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to spray water over a surface of the laundry. The washing machine also includes a controller
configured to execute a water supply cycle in which an operation of each of the rotating tub
and the water supply pipe is controlled and water is supplied to the rotating tub. The washing
machine further includes a wash cycle in which the laundry is washed and the controller ex-
J/ ecutes a first cycle in which the rotating tub is rotated faster than a rotational speed in the
~ wash cycle so as to discharge air contained inside the laundry before the wash cycle is ter-
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Description

Title of Invention: WASHING MACHINE AND CONTROLLING

[1]

[2]

[3]

[4]

[5]

[6]

[7]

METHOD THEREOF
Technical Field

Embodiments of the present disclosure relate to a washing machine, and more par-
ticularly, to a washing machine and a controlling method thereof, which are capable of
more efficiently performing washing by rapidly rotating laundry to eliminate air

contained inside the laundry prior to execution of a water supply cycle.

Background Art

Japanese Patent Application Publication No. 2000-389 (hereinafter, Patent Document
1), discloses a washing machine comprising a rotating tub configured to accommodate
laundry, a water tank configured to rotatably accommodate the rotating tub, a motor
configured to rotate the rotating tub, and a water supplier configured to supply water to
the water tank. To discharge air contained inside the laundry before a wash cycle is
executed, the washing machine disclosed in Patent Document 1 intermittently rotates
the rotating tub with a water level lower than that in the wash cycle, thereby raising

and lowering a surface of water.
Disclosure of Invention

Technical Problem

However, in Patent Document 1, discharging air by raising and lowering the surface
of water has an adverse effect on laundry having feathers, such as a feather comforter.
Feather products typically contain air and a high density woven surface fabric for
containing the feathers. Such feather product laundry floats to the surface of the water
while the air is discharged. If the air is not sufficiently discharged, any contamination
in the laundry will not be effectively eliminated.

To address these deficiencies, it is an object to provide a washing machine and a con-
trolling method thereof, which are capable of more efficiently performing washing by
efficiently discharging air even when washing feather product laundry
Solution to Problem

To attain the above described object, in accordance with the present disclosure, an air
discharge cycle (that is, a first cycle) is executed to rotate a rotating tub at a speed
faster than that of a rotating operation in a wash cycle.

Additional aspects of the disclosure will be set forth in part in the description which
follows and, in part, will be obvious from the description, or may be learned by
practice of the disclosure.

Particularly, the present disclosure may include a rotating tub configured to ac-



WO 2017/146472 PCT/KR2017/001974

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2

commodate laundry, a water tank configured to rotatably accommodate the rotating
tub, a pulsator rotatably disposed at a bottom surface inside the rotating tub, a motor
configured to rotate the rotating tub and the pulsator, a water supply pipe configured to
supply water to the water tank or the rotating tub, a drain pipe configured to flow out
water accommodated in the water tank or the rotating tub, and a controller configured
to execute a water supply cycle in which the water is supplied to the water tank or the
rotating tub up to a specific water level through the water supply pipe, and a wash
cycle in which the motor is controlled to perform a rotational operation of rotating at
least one of the rotating tub and the pulsator after the water supply cycle is executed.

Also, the controller may perform the rotational operation of rotating the rotating tub
to rotate the rotating tub at a rotational speed faster than that in the wash cycle, thereby
effectively discharging water inside laundry.

Therefore, in accordance with the present disclosure, even when the laundry is a
feather product, it may be compressed and simultaneously adhered to an inner lateral
surface of the rotating tub by a centrifugal force and thus air contained in the laundry
may be discharged therefrom such that the laundry may be prevented from floating to a
surface of water and further a cleaning power may be more improved.

In Embodiment 2, a rotational speed of the rotating tub may be equal to or more than
300 revolutions per minute (rpm) and equal to or less than 500 rpm in a first cycle.

In Embodiment 3 in association with Embodiment 1 or 2, the pulsator may be a
rotary wing.

In Embodiment 4 in association with any one of Embodiments 1 to 3, spraying the
water over a surface of the laundry accommodated in the rotating tub may be included.
Therefore, the controller may execute a wetting cycle (that is, a second cycle) in which
the water is sprayed over the surface of the laundry.

Consequently, even when the laundry is the feather product, a gap between yarns of a
high density woven surface fabric may be blocked by the water through the wetting
cycle so that the laundry may be prevented from floating resulting from a penetration
of air from an outside of the surface fabric into an inside thereof after the first cycle
and the second cycle.

In Embodiment 5 in association with the washing machine of Embodiment 4, the
controller may execute the wetting cycle before the water supply cycle is terminated.

In such a case, after the water supply cycle is terminated, the laundry may be ef-
fectively prevented from floating to the water due to the penetration of air from the
outside of the surface fabric of the laundry into the inside thereof.

In Embodiment 6 in association with the washing machine of Embodiment 5, the
water supply pipe may be configured to supply the water toward the inner lateral

surface of the rotating tub or neighborhood thereof, and it may be also used in the
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wetting cycle.

In such a case, since the water, which is supplied while the water supply cycle is
executed, may be likely to directly come into contact with the laundry, the penetration
of air into the inside of the laundry may be effectively prevented after the water begins
to be supplied.

Also, there is no need to separately install a wetting water supply pipe for use in the
wetting cycle so that the number of components and the like may be decreased to
reduce manufacturing costs by virtue of a simplified structure of the washing machine.

In Embodiment 7 in association with any one of Embodiments 4 to 6, a sum of a
spray width of the water, which is sprayed over a bottom surface of the rotating tub by
the water supply pipe, in forward and backward directions, and a spray width of the
water, which is sprayed toward a lateral surface of the rotating tub by the water supply
pipe, in a vertical direction may be set to be equal to or greater than 1/3 of a width of
the bottom surface of the rotating tub. Also, a sum of a spray width of the water, which
is sprayed over the bottom surface of the rotating tub by the water supply pipe, in a
horizontal direction, and a spray width of the water, which is sprayed toward the lateral
surface of the rotating tub, in the vertical direction may be set to be equal to or greater
than 1/3 of the width of the bottom surface of the rotating tub.

In such a case, since the sum of the spray width of the wetting device in the forward
and backward directions against the bottom surface of the rotating tub and the spray
width of the wetting device in the vertical direction against the lateral surface of the
rotating tub, and the sum of the spray width of the wetting device in the forward and
backward directions against the bottom surface of the rotating tub and the spray width
of the wetting device in the vertical direction against the lateral surface of the rotating
tub are large, the water may be more widely sprayed over the surface of the laundry
compared to that the spray width is set to be less than 1/3 of the width of the bottom
surface of the rotating tub. Consequently, the water may be effectively uniformly dis-
tributed on the laundry in the wetting cycle so that an amount of the water required for
the wetting cycle may be reduced.

In Embodiment 8 in association with Embodiment 4 or 5, the wetting device may
spray the water, which is accommodated in the water tank or the rotating tub, over an
upper side of the laundry inside the rotating tub, and the controller may spray the
water, which is accommodated in the water tank or the rotating tub, over the upper side
of the laundry inside the rotating tub while the wetting cycle is executed.

In such a case, the water, which is accommodated in the water tank or the rotating
tub, may flow from the upper side to a lower side of the laundry so that it is possible to
uniformly spray the water over the surface of the laundry.

Embodiment 9 in association with Embodiment 5 or 6 may further include a water
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level sensor configured to measure a water level inside the water tank or the rotating
tub, the wetting device may spray the water being supplied over the surface of the
laundry, and the controller may execute the wetting cycle before an air discharge cycle
is terminated.

Also, in the wetting cycle, the controller may perform at least one of a water supply
stop control of terminating the wetting cycle when the water level measured by the
water level sensor is equal to or greater than a predetermined water supply stop
threshold, and a drain control of flowing out the water accommodated in the water tank
or the rotating tub through a drain device when the water level measured by the water
level sensor is equal to or greater than a predetermined drain threshold.

When the water supply stop threshold and the drain threshold are set and the drain
control is performed, the water may be prevented from leaking from the water tank in
the air discharge cycle (that is, the first cycle).

Embodiment 10 in association with Embodiment 8 may further include a water level
sensor configured to measure a water level inside the water tank or the rotating tub,
and the controller may execute the wetting cycle before the air discharge cycle is
terminated, and further the water supply cycle, in which the water is supplied to the
water tank or the rotating tub, by the water supply device before the wetting cycle is
executed.

Also, in the water supply cycle, the controller may perform at least one of a water
supply stop control of terminating the water supply cycle when the water level
measured by the water level sensor is equal to or greater than a predetermined water
supply stop threshold, and a drain control of flowing out the water accommodated in
the water tank or the rotating tub when the water level measured by the water level
sensor is equal to or greater than a predetermined drain threshold.

As such, the water supply stop control and the drain control may be executed and the
water supply stop threshold may be set so that the water may be prevented from
leaking from the water tank and a water leak may be prevented.

In Embodiment 11 in association with Embodiments 4 to 10, the controller may si-
multaneously execute a rotational operation, in which at least one of the rotating tub
and the pulsator is rotated, together with the wetting cycle.

Consequently, even when the water is not sprayed only in some directions inside the
rotating tub, there is an effect in which the water may be uniformly sprayed over the
laundry.

In Embodiment 12 in association with Embodiment 11, a rotational speed of the ro-
tational operation in the wetting cycle may be equal to or less than 300 rpm.

Comparing to when the rotational speed of the rotational operation is set over 300

rpm, a phenomenon in which the water splashes to the outside may be reduced so that
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there is an effect in which a water leak may be prevented.

Embodiment 13 in association with any one of Embodiments 1 to 12 may further
include a circulation device configured to spray the water, which is accommodated in
the water tank or the rotating tub, over the upper side of the laundry inside the rotating
tub.

Also, the wash cycle may be executed to perform a first rotational operation in which
the rotating tub and the pulsator are rotated together, and at the same time, spraying of
the water, which is accommodated in the water tank or the rotating tub, over the upper
side of the laundry inside the rotating tub under the control of the circulation device.

In such a case, since the water flows from the upper side to the lower side of the
laundry, cleaning power may be improved in comparison with a case in which only the
rotating tub is rotated without the spraying of the water over the laundry.

In Embodiment 14 in association with any one of Embodiments 1 to 13, the wash
cycle may be executed by alternately repetitively performing the first rotational
operation in which the rotating tub is rotated together with the pulsator, and a second
rotational operation in which only the pulsator is rotated.

In such a case, since the first and second rotational operations are alternately
repetitively performed, the laundry adhered to the inner lateral surface of the rotating
tub may be more easily spaced apart therefrom so that the cleaning power may be
improved in comparison with a case in which only the first rotational operation is
performed.

Embodiment 15 in association with any one of Embodiments 1 to 14 may further
include an abnormality detection device configured to detect abnormality of the
washing machine, and the controller may stop the rotational operation of the rotating
tub when abnormality is detected by the abnormality detection device while the air
discharge cycle is executed.

As described above, since the rotation of the rotating tub is stopped when the ab-
normality of the washing machine is detected, it may be possible to prevent a problem
resulting from the abnormality.

Embodiment 16 in association with any one of Embodiments 1 to 15 may further
include a display configured to display a current state of the washing machine, and the
controller may execute a spin-drying cycle in which the rotating tub is rotated after the
wash cycle is executed.

Also, the display may display the wetting cycle and the air discharge cycle, and
further it may differently display the wetting cycle and the air discharge cycle from
other cycles of the washing machine.

Consequently, there is an effect in which a user may easily understand a cycle being

currently executed, whether the cycle corresponds to the wetting cycle, the water
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supply cycle, or the other cycles, through only recognition of the display.
[43] Embodiment 17 in association with any one of Embodiments 1 to 16 may further

include a detection device configured to detect a predetermined physical amount, and
the controller may calculate a weight of the laundry on the basis of the physical
amount detected by the detection device when the rotational operation is performed
upon execution of the air discharge cycle.

[44] Therefore, since a weight of laundry may be calculated on the basis of a physical
amount detected upon a rotating operation, a motor may not need to perform a separate
rotating operation so as to calculate the weight of the laundry so that a time required

for washing may be reduced.

Advantageous Effects of Invention

[45] In accordance with the present disclosure, even when laundry is a feather product, air
contained inside the laundry is discharged therefrom by a centrifugal force through an
air discharge cycle and thus the laundry is prevented from floating to a surface of water
so that there is an advantage in which washing may be more effectively performed.
Brief Description of Drawings

[46] FIGS. 1 and 2 are cross-sectional views of a washing in accordance with one em-
bodiment of the present disclosure.

[47] FIG.3 is a diagram showing the appearance of the display.

[48] FIG.4 is a flowchart showing the operation sequence of the washing machine with
one embodiment of the present disclosure.

[49] FIG.5 is a flowchart showing the operation sequence of the washing machine in the
wetting cycle in accordance with one embodiment of the present disclosure.

[50] FIG.6 is a flowchart showing the operation sequence of the washing machine in the
air discharge cycle in accordance with one embodiment of the present disclosure.

[51] FIG.7 is a diagram showing a state of a washing machine that performs the wetting
cycle in accordance with one embodiment of the present disclosure.

[52] FIG.8 is a diagram showing a state of a washing machine that performs the air
discharge cycle in accordance with one embodiment of the present disclosure.

[53] FIG. 9 is a graph showing the rotation speed of the rotary tub when the motor is
started in the spin-drying cycle.

[54] FIG. 10 is a graph showing the rotation speed of the rotary tub when the motor is
started in the air discharge cycle.

[55] FIG. 11 is a flowchart illustrating an operation of the washing machine 1 according
to Embodiment 2 of the present disclosure.

[56] FIG. 12 is a diagram illustrating the washing machine 1 according to Embodiment 3

of the present disclosure.
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FIG. 13 is a diagram illustrating the washing machine 1 according to Embodiment 4

of the present disclosure.
FIG. 14 is a diagram illustrating the washing machine 1 according to Embodiment 5

of the present disclosure.

FIG. 15 is a diagram illustrating the washing machine 1 according to Embodiment 6
of the present disclosure.

Best Mode for Carrying out the Invention

FIGURES 1 through 15, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged device.

Embodiments described herein and configurations shown in the accompanying
drawings are preferred examples of the present disclosure, and various modified
examples may be made at the time of filing of the present application to substitute the
embodiments and the accompanying drawings of the present disclosure.

Also, the terms used herein are used to describe the embodiments and are not
intended to restrict and/or limit the present disclosure. The singular forms include
plural forms unless the context clearly notes otherwise.

"o

In this description, the terms "comprising,” "configured with," "having," or the like
are used to specify that a feature, a number, a step, an operation, a component, an
element, or a combination thereof described herein exists, and they do not preclude the
presence or addition of one or more other features, numbers, steps, operations,
components, elements, or combinations thereof.

Further, it should be understood that terms including ordinals such as "a first," "a
second,” and the like may be used herein to describe various components, but the
components are not limited to the terms, and these are used only for the purpose of dis-
tinguishing one component from another. For example, without departing from the
scope of the present disclosure, a first component may be referred to as a second
component, and similarly, the second component may also be referred to as the first
component. The term "and/or" includes a combination of a plurality of related listed
items or any item of the plurality of related listed items.

Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings, which will be readily apparent to those
skilled in the art to which the present invention pertains. Further, portions in the ac-
companying drawings, which are not related to the description, will be omitted in order

to clearly describe the present disclosure.
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(Embodiment 1)

FIGS. 1 and 2 are cross-sectional views of a washing machine 1 according to Em-
bodiment 1 of the present disclosure.

The washing machine 1 includes an outer frame 3 and a water tank 5 installed inside
the outer frame 3, and the water tank 5 may be formed in a cylindrical shape that is
open to one side.

Also, the water tank 5 may be supported from four upper corners of the outer frame 3
in a suspension state by a vibration-proofing device (not shown) that is configured with
a suspension rod (not shown) and a coil spring or sliding ring.

Further, a rotating tub 7 of a cylindrical shape, which is open to one side, is rotatably
accommodated in the water tank 5 in a direction the same as that of the water tank 5.
The rotating tub 7 has a diameter of about 650 mm and a depth of about 500 mm. A
pulsator 9 may be installed at an inner bottom wall of the rotating tub 7 and rotate to
generate a water current therein.

The rotating tub 7 is a space in which washing and spin-drying are performed and is
referred to as a washing and spin-drying tub, and the pulsator 9 is referred to as a
rotation device because of rotating to generate the water current. For convenience, they
respectively refer to the rotating tub 7 and the pulsator 9 herein.

An air trap 11 is installed to protrude toward an outward direction at a lower end of a
lateral wall of the water tank 5. The air trap 11 is connected to a water level sensor 13,
which is arranged at an upper side, through a hose 15. The water level sensor 13 may
measure a water level in contiguity with the air trap 11 inside the water tank 5.

Also, a motor 17 (that is, a rotating device), a current detection sensor 17a as a
detection device configured to detect a driving current of the motor 17 in the form a
physical amount, a rotation sensor 18 configured to detect rotation of the motor 17, and
a clutch mechanism 19 configured to be switchable between a first state in which a ro-
tational force of the motor 17 is transmitted to both the rotating tub 7 and the pulsator 9
and a second state in which the rotational force of the motor 17 is transmitted only to
the pulsator 9, may be arranged at a lower part of a bottom wall of the water tank 5.
Therefore, the motor 17 and the clutch mechanism 19 may perform a first rotating
operation in which the rotating tub 7 and the pulsator 9 are rotated together, and a
second rotating operation in which the rotating tub 7 is fixed and only the pulsator 9 is
rotated.

Also, a water supply case 20, which includes a water supply pipe 21, may be
installed at a center part of an upper rear side of the water tank 5 (that is, in a
horizontal direction in FIG. 1). One end of a first water supply pipe 23 is connected to
the water supply pipe 21, and the other end thereof is connected to a water pipe (not

shown).
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A first water supply valve 25 is connected to the first water supply pipe 23, and,
when the first water supply valve 25 is open, tap water flows into the rotating tub 7
through the water pipe and the first water supply pipe 23. Therefore, the water supply
pipe 21 includes the first water supply pipe 23 and the first water supply valve 25 to
configure a water supplier that supplies water inside the water tank 5.

Also, a detergent case 22 having a detergent inlet 22a may be arranged to be
drawable from the water supply case 20.

A user may input detergent into the detergent case 22 using the detergent inlet 22a,
and, when the first water supply valve 25 is open in a state in which the detergent case
22 is inserted into (that is, accommodated in) the water supply case 20, tap water
containing the detergent flows out from the water supply pipe 21 toward the rotating
tub 7.

Also, a spray nozzle 34 is installed at an upper back side of the water tank 5 to spray
water toward a lateral wall of the rotating tub 7. One end of a second water supply pipe
24 is connected to the spray nozzle 34, and the other end thereof is connected to the
water pipe (not shown).

A second water supply valve 26 is connected to the second water supply pipe 24,
and, when the second water supply valve 26 is open, the tap water is sprayed from the
spray nozzle 34 over a surface of laundry inside the rotating tub 7 by about 4 liters per
minute (in on embodiment) through the water pipe and the second water supply pipe
24. Therefore, the second water supply pipe 24 includes the second water supply valve
26 and the spray nozzle 34 to configure a wetting device.

Also, an outlet 27 is formed at a bottom surface of the water tank 5 to enable the
water accommodated inside the water tank 5 to flow out, a circulation pipe 29
configured to vertically extend is arranged outside of the water tank 5, and a lower end
of the circulation pipe 29 is connected to the outlet 27.

Further, a shower nozzle 33 is mounted on an upper part of the circulation pipe 29 to
face the lateral wall of the rotating tub 7, and a circulation pump 35 is installed in
contiguity with the outlet 27 of the circulation pipe 29. When the circulation pump 35
is driven, the water accommodated in the water tank 5 is sprayed from the shower
nozzle 33 over the surface of the laundry inside the rotating tub 7 via the outlet 27 and
the circulation pipe 29. Therefore, the outlet 27, the circulation pipe 29, the shower
nozzle 33, and the circulation pump 35 configure a circulation device.

Also, a drain 28 is formed at the bottom surface of the water tank 5 to enable the
water accommodated inside the water tank 5 to flow out, and is connected to a drain
pipe 37. A drain pump 36 is installed in contiguity with the drain 28. When the drain
pump 36 is driven, the water accommodated in the water tank 5 flows out through the

drain 28 and the drain pipe 37. Therefore, the drain 28, the drain pipe 37, and the drain
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pump 36 configure a drain device.

Also, an imbalance detection sensor 41 is mounted on the bottom surface of the
water tank 5 as an abnormality detection device configured to detect unbalanced ab-
normality.

Further, a light source 42a and an optical sensor 42b detecting light from the light
source 42a are arranged at an upper part of an inner surface of the rotating tub 7 to face
each other by interposing the rotating tub 7.

In addition, as shown in FIGS. 1 and 3, a display 43 is installed at an upper part of
the outer frame 3.

The display 43 is configured with, for example, a liquid crystal display, and is
provided with a remaining time indicator 43a configured to display a remaining time
until termination of the wash cycle and indicators 43b to 43f respectively configured to
display first to fifth cycles. A controller 45 is arranged at a rear surface side of the
display 43 to control each operation of the washing machine 1. A detailed operation of
the controller 45 will be described below with reference to FIG. 4.

Next, an operation sequence of the washing machine 1 according to one embodiment
of the present disclosure will be described with reference to FIG. 4.

When a user puts laundry into the rotating tub 7, puts detergent into the detergent
case 22, inserts the detergent case 22 into the water supply case 20, and commences
execution of the wash cycle, the controller 45 calculates a weight of the laundry in
Operation (shown in the drawing as S) S101.

The weight of the laundry is determined by setting the clutch mechanism 19 to a first
state on the basis of the number of rotation times which is detected at every unit time
by the rotation sensor 18. Particularly, the controller 45 raises a speed from an initial
value of O to a predetermined target value within a predetermined time to calculate the
weight of the laundry on the basis of a current value detected by the current detection
sensor 17a. Thereafter, the controller 45 proceeds to Operation S102.

In Operation S102, the controller 45 sets i=0 and then proceeds to Operation S103.

In Operation S103, the controller 45 executes a wetting cycle (that is, a second cycle)
in which water is sprayed over a surface of the laundry accommodated in the rotating
tub 7, and proceeds to Operation S104 to execute an air discharge cycle (that is, a first
cycle) in which air contained inside the laundry in the rotating tub 7 is discharged.

Therefore, in the present disclosure, the first cycle refers to a cycle in which air
contained inside the laundry is discharged, and the second cycle refers to a cycle in
which the water is sprayed over the surface of the laundry to prevent air from pen-
etrating inside the laundry. For convenience, these will be respectively described in a
detailed description as an air discharge cycle and a wetting cycle.

In Operation S105, the controller 45 sets i=i+1 and then proceeds to Operation S106.
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In Operation S106, the controller 45 determines whether i is equal to or greater than
N1 (=1), and then, when 1 is equal to or greater than N1, it proceeds to Operation S107,
and otherwise, it returns to Operation S103.

In Operation S107, the controller 45 executes a water supply cycle by opening the
first water supply valve 25 to supply the water to the water tank 5 up to a prede-
termined set level of water. The controller 45 determines whether a level of the water
accommodated in the water tank 5 is equal to or greater than the predetermined set
level of water at every predetermined time while the water is supplied on the basis of a
measurement result of the water level sensor 13. When the level of the water ac-
commodated in the water tank 5 is determined to be equal to or greater than the prede-
termined set level of water, the controller 45 closes the first water supply valve 25 to
terminate a supply of water. Thereafter, the controller 45 proceeds to Operation S108.

In Operation S108, the controller 45 executes a wash cycle. The controller 45 drives
the motor 17 for a predetermined time (that is, a first rotating operation) by setting the
clutch mechanism 19 to the first state and at the same time drives the circulation pump
35. At this point, a driving current of the motor 17 is set to rotate the rotating tub 7 at
60 revolutions per minute (rpm), in one embodiment. Therefore, in this embodiment
the rotating tub 7 is rotated together with the pulsator 9 at 60 rpm.

In such a case, the water accommodated in the water tank 5 is sprayed by the driving
of the circulation pump 35 from the shower nozzle 33 over the surface of the laundry
inside the rotating tub 7 via the outlet 27 and the circulation pipe 29. When a prede-
termined time passes after the motor 17 is driven, the controller 45 opens a drain valve
39 to enable the water to flow out. Thereafter, the controller 45 proceeds to Operation
S109.

In Operation S109, the controller 45 controls the first water supply valve 25, the
motor 17, and the clutch mechanism 19 to execute a rinsing cycle in which the washing
machine 1 performs a rinsing operation. When the rinsing cycle is terminated, the
controller 45 drives the drain pump 36 to enable the water to flow out.

In Operation S110, the controller 45 executes a spin-drying cycle in which the motor
17 is driven for a predetermined time (that is, the first rotating operation) and the
rotating tub 7 is rotated together with the pulsator 9 by setting the clutch mechanism 19
to the first state, and then the washing operation of the washing machine 1 is
terminated.

The driving current of the motor 17 in the spin-drying cycle is set to rotate the
rotating tub 7 in the range of 900 to 1000 rpm. Also, in the spin-drying cycle, the
driving current may be set to raise a rotational speed in a stepped shape as shown in
FIG. 9 when the motor 17 is driven.

In addition, the controller 45 controls only the first cycle indicator 43b among the
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first to fifth cycle indicators 43b to 43f to emit light while the wetting cycle and the air
discharge cycle are currently executed, and controls only the second cycle indicator
43c to emit light while the wash cycle is currently executed. Further, the controller 45
controls only the third cycle indicator 43d to emit light while the rinsing cycle is
currently executed, only the fourth cycle indicator 43e to emit light while the spin-
drying cycle is currently executed, and only the fifth cycle indicator 43f to emit light
when the washing operation of the washing machine 1 is terminated.

Next, the wetting cycle (that is, the second cycle) executed in Operation S103 will be
described in detail with reference to FIG. 5.

First, in Operation S201, the controller 45 drives the motor 17 by setting the clutch
mechanism 19 to the first state. As such, the rotating tub 7 is rotated together with the
pulsator 9, and at this point, a rotational speed of each of the rotating tub 7 and the
pulsator 9 is set to be equal to or less than 300 rpm, in one embodiment. For example,
the rotational speed is set in the range of 20 to 60 rpm, in one embodiment.

Also, the controller 45 opens the second water supply valve 26. As shown in FIG. 7,
the water is sprayed from the spray nozzle 34 over an upper part of the laundry inside
the rotating tub 7 by about 4 liters per minute through the water pipe and the second
water supply pipe 24. As described above, when the water is sprayed in a state in
which the rotating tub 7 is rotated together with the pulsator 9, the sprayed water may
be uniformly distributed on the laundry so that a washing effect may be improved.
Thereafter, the controller 45 proceeds to Operation S202.

In Operation S202, the controller 45 sets t=0 and then proceeds to Operation S203.
In Operation S203, the controller 45 determines whether a level of the water in the
water tank 5 is equal to or greater than a predetermined water supply stop threshold on

the basis of a measurement result of the water level sensor 13.

When the level of the water in the water tank 5 is not equal to or greater than the pre-
determined water supply stop threshold, the controller 45 proceeds to Operation S204,
and otherwise, it proceeds to Operation S207.

Further, the water supply stop threshold is set to be lower than the predetermined set
level of water. For example, a level of the water in the wash cycle is set to prevent the
water from flowing out from the water tank 5 when the rotating tub 7 is rotated at 500
rpm in the air discharge cycle, in one embodiment.

In Operation S204, the controller 45 sets t=t+1 and then proceeds to Operation S205.

In Operation S205, the controller 45 determines whether t is equal to or greater than a
predetermined threshold value N2 (>2), and then, when t is equal to or greater than the
predetermined threshold value N2, it proceeds to Operation S206, and otherwise, it
returns to Operation S203.

In Operation S206, the controller 45 closes the second water supply valve 26 to stop
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spraying of the water and to terminate the wetting cycle. Moreover, at this point, the
motor 17 is not stopped and thus the rotating tub 7 is continuously rotated.

In Operation S207, the controller 45 determines whether the level of the water in the
water tank 5 is equal to or greater than a predetermined drain threshold on the basis of
the measurement result of the water level sensor 13. Here, the predetermined drain
threshold is set to be higher than the predetermined water supply stop threshold.

When the level of the water in the water tank 5 is not equal to or greater than the pre-
determined drain threshold, the controller 45 proceeds to Operation $206, and
otherwise, it proceeds to Operation S208.

In Operation S208, the controller 45 closes the second water supply valve 26 to stop
a supply of the water, drives the drain pump 36 for a predetermined time to enable the
water to flow out, and then proceeds to Operation S206.

Also, in Embodiment 1 of the present disclosure, the determination is performed in
both Operations S203 and S207, but alternatively, it may be performed only in
Operation S203 or S207.

Next, the air discharge cycle (that is, the first cycle) executed in Operation S104 will
be described in detail with reference to FIG. 6.

First, in Operation S301, the controller 45 controls the driving current of the motor
17 by setting the clutch mechanism 19 to the first state to raise the rotational speed of
the rotating tub 7 from a value in the wetting cycle to 500 rpm (that is, the first rotating
operation), in one embodiment.

In this example, the rotating tub 7 is rotated together with the pulsator 9 at a ro-
tational speed of 500 rpm so that the laundry is adhered to an inner circumferential
surface of the rotating tub 7 as shown in FIG. 8, and thus air contained inside the
laundry is discharged by a centrifugal force.

When the laundry is a feather product, it begins to be compressed when the rotational
speed of the rotating tub 7 reaches about 150 rpm and then the air contained inside the
laundry begins to be discharged. Also, the controller 45 sets k=0 seconds. Further,
when the rotating tub 7 begins to be rotated, the controller 45 proceeds to Operation
S302.

As such, since the rotating tub 7 is not stopped between the wetting cycle and the air
discharge cycle, a time required for stopping the rotating tub 7, a time required for
verifying a stoppage of the rotating tub 7, and a time required for commencing rotation
of the rotating tub 7 are not necessary such that a washing time may be reduced.
Further, there is no need to re-drive the motor 17 so that power consumption may be
reduced.

In Operation S302, the controller 45 determines whether an imbalance is currently

detected by the imbalance detection sensor 41. When the imbalance is not detected, the
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controller 45 proceeds to Operation S303, and otherwise, it proceeds to Operation
S305.

In Operation S303, the controller 45 sets k=k+1 seconds and then proceeds to
Operation S304.

In Operation S304, the controller 45 determines whether k is equal to or greater than
a predetermined time threshold value N3 (>2), and then, when k is equal to or greater
thanN3, it proceeds to Operation S305, and otherwise, it returns to Operation S302.

Also, since an amount of the water contained inside the laundry is small in the air
discharge cycle, the rotational speed of the motor 17 may be rapidly raised in
comparison with that of the motor 17 in the spin-drying cycle as shown in FIG. 10.

Further, it is preferable to raise the rotational speed of the rotating tub 7 in the range
of 300 to 500 rpm, in some embodiments. The reason for that is that the air contained
inside the laundry is not sufficiently discharged when the rotational speed is below 300
rpm and the laundry is a feather product, and a time required for executing the air
discharge cycle is longer when the rotational speed is over 500 rpm to increase a
washing time, in some embodiments.

In Operation S3035, the controller 45 controls the light source 42a to emit light and
determines that the laundry is escaped {rom the rotating tub 7 when the light is
detected by the optical sensor 42b to proceed to Operation S306, and otherwise, it
proceeds to Operation S307.

In Operation S306, the controller 45 controls the driving current of the motor 17 to
stop the rotation of the rotating tub 7. Thereafter, the air discharge cycle is terminated.
In Operation S307, the controller 45 sets k=0 seconds and then returns to Operation

S302.

Also, in Embodiment 1 of the present disclosure, a termination time of the air
discharge cycle is controlled on the basis of an elapsed time of the motor 17, but alter-
natively, it may be controlled on the basis of other conditions in addition to the elapsed
time.

Therefore, in accordance with Embodiment 1 of the present disclosure, the rotational
speed of the rotating tub 7 (for example, 500 rpm) in the air discharge cycle is higher
than that of the rotating tub 7 (for example, 60 rpm) in the wash cycle and thus the
laundry may be compressed and adhered to the inner lateral surface of the rotating tub
7 even when the laundry is a feather product such that the air contained inside the
laundry may be effectively discharged. Consequently, the laundry may be prevented
from floating to a surface of water when being washed so that cleaning power may be
increased.

Particularly, when the laundry is arranged in a ring shape at an outer circumferential

portion of a bottom part of the rotating tub 7 when being input to the rotating tub 7, it
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may be more uniformly compressed in the air discharge cycle so that an effect of
improving cleaning power may be increased. Also, in such a case, it may be difficult to
detect an imbalance so that a high-speed rotation of the rotating tub 7 may be more
reliably performed in the air discharge cycle for a predetermined time corresponding to
N3.

Further, even when the laundry is the feather product, a gap between yarns of a high
density woven surface fabric may be blocked by the water through the wetting cycle so
that the laundry may be prevented from floating resulting from a penetration of air into
the laundry after the air discharge cycle.

Particularly, when the laundry is arranged in the ring shape at the outer circum-
ferential portion of the bottom part of the rotating tub 7 when being input to the
rotating tub 7, the water may be uniformly sprayed over the surface of the laundry so
that floating of the laundry may be effectively prevented.

Also, the controller 45 executes the wetting cycle before the water supply cycle is
terminated and thus the air is prevented from penetrating into the laundry after the
water supply cycle is terminated so that the floating of the laundry may be prevented.

Further, in the wetting cycle, the rotational speed of the rotating tub 7 is set to 300
rpm or less so that the water may be prevented from splashing to the outside compared
to that the rotational speed of the rotating tub 7 is set over 300 rpm.

Moreover, since the water supply stop threshold and the drain threshold are set, a
water leak may be prevented in the air discharge cycle.

Additionally, in the wash cycle, the water is sprayed from an upper side of the
laundry and at the same time the rotating tub 7 is rotated so that cleaning power is
increased in comparison with a case in which only the rotating tub 7 is rotated without
spraying of the water over the laundry.

Also, in Embodiment 1 of the present disclosure, the wetting cycle and the air
discharge cycle are alternately repetitively performed so that the air contained inside
the laundry may be effectively discharged.

In addition, the display 43 differently displays thereon other cycles except for the
wetting cycle and the air discharge cycle so that a user may easily distinguish a cycle
being currently executed through only recognition of the display 43.

Further, in Embodiment 1 of the present disclosure, there is disclosed a display
method of controlling any one of the first to fifth cycle indicators 43b to 43f to emit
light, but it is not limited thereto, and the display method may include any method
capable of enabling the user to distinguish a cycle being currently executed.

Moreover, in Operation S305 of Embodiment 1 of the present disclosure, even when
the light from the light source 42a is blocked by laundry escaped from the rotating tub
7 and thus is not detected by the optical sensor 42b, a high-speed rotation of the
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rotating tub 7 is still performed so that the escaped laundry may be likely to be drawn
again into the rotating tub 7 by the high-speed rotation thereof. Consequently, floating
of the escaped laundry may be prevented and further the escaped laundry may be
washed with an improved cleaning power.

(Embodiment 2)

FIG. 11 is a flowchart illustrating an operation of the washing machine 1 according
to Embodiment 2 of the present disclosure.

In Embodiment 2 of the present disclosure, after a user inputs the commencement of
washing, Operation S101 is not executed and a weight of laundry is calculated in
Operation S301 in which an air discharge cycle is executed.

Particularly, the controller 45 controls a driving current of the motor 17 to raise the
number of rotation times per unit time (that is, a rotational speed of the rotating tub 7),
which is detected by the rotation sensor 18, from an initial value (> a value corre-
sponding to a rotational speed in a wetting cycle) to a target value (< a value corre-
sponding to 500 rpm, in one example) within a predetermined time, and then calculates
the weight of the laundry on the basis of a current value detected by the current
detection sensor 17a.

Other configurations and operations of the washing machine 1 except for the above-
mentioned descriptions are the same as those of Embodiment 1 of the present
disclosure so that the same reference number is assigned to the same configuration and
a detailed description thereof will be omitted.

Therefore, in accordance with Embodiment 2 of the present disclosure, since the
controller 45 may calculate the weight of the laundry on the basis of the driving current
of the motor 17 detected upon a rotating operation in the air discharge cycle, it may not
need to perform a separate rotating operation so as to calculate the weight of the
laundry so that a time required for washing may be reduced.

(Embodiment 3)

FIG. 12 is a diagram illustrating the washing machine 1 according to Embodiment 3
of the present disclosure.

In Embodiment 3 of the present disclosure, a spray angle o of the spray nozzle 34 in
a horizontal direction is set to 48 degrees, and a spray width W1 of water, which is
sprayed from the spray nozzle 34 over the bottom surface of the rotating tub 7, in the
horizontal direction is set as the same as a width W2 of the bottom surface of the
rotating tub 7.

Also, a portion of the water, which is sprayed from the spray nozzle 34, is sprayed
toward the lateral surface of the rotating tub 7, and a spray width H1 of the water,
which is sprayed toward the lateral surface of the rotating tub 7, in a vertical direction

is set to about 60% (in one example) with respect to a width H2 of the lateral surface of
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the rotating tub 7 in the vertical direction.

Other configurations and operations of the washing machine 1 except for the above-
mentioned descriptions are the same as those of Embodiment 1 of the present
disclosure so that the same reference number is assigned to the same configuration and
a detailed description thereof will be omitted.

Therefore, in accordance with Embodiment 3 of the present disclosure, a sum of the
spray width W1 of the water, which is sprayed over the bottom surface of the rotating
tub 7, in the horizontal direction, and the spray width H1 of the water, which is sprayed
toward the lateral surface of the rotating tub 7, in the vertical direction is set to be
equal to or greater than 1/3 of the width W2 of the bottom surface of the rotating tub 7
so that the water may be more widely sprayed over the surface of the laundry
compared to that the sum is set to be less than 1/3 of the width W2 of the bottom
surface of the rotating tub 7, in one example. Consequently, an amount of the tap water
required for the wetting cycle may be reduced.

(Embodiment 4)

FIG. 13 is a diagram illustrating the washing machine 1 according to Embodiment 4
of the present disclosure.

In Embodiment 4 of the present disclosure, a spray angle [ of the spray nozzle 34 in
forward and backward directions is set to 44 degrees, and a spray width W3 of water,
which is sprayed from the spray nozzle 34 over the bottom surface of the rotating tub
7, in the forward and backward directions is set to 90% (in one embodiment) of the
width W2 of the bottom surface of the rotating tub 7.

Also, a portion of the water, which is sprayed from the spray nozzle 34, is sprayed
toward the lateral surface of the rotating tub 7, and a spray width H3 of the water,
which is sprayed toward the lateral surface of the rotating tub 7, in the vertical
direction is set to about 60% (in one example) of a width H2 of the lateral surface of
the rotating tub 7 in the vertical direction.

Other configurations and operations of the washing machine 1 except for the above-
mentioned descriptions are the same as those of Embodiment 1 of the present
disclosure so that the same reference number is assigned to the same configuration and
a detailed description thereof will be omitted.

Therefore, in accordance with Embodiment 4 of the present disclosure, a sum of the
spray width W3 of the water, which is sprayed over the bottom surface of the rotating
tub 7, in the forward and backward directions, and the spray width H3 of the water,
which is sprayed toward the lateral surface of the rotating tub 7, in the vertical
direction is set to be equal to or greater than 1/3 of the width W2 of the bottom surface
of the rotating tub 7 so that the water may be more widely sprayed over the surface of
the laundry compared to that the sum is set to be less than 1/3 of the width W2 of the
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bottom surface of the rotating tub 7, in one example. Consequently, an amount of the
tap water required for the wetting cycle may be reduced.

(Embodiment 5)

FIG. 14 is a diagram illustrating the washing machine 1 according to Embodiment 5
of the present disclosure.

In Embodiment 5 of the present disclosure, the water supply pipe 21 is formed at an
end of the upper side of the water tank 5 in the horizontal direction such that water
may be sprayed toward an inner lateral surface of the rotating tub 7. Further, the first
water supply valve 25 is open instead of the second water supply valve 26 in Operation
5201 of the wetting cycle, and the second water supply valve 26 is closed in Op-
erations S206 and S208 of the wetting cycle so that the water may be sprayed over a
surface of laundry adhered to the inner lateral surface of the rotating tub 7. That is, in
Embodiment 5 of the present disclosure, a water supplier configured with the water
supply pipe 21, the first water supply pipe 23, and the first water supply valve 25 is
also used as the wetting device.

Other configurations and operations of the washing machine 1 except for the above-
mentioned descriptions are the same as those of Embodiment 1 of the present
disclosure so that the same reference number is assigned to the same configuration and
a detailed description thereof will be omitted.

Therefore, in accordance with Embodiment 5 of the present disclosure, there is no
need to separately provide the wetting device so that a structure of the washing
machine 1 is simplified. Consequently, the number of components and the number of
assembly cycles may be decreased to reduce manufacturing costs. Further, in the water
supply cycle, the water flowing from the water supply pipe 21 is directly sprayed over
the laundry adhered to the inner lateral surface of the rotating tub 7 so that the laundry
is prevented from floating due to penetration of air into the laundry after the com-
mencement of a water supply.

(Embodiment 6)

FIG. 15 is a diagram illustrating the washing machine 1 according to Embodiment 6
of the present disclosure.

In Embodiment 6 of the present disclosure, it is configured such that water is sprayed
in a horizontal direction of the water supply pipe 21, a spray angle of the water supply
pipe 21 in the horizontal direction is set to O degrees, and a spray width W5 of the
water, which is sprayed over the bottom surface of the rotating tub 7, in the horizontal
direction is set to about 40% (in one example) of the width W2 of the bottom surface
of the rotating tub 7.

Other configurations and operations of the washing machine 1 except for the above-

mentioned descriptions are the same as those of Embodiment 5 of the present
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disclosure so that the same reference number is assigned to the same configuration and
a detailed description thereof will be omitted.

Therefore, in accordance with Embodiment 6 of the present disclosure, the spray
width W5 of the water, which is sprayed over the bottom surface of the rotating tub 7,
in the horizontal direction is set to be equal to or greater than 1/3 of the width W2 of
the bottom surface of the rotating tub 7 so that the water may be more widely sprayed
over the surface of the laundry compared to that the spray width W5 is set to be less
than 1/3 of the width W2 of the bottom surface of the rotating tub 7, in one example.
Consequently, tap water may be effectively uniformly distributed on the laundry so
that an amount of the tap water required for the wetting cycle may be reduced.

Also, in Embodiments 1 to 6 of the present disclosure, the clutch mechanism 19 is set
to the first state in the wash cycle, but alternatively, it may be switched to a second
state to eliminate contamination of the laundry by rotation of the pulsator 9.

Further, in Embodiments 1 to 6 of the present disclosure, it has been described that
the water accommodated in the water tank 5 is sprayed from an upper side of the
laundry by the driving of the circulation pump 35, but alternatively, the water may be
sprayed over the laundry by raising a surface of the water through rotation of the
rotating tub 7 in a state in which the water is accommodated in the water tank 5.

In such a case, the rotating tub 7, the motor 17, and the clutch mechanism 19
configure the circulation device, and in the wash cycle, the controller 45 controls the
motor 17 and the clutch mechanism 19 instead of the circulation pump 35.

Additionally, in Embodiments 1 to 6 of the present disclosure, the air discharge cycle
is executed before the water supply cycle is executed, but alternatively, it may be
executed after the water supply cycle is executed in case that the water supply cycle is
not terminated.

Further, in Embodiments 1 to 6 of the present disclosure, the wetting cycle is
executed before the air discharge cycle is terminated, but alternatively, it may be
executed at a different time in case that the water supply cycle is not terminated.

For example, the wetting cycle may be executed between the air discharge cycle and
the water supply cycle. In such a case, when the air discharge cycle is terminated, the
controller 45 may drop a rotational speed of the rotating tub 7 from a value in the air
discharge cycle to a value in the wetting cycle in Operation S201 at the execution of
the wetting cycle without stopping the rotation of the rotating tub 7 in Operation S305.

Alternatively, the wetting cycle may be simultaneously executed with the air
discharge cycle. When the wetting cycle is simultaneously executed with the air
discharge cycle, the controller 45 controls only the first cycle indicator 43b among the
first to fifth cycle indicators 43b to 43f to emit light so that a user may easily dis-

tinguish whether cycles being currently executed are both the wetting cycle and the air
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discharge cycle, or are other cycles except for the wetting cycle and the air discharge
cycle.

Also, in Embodiments 1 to 6 of the present disclosure, the rotation of the rotating tub
7 is stopped in Operation S305 when the air discharge cycle is terminated, but alter-
natively, the rotational speed of the rotating tub 7 may be dropped from the value in
the air discharge cycle to 60 rpm (in one example) in parallel with the water supply
cycle in Operation S107 without the stopping of the rotating tub 7. Consequently, a
time required for the wash cycle may be reduced. Further, since the rotating tub 7 is
rotated while the water is supplied and thus the water being supplied is uniformly
sprayed over the laundry, the floating of the laundry is more reliably prevented.

Also, in Embodiments 1 to 4 of the present disclosure, the second water supply valve
26 is open in the wetting cycle so that the water being supplied may be sprayed from
the spray nozzle 34 over the surface of the laundry inside the rotating tub 7.

Alternatively, before the wetting cycle is executed, the controller 45 may open the
first water supply valve 25, execute the water supply cycle, and then drive the cir-
culation pump 35 so that the water may be sprayed over an upper side of the surface of
the laundry through the circulation pipe 29 and the shower nozzle 33.

As aresult, the detergent is contained in the water supplied to the water tank 5 in the
water supply cycle so that the water containing the detergent may be sprayed over the
surface of the laundry in the wetting cycle. Therefore, even when the surface of the
laundry is configured with a high density woven water repellent cloth, the detergent
containing a surfactant is used so that the water may sufficiently penetrate the laundry.
Consequently, air may be prevented from penetrating inside the laundry after the air
discharge cycle. In such a case, the outlet 27, the circulation pipe 29, the shower nozzle
33, and the circulation pump 35 may configure the wetting device, and the controller
45 may control the circulation pump 35 to execute the wetting cycle.

Even in such a case, while the water supply cycle is executed, the controller 45 may
perform a water supply stop control of closing the first water supply valve 25 when a
level of water detected by the water level sensor 13 is equal to or greater than the pre-
determined water supply stop threshold, and a drain control of driving the drain pump
36 when the level of water detected by the water level sensor 13 is equal to or greater
than the predetermined drain threshold.

Alternatively, the controller 45 may perform only one of the water supply stop
control and the drain control.

Also, in Embodiments 1 to 4 of the present disclosure, while the wetting cycle is
executed, the first water supply valve 25 may be temporarily open so that the water
containing the detergent may be supplied from the water supply pipe 21 inside the

rotating tub 7. Consequently, even when the surface of the laundry is configured with
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the high density woven water repellent cloth, the detergent containing the surfactant is
used so that the water may sufficiently penetrate the laundry.

Alternatively, in Embodiments 1 to 4 of the present disclosure, the detergent may be
contained in the water sprayed from the spray nozzle 34.

Further alternatively, in Embodiments 1 to 6 of the present disclosure, without in-
stallation of the detergent case 22, a user may directly sprinkle the detergent over the
laundry inside the rotating tub 7 and then commence the wash cycle. Consequently,
since the detergent dissolves in the water sprayed in the wetting cycle, even when the
surface of the laundry is configured with the high density woven water repellent cloth,
the detergent containing the surfactant is used so that the water may sufficiently
penetrate the laundry.

Also, in the wetting cycle, a surface of the water between the rotating tub 7 and the
lateral surface of the water tank 5 may be raised to enable the water to be sprayed over
the surface of the laundry. In such a case, the rotating tub 7, the motor 17, and the
clutch mechanism 19 configure the wetting device, and the controller 45 controls the
motor 17 and the clutch mechanism 19 so that the wetting cycle may be executed.

Further, in Embodiments 1 to 6 of the present disclosure, the controller 45 drives the
motor 17 in the first rotating operation, but alternatively, it may control the motor 17 to
perform alternately repetitively the first and second rotating operations. In such a case,
comparing to that the motor 17 is driven in the first rotating operation, the laundry
adhered to the inner lateral surface of the rotating tub 7 may be easily separated
therefrom in the air discharge cycle so that the cleaning power may be improved.

Also, in Embodiments 1 to 6 of the present disclosure, the second rotating operation
has been described that the pulsator 9 is rotated in a state in which the rotating tub 7 is
fixed, but alternatively, the pulsator 9 may be rotated relative only to the rotating tub 7.
For example, the rotating tub 7 and the pulsator 9 may be rotated in opposite di-
rections.

Further, in Embodiments 1 to 6 of the present disclosure, the diameter of the rotating
tub 7 is set to 650mm and the depth thereof is set to 500mm (in one example), but al-
ternatively, a dimension of the rotating tub 7 may be configured different from the
above diameter and depth. For example, the diameter of the rotating tub 7 may be
configured at 450mm and the depth thereof may be configured at 395mm, in one em-
bodiment.

When a relative centrifugal force is RFC, an acceleration of gravity is g, a radius of
rotation is r, and a rotational speed of the rotating tub 7 is N, a centrifugal force applied
to the laundry in the air discharge cycle is calculated by the following equation.

[Equation 1]

RFCxg=2xmxrxN2/60
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Therefore, as described above for one embodiment, when the diameter of the rotating
tub 7 is set to 450mm and the depth thereof is set to SO00mm, that is, the diameter is set
to be about 0.7 times that in Embodiments 1 to 6 of the present disclosure, a rotational
speed is set to be about 1.2 times the rotational speed of the rotating tub 7 such that a
relative centrifugal force that is approximately the same as that in Embodiments 1 to 6
of the present disclosure may be obtained. In this case, it is preferable to raise the ro-
tational speed up to in the range of 360 to 600 rpm in the air discharge cycle, in one
example.

Further, in Embodiments 1 to 6 of the present disclosure, when detecting an
imbalance in the air discharge cycle, the controller 45 stops the motor 17 in Operation
305, but alternatively, the user may be informed of the imbalance through an alarming
device, Operation S301 may be executed again, an imbalance correction cycle may be
executed under the control of the motor 17 and the clutch mechanism 19, or the
controller 45 may execute again from Operation S101.

Also, Embodiments 1 to 6 of the present disclosure may be applicable to the washing
machine 1 having a configuration in which the water is accommodated only in the
rotating tub 7.

Further, in Operation S302 of Embodiments 1 to 6 of the present disclosure, a bubble
detection device configured to detect an amount of bubbles inside the rotating tub 7
may be installed inside the washing machine 1 so that the controller 45 may determine
whether an excessive amount of bubbles is detected by the bubble detection device.
Moreover, others in addition to the imbalance and the excessive amount of bubbles
may be employed as an object to be detected.

Also, in Embodiments 1 to 6 of the present disclosure, both the rotating tub 7 and the
pulsator 9 are rotated in Operation S201, but alternatively, only one of them may be
rotated.

Additionally, in Embodiments 1 and 3 to 6 of the present disclosure, the spray time
N2 of the water is not varied in the wetting cycle, but alternatively, it may be set to a
first value when the weight of the laundry, which is calculated in Operation S101, is
equal to or greater than a predetermined threshold value, and to a second value less
than the first value when the weight of the laundry, which is calculated in Operation
S101, is less than the predetermined threshold value.

In such a case, when the weight of the laundry is less than the predetermined
threshold value, the spray time N2of the water is shortened in the wetting cycle so that
consumption of the water and electric power may be reduced and a time required for
washing may be shortened.

Also, in Embodiments 1 and 3 to 6 of the present disclosure, the rotational speed of

the rotating tub 7 is set to 500 rpm in the air discharge cycle, but alternatively, it may
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be set on the basis of the weight of the laundry calculated in Operation S101 and also
may be set according to a detected kind of the laundry in addition to the weight, in one
example.

Further, in Embodiments 1 to 6 of the present disclosure, the weight of the laundry is
calculated on the basis of the current value detected by the current detection sensor 17a
when the rotational speed of the rotating tub 7 is raised from the predetermined initial
value to the predetermined target value within a predetermined time, but alternatively,
it may be calculated on the basis of a current value detected by the current detection
sensor 17a when the rotational speed of the rotating tub 7 is dropped from a prede-
termined initial value to a predetermined target value within a predetermined time.

Alternatively, when a predetermined driving current is applied to the motor 17, the
weight of the laundry may be calculated on the basis of other physical amounts, which
are detected by other detection devices in the air discharge cycle, including a time in
which the number of rotation times (that is, a rotational speed), which is detected by
the rotation sensor 18 for a predetermined unit time, reaches from a predetermined
initial value to a predetermined target value, and the like.

Further, in Embodiments 1 to 6 of the present disclosure, when the laundry is
escaped from an opening of the rotating tub 7 in the air discharge cycle, the controller
45 sets k=0 seconds in Operation S307 and then returns to Operation S302, but alter-
natively, abnormality may be informed by the alarming device, or the operation of the
washing machine 1 may be stopped.

Moreover, the controller 45 may perform other operations, in which the clutch
mechanism 19 is set to the second state and the motor 17 is driven to rotate only the
pulsator 9, so as to bring the escaped laundry into the rotating tub 7, and it may
perform a drain in Operation S307 and then returns to Operation S102. Even if such an
operation is performed, since the detergent is not contained either in the water sprayed
in the wetting cycle or in the water flowing out in Operation S307, it may be possible
to save the detergent.

Also, in the water supply cycle executed by the controller 45 according to Em-
bodiments 1 to 6 of the present disclosure, the controller 45 may determine that the
water does not penetrate the laundry when a variance amount of the level of water
before and after a predetermined amount of water is supplied is equal to or greater than
a predetermined amount on the basis of a detection result of the water level sensor 13
and then execute again the air discharge cycle of Operation S104.

Further, in Embodiments 1 to 6 of the present disclosure, the motor 17 rotates the
pulsator 9, but alternatively, it may rotate other pulsator including a disk member
rotatably mounted on the inner bottom part of the rotating tub 7, and the like instead of

the pulsator 9.
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Moreover, in Embodiments 1 to 6 of the present disclosure, the rotational speed of
each of the rotating tub 7 and the pulsator 9 is set to 60 rpm (in on example) in the
wash cycle, but alternatively, a rotational speed may be selected and set among a
plurality of speeds and the rotational speed of the rotating tub 7 in the air discharge
cycle may be set to be faster than the selected rotational speed in the wash cycle.

Also, in Embodiment 4 of the present disclosure, an amount of the tap water sprayed
by the spray nozzle 34 may become more toward a rear side (corresponding to a right
side in FIG. 13), that is, an outer circumferential side of the rotating tub 7. Con-
sequently, in Operation S101, the tap water is mainly sprayed over the laundry adhered
to the inner lateral surface of the rotating tub 7 due to rotation thereof so that it is
possible to uniformly spray the tap water over the laundry.

Hereinbefore, the configurations and features of the present disclosure have been
described in detail with reference to the accompanying drawings.

In a conventional washing machine, when laundry is a feather product being likely to
contain air, the laundry floats to a surface of water while the air is discharged and thus
the air is not sufficiently discharged so that there is a problem in that contamination of
the laundry is not sufficiently eliminated.

As is apparent from the above description, in accordance with the present disclosure,
even when the laundry is a feather product, air contained in the laundry is discharged
therefrom by a centrifugal force through the air discharge cycle and thus the laundry is
prevented from floating to a surface of water so that there is an advantage in which
washing may be more effectively performed.

The present disclosure may be useful in a single water tank type washing machine
having a function of discharging air contained in the laundry.

Although the embodiments have been described with reference to specific em-
bodiments and the accompanying drawings, various variations and modifications can
be derived by those skilled in the art from the above description of the present
disclosure. For example, it should be understood that an appropriate result may be
achieved even when the techniques described herein may be performed in a different
order than the described methods, and/or when components of the described systems,
structures, devices, circuits, and the like are coupled or combined in a form different
from the described methods, or substituted or replaced with other components or
equivalents. Therefore, other embodiments and equivalents to the claims are within the
scope of the following claims.

Although the present disclosure has been described with an exemplary embodiment,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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Claims

A washing machine comprising:

a rotating tub configured to accommodate laundry;

a water supply pipe configured to spray water over a surface of the
laundry; and

a controller configured to execute a water supply cycle in which an
operation of each of the rotating tub and the water supply pipe is
controlled and water is supplied to the rotating tub, and a wash cycle in
which the laundry is washed,

wherein the controller executes a first cycle in which the rotating tub is
rotated faster than a rotational speed in the wash cycle so as to
discharge air contained inside the laundry before the water supply cycle
is terminated.

The washing machine of claim 1, wherein the controller is configured
to execute a second cycle in which water is sprayed over the surface of
the laundry when the first cycle is terminated.

The washing machine of claim 1, wherein the controller is configured
to execute a second cycle in which water is sprayed over the surface of
the laundry before the first cycle is executed, or executes the first cycle
and the second cycle simultaneously.

The washing machine of claim 1, wherein the controller is configured
to execute the first cycle before the water supply cycle is executed.
The washing machine of claim 2, wherein the controller is configured
to control the water supply pipe to spray water toward an inner lateral
surface of the rotating tub.

The washing machine of claim 5, wherein the controller is configured
to control the water supply pipe to spray water from an upper part to a
lower part of the rotating tub.

The washing machine of claim 5, wherein the controller is configured
to control the water supply pipe to make a spray height of water, the
spray height of water is sprayed toward the inner lateral surface of the
rotating tub by the water supply pipe at 60% or more of a height of the
rotating tub, or to make a spray width of water, and the spray width of
water is sprayed over a bottom surface of the rotating tub at 90% or
more of a length the rotating tub in a horizontal direction.

The washing machine of claim 2, further comprising:

a pulsator located inside the rotating tub,
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wherein the second cycle includes an operation in which at least one of
the rotating tub and the pulsator is rotated.

The washing machine of claim 8, wherein the operation includes a first
operation in which the pulsator is rotated to enable water accumulated
inside the rotating tub to flow from an upper side to a lower side of the
laundry.

The washing machine of claim 9, wherein the operation comprises a
second operation, and the first operation and the second operation are
alternately repetitively performed, wherein the rotating tub is fixed and
only the pulsator is rotated in the second operation.

The washing machine of claim 8, wherein a rotational speed of the
rotating tub or the pulsator is equal to or greater than 10 revolutions per
minute (rpm) and equal to or less than 300 rpm in the second cycle.
The washing machine of claim 1, wherein a rotational speed of the
rotating tub is equal to or greater than 300 rpm and equal to or less than
500 rpm in the first cycle.

The washing machine of claim 1, wherein the water supply pipe
includes a first water supply pipe configured to supply water to the
rotating tub, and a second water supply pipe configured to spray water
over the surface of the laundry.

The washing machine of claim 1, further comprising:

a detector configured to detect a weight of the laundry on the basis of a
rotational speed of the rotating tub.

The washing machine of claim 1, further comprising:

a display configured to display a state of the washing machine,

wherein the display is configured to display the first cycle and a second

cycle differently than other cycles executed by the washing machine.
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