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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to awashing ma-
chine configured to wash laundry such as clothes.

BACKGROUND ART

[0002] So-called top-loading washing machines and
front-loading washing machines are known as conven-
tional washing machines. A top-loading washing ma-
chine is configured to wash laundry such as clothes by
agitation in a rotary tub. A front-loading washing machine
is configured to wash laundry in a rotary tub by lifting up
and dropping down the laundry in a rotation direction of
the rotary tub. These washing machines are configured
to rub and scrub laundry by exerting mechanical force
on the laundry, which may cause wear and tear on the
laundry. Accordingly, it is common to press-wash the
laundry by handwashing, in particular, that can easily be
damaged or that can easily lose shape when pulled by
other laundry due to entanglement. In addition, there
have been proposed various washing machines config-
ured to wash laundry without heavily exerting mechanical
force on the laundry.

[0003] In order to reduce fabric damage and loss of
shape of laundry, top-loading washing machines are pro-
posed to apply a centrifugal force to the laundry and to
add a press-washing effect to the laundry by changing
the strength of the centrifugal force applied to the laundry
(see PTL 1, for example).

[0004] FIG. 22is a longitudinal sectional view of a con-
ventional washing machine disclosed in PTL 1. In FIG.
22, outer tank 51 contains rotatably disposed washing
and spin-drying tub 52. Outer tank 51 is suspended on
washing machine outer frame 54 with suspension rods
53. Motor 55 is configured to rotate washing and spin-
drying tub 52 through V-belt 56 and deceleration mech-
anism57. Controller 58 is configured to successively con-
trol motor 55, water-supply valve 59, drain valve 60, etc.,
to control a sequence of a washing step, a rinsing step,
a spin-drying step, and the like. Controller 58 is config-
ured to shift a rotational speed of washing and spin-drying
tub 52 between the rotational speeds of spraying wash
water and of not spraying wash water.

[0005] In order to prevent fabric damage to woolen
clothes, clothes with a dry-cleaning symbol, and the like,
it is proposed to provide an auxiliary tool above a rotary
vane provided on a bottom of a washing tub and place
clothes on the auxiliary tool so that the clothes are
pressed and washed (see PTL 2, for example). Rotation
of the rotary vane generates a water current in a vertical
direction, and the water current causes the auxiliary tool
on which the clothes are placed to sink downward. When
the rotation of the rotary vane stops and the water current
in the vertical direction is weakened, the auxiliary tool
rises upward. These operations are repeated, and ac-
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cording to the repetition, the clothes are pressed and
washed.

[0006] Itis also proposed that a washing machine de-
tachably incorporates a press-washing attachment in-
side a washing tub to press and wash the laundry (see
PTL 3, for example). The press-washing attachment in-
cludes a circular push plate having an inner diameter
slightly smaller than that of a washing tub, and a screw
shaft screwed with the center of the push plate and ver-
tically extending inside the washing tub. The push plate
moves up and down by rotating the screw shaft. The laun-
dry is repeatedly pressed against the bottom of the wash-
ing tub by the push plate so that the laundry is pressed
and washed.

[0007] According tothe conventional configuration dis-
closed in PTL 1, a strong water current is generated by
a centrifugal force outwardly from the center of the wash-
ing tub, which causes a shear stress due to the water
current to be applied to soils attached to fiber of the laun-
dry. As a result, soils are removed from the fiber, and
moved to the outside of the laundry by the water current.
However, the water current generated inside the fiber
flows outwardly in one direction relative to the laundry
clinging to an inner periphery wall of the washing tub,
and thus a shear stress is not applied on a soil at a portion
that is hardly exposed to the water current, which leads
to insufficient removal of the soils. In addition, the laundry
clings to the washing tub, and thus cannot be washed
while maintaining the shape.

[0008] According tothe conventional configuration dis-
closedin PTL 2, the auxiliary tool that has sunk downward
due to the water current rises upward with a buoyant
force, and thus the water current that passes through the
laundry during the upward movement is weak. A water
current strong enough to remove soils is generated only
in one direction during the downward movement of the
auxiliary tool, and thus soils are not removed sufficiently.
[0009] According tothe conventional configuration dis-
closed in PTL 3, the push plate moves up and down ac-
cording to the rotation of the screw shaft that is vertically
provided at the center of the washing tub. Thus, the push
plate needs to be formed of a highly rigid material so as
to compress the laundry even at a peripheral part away
from the center. With this configuration, the laundry is
compressed strongly at a higher part where the laundry
is piled, and is not compressed at all or compressed very
weakly at a lower part, since the laundry is not always
accommodated in the washing tub with a uniform thick-
ness. This causes non-uniformity of a washing effect and
causes a portion where soils are notremoved sufficiently.
Further, the screw shaft provided at the center of the
washing tub prevents the laundry to be set in the washing
tub in a spread state, and the laundry is pressed against
the bottom of the washing tub in a folded small shape,
thus causing wrinkles in the laundry.
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Citation List
Patent Literature
[0010]

PTL 1: Unexamined Japanese Patent Publication
No. 2000-350883

PTL 2: Unexamined Japanese Patent Publication
No. 9-38376

PTL 3: Unexamined Japanese Patent Publication
No. 10-33884

SUMMARY OF THE INVENTION

[0011] The present disclosure is to solve the above
problems, and an object thereof is to provide a washing
machine capable of enhancing a washing effect while
suppressing fabric damage and loss of shape of the laun-
dry.

[0012] In order to solve the above conventional prob-
lems, a washing machine of the present disclosure in-
cludes: a washing tub configured to accommodate a
washing object and wash water; a pressurizing and de-
pressurizing part having a pressing part configured to
freely advance to and retreat from the washing object
accommodated in the washing tub; and a controller con-
figured to control the pressurizing and depressurizing
part. The pressurizing and depressurizing part is config-
ured to press and release pressing against the washing
object by using the pressing part to cause the washing
object to contract and expand, so that water currents in
multiple directions are generated inside the washing ob-
ject.

[0013] With this configuration, water currents in multi-
ple directions can be generated inside the washing object
without agitating the washing object. This can enhance
a washing effect while suppressing fabric damage and
loss of shape of washing object.

[0014] The washing machine according to the present
disclosure can suppress fabric damage and loss of shape
ofthe washing object, and also enhance a washing effect.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 is an external perspective view of a washing
machine according to a first exemplary embodiment
of the present disclosure.

FIG. 2 is a sectional view of the washing machine
according to the present exemplary embodiment tak-
en along line 2-2 in FIG. 1.

FIG. 3 is a sectional view of the washing machine in
a state in which a lid of the washing machine shown
in FIG. 2 is open.

FIG. 4 is a sectional view of the washing machine
according to the present exemplary embodiment tak-
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en along line 4-4 in FIG. 1.

FIG. 5 is a sectional view of the washing machine
showninFIG. 4 in astatein which pressureis applied
inside a pressing part.

FIG. 6 is a sectional view of another example of the
washing machine according to the present exempla-
ry embodiment taken along line 6-6 in FIG. 1.

FIG. 7 is a sectional view of a washing machine ac-
cording to a second exemplary embodiment of the
present disclosure taken along line 7-7 in FIG. 1.
FIG. 8 is a sectional view of a washing machine ac-
cording to a third exemplary embodiment of the
present disclosure taken along line 8-8 in FIG. 1.
FIG. 9 is a sectional view of the washing machine in
a state in which a lid of the washing machine shown
in FIG. 8 is open.

FIG. 10 is a graph showing transition of an internal
pressure of a pressing part of the washing machine
according to the present exemplary embodiment.
FIG. 11 shows an example of a change in expan-
sion/contraction specifications of the pressing part
in a washing step with reference to a volume of a
washing object of the washing machine according
to the present exemplary embodiment.

FIG. 12 is a sectional view of a washing machine
according to a fourth exemplary embodiment of the
present disclosure taken along line 12-12 in FIG. 1.
FIG. 13 is a sectional view of a washing machine
according to a fifth exemplary embodiment of the
present disclosure taken along line 13-13 in FIG. 1.
FIG. 14 is a sectional view of the washing machine
inastate in which alid ofthe washing machine shown
in FIG. 13 is open.

FIG. 15 schematically shows a movement of the
washing machine according to the present exempla-
ry embodiment.

FIG. 16 schematically shows a movement of the
washing machine according to the present exempla-
ry embodiment.

FIG. 17 schematically shows a movement of a wash-
ing machine according to a sixth exemplary embod-
iment of the present disclosure.

FIG. 18 schematically shows a movement of the
washing machine according to the present exempla-
ry embodiment.

FIG. 19 schematically shows a movement of a wash-
ing machine according to a seventh exemplary em-
bodiment of the present disclosure.

FIG. 20 schematically shows a movement of the
washing machine according to the present exempla-
ry embodiment.

FIG. 21 schematically shows a movement of a wash-
ing machine according to an eighth exemplary em-
bodiment of the present disclosure.

FIG. 22 is a longitudinal sectional view of a conven-
tional washing machine.
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DESCRIPTION OF EMBODIMENTS

[0016] A washing machine according to a first disclo-
sure includes: a washing tub configured to accommodate
a washing object and wash water; a pressurizing and
depressurizing part having a pressing part configured to
freely advance to and retreat from the washing object
accommodated in the washing tub; and a controller con-
figured to control the pressurizing and depressurizing
part, and the pressurizing and depressurizing partis con-
figured to press and release pressing against the wash-
ing object by using the pressing part to cause the washing
object to contract and expand, so that water currents in
multiple directions are generated inside the washing ob-
ject. With this configuration, water currents in multiple
directions can be generated inside the washing object
without agitating the washing object. This can enhance
a washing effect while suppressing fabric damage and
loss of shape of the washing object.

[0017] A washing machine according to a second dis-
closure is the washing machine according to the first dis-
closure, in which the pressurizing and depressurizing
part is configured to press the washing object by using
the pressing part to cause the wash water contained in
the washing object to flow out of the washing object, and
the pressurizing and depressurizing part is configured to
release pressing by the pressing partagainst the washing
object to cause the wash water to flow into the washing
object so that the washing object contains the wash wa-
ter. With this configuration, water currents in multiple di-
rections can be generated inside the washing object with
a simple configuration. This can enhance a washing ef-
fect while suppressing fabric damage and loss of shape
of the washing object.

[0018] A washing machine according to a third disclo-
sure is the washing machine according to the first or the
second disclosure, and further includes a water storage
unit configured to store the wash water that has been
flowed out ofthe washing objectto an outside of the wash-
ing object when the washing object is pressed, and the
water storage unit is disposed outside the washing tub
and is communicated with an inside of the washing tub.
With this configuration, a wide area is secured inside the
washing tub to spread and wash the washing object.
[0019] A washing machine according to a fourth dis-
closure is the washing machine according to the first or
the second disclosure, and further includes a water stor-
age unit configured to store the wash water that has been
flowed out ofthe washing objectto an outside of the wash-
ing object when the washing object is pressed, and the
water storage unit is disposed inside the washing tub.
With this configuration, a space to store the wash water
flowed out from the washing object can be secured inside
the washing tub, which simplifies the structure.

[0020] A washing machine according to a fifth disclo-
sure is the washing machine according to the third or the
fourth disclosure, in which the water storage unit is dis-
posed in such amanner that water level of the wash water
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stored in the water storage unit is higher than the washing
object accommodated in the washing tub. With this con-
figuration, the wash water in the water storage unit can
be forcibly returned toward the washing object accom-
modated in the washing tub by utilizing a head difference
between the wash water in the water storage unit and
the wash water in the washing tub. This increases a flow
rate of the wash water flowing into the pressed and con-
tracted washing object, thereby enhancing a washing ef-
fect.

[0021] A washing machine according to a sixth disclo-
sure is the washing machine according to the third or the
fourth disclosure, in which the water storage unitincludes
a stored-water pressurizing unit, and the stored-water
pressurizing unit is configured to pressurize the wash
water stored in the water storage unit when pressing by
the pressing part against the washing object is released.
With this configuration, the wash water in the water stor-
age unit can be forcibly returned toward the washing ob-
ject accommodated in the washing tub. This increases a
flow rate of the wash water flowing into the compressed
and contracted washing object, thereby enhancing a
washing effect.

[0022] A washing machine according to a seventh dis-
closure is the washing machine according to any one of
the first to the sixth disclosures, in which the pressurizing
and depressurizing part includes: a pressing part config-
ured to expand and contract; a pressurizing device con-
figured to supply fluid into the pressing part to expand
the pressing part; and a discharge valve configured to
discharge the fluid inside the pressing part. This config-
uration enables pressing of the washing object according
to a shape of the washing object, so that a water current
can be generated throughout the washing object, thereby
enhancing a washing effect.

[0023] A washing machine according to an eighth dis-
closure is the washing machine according to the seventh
disclosure, in which the controller is configured to close
the discharge valve when the pressurizing device is driv-
en to supply the fluid into the pressing part, and the con-
troller is configured to open the discharge valve when
the pressurizing device is stopped to discharge the fluid
inside the pressing part. With this configuration, the
washing object can be pressed and released appropri-
ately.

[0024] A washing machine according to a ninth disclo-
sure is the washing machine according to the seventh or
the eighth disclosure, and further includes a lid including
the pressing part and provided on an upper part of the
washing tub in a freely openable and closable manner,
and the controller is configured to control the pressurizing
and depressurizing part to release pressure or cause
negative pressure inthe pressing part when auser closes
the lid against the washing tub. This configuration allows
a user to close the lid without the need for large force for
contracting the pressing part, and thus user’s conven-
ience is maintained.

[0025] A washing machine according to a tenth disclo-
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sure is the washing machine according to the ninth dis-
closure, in which the controller is configured to open the
discharge valve to open the pressing part to an atmos-
phere so that pressure in the pressing part is released.
This configuration allows a user to close the lid without
the need for large force for contracting the pressing part,
and thus user’s convenience is maintained.

[0026] A washing machine according to an eleventh
disclosure is the washing machine according to the ninth
disclosure, in which the pressurizing device is formed of
a device configured to pressurize and depressurize the
pressing part, and the controller is configured to control
the pressurizing device to perform a depressurizing op-
eration to cause negative pressure in the pressing part.
This configuration allows a user to close the lid without
the need for large force for contracting the pressing part,
and thus user’s convenience is maintained.

[0027] A washing machine according to a twelfth dis-
closure is the washing machine according to any one of
the first to the eleventh disclosures, and further includes
a pressure detector configured to measure an internal
pressure of the pressing part, and the controller is con-
figured to control expansion and contraction of the press-
ing part in the washing step according to a value of the
internal pressure of the pressing part in an expansion
state or a contraction state of the pressing part detected
by the pressure detector. This configuration enables the
pressing part to perform an expansion and contraction
movement and the like suitable for the volume of the
washing object.

[0028] A washing machine according to a thirteenth
disclosure is the washing machine according to the
twelfth disclosure, in which the controller is configured to
calculate various numerical values based on a value of
the internal pressure of the pressing part detected by the
pressure detector and estimate a volume of the washing
objectbased on the various numerical values, and is con-
figured to control the expansion and contraction of the
pressing part in the washing step according to an esti-
mation result. Forexample, when the volume ofthe wash-
ing object is estimated to be small as in the case of a few
pieces of thin clothes, the speed, the displacement mag-
nitude, or the maximum pressure of the expansion and
contraction movement of the pressing partin the washing
stepisreduced. This suppresses deformation and move-
ment of thin clothes in the washing tub. As a result, wrin-
kles of the clothes due to the pressing movement by the
pressing part can be suppressed, and also collapse of
the folded clothes at the time when a user takes out the
clothes after washing can be suppressed.

[0029] A washing machine according to a fourteenth
disclosure is the washing machine according to the
twelfth or the thirteenth disclosure, in which the controller
is configured to control the pressurizing and depressu-
rizing part so as to change a speed, a displacement mag-
nitude, or a maximum pressure of the expansion and
contraction of the pressing part in the washing step ac-
cording to a maximum value (AP/AT)max within a prede-
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termined time of an increased value per unit time of the
internal pressure of the pressing part detected by the
pressure detector. With this configuration, the volume of
the washing object is estimated in comparison with the
threshold value Ps of the maximum value (AP/AT)max
within a predetermined time of an increased value per
unit time of the internal pressure of the pressing part that
has been previously stored in the controller, thereby
achieving appropriate washing according to the volume
of the washing object. This can enhance a washing effect
while suppressing fabric damage and loss of shape of
the washing object.

[0030] A washing machine according to a fifteenth dis-
closure is the washing machine according to any one of
the twelfth to the fourteenth disclosures, in which the con-
troller is configured to control the pressurizing and de-
pressurizing part so as to change a speed, a displace-
ment magnitude, or a maximum pressure of the expan-
sion and contraction of the pressing part in the washing
step according to a maximum value Pmax within a pre-
determined time of the internal pressure of the pressing
part detected by the pressure detector. With this config-
uration, the volume of the washing object is estimated in
comparison with the threshold value Pm of the maximum
value Pmax within a predetermined time of the internal
pressure of the pressing part that has been previously
stored in the controller, thereby achieving appropriate
washing according to the volume of the washing object.
This can enhance a washing effect while suppressing
fabric damage and loss of shape of the washing object.
[0031] Awashingmachine accordingto asixteenth dis-
closure is the washing machine according to any one of
the twelfth to the fifteenth disclosures, in which the con-
troller is configured to detect the internal pressure of the
pressing part by using the pressure detector before sup-
plying water in the washing tub. This configuration
achieves an accurate estimation of the volume of the
washing object without an influence of water absorption
of the washing object.

[0032] A washing machine according to a seventeenth
disclosure is the washing machine according to any one
of the first to the sixth disclosures, in which the pressu-
rizing and depressurizing part includes: a driver; a rotary
plate rotated by the driver; and a pressing part joined to
the rotary plate through a shaft. With this configuration,
pressing and releasing the pressing against the washing
object can be performed at high speed, and thus water
currents in multiple directions can be efficiently generat-
ed inside the washing object. This can enhance a wash-
ing effect while suppressing fabric damage and loss of
shape of the washing object.

[0033] A washing machine according to an eighteenth
disclosure is the washing machine according to the first
disclosure, in which the washing machine includes a plu-
rality of the pressing parts. The pressurizing and depres-
surizing part is configured to press and release pressing
against the washing object by using the pressing parts
to cause the washing object to contract and expand, so
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that the water currents in multiple directions are gener-
ated inside the washing object. With this configuration,
a plurality of portions of the washing object are pressed
alternately or sequentially at different timings inside the
washing tub. Accordingly, water currents in multiple di-
rections can be generated throughout the washing object
without agitating the washing object, thereby enhancing
awashing effect while suppressing fabric damage to and
loss of shape of the washing object. Since the plurality
of pressing parts are provided, the washing machine ac-
cording to the present disclosure can easily handle the
washing object, even when the washing object has por-
tions with different thicknesses in the washing tub.
[0034] A washing machine according to a nineteenth
disclosure is the washing machine according to the eight-
eenth disclosure, in which the washing machine includes
a plurality of the pressurizing and depressurizing parts.
Each of the pressurizing and depressurizing parts in-
cludes: one of the pressing parts configured to expand
and contract; a pressurizing pump configured to supply
the fluid into corresponding one of the pressing parts;
and a discharge valve configured to discharge the fluid
inside corresponding one of the pressing parts. The con-
troller is configured to control the pressurizing and de-
pressurizing parts so that each of the pressing parts ex-
pands and contracts at an arbitrary timing. With this con-
figuration, a plurality of portions of the washing object are
pressed at different timings.

[0035] Awashingmachine accordingtoatwentieth dis-
closure is the washing machine according to the eight-
eenth disclosure, in which the pressing parts include at
least a first pressing part and a second pressing part.
The pressurizing and depressurizing part includes: the
pressing parts; a plurality of discharge valves configured
to discharge fluid inside the pressing parts, respectively;
a switching part including a plurality of switching valves;
and a pressurizing pump that is communicated with the
pressing parts through the switching part and is config-
ured to supply the fluid into the pressing parts. The con-
troller is configured to control the pressurizing and de-
pressurizing partin such amanner that the second press-
ing part contracts when the first pressing part expands.
This configuration allows one pressurizing pump to se-
lectively switch pressurization against the plurality of
pressing parts, so that a plurality of portions of washing
object are pressed in turn.

[0036] A washing machine according to a twenty-first
disclosure is the washing machine according to the twen-
tieth disclosure, in which the pressurizing and depressu-
rizing partfurther includes: a suction path communicating
the pressing parts with a suction side of the pressurizing
pump; a suction path switching part provided on the suc-
tion path; a discharge path communicating the pressing
parts with a discharge side of the pressurizing pump; and
a discharge path switching part provided on the dis-
charge path. The controller is configured to control the
pressurizing and depressurizing part in such a manner
that air contained in the first pressing part in a contraction
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state moves into the second pressing part in an expan-
sion state through the suction path switching part and
the discharge path switching part. With this configuration,
the expansion of one of the pressing parts and the con-
traction of the other pressing parts are efficiently per-
formed at the same time, and thus a plurality of portions
of the washing object are pressed in different timings.
[0037] A washing machine according to a twenty-sec-
ond disclosure is the washing machine according to the
eighteenth disclosure, in which the pressurizing and de-
pressurizing part includes: an electric motor; a rotary
shaft having a plurality of cranks and rotated by the elec-
tric motor; and the pressing parts respectively joined to
the cranks through shafts that are rotatably joined to the
pressing parts respectively. With this configuration, a plu-
rality of portions of the washing object are pressed at
different timings at a speed according to the rotational
speed of the electric motor.

[0038] Exemplary embodiments of the present disclo-
sure are described below with reference to the drawings.
Note that the present disclosure is not limited to the fol-
lowing exemplary embodiments.

(First exemplary embodiment)

[0039] FIG. 1isanexternal perspective view of a wash-
ing machine according to a first exemplary embodiment
of the present disclosure. FIG. 2 is a sectional view of
the washing machine according to the presentexemplary
embodiment taken along line 2-2 in FIG. 1. FIG. 3 is a
sectional view of the washing machine in a state in which
a lid of the washing machine shown in FIG. 2 is open.
FIG. 4 is a sectional view of the washing machine ac-
cording to the present exemplary embodiment taken
along line 4-4 in FIG. 1. FIG. 5 is a sectional view of the
washing machine shown in FIG. 4 in a state in which
pressure is applied inside a pressing part. Every figure
used in the exemplary embodiments of the present dis-
closure is a schematic diagram in which arrangements,
sizes, and the like of components are shown in a manner
just enough for explanation.

[0040] Referring to FIGS. 1 to 3, washing machine 1
is formed of water tub 6 which is a lower member and lid
5 which is an upper member. Water tub 6 includes wash-
ing tub 4 having a square shape with a predetermined
depth. Opening 3 is formed on a whole upper surface of
washing tub 4. Washing object 2 which is laundry such
as clothes is loaded from opening 3. Lid 5 is swingably
attached to a rear edge of an upper side of water tub 6
through hinge 6a to open and close opening 3 of washing
tub 4.

[0041] Washing object 2 is adjusted in shape and ac-
commodated on bottom 4a of washing tub 4 by a user.
According to the present exemplary embodiment, wash-
ing object 2 is for example woolen fabric, such as a sweat-
er and a cardigan, a scarf of a sensitive material formed
of an extra-fine fiber, or the like. In other words, washing
object 2 is preferably an object that loses shape or is
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damaged easily when being washed by a general wash-
ing machine that exerts mechanical force on washing
object 2.

[0042] A front surface of lid 5 includes handle 5a. A
user rotates lid 5 along arrow R1 shown in FIG. 3 with
holding handle 5a to open and close opening 3, and lid
5 can be held in an opened state. When opening 3 is
closed, lid 5 is locked by a locking device (not shown)
and held in a closed state. The locking device is released
by an operation of handle 5a so as to open lid 5.

[0043] Pressurizing and depressurizing part 7 is pro-
vided inside lid 5. Pressurizing and depressurizing part
7 includes flexible pleated bag-shaped pressing part 8
formed of rubber, a synthetic resin, or the like, pressu-
rizing pump 10 that communicates with an inside of
pressing part 8 through hose 9 and is configured to supply
fluid such as gas or liquid to the inside of pressing part
8, and discharge valve 11 configured to discharge the
fluid that has been supplied to pressing part 8 to an out-
side of pressing part 8.

[0044] Pressing part 8 includes pressing surface 8a to
press washing object 2 and pleated extension part 8b.
Pressing part 8 is attached to lid 5 on a side of washing
tub 4, and is configured to expand and contractin a freely
extensible manner so as to freely advance to and retreat
from washing object 2 accommodated on bottom 4a of
washing tub 4. Pressing part 8 expands to the extent that
pressing surface 8a reaches bottom 4a of washing tub 4.
[0045] Pressurizing and depressurizing part 7 includes
constant pressure release valve 12 configured to open
and discharge fluid when pressure inside pressing part
8 reaches a predetermined value. Constant pressure re-
lease valve 12 prevents pressing part 8 from being pres-
surized with pressure exceeding a predetermined value.
In the present exemplary embodiment, the fluid supplied
into pressing part 8 is explained as air, for example.
[0046] Lid5includes freely-deformable hollow packing
16 (see FIGS. 4 and 5). When lid 5 is closed, packing 16
comes into close contact with sealing part 17 formed in
arecessed shape along a periphery of opening 3 of wash-
ing tub 4. With this configuration, an inside of washing
tub 4 makes a fluid-tight space when lid 5 is closed, and
thus leakage of water or air from opening 3 is prevented
during the steps of washing, rinsing, and drying.

[0047] Lid 5 includes water-supply path 20 configured
to supply wash water to washing tub 4. Water-supply
path 20 includes water-supply valve 18 and communi-
cates with the inside of washing tub 4 through detergent
case 19. Tap water (wash water) is supplied to the inside
of washing tub 4 by opening water-supply valve 18, and
the water supply is stopped by closing water-supply valve
18.

[0048] Water level detector 21 is provided to commu-
nicate with the inside of washing tub 4. Water level de-
tector 21 includes water level detection tub 22 having an
opening at an upper part thereof, float 23 configured to
move vertically according to a change in water level in-
side water level detection tub 22, and water level switch
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24 configured to detect a rise to a predetermined position
of float 23.

[0049] Bottom 4aof washing tub 4 includes drain holes
25 configured to discharge the wash water that has been
used in the washing step or the like. Drain holes 25 com-
municate with drain passage 27 provided with drain valve
26. The wash water is discharged from washing tub 4 by
opening drain valve 26, and stopped by closing drain
valve 26.

[0050] Water tub 6 includes overflow passage 28 con-
figured to discharge the wash water in washing tub 4 to
an outside of washing tub 4 when a water level inside
washing tub 4 reaches a value equal to or higher than a
predetermined value. Overflow passage 28 includes
overflow hole 28a at an upper part of washing tub 4, and
communicates with drain passage 27 downstream of
drain valve 26.

[0051] Controller 29 is provided on an inner side sur-
face of lid 5. Operation display 30 is provided on an upper
surface of controller 29. Controller 29 is configured to
control pressurizing pump 10, discharge valve 11, water-
supply valve 18, drain valve 26, and the like to succes-
sively perform a sequence of a washing step, a rinsing
step, and a drying step.

[0052] As showninFIGS. 4 and 5, water storage units
13 are provided adjacent to washing tub 4. Each of water
storage units 13 communicates with the inside of washing
tub 4 at a lower part of washing tub 4. Washing tub 4 is
supplied with wash water, and the wash water can move
between the inside of washing tub 4 and an inside of
each of water storage units 13 through communication
part 14. Each of water storage units 13 is disposed such
that upper surface 13a thereof is positioned higher than
pressing surface 8a. It is preferable that the water level
of the wash water stored in each of water storage units
13 is not less than a height of washing object 2 accom-
modated in washing tub 4.

[0053] Upper surface 13a of each of water storage
units 13 includes vent hole 15. Vent hole 15 is a through
hole configured to discharge airinside corresponding one
of water storage units 13 to an outside when the wash
water flows in the one of water storage units 13 from
communication part 14, and to supply external air to the
corresponding one of water storage units 13 when the
wash water flows out of the one of water storage units 13.
[0054] The description now turns to operations and
functions of the washing machine configured as de-
scribed above.

[0055] Operation display 30 is provided at a front part
of an upper surface of lid 5 so that a user selects an
operation course, and inputs processing time of each
step, and the like. Controller 29 performs the steps from
washing to drying as a sequence of operations based on
the setting. A user can arbitrarily select an operation, for
example, such that a washing step only is performed.
Such setting operation can be performed after washing
object 2 is loaded (described later).

[0056] A user operates handle 5a to unlock and open
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lid 5, adjusts washing object 2 in shape, and sets washing
object 2 on bottom 4a in washing tub 4. Washing object
2 may be folded to be set depending on the size thereof.
[0057] After setting washing object 2, a user operates
handle 5a to close lid 5 against washing tub 4. During
this operation, controller 29 releases pressure inside
pressing part 8 or controls pressurizing and depressuriz-
ing part 7 to suck the inside of pressing part 8 to cause
negative pressure therein. Specifically, controller 29
opens discharge valve 11 to open pressing part 8 to an
atmosphere, thereby releasing pressure inside pressing
part 8. Alternatively, controller 29 drives pressurizing
pump 10 as a vacuum pump by rotating pressurizing
pump 10 in a direction opposite to a direction at the time
of pressurization to cause negative pressure by sucking
the inside of pressing part 8. With this configuration, a
user can close lid 5 without the need for force to contract
pressing part 8.

[0058] When lid 5 is closed and locked, controller 29
starts washing operation according to the operation
course set on operation display 30.

[0059] First, controller 29 performs a water supply op-
eration. Controller 29 releases water-supply valve 18 to
supply tap water serving as wash water and detergent
to the inside of washing tub 4 through water-supply path
20. At this time, the wash water gradually penetrates into
washing object 2 and is contained between fiber of wash-
ing object 2. Controller 29 closes water-supply valve 18
when the wash water is supplied to a predetermined wa-
ter level inside washing tub 4 as shown in FIG. 4 and
water level switch 24 of water level detector 21 detects
thatthe wash waterreaches a predetermined water level.
[0060] After the water supply operation, controller 29
drives pressurizing pump 10 to supply air into pressing
part 8 to expand pressing part 8. When extension part
8b extends and pressing part 8 extends toward washing
object 2 as shown in FIG. 5, pressing surface 8a com-
presses washing object 2. Being pressed and com-
pressed by pressing surface 8a, washing object2 is made
thin.

[0061] Accordingtoachangeinthe volume of washing
object 2 caused by the compression, the wash water con-
tained inwashing object 2 is pushed out of washing object
2. This generates a water current from inside to outside
of washing object 2, and the water current removes soils
attached to washing object 2 away from fiber of washing
object 2. As shown in FIG. 5, the wash water that has
been pushed out of washing object 2 moves in directions
of arrows A to water storage units 13 through communi-
cation parts 14. Air inside each of water storage units 13
is discharged from vent hole 15 to an outside.

[0062] Controller 29 drives pressurizing pump 10 for a
predetermined time or until pressure inside pressing part
8 reaches a predetermined value. Then, controller 29
immediately stops pressurizing pump 10 and opens dis-
charge valve 11. By opening discharge valve 11, air in-
side pressing part 8 is discharged to an outside of press-
ing part 8, so that internal pressure of pressing part 8 is
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decreased. Note that various known techniques, such as
detection using a pressure gauge, can be used to detect
that the pressure inside pressing part 8 reaches a pre-
determined value, and thus, detailed description of the
detection is omitted.

[0063] When water head pressure of the wash water
stored in water storage units 13 becomes larger than the
interior pressure of pressing part 8, the wash water inside
water storage units 13 moves in directions of arrows B
through communication parts 14 to the inside of washing
tub 4 as shown in FIG. 4. This causes the wash water to
flow into washing object 2, thereby expanding washing
object 2 and further contracting pressing part 8. At this
time, a water current in a direction different from that of
the water current generated by pressing washing object
2 is generated inside washing object 2, so that soils are
further removed.

[0064] In a washing step, contraction and expansion
of washing object 2 is repeated by this pressurizing and
depressurizing part 7 (for example, one second of pres-
surization due to expansion of pressing part 8 and one
second of depressurization due to contraction of pressing
part 8) for a predetermined time (for example, for 10 min-
utes), thereby exhibiting a press-washing effect on wash-
ing object 2. In other words, soils can be removed by
generating water currents from multiple directions inside
washing object 2 without exerting mechanical force such
as agitation and beat-washing on washing object 2.
[0065] When awashing course in which the steps from
washing to drying are sequentially performed is set, con-
troller 29 performs a rinsing step and a drying step sub-
sequent to a washing step.

[0066] In the rinsing step, a rinsing operation with ac-
cumulated water is performed subsequent to a drain op-
eration and a preparatory drying operation, for example.
In the drain operation, drain valve 26 is opened, the wash
water inside washing tub 4 is discharged to an outside
through drain passage 27. In the preparatory drying op-
eration, pressurizing pump 10 is driven while drain valve
26 is opened, so that washing object 2 is pressed and
contracted and a part of the wash water contained in
washing object 2 is forcibly discharged.

[0067] Intherinsing operationwith accumulated water,
drain valve 26 is closed, and then water-supply valve 18
is opened to supply a predetermined amount of wash
water into washing tub 4. At this time, the wash water to
be supplied into washing tub 4 does not include deter-
gent. Then, pressurizing pump 10 is driven for a prede-
termined time in the same manner as the washing step,
and pressurization on washing object 2 by expansion of
pressing part 8 and depressurization of washing object
2 by discharging air inside pressing part 8 are performed.
With this configuration, washing object 2 is repeatedly
contracted and expanded, so that the concentration of
the detergent in the wash water inside washing object 2
is reduced. This rinsing step is repeated a plurality of
times (twice, for example).

[0068] Aftertherinsing step, controller 29 performs the
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drying step. In the drying step, drain valve 26 is opened
to discharge the wash water inside washing tub 4 to an
outside. Then, pressurizing pump 10 is driven while drain
valve 26 remains opened, so that washing object 2 is
pressed and contracted and a part of the wash water
contained in washing object 2 is forcibly discharged.
[0069] According to the present exemplary embodi-
ment, pressurizing and depressurizing part 7 includes
freely extensible pressing part 8 having flexibility, pres-
surizing pump 10 configured to expand pressing part 8,
and discharge valve 11 configured to discharge fluid in-
side pressing part 8. Water head pressure of the wash
water stored in each of water storage units 13 is utilized
to contract pressing part 8. However, this shall not be
construed as a limitation, and pressing part 8 may be
depressurized by a vacuum pump (not shown) instead
of discharge valve 11. Pressurizing pump 10 may be re-
versed to be used as a vacuum pump.

[0070] In this case, a discharging amount and a dis-
charging speed of fluid from pressing part 8 can be con-
trolled even when washing object 2 is thin fabric with less
flexibility such as a scarf, or thick fabric with elasticity
such as knitwear. As a result, the washing machine can
obtain stable washing performance according to a con-
dition of washing object 2.

[0071] FIG. 6 is a sectional view of another example
of the washing machine according to the present exem-
plary embodiment taken along line 6-6 in FIG. 1. Specif-
ically, stored-water pressurizing unit 31 configured to
pressurize the inside of each of water storage units 13
(for example, a pressurizing pump, a piston, etc.) and
exhaust valve 32 configured to discharge air and stop
discharging air inside each of water storage units 13 are
provided on an upper part of each of water storage units
13 instead of vent hole 15 of each of water storage units
13 shown in FIG. 4.

[0072] Referring to FIG. 6, exhaust valve 32 of each
of water storage units 13 is opened when pressing part
8 is expanded. In the washing machine according to the
present exemplary embodiment, at the time of contrac-
tion of pressing part 8, exhaust valve 32 is closed in ac-
cordance with opening of discharge valve 11, and stored-
water pressurizing unit 31 is driven to pressurize the in-
side of each of water storage units 13, so that the wash
water is pressurized to move into washing tub 4. This
configurationincreases aflow rate of the wash water flow-
ing into contracted washing object 2, thereby reducing a
washing time as well as enhancing a washing effect.
[0073] Pressing surface 8a has moderate flexibility
while having rigidity enough to contract washing object
2. This configuration may be achieved by forming press-
ing surface 8a with a material such as rubber or resin.
Pressing surface 8a may be formed by mounting a
foamed rubber sheet having a predetermined thickness
without water absorbency for example, on a flat plate
formed of a material with a high rigidity. These materials
and mounting techniques of pressing surface 8a are not
limited. Even when compressed and deformed washing
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object 2 accommodated on bottom 4a does not have a
uniform height, this configuration allows pressing surface
8a to deform in accordance with the height of washing
object, thereby enabling pressing surface 8a to press en-
tire washing object 2. As a result, the washing machine
can obtain stable washing performance.

[0074] Such flexible configuration is not limited to
pressing surface 8a, but bottom 4a of washing tub 4 that
is placed opposite to pressing surface 8a so as to sand-
wich washing object 2 may have moderate flexibility.
When at least one of the two surfaces has flexibility, a
pressing effect against washing object 2 can be exhibit-
ed.

[0075] Pressing surface 8a may have rigidity so as not
to be deformed by compression of fabric or wool. Such
configuration allows pressing surface 8a to be tilted in
accordance with the height of compressed and deformed
washing object 2 due to flexibility and variations in ex-
tension of extension part 8b when pressing part 8 ex-
pands, thereby enabling pressing surface 8a to press
entire washing object 2. As a result, the washing machine
can obtain stable washing performance.

[0076] Further, pressing surface 8a may be uneven.
The uneven shape is not limited, and may have any
shape regardless of the length, such as a circle, a pro-
jection of a polygon, a groove, and the like. If anything is
to be considered, itis desirable to form the uneven shape
without enclosing a flow of the wash water discharged
from washing object 2 at the time of pressing washing
object 2.

[0077] As described above, the washing machine ac-
cording to the present exemplary embodiment includes:
washing tub 4 configured to accommodate washing ob-
ject 2 and wash water; pressurizing and depressurizing
part7 having pressing part 8 configured to freely advance
to and retreat from washing object 2 accommodated in
washing tub 4; and controller 29 configured to control
pressurizing and depressurizing part 7 to successively
perform the steps of washing, rinsing, and a drying, and
pressurizing and depressurizing part 7 is configured to
press and release pressing against washing object 2 by
using pressing part 8 to cause washing object 2 to con-
tract and expand, so that water currents in multiple di-
rections are generated inside washing object 2. With this
configuration, water currents in multiple directions can
be generated inside washing object 2 without agitating
washing object 2. This can suppress fabric damage and
loss of shape of washing object 2, and also enhance a
washing effect.

[0078] Pressurizing and depressurizing part 7 is con-
figured to press washing object 2 by using pressing part
8 to cause the wash water contained in washing object
2 to flow out of washing object 2, and pressurizing and
depressurizing part 7 is configured to release pressing
by pressing part 8 against washing object 2 to cause the
wash water flowed out of washing object 2 to flow into
washing object 2. With this configuration, water currents
in multiple directions can be generated inside washing
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object 2 with a simple configuration. This can enhance a
washing effect while suppressing fabric damage and loss
of shape of washing object 2.

[0079] The washing machine further includes water
storage units 13 configured to store the wash water that
has been flowed out of washing object 2 to an outside of
washing object 2 when washing object 2 is pressed, and
water storage units 13 are disposed outside washing tub
4 and are communicated with an inside of washing tub
4. With this configuration, a wide area is secured inside
washing tub 4 to spread and wash washing object 2.
[0080] Water storage units 13 are disposed in such a
manner that water level of the wash water stored in water
storage units 13 is higher than washing object 2 accom-
modated in washing tub 4. With this configuration, the
wash water in water storage units 13 can be forcibly re-
turned toward washing object 2 accommodated in wash-
ing tub 4 by utilizing a head difference between each of
the wash water in water storage units 13 and the wash
water in washing tub 4. This increases a flow rate of wash
water flowing into compressed and contracted washing
object 2, thereby enhancing a washing effect.

[0081] Each of water storage units 13 includes stored-
water pressurizing unit 31, and stored-water pressurizing
unit 31 is configured to pressurize the wash water stored
in corresponding one of water storage units 13 when
pressing by pressing part 8 against washing object 2 is
released. With this configuration, the wash water in water
storage units 13 can be forcibly returned toward washing
object 2 accommodated in washing tub 4. This increases
a flow rate of the wash water flowing into compressed
and contracted washing object 2, thereby reducing a
washing time as well as enhancing a washing effect.
[0082] Pressurizing and depressurizing part 7 in-
cludes: pressing part 8 configured to expand and con-
tract; pressurizing pump 10 configured to supply fluid
such as air into pressing part 8 to expand pressing part
8; and discharge valve 11 configured to discharge the
fluid inside pressing part 8. This configuration enables
pressing of washing object 2 according to a shape there-
of, so that a strong water current can be generated
throughout washing object 2, thereby enhancing a wash-
ing effect.

[0083] Controller 29 is configured to close discharge
valve 11 when pressurizing pump 10 is driven to supply
air into pressing part 8, and controller 29 is configured to
open discharge valve 11 when pressurizing pump 10 is
stopped to discharge air inside pressing part 8.

With this configuration, washing object 2 can be pressed
and released appropriately.

[0084] Controller 29 is configured to control pressuriz-
ing and depressurizing part 7 to release pressure or
cause negative pressure in pressing part 8 when a user
closes lid 5 against washing tub 4. This configuration
allows a user to close lid 5 without applying force for
contracting pressing part 8.

[0085] Controller 29 is configured to open discharge
valve 11 to open pressing part 8 to an atmosphere so
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that pressure in pressing part 8 is released. This config-
uration allows a user to close lid 5 without applying force
for contracting pressing part 8.

[0086] Alternatively, controller 29 may be configured
to drive pressurizing pump 10 as a vacuum pump by ro-
tating pressurizing pump 10 in a direction opposite to a
direction at the time of pressurization and perform a de-
pressurizing operation to cause negative pressure in
pressing part 8. This configuration allows a user to close
lid 5without applying force for contracting pressing part 8.
[0087] Although one pressing part 8 is provided ac-
cording to the present exemplary embodiment, pressing
part 8 is not limited to one. A plurality of pressing parts
8 may be provided inside washing tub 4. In such a case,
independent pressing surfaces 8a may be provided on
lower surfaces of pressing parts 8, respectively. One
pressing plate (not shown) may be provided to connect
the lower surfaces of pressing parts 8 so as to serve as
pressing surface 8a against washing object 2.

(Second exemplary embodiment)

[0088] FIG. 7 is asectional view of a washing machine
according to a second exemplary embodiment of the
present disclosure taken along line 7-7 in FIG. 1. In the
washing machine according to the present exemplary
embodiment, water storage units 13 are provided inside
washing tub 4. Since other configurations are the same
as those of the first exemplary embodiment, the same
components are denoted by the same numerals and the
detailed descriptions of the first exemplary embodiment
are applied to those of the present exemplary embodi-
ment.

[0089] Asshownin FIG. 7, washing tub 4 incorporates
water storage units 13 configured to store the wash water
flowed out from the inside of washing object 2 at the time
of pressing washing object 2. Each of water storage units
13 is a space formed between one of side walls 4b of
washing tub 4 and extension part 8b that is one of side
walls of freely expandable pressing part 8. The wash wa-
ter flowed out of washing object 2 that has been pressed
by expansion of pressing part 8 moves to and is stored
in water storage units 13.

[0090] The volume of the spaces serving as water stor-
age units 13 is an interior volume of washing tub 4 ex-
cluding pressing part 8 configured to expand vertically.
Since pressing part 8 occupies a large area of washing
tub 4, the volume and a horizontal cross section of water
storage units 13 are less than those of washing tub 4.
This configurationraises the water level ofthe wash water
stored in water storage units 13 and increases the water
head pressure. As a result, the wash water forcefully
flows into washing object 2 according to contraction of
pressing part 8 to expand washing object 2 and further
contract pressing part 8. At this time, a water current in
a direction different from that of the water current gener-
ated by pressing washing object 2 is generated inside
washing object 2, so that soils are further removed.
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[0091] As described above, in the washing machine
according to the present exemplary embodiment, wash-
ing tub 4 further incorporates water storage units 13 con-
figured to store the wash water flowed out of the inside
of washing object 2 at the time of pressing washing object
2. With this configuration, a space to store the wash water
flowed out of washing object 2 can be secured inside
washing tub 4, so that the structure can be simplified.
Since the volume and the horizontal cross section of wa-
ter storage units 13 are made small, the water head pres-
sure is increased, so that a flow rate of the wash water
is increased. This enhances a washing effect.

(Third exemplary embodiment)

[0092] FIG. 8is a sectional view of a washing machine
according to a third exemplary embodiment of the
present disclosure taken along line 8-8 in FIG. 1. FIG. 9
is a sectional view of the washing machine in a state in
which a lid of the washing machine shown in FIG. 8 is
open. FIG. 10 is a graph showing transition of an internal
pressure of a pressing part of the washing machine ac-
cording to the present exemplary embodiment. FIG. 11
shows an example of a change in expansion/contraction
specifications of the pressing part in a washing step with
reference to a volume of a washing object of the washing
machine according to the present exemplary embodi-
ment.

[0093] The washing machine according to the present
exemplary embodiment further includes pressure detec-
tor 33 configured to measure an internal pressure of
pressing part 8, in addition to the configuration of the first
exemplary embodiment or the second exemplary em-
bodiment. Since other configurations are the same as
those of the first exemplary embodiment or the second
exemplary embodiment, the same components are de-
noted by the same numerals and the detailed descrip-
tions of the first exemplary embodiment are applied to
those of the present exemplary embodiment.

[0094] As shown in FIGS. 8 and 9, pressure detector
33 is provided on a discharge path equipped with dis-
charge valve 11 configured to discharge fluid in pressing
part 8 to an outside of pressing part 8. Pressure detector
33is configuredtomeasure aninternal pressure of press-
ing part 8. Pressure detector 33 is a general pressure
gauge such as a liquid-column gauge, a Bourdon gauge,
and a diaphragm gauge.

[0095] Being provided near discharge valve 11, pres-
sure detector 33 can measure a decompression state
particularly at the time of discharging fluid with high sen-
sitivity. The discharge path is provided detachably from
pressurizing and depressurizing part 7 including pressing
part 8, thereby facilitating inspection and replacement of
pressure detector 33.

[0096] Controller 29 includes a storage unit (not
shown) formed of a nonvolatile memory or the like. The
storage unit stores in advance reference data to be com-
pared with the internal pressure of pressing part 8, such
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as a threshold value Ps of a maximum value (AP/AT)max
of an increasing rate of pressure within a predetermined
time, a threshold value Pm of a maximum value of pres-
sure Pmax within a predetermined time, and drive spec-
ification data of pressurizing pump 10 associated with
the threshold values (a speed, a displacement magni-
tude, a maximum pressure of expansion and contraction,
etc.).

[0097] The description now turns to operations and
functions of the washing machine configured as de-
scribed above.

[0098] When a user sets washing object 2 and closes
and locks lid 5, controller 29 starts washing operation
according to the operation course that has been set on
operation display 30.

[0099] Prior to the water supply operation to washing
tub 4, controller 29 drives pressurizing pump 10 of pres-
surizing and depressurizing part 7 to supply air into press-
ing part 8 to expand pressing part 8. At this time, controller
29 detect a state of an internal pressure rise of pressing
part 8 in time sequence by using pressure detector 33.
A transition of the internal pressure rise of pressing part
8 varies depending on a volume of washing object 2 set
in washing tub 4. The volume of washing object 2 can be
referred to as a term, "bath ratio" used by persons skilled
in art.

[0100] FIG. 10 shows one example of transition of an
internal pressure rise of pressing part 8 at this time. FIG.
10 is a graph of detection data comparing one piece of
thick clothes as a typical example of large volume (small
bath ratio) and one piece of thin clothes as a typical ex-
ample of small volume (large bath ratio). As shown in
FIG. 10, in the case where the volume is large, the max-
imum value (AP/AT)max within a predetermined time of
an increased value per unit time of the internal pressure
of pressing part 8 is larger than the threshold value Ps,
and the maximum value Pmax within a predetermined
time of the internal pressure of pressing part 8 is also
larger than the threshold value Pm. On the other hand,
in the case where the volume is small, the maximum val-
ue (AP/AT)max within a predetermined time of an in-
creased value per unit time of the internal pressure of
pressing part 8 is smaller than the threshold value Ps,
and the maximum value Pmax within a predetermined
time of the internal pressure of pressing part 8 is also
smaller than the threshold value Pm.

[0101] The volume of washing object 2 is estimated by
controller 29 as described below. Controller 29 calculates
in real time, various numerical values such as an in-
creased value AP/AT per unit time of the internal pressure
of pressing part 8 based on a value of the internal pres-
sure of pressing part 8 detected by pressure detector 33.
On the basis of the calculated values, controller 29 then
calculates various numerical values, such as the maxi-
mum value (AP/AT)max within a predetermined time of
an increased value per unit time of the internal pressure
of pressing part 8 and the maximum value Pmax within
a predetermined time of the internal pressure of pressing
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part 8.

[0102] Controller 29 estimates the volume of washing
object 2 by comparing the maximum value (AP/AT)max
within a predetermined time of an increasing rate detect-
ed by pressure detector 33 to the threshold value Ps pre-
viously stored in the storage unit, or by comparing the
maximum value Pmax within a predetermined time of the
internal pressure of pressing part 8 to the threshold value
Pm previously stored in the storage unit.

[0103] After supplying water in washing tub 4, control-
ler 29 controls pressurizing pump 10 of pressurizing and
depressurizing part 7 according to an estimated result
and changes expansion and contraction of pressing part
8 to perform a washing step. Referring to FIG. 11, in the
case where the volume of accommodated washing object
2 is large, controller 29 increases the speed of expansion
and contraction of pressing part 8, increases a magnitude
of vertical displacement of pressing surface 8a, or in-
creases the maximum pressure inside pressing part 8,
for example. On the other hand, in the case where the
volume of accommodated washing object 2 is small, con-
troller 29 decreases the speed of expansion and contrac-
tion of pressing part 8, decreases a magnitude of vertical
displacement of pressing surface 8a, or decreases the
maximum pressure inside pressing part 8, for example.
[0104] The basic movement of the washing step and
the subsequent rinsing step and drying step are per-
formed in the same manner as in the first exemplary em-
bodiment.

[0105] A plurality of threshold values Ps and a plurality
of threshold values Pm may be provided to classify the
volume of washing object 2 into a plurality of levels, and
washing object 2 may be handled according to the levels.
[0106] The determination of the volume of washing ob-
ject 2 by detecting the internal pressure of pressing part
8 may be performed after supplying water into washing
tub 4, butis preferably performed prior to supplying water
into washing tub 4 as in the present exemplary embodi-
ment in order to avoid an influence on a detection result
due to water absorption of washing object 2.

[0107] As described above, the washing machine ac-
cording to the present exemplary embodiment further in-
cludes pressure detector 33 configured to measure an
internal pressure of pressing part 8 in addition to the con-
figuration of the first or the second exemplary embodi-
ment, and controller 29 is configured to control expansion
and contraction of pressing part 8 in a washing step ac-
cording to a value of the internal pressure of the pressing
part 8 in an expansion state or a contraction state of
pressing part 8 detected by pressure detector 33. This
configuration enables pressing part 8 to perform an ex-
pansion and contraction movement and the like suitable
for the volume of washing object 2.

[0108] Controller 29 is configured to calculate various
numerical values based on a value of the internal pres-
sure of pressing part 8 detected by pressure detector 33
and estimate a volume of washing object 2 based on the
various numerical values, and is configured to control the
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expansion and contraction of pressing part 8 in the wash-
ing step according to an estimation result. For example,
when the volume of washing object 2 is determined to
be small as in the case of a few pieces of thin clothes,
the speed, the displacement magnitude, or the maximum
pressure of the expansion and contraction movement of
pressing part 8 in the washing step is decreased.

This suppresses deformation and movement of thin
clothes in washing tub 4. As a result, wrinkles of the
clothes due to the pressing movement by pressing part
8 and collapse of the folded clothes at the time when a
user takes out the clothes which is washing object 2 after
washing can be prevented.

[0109] Controller 29 is configured to control pressuriz-
ing and depressurizing part 7 so as to change a speed,
a displacement magnitude, or a maximum pressure of
the expansion and contraction of pressing part 8 in the
washing step according to a maximum value (AP/AT)max
within a predetermined time of an increased value per
unit time of the internal pressure of pressing part 8 de-
tected by pressure detector 33. With this configuration,
the volume of washing object 2 is estimated in compar-
ison with the threshold value Ps of the maximum value
(AP/AT)max within a predetermined time of an increased
value per unit time of the internal pressure of pressing
part 8 that has been previously stored in the storage unit,
thereby achieving appropriate washing according to the
volume of washing object 2. This can enhance a washing
effect while suppressing fabric damage and loss of shape
of washing object 2.

[0110] Controller 29 is configured to control pressuriz-
ing and depressurizing part 7 so as to change a speed,
a displacement magnitude, or a maximum pressure of
the expansion and contraction of pressing part 8 in the
washing step according to a maximum value Pmax within
a predetermined time of the internal pressure of pressing
part 8 detected by pressure detector 33. With this con-
figuration, the volume of washing object 2 is estimated
in comparison with the threshold value Pm of the maxi-
mum value Pmax within a predetermined time of the in-
ternal pressure of pressing part 8 that has been previ-
ously stored in the storage unit, thereby achieving ap-
propriate washing according to the volume of washing
object 2. This can enhance a washing effect while sup-
pressing fabric damage and loss of shape of washing
object 2.

[0111] Controller 29 is configured to detect the internal
pressure of pressing part 8 by using pressure detector
33 before supplying water in washing tub 4. This config-
uration achieves an accurate estimation of the volume
of washing object 2 without an influence of water absorp-
tion of washing object 2.

(Fourth exemplary embodiment)
[0112] FIG. 12isasectional view of a washingmachine

according to a fourth exemplary embodiment of the
present disclosure taken along line 12-12 in FIG. 1. In
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the washing machine according to the present exemplary
embodiment, pressurizing and depressurizing part 41 is
formed of a link mechanism including electric motor 42
serving as a driver, rotary plate 43 rotated by electric
motor 42, and shaft 44, and pressing part 45 joined to
the link mechanism.Since other configurations are the
same as those of the first exemplary embodiment, the
same components are denoted by the same numerals
and the detailed descriptions of the first exemplary em-
bodiment are applied to those of the present exemplary
embodiment.

[0113] As shown in FIG. 12, one end of shaft 44 is
joined to a periphery of rotary plate 43 configured to rotate
by driving of electric motor 42, and the other end of shaft
44 is joined to pressing part 45. Pressing part 45 can
move vertically by a configuration in which, for example,
a periphery of pressing part 45 is guided by side walls of
washing tub 4. When rotary plate 43 rotates in a direction
of arrow R2 by driving of electric motor 42, pressing part
45 moves vertically inside washing tub 4. When pressing
part45 moves down inside washing tub 4, washing object
2 is pressed and compressed so that wash water inside
washing object 2 is pushed out and moves to water stor-
age units 13.

[0114] Pressing part 45 moves up inside washing tub
4 to move away from washing object 2, thereby releasing
compression of washing object 2, thus washing object 2
expands and the wash water stored in water storage units
13 moves into washing tub 4. Pressing part 45 advances
to and retreats from washing object 2 in a vertical direc-
tion, so that the wash water moves in a direction of arrow
C between washing tub 4 and each of water storage units
13.

[0115] Vertical strokes of pressing part 45 between an
upward position and a downward position can be set ac-
cording to a distance from a rotational center of rotary
plate 43 to a joint position between rotary plate 43 and
shaft 44. Water storage units 13 may be provided either
inside or outside of washing tub 4.

[0116] As described above, in the washing machine
according to the present exemplary embodiment, pres-
surizing and depressurizing part41 includes: electric mo-
tor 42 which is a driver; a link mechanism formed of rotary
plate 43 and shaft 44; and pressing part 45. With this
configuration, outflow of wash water from interior of
washing object 2 and inflow of wash water into washing
object 2 are repeated, thereby removing soils of washing
object 2 by the water current in multiple directions gen-
erated inside washing object 2. This enhances a washing
effect.

(Fifth exemplary embodiment)

[0117] A washing machine according to a fifth exem-
plary embodiment differs from the washing machine ac-
cording to the first exemplary embodiment in a point de-
scribed below, and has a configuration substantially the
same as the washing machine according to the first ex-
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emplary embodiment in the other points. In the descrip-
tion of the washing machine according to the fifth exem-
plary embodiment, the components the same as those
of the washing machine according to the first exemplary
embodiment are denoted as the same reference numer-
als, and a partoforan entire description of the component
is omitted.

[0118] FIG. 13 is a sectional view of washing machine
101 according to the present exemplary embodiment of
the present disclosure taken along line 13-13 in FIG. 1.
FIG. 14 is a sectional view of washing machine 101 in a
state in which a lid of washing machine 101 shown in
FIG. 13 is open. FIGS. 15 and 16 each schematically
show a movement of washing machine 101 according to
the present exemplary embodiment.

[0119] Pressurizing and depressurizing part 107 ac-
cording to the present exemplary embodiment includes
first pressurizing and depressurizing part 107a and asec-
ond pressurizing and depressurizing part 107b. Specifi-
cally, first pressurizing and depressurizing part 107a in-
cludes pressing part 108a, pressurizing pump 110a, and
discharge valve 111a. Second pressurizing and depres-
surizing part 107b includes pressing part 108b, pressu-
rizing pump 110b, and discharge valve 111b.

[0120] More specifically, pressurizing and depressu-
rizing parts 107 (107a, 107b) respectively include flexible
pleated bag-shaped pressing parts 108 (108a,108b)
formed of rubber, a synthetic resin, or the like, pressu-
rizing pumps 110 (110a, 110b) that respectively commu-
nicate with pressing parts 108 (108a, 108b) through hos-
es 109 (109a, 109b) and supply fluid such as gas or liquid
into pressing parts 108 (108a, 108b) respectively, and
discharge valves 111 (111a, 111b) configured to dis-
charge the fluid supplied to pressing parts 108 (108a,
108b) (hereinafter, reference signs "a", "b" indicative of
plurality may be omitted unless necessary for distinction).
[0121] Two pressurizing and depressurizing parts
107a, 107b are aligned inside lid 5. Each of pressing
parts 108a, 108b is attached to lid 5 on a side of washing
tub 4, and is configured to expand and contract in a freely
extensible manner so as to freely advance to and retreat
from washing object 2 accommodated on bottom 4a of
washing tub 4. Each of pressing parts 108a, 108b in-
cludes pressing surface 108c to press washing object 2
and pleated extension part 108d. Each of pressing parts
108a, 108b extends to the extent that pressing surface
108c reaches bottom 4a of washing tub 4.

[0122] Pressurizing and depressurizing parts 107
(107a, 107b) respectively include constant pressure re-
lease valves 112 (112a, 112b) configured to release fluid
when pressure inside corresponding one of pressing
parts 108 (108a, 108b) reaches a predetermined value.
Constant pressure release valves 112 respectively pre-
vent pressing parts 108 from being pressed with pressure
exceeding a predetermined value. In the present exem-
plary embodiment, the fluid supplied to the inside of
pressing parts 108 is explained as air, for example.
[0123] The description now turns to operations and
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functions of washing machine 101 configured as de-
scribed above. The following description omits a part of
or all of description of the operations and the functions
common to those of washing machine 1 according to the
first exemplary embodiment.

[0124] When water supply is finished in an initial wash-
ing step, controller 29 closes discharge valve 111a of
first pressurizing and depressurizing part 107a and drives
pressurizing pump 110a for a predetermined time or until
pressure of pressing part 108a reaches a predetermined
value. Then, air is supplied into pressing part 108a to
expand pressing part 108a. When extension part 108d
extends and pressing part 108a extends toward washing
object 2 as shown in FIG. 15, washing object 2 disposed
below pressing part 108a is partly compressed and made
thin at a position pressed by pressing surface 108c. At
this time, controller 29 opens discharge valve 111b of
second pressurizing and depressurizing part 107b so that
pressing part 108b becomes a contractible state.
[0125] Expansion of pressing part 108a causes com-
pression and volume change of washing object 2, and
according to the volume change of washing object 2, the
wash water contained in washing object 2 is pushed out
of washing object 2. This generates a water currentinside
washing object 2, and the water current removes soils
attached to washing object 2 from fiber of washing object
2.

[0126] The wash water contained in washing object 2
moves inside washing object 2 in a direction shown by
arrow A from under pressing part 108a to under pressing
part 108b. The wash water that moves in this manner
pushes pressing surface 108c of pressing part 108b up-
ward while expanding a part of washing object 2 under
pressing part 108b, so that air is discharged from opened
discharge valve 111b to contract pressing part 108b.
[0127] Then, controller 29 closes discharge valve 111b
of second pressurizing and depressurizing part 107b and
drives pressurizing pump 110b for a predetermined time
or until pressure of pressing part 108b reaches a prede-
termined value, so that air is supplied into pressing part
108b to expand pressing part 108b. When extension part
108d extends and pressing part 108b extends toward
washing object 2 as shown in FIG. 16, pressing surface
108c presses a part of washing object 2 under pressing
part 108b. At this time, controller 29 opens discharge
valve 111a of first pressurizing and depressurizing part
107a so that pressing part 108a becomes a contractible
state.

[0128] Expansion of pressing part 108b causes com-
pression and volume change of washing object 2, and
according to the volume change of washing object 2, the
wash water contained in washing object 2 is pushed out
of washing object 2. This generates a water currentinside
washing object 2, and the water current removes soils
attached to washing object 2 from fiber of washing object
2.

[0129] The wash water contained in washing object 2
moves inside washing object 2 in a direction shown by
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arrow B from under pressing part 108b to under pressing
part 108a. The wash water that moves in this manner
pushes pressing surface 108c of pressing part 108a up-
ward while expanding a part of washing object 2 under
pressing part 108a, so that air is discharged from opened
discharge valve 111a to contract pressing part 108a.
[0130] In the washing step, each of pressing parts
108a, 108b alternately performs contraction and expan-
sion repeatedly at different timings (for example, one sec-
ond of pressurization by expansion of pressing part 108a
and one second of depressurization by contraction of
pressing part 108b) for a predetermined time (for exam-
ple, for 10 minutes). This configuration enables exhibiting
a press-washing effect on washing object 2. In other
words, soils can be removed by generating water cur-
rents in multiple directions inside washing object 2 with-
out exerting mechanical force such as agitation and beat-
washing on washing object 2.

[0131] When awashing course in which the steps from
washing to drying are sequentially performed is set, con-
troller 29 performs a rinsing step and a drying step sub-
sequent to a washing step.

[0132] In the rinsing step, a rinsing operation with ac-
cumulated water is performed subsequent to a drain op-
eration and a preparatory drying operation, for example.
In the drain operation, drain valve 26 is opened, the wash
water inside washing tub 4 is discharged to an outside
through drain passage 27. In the preparatory drying op-
eration, discharge valves 111 a, 111b are closed and
pressurizing pumps 110a, 110b are driven while drain
valve 26 remains opened, so that washing object 2 is
pressed and contracted and a part of the wash water
contained in washing object 2 is forcibly discharged.
[0133] Intherinsing operationwith accumulated water,
water-supply valve 18 is opened to supply a predeter-
mined amount of wash water inside washing tub 4. Then,
pressurizing pumps 110a, 110b are driven in the same
manner as the washing step, so that each of pressing
parts 108a, 108b alternately performs contraction and
expansion repeatedly at different timings, thereby reduc-
ing the concentration of detergent in the wash water in-
side washing object 2. This rinsing step is repeated a
plurality of times (twice, for example).

[0134] Aftertherinsing step, controller 29 performs the
drying step.
[0135] In the drying step, drain valve 26 is opened to

discharge the wash water inside washing tub 4 to an out-
side. Then, discharge valves 111 a, 111b are closed and
pressurizing pumps 110a, 110b are driven while drain
valve 26 remains opened, so that washing object 2 is
pressed and contracted due to expansion of pressing
parts 108a, 108b. As a result, a part of the wash water
contained in washing object 2 is forcibly discharged.

[0136] According to the present exemplary embodi-
ment, pressurizing and depressurizing part 107 includes
flexible pressing part 108, pressurizing pump 110 con-
figured to supply fluid into pressing part 108 to expand
pressing part 108, and discharge valve 111 configured
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to discharge the fluid inside pressing part 108 to contract
pressing part 108. However, this shall not be construed
as a limitation, and pressing part 108 may be depressu-
rized by avacuum pump (not shown) instead of discharge
valve 111. Pressurizing pump 110 may be reversed to
be used as a vacuum pump.

[0137] According to the present exemplary embodi-
ment, two pressurizing and depressurizing parts 107
(107a, 107b) are provided and alternately performs ex-
pansion and contraction. However, this shall not be con-
strued as a limitation, and three or more pressurizing and
depressurizing parts 107 may be provided and operated
at different timings so as to expand and contract pressing
parts 108 in sequence. In such a case, when at least one
of pressing parts 108 expands, the other pressing parts
108 are configured to contract, and expansion and con-
traction of pressing parts 108 may be performed regularly
or on a random basis.

[0138] As described above, the washing machine ac-
cording to the present exemplary embodiment includes
a plurality of pressing parts 108. Pressurizing and de-
pressurizing part 107 is configured to press and release
pressing against washing object 2 by using pressing
parts 108 to cause washing object 2 to contract and ex-
pand, so that the water currents in multiple directions are
generated inside washing object 2. With this configura-
tion, a plurality of portions of washing object 2 are pressed
alternately or sequentially at different timings inside
washing tub 4. Accordingly, water currents in multiple
directions can be generated throughout washing object
2 without agitating washing object 2, thereby enhancing
awashing effect while suppressing fabric damage to and
loss of shape of washing object 2. Including the plurality
of pressing parts 108, washing machine 101 can easily
handle washing object 2 inside washing tub 4, even when
washing object 2 has portions with different thicknesses.
[0139] The washing machine includes a plurality of
pressurizing and depressurizing parts 107. Each of pres-
surizing and depressurizing parts 107 includes: one of
pressing parts 108 configured to expand and contract;
pressurizing pump 110 configured to supply the fluid into
corresponding one of pressing parts 108; and discharge
valve 111 configured to discharge the fluid inside corre-
sponding one of pressing parts 108. Controller 29 is con-
figured to control pressurizing and depressurizing parts
107 so that each of pressing parts 108 expands and con-
tracts at an arbitrary timing. With this configuration, a
plurality of portions of washing object 2 are pressed at
different timings. Accordingly, water currents in multiple
directions can be generated throughout washing object
2 without agitating washing object 2, thereby enhancing
awashing effect while suppressing fabric damage to and
loss of shape of washing object 2.

(Sixth exemplary embodiment)

[0140] FIGS. 17 and 18 each schematically show a
movement of a washing machine according to a sixth
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exemplary embodiment of the present disclosure. Ac-
cording to the present exemplary embodiment, pressu-
rizing and depressurizing part 107 includes discharge
valves 111 (111a, 111b), pressing parts 108 (108a,
108b), and pressurizing pump 110c communicating with
pressing parts 108 (108a, 108b) through switching part
131. Controller 29 controls pressurizing and depressu-
rizing part 107 by switching switching part 131 such that
one of pressing parts 108b contracts when the other one
of pressing parts 108a expands. Since other configura-
tions are the same as those of the fifth exemplary em-
bodiment, the same components are denoted by the
same numerals and the detailed descriptions of the fifth
exemplary embodiment are applied to those of the
present exemplary embodiment.

[0141] In FIGS. 17 and 18, a plurality of (for example,
two) freely extensible pressing parts 108 (108a, 108b)
having flexibility provided on lid 5 on a side of washing
tub 4 are configured to freely advance to and retreat from
washing object 2 accommodated on bottom 4a of wash-
ing tub 4. Pressurizing and depressurizing part 107 in-
cludes discharge valve 111a configured to discharge air
inside one of pressing parts 108a to an outside, and dis-
charge valve 111b configured to discharge air inside the
other one of pressing parts 108b to an outside.

[0142] Pressurizing pump 110c is communicated with
pressing part 108a and pressing part 108b through
switching part 131. Switching part 131 includes switching
valve 131a configured to open and close a communica-
tion passage to pressing parts 108a, and switching valve
131b configured to open and close a communication pas-
sage to pressing part 108b.

[0143] The description now turns to operations and
functions of the washing machine configured as de-
scribed above. Note that operation-course settings by a
user, loading of washing object 2, and a sequence of
operations of the operation courses are the same as
those of the fifth exemplary embodiment. Hereinafter,
controlling of pressurizing and depressurizing part 107
by controller 29 is described by taking a washing step as
an example.

[0144] In the washing step, after a predetermined
amount of water is supplied to washing tub 4, controller
29 closes discharge valve 111a, opens switching valve
131a, closes switching valve 131b, and drives pressuriz-
ing pump 110c. Then, air is supplied into pressing part
108a to expand pressing part 108a. As shown in FIG.
17, extension part 108d extends and pressing surface
108c presses washing object 2 in pressing part 108a. At
this time, controller 29 opens discharge valve 111b so
that pressing part 108b becomes a contractible state.
[0145] AsshowninFIG. 17, expansion of pressing part
108a causes compression and volume change of wash-
ing object 2, and according to the volume change of
washing object 2, the wash water contained in washing
object 2is pushed out of washing object 2. This generates
a water current inside washing object 2, and the water
current removes soils attached to washing object 2 from
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fiber of washing object 2.

[0146] The wash water contained in washing object 2
moves inside washing object 2 in a direction shown by
arrow A from under pressing part 108a to under pressing
part 108b. The wash water that moves in this manner
pushes pressing surface 108c of pressing part 108b up-
ward while expanding a part of washing object 2 under
pressing part 108b, so that air is discharged from opened
discharge valve 111b to contract pressing part 108b.
[0147] Then, controller 29 closes discharge valve
111b, opens switching valve 131b, closes switching valve
131a, and drives pressurizing pump 110c, so that air is
supplied into pressing part 108b to expand pressing part
108b. As shown in FIG. 18, extension part 108d extends
and pressing surface 108c presses washing object 2 in
pressing part 108b. At this time, controller 29 opens dis-
charge valve 111a so that pressing part 108a becomes
a contractible state.

[0148] Expansion of pressing part 108b causes com-
pression and volume change of washing object 2, and
according to the volume change of washing object 2, the
wash water contained in washing object 2 is pushed out
of washing object 2. This generates a water currentinside
washing object 2, and the water current removes soils
attached to washing object 2 from fiber of washing object
2.

[0149] The wash water contained in washing object 2
moves inside washing object 2 in a direction shown by
arrow B from under pressing part 108b to under pressing
part 108a. The wash water that moves in this manner
pushes pressing surface 108c of pressing part 108a up-
ward while expanding a part of washing object 2 under
pressing part 108a, so that air is discharged from opened
discharge valve 111a to contract pressing part 108a.
[0150] Inthismanner, opening and closing of switching
valves 131a, 131b of switching part 131, and opening
and closing of discharge valves 111 (111a, 111b) are
switched. As a result, one pressurizing pump 110c can
expand and contract pressing parts 108 (108a, 108b)
alternately, so that water currents in multiple directions
can be generated inside washing object 2.

[0151] According to the present exemplary embodi-
ment, two pressing parts 108 are provided and are ex-
panded and contracted one after the other. However, this
shall not be construed as a limitation, and three or more
pressing parts 108 may be provided and operated at dif-
ferenttimings so as to expand and contract pressing parts
108 in sequence. In such a case, when at least one of
pressing parts 108 expands, the other pressing parts 108
are configured to contract, and expansion and contrac-
tion of pressing parts 108 may be performed regularly or
on a random basis.

[0152] As described above, in the washing machine
according to the present exemplary embodiment, press-
ing parts 108 include at least first pressing part 108a and
second pressing part 108b. Pressurizing and depressu-
rizing part 107 includes: pressing parts 108; a plurality
of discharge valves 111 configured to discharge fluid in-
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side pressing parts 108, respectively; switching part 131
including a plurality of switching valves 131a, 131b; and
pressurizing pump 110c that is communicated with
pressing parts 108 through switching part 131 and is con-
figured to supply the fluid into pressing parts 108. Con-
troller 29 is configured to control pressurizing and de-
pressurizing part 107 in such a manner that second
pressing part 108b contracts when first pressing part
108a expands. This configuration allows one pressuriz-
ing pump 110c to selectively switch pressurization
against the plurality of pressing parts 108, so that a plu-
rality of portions of washing object are pressed in turn.

(Seventh exemplary embodiment)

[0153] FIGS. 19 and 20 each schematically show a
movement of a washing machine according to a seventh
exemplary embodiment of the present disclosure. Ac-
cording to the present exemplary embodiment, pressu-
rizing and depressurizing part 107 includes a plurality of
pressing parts 108 (108a, 108b). Suction path 132 com-
municating with pressing parts 108 (108a, 108b) is pro-
vided on a suction side of pressurizing pump 110c. Two
switching valves 133a, 133b are provided as suction path
switching part 133. Discharge path 134 communicating
with pressing parts 108 (108a, 108b) is provided on a
discharge side of pressurizing pump 110c. Two switching
valves 135a, 135b are provided as discharge path switch-
ing part 135. With this configuration, air in one of pressing
parts 108 in a contraction state can move into the other
one of pressing parts 108 in an expansion state. Since
other configurations are the same as those of the fifth
and sixth exemplary embodiments, the same compo-
nents are denoted by the same numerals and the detailed
descriptions of the fifth and sixth exemplary embodi-
ments are applied to those of the present exemplary em-
bodiment.

[0154] In FIGS. 19 and 20, freely extensible pressing
parts 108 (108a, 108b) having flexibility (for example, two
pressing parts) provided on lid 5 on a side of washing
tub 4 are configured to freely advance to and retreat from
washing object 2 accommodated on bottom 4a of wash-
ing tub 4, and two communication paths, i.e., suction path
132 and discharge path 134, each of which communi-
cates with two pressing parts 108 are provided.

[0155] Asuctionside of pressurizingpump 110cis con-
nected to suction path 132 communicating with pressing
parts 108a, 108b. Suction path 132 is equipped with suc-
tion path switching part 133. According to the present
exemplary embodiment, switching valve 133a is provid-
ed on suction path 132 between pressing part 108a and
pressurizing pump 110c. Switching valve 133b is provid-
ed on suction path 132 between pressing part 108b and
pressurizing pump 110c.

[0156] A discharge side of pressurizing pump 110c is
connected to discharge path 134 communicating with
pressing parts 108a, 108b. Discharge path 134 is
equipped with discharge path switching part 135. Accord-
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ing to the present exemplary embodiment, switching
valve 135a is provided on discharge path 134 between
pressing part 108a and pressurizing pump 110c. Switch-
ing valve 135b is provided on discharge path 134 be-
tween pressing part 108b and pressurizing pump 110c.
[0157] The description now turns to operations and
functions of the washing machine configured as de-
scribed above. Note that operation-course settings by a
user, loading of washing object 2, and a sequence of
operations of the operation courses are the same as
those of the fifth exemplary embodiment. Hereinafter,
controlling of pressurizing and depressurizing part 107
by controller 29 is described by taking a washing step as
an example.

[0158] In the washing step, when a predetermined
amount of water is supplied to washing tub 4, controller
29 closes switching valve 133a provided on suction path
132, and opens switching valve 133b. At the same time,
controller 29 closes switching valve 135b provided on
discharge path 134, opens switching valve 135a, and
drives pressurizing pump 110c. With this configuration,
as shown in FIG. 19, air in pressing part 108b moves into
pressing part 108a through opened switching valve 133b
and opened switching valve 135a. Accordingly, contrac-
tion of pressing part 108b and expansion of pressing part
108a are performed simultaneously. In pressing part
108a, extension part 108d extends and pressing surface
108c presses washing object 2.

[0159] Expansion of pressing part 108a causes com-
pression and volume change of washing object 2, and
according to the volume change of washing object 2, the
wash water contained in washing object 2 is pushed out
of washing object 2. This generates a water currentinside
washing object 2, and the water current removes soils
attached to washing object 2 from fiber of washing object
2. The wash water contained in washing object 2 moves
inside washing object 2 in a direction shown by arrow A
from under pressing part 108a to under pressing part
108b.

[0160] Then, controller 29 opens switching valve 133a
provided on suction path 132, and closes switching valve
133b. At the same time, controller 29 closes switching
valve 135a provided on discharge path 134, opens
switching valve 135b, and drives pressurizing pump
110c. With this configuration, as shown in FIG. 20, air in
pressing part 108a moves into pressing part 108b
through opened switching valve 133a and opened
switching valve 135b. Accordingly, contraction of press-
ing part 108a and expansion of pressing part 108b are
performed simultaneously. In pressing part 108b, exten-
sion part 108d extends and pressing surface 108c press-
es washing object 2.

[0161] Expansion of pressing part 108b causes com-
pression and volume change of washing object 2, and
according to the volume change of washing object 2, the
wash water contained in washing object 2 is pushed out
of washing object 2. This generates a water currentinside
washing object 2, and the water current removes soils
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attached to washing object 2 from fiber of washing object
2. The wash water contained in washing object 2 moves
inside washing object 2 in a direction shown by arrow B
from under pressing part 108b to under pressing part
108a. The washing step is performed by repeating these
operations alternately in this manner.

[0162] Accordingly, one pressurizing pump 110c can
simultaneously perform opposite operations, i.e., expan-
sion of pressing part 108a and contraction of pressing
part 108b, and vice versa. In addition, different portions
of washing object 2 are pressed by the plurality pressing
parts 108a, 108b alternately, so that water currents in
multiple directions can be efficiently generated inside
washing object 2, thereby enhancing a washing effect.
[0163] As described above, the washing machine ac-
cording to the present exemplary embodiment is the
washing machine according to the sixth exemplary em-
bodiment, in which pressurizing and depressurizing part
107 further includes: suction path 132 communicating
pressing parts 108 with a suction side of pressurizing
pump 110; suction path switching part 133 provided on
suction path 132; discharge path 134 communicating
pressing parts 108 with a discharge side of pressurizing
pump 110; and discharge path switching part 135 pro-
vided on discharge path 134. Controller 29 is configured
to control pressurizing and depressurizing part 107 in
such a manner that air contained in first pressing part
108a in a contraction state moves into second pressing
part 108b in an expansion state through suction path
switching part 133 and discharge path switching part 135.
With this configuration, a plurality of portions of washing
object 2 are pressed in different timings, while efficiently
performing expansion and contraction of the plurality of
pressing parts 108 (108a, 108b) simultaneously.

(Eighth exemplary embodiment)

[0164] FIG. 21 schematically shows a movement of a
washing machine according to an eighth exemplary em-
bodiment of the present disclosure. According to the
present exemplary embodiment, pressurizing and de-
pressurizing part 141 includes electric motor 142, rotary
shaft 143 including a plurality of cranks 144 and rotated
by electric motor 142, and a plurality of pressing parts
146 (146a, 146b) respectively joined to shafts 145 (1453,
145b) that are rotatably joined to cranks 144 (144a,
144b). Since other configurations are the same as those
of the fifth exemplary embodiment, the same compo-
nents are denoted by the same numerals and the detailed
descriptions of the fifth exemplary embodiment are ap-
plied to those of the present exemplary embodiment.

[0165] In FIG. 21, rotary shaft 143 configured to be
rotated by driving of electric motor 142 is supported by
a plurality of bearings 147 on lid 5 in a rotatable manner.
Rotary shaft 143 includes a plurality of cranks 144a, 144b
disposed at a constant distance. Cranks 144a, 144b are
provided such that rotation of rotary shaft 143 causes a
predetermined height difference between cranks 144a
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and 144b in a vertical direction.

[0166] Cranks 144a, 144b are respectively connected
to shafts 145a, 145b at one end of shafts 145a, 145b in
a rotatable manner. The other ends of shafts 145a, 145b
are respectively connected to pressing parts 146a, 146b
in a rotatable manner. Due to rotation of rotary shaft 143,
pressing parts 146a, 146b that are respectively joined to
cranks 144a, 144b through shafts 145a, 145b move ver-
tically inside washing tub 4 at positions adjacent to each
other, and move between an upward position and a
downward position one after the other.

[0167] Different portions of washing object 2 are
pressed alternately with the vertical movement of press-
ing parts 146a, 146b. Vertical strokes of pressing parts
146a, 146b between the upward position and the down-
ward position can be set according to shapes of cranks
144a, 144b.

[0168] According to the washing machine configured
as described above, operation-course settings by a user,
loading of washing object 2, and a sequence of opera-
tions of the operation courses are the same as those of
the fifth exemplary embodiment. Controller 29 controls
pressurizing and depressurizing part 141 in the washing
step for example, and moves pressing parts 146a, 146b
vertically to wash washing object 2.

[0169] Since different portions of washing object 2 are
alternately pressed by pressing parts 146a, 146b due to
the rotation of rotary shaft 143, so that water currents in
multiple directions can be efficiently generated inside
washing object 2, thereby enhancing a washing effect.
[0170] As described above, according to the present
exemplary embodiment, pressurizing and depressuriz-
ing part 141 includes: electric motor 142; rotary shaft 143
having the plurality of cranks 144 and rotated by electric
motor 142; and pressing parts 146 respectively joined to
cranks 144 through shafts 145 that are rotatably joined
to pressing parts 146 respectively. With this configura-
tion, a plurality of portions of washing object 2 are pressed
at different timings at a speed according to a rotational
speed of the electric motor, and water currents in multiple
directions are effectively generated inside washing ob-
ject 2, thereby enhancing a washing effect while sup-
pressing fabric damage to and loss of shape of washing
object 2.

[0171] Note that each of the above exemplary embod-
iments can be implemented in combination of the other
exemplary embodiment.

INDUSTRIAL APPLICABILITY

[0172] The washing machine according to the present
disclosure can enhance a washing effect while suppress-
ing fabric damage to and loss of shape of washing object,
and thus useful as a washing machine or the like for a
washing object, particularly delicate clothes that loses
shape or is damaged easily, or the like.

10

15

20

25

30

35

40

45

50

55

18

REFERENCE MARKS IN THE DRAWINGS
[0173]

1, 101: washing machine

2: washing object

4: washing tub

7, 41, 107, 107a, 107b, 141: pressurizing and de-
pressurizing part

8, 45, 108, 108a, 108b, 146, 146a, 146b: pressing
part

10,110, 110a, 110b, 110c: pressurizing pump (pres-
surizing device)

11, 111, 111a, 111b: discharge valve

13: water storage unit

29: controller

31: stored-water pressurizing unit

33: pressure detector

42, 142: electric motor (driver)

43: rotary plate (link mechanism)

44,145, 145a, 145b: shaft (link mechanism)

131: switching part

131a,131b, 133a, 133b, 135a, 135b: switching valve
132: suction path

133: suction path switching part

134: discharge path

135: discharge path switching part

143: rotary shaft

144 (144a, 144b): crank

Claims
1. A washing machine comprising:

a washing tub configured to accommodate a
washing object and wash water;

a pressurizing and depressurizing part having a
pressing part configured to freely advance to
and retreat from the washing object accommo-
dated in the washing tub; and

a controller configured to control the pressuriz-
ing and depressurizing part,

wherein the pressurizing and depressurizing
part is configured to press and release pressing
againstthe washing object by using the pressing
part to cause the washing object to contract and
expand, so that water currents in multiple direc-
tions are generated inside the washing object.

2. The washing machine according to claim 1, wherein

the pressurizing and depressurizing part is config-
ured to press the washing object by using the press-
ing part to cause the wash water contained in the
washing object to flow out of the washing object, and
the pressurizing and depressurizing part is config-
ured to release pressing by the pressing part against
the washing object to cause the wash water to flow



35

into the washing object so that the washing object
contains the wash water.

The washing machine according to claim 1 or 2, fur-
ther comprising a water storage unit configured to
store the wash water that has been flowed out of the
washing object to an outside of the washing object
when the washing object is pressed,

wherein the water storage unit is disposed outside
the washing tub and is communicated with an inside
of the washing tub.

The washing machine according to claim 1 or 2, fur-
ther comprising a water storage unit configured to
store the wash water that has been flowed out of the
washing object to an outside of the washing object
when the washing object is pressed,

wherein the water storage unit is disposed inside the
washing tub.

The washing machine according to claim 3 or 4,
wherein the water storage unit is disposed in such a
manner that water level of the wash water stored in
the water storage unit is higher than the washing
object accommodated in the washing tub.

The washing machine according to claim 3 or 4,
wherein

the water storage unit includes a stored-water pres-
surizing unit, and

the stored-water pressurizing unit is configured to
pressurize the wash water stored in the water stor-
age unit when pressing by the pressing part against
the washing object is released.

The washing machine according to any one of claims
1 to 6, wherein the pressurizing and depressurizing
part includes:

a pressing part configured to expand and con-
tract;

a pressurizing device configured to supply fluid
into the pressing part to expand the pressing
part; and

a discharge valve configured to discharge the
fluid inside the pressing part.

The washing machine according to claim 7, wherein
the controller is configured to close the discharge
valve when the pressurizing device is driven to sup-
ply the fluid into the pressing part, and

the controller is configured to open the discharge
valve when the pressurizing device is stopped to dis-
charge the fluid inside the pressing part.

The washing machine according to claim 7 or 8, fur-
ther comprising a lid including the pressing part and
provided on an upper part of the washing tub in a
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13.
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15.
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freely openable and closable manner, wherein

the controller is configured to control the pressurizing
and depressurizing part to release pressure or cause
negative pressure in the pressing part when a user
closes the lid against the washing tub.

The washing machine according to claim 9, wherein
the controller is configured to open the discharge
valve to open the pressing part to an atmosphere so
that pressure in the pressing part is released.

The washing machine according to claim 9, wherein
the pressurizing device is formed of a device config-
ured to pressurize and depressurize the pressing
part, and

the controller is configured to control the pressurizing
device to perform a depressurizing operation to
cause negative pressure in the pressing part.

The washing machine according to any one of claims
1 to 11, further comprising a pressure detector con-
figured to measure an internal pressure of the press-
ing part,

wherein the controller is configured to control expan-
sion and contraction of the pressing part in the wash-
ing step according to a value of the internal pressure
of the pressing part in an expansion state or a con-
traction state of the pressing part detected by the
pressure detector.

The washing machine according to claim 12, wherein
the controller is configured to calculate various nu-
merical values based on a value of the internal pres-
sure of the pressing part detected by the pressure
detector and estimate a volume of the washing object
based on the various numerical values, and is con-
figured to control the expansion and contraction of
the pressing part in the washing step according to
an estimation result.

The washing machine according to claim 12 or 13,
wherein the controller is configured to control the
pressurizing and depressurizing part so as to change
a speed, a displacement magnitude, or a maximum
pressure of the expansion and contraction of the
pressing partin the washing step according to a max-
imum value (AP/AT)max within a predetermined time
of an increased value per unit time of the internal
pressure of the pressing part detected by the pres-
sure detector.

The washing machine according to any one of claims
12 to 14, wherein the controller is configured to con-
trol the pressurizing and depressurizing part so as
to change a speed, a displacement magnitude, or a
maximum pressure of the expansion and contraction
of the pressing part in the washing step according
to a maximum value Pmax within a predetermined
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time of the internal pressure of the pressing part de-
tected by the pressure detector.

The washing machine according to any one of claims
12to 15, wherein the controlleris configured to detect
the internal pressure of the pressing part by using
the pressure detector before supplying water in the
washing tub.

The washing machine according to any one of claims
1 to 6, wherein the pressurizing and depressurizing
part includes:

a driver;

a rotary plate rotated by the driver; and

a pressing part joined to the rotary plate through
a shaft.

The washing machine according to claim 1, wherein
the washing machine comprises a plurality of the
pressing parts, and

the pressurizing and depressurizing part is config-
ured to press and release pressing against the wash-
ing object by using the pressing parts to cause the
washing object to contract and expand, so that the
water currents in multiple directions are generated
inside the washing object.

The washing machine according to claim 18, wherein
the washing machine comprises a plurality of the
pressurizing and depressurizing parts,

each of the pressurizing and depressurizing parts
includes:

one of the pressing parts configured to expand
and contract;

a pressurizing pump configured to supply the
fluid into corresponding one of the pressing
parts; and

a discharge valve configured to discharge the
fluid inside corresponding one of the pressing
parts, and

the controller is configured to control the pressurizing
and depressurizing parts so that each of the pressing
parts expands and contracts at an arbitrary timing.

The washing machine according to claim 18, wherein
the pressing parts include at least a first pressing
part and a second pressing part,

the pressurizing and depressurizing part includes:

the pressing parts;

a plurality of discharge valves configured to dis-
charge fluid inside the pressing parts, respec-
tively;

a switching part including a plurality of switching
valves; and
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21.

22.
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a pressurizing pump that is communicated with
the pressing parts through the switching partand
is configured to supply the fluid into the pressing
parts, and

the controller is configured to control the pressurizing
and depressurizing part in such a manner that the
second pressing part contracts when the first press-
ing part expands.

The washing machine according to claim 20, wherein
the pressurizing and depressurizing part further in-
cludes:

a suction path communicating the pressing parts
with a suction side of the pressurizing pump;

a suction path switching part provided on the
suction path;

a discharge path communicating the pressing
parts with a discharge side of the pressurizing
pump; and

a discharge path switching part provided on the
discharge path, and

the controller is configured to control the pressurizing
and depressurizing part in such a manner that air
contained in the first pressing part in a contraction
state moves into the second pressing part in an ex-
pansion state through the suction path switching part
and the discharge path switching part.

The washing machine according to claim 18, wherein
the pressurizing and depressurizing part includes:

an electric motor;

a rotary shaft having a plurality of cranks and
rotated by the electric motor; and

the pressing parts respectively joined to the
cranks through shafts that are rotatably joined
to the pressing parts respectively.
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