122. Under atmospheric pressure, the level of water in
the tub 122 is equal to the level of water in the water level pipe.

[00382] At the heating step (S600), the heater 128 installed at the bottom surface of
the tub 122 is driven to heat the water stored in the tub 122. In addition, at the heating step

(S600), water is supplied to a first level, which is lower than a washing level for main
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washing. The reason for this is that a large amount of time is required to heat a large amount
of water. Consequently, water is supplied into the tub 122 only to a first level at which
laundry is sufficiently immersed in the water.

[00383]  If the washing water supply step (S800) is performed to directly supply water
to the washing level after the heating step (S600), water is introduced into the tub 122 to the
washing level, which is higher than the first level, within a short time. As a result, the
temperature of the water stored in the tub 122 is abruptly lowered, and the heated air in the
tub 122 is abruptly condensed (i.e. contracted) due to the low-temperature water.

[00384]  For this reason, high negative pressure is instantaneously generated in the tub
122. As a result, the tub door 120a or the tub cover 120b may be deformed, a gap may be
formed between the tub door 120a and the tub cover 120b, or force may be applied to the tub
door 120a such that the tub door is moved toward the inside of the tub, whereby the locking
unit of the tub door 120a may be unlocked and thus the tub door 120a may open.

[00385] In order to solve this problem, the negative pressure prevention step (S700) is
performed. FIG. 14 is a flowchart showing a control method for preventing negative pressure
from being generated in the tub. Hereinafter, the negative pressure prevention step (S700)
will be described.

[00386] At the negative pressure prevention step (S700), intermittent water supply is
performed to supply water into the tub 122 for a first predetermined amount of time and to
interrupt the supply of water for a second predetermined amount of time.

[00387] The first predetermined amount of time may be shorter than the second
predetermined amount of time. In order words, the second predetermined amount of time
may be longer than the first predetermined amount of time. For example, the first
predetermined amount of time may be about 0.1 seconds, and the second predetermined
amount of time may be about 2 seconds. Consequently, a small amount of water is supplied,
and then waiting is performed for a relatively long time such that the heated water in the tub
122 sufficiently exchanges heat with the supplied water to achieve thermal equilibrium.

[00388]  Specifically, the water supply time is shortened to supply a small amount of
water into the tub such that the temperature of the heated water is not abruptly changed and
such that negative pressure is not abruptly generated in the tub. However, the waiting time
for which water is not supplied is long such that the water in the tub 122 sufficiently
exchanges heat with the supplied water to achieve thermal equilibrium.

[00389] In the intermittent water supply, the controller 700 performs control such that

the water supply valve 125b is open for the first predetermined amount of time in order to
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supply water into the tub 122 through the spray nozzle and such that the water supply valve
125b is closed for the second predetermined amount of time to obtain the waiting time.

[00390] For example, when the intermittent water supply is performed twice, the
controller 700 performs control such that the water supply valve 125b is open for the first
predetermined amount of time and is closed for the second predetermined amount of time,
which is repeated twice.

[00391] The negative pressure prevention step (S700) includes a comparative level
sensing step (S720) of performing intermittent water supply N3 times and sensing a
comparative level of water and a water level comparison step (S730) of comparing the sensed
initial level of water with the sensed comparative level of water.

[00392]  Furthermore, the negative pressure prevention step (S700) may include an
additional water supply step (S740) of further performing intermittent water supply N4 times
based on the comparison result.

[00393] At the comparative level sensing step (S720), the comparative level of water
in the tub 122 is sensed within the second predetermined amount of time included in each
time period for intermittent water supply. Alternatively, the comparative level of water in the
tub 122 is sensed after the second predetermined amount of time included in each time period
for intermittent water supply.

[00394] The reason that the comparative level of water is measured after intermittent
water supply at the comparative level sensing step (S720) is that negative pressure is
generated in the tub due to the contraction of air caused by the abrupt change of temperature
in the tub 122 only when the intermittent water supply is performed. The greater the
difference between the temperature of the supplied water and the temperature of the heated
water in the tub, the higher the instantaneous negative pressure that is generated in the tub.
Consequently, it is possible to indirectly measure the temperature of water in the tub because
it 1s proportional to the magnitude of the instantaneous negative pressure. When high
negative pressure is generated, the level of water in the tub is instantaneously greatly changed.

[00395] In brief, the greater the difference between the comparative level of water
measured during intermittent water supply and a reference level of water, the higher the
negative pressure that is instantaneously generated in the tub, from which it can be seen that
the water in the tub has been heated to a high temperature. Consequently, the greater the
difference between the comparative level of water and the reference level of water, the more

intermittent water supply is performed to reduce the temperature of water stored in the tub
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such that the magnitude of instantaneous negative pressure generated in the tub when water is
subsequently supplied for washing is reduced.

[00396] At the comparative level sensing step (S720), N3 times may be 4 to 10 times,
preferably 5 times. The reason that intermittent water supply is performed N3 times at the
comparative level sensing step (S720) is that, when the comparative level of water is sensed
after 1 to 3 times of intermittent water supply, the sensed comparative level of water may not
reflect the level of water in the tub when a small amount of water is actually supplied into the
tub. Consequently, the intermittent water supply is performed at least 5 times to set the
comparative level of water to be used at the water level comparison step (S730).

[00397] The highest one of the comparative levels of water sensed N3 times is
selected as the comparative level of water sensed at the water level comparison step (S730).
In the case in which the level of water in the tub is indirectly measured (i.e. in the case in
which the water level frequency of the water level pipe communicating with the sealed tub is
measured), the level of water in the tub at which the highest one of the water level
frequencies sensed during N3 times of intermittent water supply is sensed is selected as the
sensed comparative level of water. The reason for this is that, when the water level frequency
is highest, the level of water in the tub is highest.

[00398] At the water level comparison step (S730), the sensed comparative level of
water is compared with the sensed initial level of water.

[00399] When the difference between the comparative level of water and the initial
level of water is less than a predetermined value, water is directly supplied to the washing
level without additional intermittent water supply, and then main washing is performed. The
reason for this is that, upon determining that the difference between the initial level of water
and the comparative level of water measured in the case in which negative pressure is
generated in the tub 122 through previous N3 times of intermittent water supply is not great,
it may be determined that the temperature of the heated water in the tub has been sufficiently
lowered.

[00400] As a result, it may be determined that high negative pressure will not be
generated in the tub 122 even when water is subsequently supplied for main washing. In this
case, no additional water supply is performed (i.e. N4 = 0).

[00401] When the difference between the comparative level of water and the initial
level of water exceeds the predetermined value, the number of times of additional intermittent
water supply is increased. That is, N4 is not fixed but varies depending on the difference.

N4 may be preset and stored in the form of a table.
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[00402] In some implementations, in the case in which the method of controlling the
laundry treatment apparatus is temporarily stopped or completely stopped during intermittent
water supply, the negative pressure prevention step (S700) is performed again from the
beginning. That is, in the case in which the laundry treatment apparatus is temporarily
stopped or completely stopped during intermittent water supply, the comparative level
sensing step (S720), the water level comparison step (S730), and the additional water supply
step (S740) are sequentially performed.

[00403] When the laundry treatment apparatus is temporarily stopped or completely
stopped, therefore, the case in which the temperature of water stored in the tub is
unexpectedly changed, such as the case in which no water is supplied through the water
supply unit 125, 1s provided for, and negative pressure is prevented from being generated in
the tub.

[00404] When intermittent water supply is performed several times after the interior of
the tub is heated and before washing water supply for washing is performed, followed by
washing water supply, as shown in FIG. 12, negative pressure may be instantaneously
generated in the tub during the washing water supply. However, the generated negative
pressure is not sufficiently high to deform the tub cover or the tub door or to unlock the
push/open button type locking unit of the tub door. As a result, the tub door is not opened.

[00405] In some implementations, a laundry treatment apparatus may be configured
such that components in the laundry treatment apparatus are not damaged while energy is
saved when a course including heating to heat water is performed.

[00406] In some implementations, a laundry treatment apparatus may be configured
such that an agitation unit is not damaged even when a course including heating to heat water
is performed.

[00407] In some implementations, a laundry treatment apparatus may be configured to
mitigate an abrupt change in temperature of an agitation unit, thereby preventing damage to
the agitation unit. The laundry treatment apparatus may be is configured to mitigate an
abrupt change in temperature of an agitation unit in the case in which the agitation unit is
made of materials having different coefficients of thermal expansion or includes parts having
different coefficients of thermal expansion, thereby preventing damage to the agitation unit.

[00408] In some implementations, a laundry treatment apparatus may be configured to
perform slow stepwise cooling an agitation unit even when the agitation unit is heated to a

high temperature.
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[00409] In some implementations, the laundry treatment apparatus is configured to
mitigate abrupt negative pressure from being generated in a tub. The laundry treatment
apparatus may be configured to mitigate abrupt negative pressure from being generated in a
tub irrespective of the temperature of water supplied from the outside.

[00410] In some implementations, a laundry treatment apparatus is configured to heat
wash water and perform a washing cycle.

[00411] In some implementations, a laundry treatment apparatus is configured to
mitigate occurrences of a door being deformed or opened by negative pressure in a tub. The
laundry treatment apparatus may be configured to mitigate instantaneously high negative
pressure from being generated in a tub.

[00412] In some implementations, a laundry treatment apparatus is configured to
mitigate instantaneously abrupt negative pressure from being generated in a tub due to the
amount of air being greater than the amount of air flowing per unit time between the inside
and the outside of the tub.

[00413] Although some examples of implementations have been illustrated and
described as above, the implementations are provided to assist understanding of the present
disclosure and the present disclosure is not limited to the above described particular
implementations. Various modifications and variations can be made without departing from
the spirit or scope of the present disclosure.

[00414] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

[00415] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavor to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A washing apparatus comprising:

a tub configured to hold water and having an opening at a top of the tub;

a tub cover arranged on the tub and provided to cover the top of the tub, the
tub cover defining an introduction port through which an inside of the tub is
accessible;

a tub door provided at the tub cover and configured to open and close the
introduction port of the tub cover separately, the tub being substantially sealed in case
that the tub door closes the introduction port;

a drum provided inside the tub and configured to rotate about a vertical shaft,
a width of the drum being greater than a height of the drum;

an agitation unit that protrudes upward from a center part of a bottom surface
of the drum and that is configured to agitate water and laundry inside the drum in a
state in which the drum rotates about the vertical shaft;

a heater configured to heat water in the tub;

a water supply pipe configured to supply cold water to the tub;

a water supply valve configured to control a flow through the water supply
pipe; and

at least one processor configured to, in a state in which the introduction port is
closed by the tub door, control the water supply valve and the heater by:

controlling the heater to heat a first amount of water in the tub to a first
temperature; and

intermittently controlling the water supply valve to additionally and
intermittently supply, to the first amount of water that was heated to the first
temperature by the heater, incremental amounts of water into the tub to reduce

the difference in pressure between the inside and outside of the tub.

2. The washing apparatus according to claim 1, wherein the washing apparatus is

arranged above another washing apparatus and is configured with a washing capacity that is

smaller than a washing capacity of the another washing apparatus.
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3. The washing apparatus according to claim 1, wherein intermittently
controlling the water supply valve to supply the incremental amounts of water into the tub of
the washing apparatus comprises:

controlling the water supply valve to provide a supply of water through the water
supply pipe into the tub for a first amount of time; and

controlling the water supply valve to interrupt the supply of water through the water

supply pipe into the tub for a second amount of time.

4. The washing apparatus according to claim 3, wherein the second amount of

time is longer than the first amount of time.

S. The washing apparatus according to claim 3, wherein intermittently
controlling the water supply valve to supply the incremental amounts of water into the tub of
the washing apparatus comprises:

controlling the water supply valve to alternate, a plural number of times, between
providing the supply of water through the water supply pipe into the tub for the first amount
of time and controlling the water supply valve to interrupt the supply of water through the

water supply pipe into the tub for the second amount of time.

6. The washing apparatus according to any one of the preceding claims, wherein
the at least one processor is further configured to:
after controlling the water supply valve to supply the incremental amounts of water
into the tub of the washing apparatus:
control the water supply valve to additionally supply a second amount of water
into the tub of the washing apparatus; and
control the washing apparatus to rotate the drum inside the tub based on the

second amount of water being added into the tub.

7. The washing apparatus according to claim 6, wherein:
the first amount of water added into the tub results in a first water level in the tub at
which a portion of the agitation unit is immersed below the first water level and an uppermost

end of the agitation unit is exposed above the first water level, and
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the second amount of water added into the tub results in a second water level in the
tub at which the uppermost end of the agitation unit is immersed below the second water

level.

8. The washing apparatus according to any one of preceding claims, wherein
controlling the heater to heat the first amount of water in the tub of the washing apparatus to
the first temperature comprises:

heating the water at the first water level in the tub to a highest temperature among

available water temperature setting values provided by the laundry treatment apparatus.

9. The washing apparatus according to any one of preceding claims, wherein the
agitation unit comprises a first surface that is exposed to an interior of the drum of the

washing apparatus, the first surface being plated with a first material.

10.  The washing apparatus according to any one of preceding claims, further
comprising:
a water level sensor configured to sense a level of water in the tub of the washing
apparatus,
wherein the at least one processor is further configured to:
control the water supply valve to supply water into the tub at a first rate until a
first time at which an uppermost end of the agitation unit is immersed below a water
level of the tub; and
after the first time, control the water supply valve to supply water into the tub

at a second rate less than the first rate.

11.  The washing apparatus according to any one of preceding claims, further
comprising:
a temperature sensor configured to sense a temperature in the tub of the washing
apparatus,
wherein the at least one processor is configured to:
control the water supply valve to supply water into the tub at a first rate until a
first time at which a temperature sensed by the temperature sensor satisfies a first

condition; and
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after the first time, control the water supply valve to supply water into the tub

at a second rate less than the first rate.

12.  The washing apparatus according to any one of preceding claims, wherein the
at least one processor is further configured to control the water supply valve and the heater
by:

while controlling the water supply valve to supply the incremental amounts of water
into the tub, intermittently controlling the heater to heat the incremental amounts of water

that are added into the tub.

13. The washing apparatus according to claim 12, wherein the at least one
processor is further configured to control the water supply valve and the heater by:

controlling the water supply valve to supply a first incremental amount of water into
the tub;

controlling the heater to heat the water in the tub;

detecting that a temperature of the water in the tub is heated to a first temperature; and

based on detecting that the temperature of the water in the tub is heated to the first
temperature, controlling the water supply valve to supply a second incremental amount of

water into the tub.

14.  The washing apparatus according to any one of preceding claims, wherein the
agitation unit is composed of a first material that is different than a second material of the

drum.

15.  The washing apparatus according to claim 14, wherein the agitation unit
comprises a surface that is plated with a third material having a third coefficient of thermal
expansion that is different from a first coefficient of thermal expansion of the first material of

the agitation unit.

16.  The washing apparatus according to any one of preceding claims, wherein the

agitation unit is fixedly coupled to the bottom surface of the drum of the washing apparatus.
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—

8 agitation unit is configured to rotate in conjunction with a rotation of the drum of the washing
> apparatus.
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—_— O 18.  The washing apparatus according to any one of preceding claims, wherein the

e agitation unit is configured to rotate independently of a rotation of the drum of the washing

— apparatus.
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