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(54) WASHING MACHINE

(67)  Inawashing machine of such a structure that a
washing drum is pulled out from an external-mounted
housing, vibration of the washing drum during dewatering
is effectively suppressed. A full-automatic washing ma-
chine (1) includes: an external-mounted housing (10)
having an inlet/outlet in the front surface of the exter-
nal-mounted housing; a drawer capable of getting into
and getting out of the external-mounted housing (10)
through the inlet/outlet and including retainer plates (80)
and a door part (90); a washing drum (20) arranged in
the drawer through a suspension (60) and including a
washing and dewatering drum having a fluid balancer
and an outer drum (21) capable of accommodating the
washing and dewatering drum in a free rotation manner;
sliding rails (100) for enabling the drawer to move recti-
linearly relative to the external-mounted housing (10); an
acceleration sensor (110) arranged on the drawer; and
a control part. The control part obtains inclination of a
main body of the full-automatic washing machine (1)
based on a static acceleration detected by the acceler-
ation sensor (110), performs first dewatering control
based on the inclination, and performs second dewater-
ing control based on a dynamic acceleration which is
detected by the acceleration sensor (110) and corre-
sponds to the vibration of the drawer during dewatering.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a washing ma-
chine.

BACKGROUND

[0002] Inthe past, a drawer type washing machine has

been proposed as described below. A housing, of which
the front surface is opened, accommodates a cabinet
with an opened upper side in a manner of pulling out the
cabinet from the front side. A washing drum (see patent
literature 1) capable of storing washing water and real-
izing washing and dewatering is arranged inside the cab-
inet. The washing drum is supported to a bottom surface
of the cabinet through suspension having buffer function.
Furthermore, the cabinet may move rectilinearly in a for-
ward-backward direction through a sliding unit arranged
between the cabinet and the housing.

[0003] In such a drawer type washing machine, the
cabinet may be easily pulled out from the housing by
reducing internal resistance (i.e., resistance between
rollers and rails in a structure of the patent literature 1)
of the sliding unit as much as possible. However, when
the cabinet is easy to move in the forward-backward di-
rection relative to the housing, and when the vibration,
which is generated during dewatering, of the washing
drum is transmitted to the cabinet without being com-
pletely attenuated through the suspension, the cabinet
is easy to vibrate dramatically in the forward-backward
direction.

[0004] Generally, a door fastener is arranged between
the front surface portion (i.e., a door part) of the closed
cabinet and the front surface of the housing, and is locked
to close the door part. However, the door fastener has a
certain clearance. As such, when the cabinet vibrates
dramatically in the forward-backward direction, the door
part and the front surface of the housing slightly collide
with each other repeatedly, possibly resulting in gener-
ation of noise and damage to the door part and the like.

Related Technical Literature
Patent Literature

[0005] PatentLiterature 1: Japanese Laid-open patent
publication No. 2002-119786

SUMMARY

Problems to be solved by the invention

[0006] The present invention is completed in view of
such problems and aims to effectively suppress vibration

of a washing drum during dewatering in a washing ma-
chine of such a structure that the washing drum is pulled
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out from an external-mounted housing.
Solution for solving the problems

[0007] A washing machine according to a main imple-
mentation of the present invention includes: an external-
mounted housing having an inlet/outlet in a front surface
of the external mounted housing; a drawer capable of
getting into and getting out of the external-mounted hous-
ing through the inlet/outlet; a washing drum arranged in
the drawer through a suspension and including a washing
and dewatering drum and an outer drum, the washing
and dewatering drum has afluid balancer, the outer drum
is capable of accommodating the washing and dewater-
ing drum in a free rotation manner; a sliding mechanism
for enabling the drawer to move rectilinearly relative to
the external-mounted housing; an acceleration sensor
arranged on the drawer; and a control part. Here, the
control part obtains inclination of a main body of the wash-
ing machine based on a static acceleration detected by
the acceleration sensor, performs first dewatering control
based on the inclination, and performs second dewater-
ing control based on a dynamic acceleration, the dynamic
acceleration is detected by the acceleration sensor and
corresponds to the vibration of the drawer during dewa-
tering.

[0008] According to the above-mentioned structure,
the acceleration sensor may be used to detect whether
the main body of the washing machine is in an inclined
state or not and detect whether the washing drum vi-
brates dramatically or not during dewatering, and dewa-
tering may be controlled according to respective detec-
tion results for suppressing the vibration of the washing
drum. Therefore, the vibration of the washing drum during
dewatering may be effectively suppressed.

[0009] In the washing machine according to the imple-
mentation, the following structure may be adopted: in the
first dewatering control, when the inclination of the main
body of the washing machine is greater than a threshold
value of the inclination, the control partenables the wash-
ing and dewatering drum to rotate in such a manner that
an offset load generated in the washing and dewatering
drum is located in the upper side of the inclined main
body of the washing machine, and then starts the rotation
of the washing and dewatering drum for dewatering.
[0010] According to the above-mentioned structure,
under a condition that the main body of the washing ma-
chine is in the inclined state, after a weight balance be-
tween fluid offset in the fluid balancer and the offset load
of washings in the washing and dewatering drum is im-
proved, the rotation of the washing and dewatering drum
is started for dewatering. Therefore, it is not easy for the
washing and dewatering drum to generate sharp vibra-
tion when the washing and dewatering drum starts to
work, and it is not easy for the drawer to vibrate sharply
in the forward-backward direction, thereby avoiding dra-
matic collision between the drawer and the external-
mounted housing. In addition, when a rotating speed of
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the washing and dewatering drumis close to a transverse
resonance point, great transverse swinging of the wash-
ing drum may hardly occur under the resonance.
[0011] Inthe washing machine according to the mode,
the following structure may be adopted: in the second
dewatering control, when the dynamic acceleration de-
tected by the acceleration sensor is greater than a thresh-
old value of the dynamic acceleration, the control part
stops the rotation of the washing and dewatering drum,
and then performs unwrapping operation for unwrapping
the washings in the washing and dewatering drum.
[0012] According to the above-mentioned structure,
under a condition that the washing drum vibrates sharply
during dewatering, the rotation of the washing and de-
watering drum is stopped, and the unwrapping operation
is performed. Therefore, the vibration of the washing
drum may be attenuated when the dewatering is restart-
ed.

Effects of the invention

[0013] Accordingtothe presentinvention, the vibration
of the washing drum during dewatering may be effectively
suppressed in the washing machine of such a structure
that the washing drum is pulled out from the external-
mounted housing.

[0014] The effects and significance of the present in-
vention are further defined through description of the fol-
lowing embodiments, but the following embodiments are
only examples during implementation of the present in-
vention. The present invention will not be limited by any
contents described in the following embodiments.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1(a) is a front stereogram illustrating a full-au-
tomatic washing machine according to an embodi-
ment, and FIG. 1(b) is a front stereogram illustrating
such a state where two full-automatic washing ma-
chines according to the embodiment are superposed
vertically;

FIG. 2 is a rear stereogram illustrating a full-auto-
matic washing machine in such a state where a
washing drum is pulled out towards a front side of
an external-mounted housing according to the em-
bodiment;

FIG. 3 is a side sectional view of a full-automatic
washing machine along a line A-A’ of FIG. 1(a) ac-
cording to the embodiment;

FIG. 4 is a block diagram illustrating a structure of a
full-automatic washing machine according to the em-
bodiment;

FIG. 5 is a flow chart illustrating a control action in a
dewatering process according to the embodiment;
FIG. 6(a) is a diagram schematically illustrating
states of the fluid in a fluid balancer subjected to
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water drainage and an offset load in a washing and
dewatering drum when a main body of a full-auto-
matic washing machine is inclined according to the
embodiment, and FIG. 6(b) is a diagram schemati-
callyillustrating states of the fluid in the fluid balancer
and an offset load in the washing and dewatering
drum when the washing and dewatering drum ro-
tates half a circle from the state in FIG. 6(a) according
to the embodiment;

FIG. 7 is a flow chart illustrating a control action in a
dewatering process according to variation example
1;

FIG. 8 is a flow chart illustrating a control action for
balance adjustment operation according to variation
example 1;

FIG. 9 is a diagram schematically illustrating such a
situation that the offset load in the washing and de-
watering drum during balance adjustment operation
moves along with the rotation of the washing and
dewatering drum according to variation example 1;
and

FIGs. 10(a) and (b) are diagrams illustrating struc-
tures of retainer plates of other variation examples,
and FIG. 10(c) is a diagram illustrating structures of
cabinets of another variation example.

DETAILED DESCRIPTION

[0016] A full-automatic washing machine 1 of an em-
bodiment of a washing machine of the present invention
is described below with reference to drawings.

[0017] FIG. 1(a) is a front stereogram illustrating a full-
automatic washing machine 1. FIG. 1(b) is a front stere-
ogram illustrating such a state that two full-automatic
washing machines 1 are superposed on top and bottom.
FIG. 2 is a rear stereogram illustrating a full-automatic
washing machine 1 in such a state that a washing drum
20 is pulled out towards the front side of an external-
mounted housing 10. FIG. 3 is a side sectional view of a
full-automatic washing machine 1 along a line A-A’ of
FIG. 1(a).

[0018] With reference to FIG. 1 to FIG. 3, the full-au-
tomatic washing machine 1 includes: an external-mount-
ed housing 10, a washing drum 20, a driving unit 30, a
water drainage unit 40, a water supply unit 50, front, rear,
left and right suspensions 60, front, rear, left and right
connecting parts 70, left and right retainer plates 80, a
door part 90 and a group of left and right sliding rails 100.
A drawer of the present invention is composed of the two
retainer plates 80 and the door part 90. The sliding rails
100 are equivalent to sliding mechanism of the present
invention.

[0019] The full-automatic washing machine 1 is a so-
called drawer type washing machine. A user pulls out the
washing drum 20 towards the front side fromthe external-
mounted housing 10, puts washings into the pulled-out
washing drum 20 from the upper side, and puts the wash-
ing drum 20 into the external-mounted housing 10, so as
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to wash the washings. As shown in FIG. 1(b), since two
full-automatic washing machines 1 may be arranged in
a floor of a washroom and the like in a top-down super-
posing manner, the washings may be washed effectively
in set spaces.

[0020] The external-mounted housing 10 has a sub-
stantially cuboid box shape, and the whole front surface
of the external-mounted housing 10 is almost used as an
opening of an inlet/outlet 11. Clamping parts 12 are ar-
ranged at the upper part near the inlet/outlet 11 on the
left and right inner side surfaces of the external-mounted
housing 10. In addition, a water supply connecting port
13 is formed in the upper part of the rear surface of the
external-mounted housing 10, and a water drainage con-
necting port 14 is formed in the lower part. The water
drainage connecting port 14 is provided with a water
drainage connecting head 15. Furthermore, feet 16 are
arranged at four corners of the bottom surface of the ex-
ternal-mounted housing 10.

[0021] The washing drum 20 includes an outer drum
21 and a washing and dewatering drum 22. A throwing
opening 23 for washings is formed in the upper surface
of the outer drum 21, and a water filling port 24 is formed
behind the throwing opening 23. The throwing opening
23 is covered by an inner cover 25 capable of being
opened and closed freely. On the peripheral surface of
the outer drum 21, suspension mounting parts 26 are
respectively arranged at right end and left end positions
of the front side and the right end and left end positions
of the rear side. The suspension mounting parts 26 may
be integrated with the outer drum 21, and also may be
independently formed together with the outer drum 21
and are fixed to the outer drum 21. It should be noted
that in the external-mounted housing 10, a gap between
the washing drum 20 and the external-mounted housing
10 in the forward-backward direction is designed to be
larger than the gap in a left-right direction.

[0022] Thewashingand dewateringdrum 22 is accom-
modated in the outer drum 21 in a free rotation manner.
The washing and dewatering drum 22 rotates in the outer
drum 21 about a rotating shaft which extends along a
vertical direction. A plurality of dewatering holes 22a are
formed in an inner circumferential surface of the washing
and dewatering drum 22 all over the whole circumfer-
ence. In addition, a fluid balancer 27 is arranged at the
upper part of the washing and dewatering drum 22. Fluid
such as salt water is contained inside the fluid balancer
27. Furthermore, an impeller 28 is arranged at a bottom
of the washing and dewatering drum 22. A surface of the
impeller 28 is provided with a plurality of blades 28ain a
radial manner.

[0023] Anouterbottom of the outer drum 21 is provided
with the driving unit 30 and the water drainage unit 40.
The driving unit 30 generates a torque for driving the
washing and dewatering drum 22 and the impeller 28.
The driving unit 30 includes a driving motor 31 and a
transmission mechanism 32. The transmission mecha-
nism 32 is provided with a clutch mechanism. Through
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switching operation of the clutch mechanism, in a wash-
ing process and a rinsing process, the torque of the driv-
ing motor 31 is only transmitted to the impeller 28, such
that only the impeller 28 rotates; in a dewatering process,
the torque of the driving motor 31 is transmitted to the
impeller 28 and the washing and dewatering drum 22,
such that the impeller 28 and the washing and dewatering
drum 22 rotate integrally. In addition, the transmission
mechanism 32 is provided with a speed reducing mech-
anism. In the washing process and the rinsing process,
the impeller 28 rotates at a rotating speed obtained by
reducing a rotating speed of the driving motor 31 accord-
ing to a speed reducing ratio of the speed reducing mech-
anism.

[0024] The water drainage unit 40 includes a water
drainage valve 41, a water drainage pipe 42 and an in-
ternal water drainage hose 43. One end of the water
drainage valve 41 is connected with the water drainage
pipe 42, and the other end of the water drainage valve
41 is connected with the internal water drainage hose
43. The water drainage pipe 42 is connected with a water
drainage port (not shown) in the bottom of the outer drum
21. The internal water drainage hose 43 is connected to
the water drainage connecting head 15 of the water drain-
age connecting port 14 from the inner side. The water
drainage connecting head 15 is connected with an ex-
ternal water drainage hose (not shown) from the outer
side. When the water drainage valve 41 is opened, water
accumulated in the washing and dewatering drum 22 and
the outer drum 21 is drained out of a machine body
through the water drainage pipe 42, the internal water
drainage hose 43 and the external water drainage hose.
[0025] In a state where the washing drum 20 is accom-
modated in the external-mounted housing 10, the internal
water drainage hose 43 is accommodated in a rear part
of the external-mounted housing 10 in a left-right snake
crawling manner. When the washing drum 20 is pulled
out from the external-mounted housing 10, the internal
waterdrainage hose 43 is pulled out by the washing drum
20, and is changed from the crawling state into an ap-
proximately straight state.

[0026] The water supply unit 50 is disposed behind the
upper partin the external-mounted housing 10. The water
supply unit 50 includes a water supply valve 51, a water
supply pipe 52 and a connecting pipe 53. One end of the
water supply valve 51 is connected with the water supply
pipe 52, and the other end of the water supply valve 51
is connected with the connecting pipe 53. In the state
where the washing drum 20 is accommodated in the ex-
terior housing 10, an outflow port 52a of the water supply
pipe 52 faces the water filling port 24 of the outer drum
21. The connecting pipe 53 in the water supply connect-
ing port 13 faces the outside, and is connected to a water
supply hose (not shown) extending from a water faucet.
When the water supply valve 51 is opened, tap water is
supplied into the outer drum 21 through the water supply
pipe 52 and the water filling port 24.

[0027] The washing drum 20 is retained on the left and
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right retainer plates 80 arranged below the washing drum
20 through the front, rear, left and right suspensions 60.
The upper ends of the suspensions 60 are fixed to the
suspension mounting parts 26 of the washing drum 20,
and the lower ends of the suspensions 60 are fixed to
the retainer plates 80 through connecting parts 70. The
suspensions 60 may support the washing drum 20 in a
buffer manner. The retainer plates 80 are long in the for-
ward-backward direction. The retainer plate 80 on the
right side supports the front and rear suspensions 60 on
the right side, and the retainer plate 80 on the left side
supports the front and rear suspensions 60 on the left
side.

[0028] The suspensions 60 each is provided with a
damper 61 and a spiral spring 62. The dampers 61 is,
for example, a hydraulic damper, and include a cylinder
61a and a piston rod 61b. The cylinder 61a is filled with
oil. An upper end of the piston rod 61b is provided with
a piston (not shown). When the piston rod 61b move up
and down, the piston is in sliding contact with the inner
circumferential surface of the cylinder 61a while moving
up and down in the cylinder 61a. The cylinder 61a side
is connected to a suspension mounting part 26, and the
piston rod 61b side is connected to a connecting part 70.
The spiral spring 62 is arranged between the cylinder
61a and the connecting part 70 in a manner of wrapping
the piston rod 61b. The suspensions 60 elastically sup-
port the washing drum 20 through the spiral springs 62.
Vibrations of the spiral springs 62 are attenuated through
the dampers 61. It should be noted that the dampers 61
also may be air dampers.

[0029] An acceleration sensor 110 is mounted on the
upper surface of the retainer plate 80 on the left side.
The acceleration sensor 110is a triaxial acceleration sen-
sor capable of detecting dynamic accelerations and static
accelerations in three axial directions, such as an up-
down direction, a forward-backward direction and a left-
right direction. When the retainer plate 80 is static, the
acceleration sensor 110 detects static accelerations in
three axial directions corresponding to an inclination di-
rection and an inclination degree of a main body of the
full-automatic washing machine 1. In addition, when the
retainer plates 80 vibrate along with the vibration of the
washing drum 20 due to conditions such as dewatering,
the acceleration sensor 110 detects dynamic accelera-
tions corresponding to a vibration direction and a vibra-
tion degree. It should be noted that in the present em-
bodiment, the acceleration sensor 110 takes upper, front
and leftaccelerations as positive values, and takes lower,
rear and right accelerations as negative values, and is
mounted on the retainer plates 80 in this way.

[0030] The door part 90 is fixed to the front ends of the
left and right retainer plates 80 through L-shaped mount-
ing metal pieces 81. The upper part of the door part 90
is provided with a locking apparatus 91 for keeping the
door part 90 in a closed state relative to the external-
mounted housing 10.

[0031] The locking apparatus 91 includes a rod 92, a

10

15

20

25

30

35

40

45

50

55

connecting rod mechanism 93 and left and right door
fasteners 94. As shown in FIG. 3, when the door part 90
is closed, the door fasteners 94 are clamped with the
clamping parts 12 of the external-mounted housing 10.
When the door part 90 tends to move forwards, the door
fasteners 94 are blocked by the clamping parts 12, so
that the door part 90 is kept in the closed state. When
the user operates the rod 92 towards a releasing direc-
tion, the door fasteners 94 move upwards through an
action of the connecting rod mechanism 93, so that
clamping between the door fasteners 94 and the clamp-
ing parts 12 is released. Therefore, a state where the
washing drum 20 and the door part 90 are pulled out
together from the external-mounted housing 10 is real-
ized. It should be noted that in the state where the door
fasteners 94 and the clamping parts 12 are clamped, a
gap with a slight clearance is reserved between the door
fasteners 94 and the clamping parts 12 along the forward-
backward direction.

[0032] The leftand rightretainer plates 80 may respec-
tively enable the washing drum 20 and the door part 90
to move rectilinearly together in the forward-backward
direction through the left and right sliding rails 100. The
sliding rails 100 each includes a fixed rail 101 and a mov-
able rail 102 which are long in the forward-backward di-
rection. The fixed rails 101 are fixed to the lower part of
the inner side surface of the external-mounted housing
10, and the movable rails 102 are fixed to the surfaces,
which are opposite to the inner side surface of the exter-
nal-mounted housing 10, of the retainer plates 80. Rollers
(not shown) are arranged inside the fixed rails 101, and
the movable rails 102 move in the fixed rails 101 along
the forward-backward direction in a manner of being con-
veyed by the rollers. Therefore, the retainer plates 80
fixed to the movabile rails 102, the washing drum 20 and
the door part 90 may move successfully together in the
forward-backward direction.

[0033] FIG. 4is ablock diagram illustrating a structure
of the full-automatic washing machine 1.

[0034] In addition to the above-mentioned structure,
the full-automatic washing machine 1 includes: an oper-
ation part 120, a water level sensor 130 and a control
unit 200. The control unit 200 includes: a control part 201,
a storage part 202, a motor driving part 203, a clutch
driving part 204, a water supply driving part 205 and a
water drainage driving part 206.

[0035] The operation part 120 outputs input signals
corresponding to operations by a user on buttons, such
as a power button 121, a start button 122 and a program
selection button 123 to the control part 201. The water
level sensor 130 detects a water level in the outer drum
21, and outputs a water level detection signal corre-
sponding to the detected water level to the control part
201.

[0036] The motor driving part 203 supplies a driving
current to the driving motor 31 according to a control sig-
nal from the control part 201. The motor driving part 203
is provided with a speed sensor for detecting the rotating
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speed of the driving motor 31, an inverter circuit and the
like, and adjusts the driving current in a manner of ena-
bling the driving motor 31 to rotate at a rotating speed
set by the control part 201. For example, as motor driving
control, PWM (Pulse Width Modulation) control may be
used. In this case, the control part 201 applies a pulse
voltage having a duty ratio determined on the basis of
the detected rotating speed to the driving motor 31, so
asto supply the driving current corresponding to the pulse
voltage to the driving motor 31.

[0037] The clutch driving part 204 drives the clutch
mechanism 32a according to a control signal output from
the control part 201. The water supply driving part 205
drives the water supply valve 51 according to a control
signal from the control part 201. The water drainage driv-
ing part 206 drives the water drainage valve 41 according
to a control signal from the control part 201.

[0038] The storage part 202 includes an EEPROM
(Electrically Erasable Programmable Read-Only Memo-
ry), an RAM (Random Access Memory) and the like. The
storage part 202 stores programs for executing washing
operation of various operation modes. In addition, the
storage part 202 stores various parameters for executing
these programs, and various control marks.

[0039] The control part 201 controls the motor driving
part 203, the clutch driving part 204, the water supply
driving part 205, the water drainage driving part 206 and
the like according to the programs stored in the storage
part202 on the basis of various signals from the operation
part 120, the acceleration sensor 110, the water level
sensor 130 and the like.

[0040] The full-automatic washing machine 1 performs
washing operation in various operation modes corre-
sponding to operation of the user through the operation
part 120. During the washing operation, under the control
by the control part 201, a washing process, an interme-
diate dewatering process, a rinsing process and a final
dewatering process are performed in sequence.

[0041] Inthe washing process and the rinsing process,
in such a state that water is accumulated in the washing
and dewatering drum 22, the impeller 28 rotates towards
the right side and the left side. A water flow is generated
in the washing and dewatering drum 22 through the ro-
tation of the impeller 28. In the washing process, the gen-
erated water flow and a detergent in the water are used
to wash the washings. In the rinsing process, the gener-
ated water flow is used to rinse the washings.

[0042] Inthe intermediate dewatering process and the
final dewatering process, the washing and dewatering
drum 22 and the impeller 28 rotate integrally at a high
speed. The washings are dewatered through the effect
of a centrifugal force generated by the washing and de-
watering drum 22.

[0043] FIG. 5is aflow chart illustrating a control action
in the dewatering process. The control action of the con-
trol part 201 in the dewatering process is described below
with reference to FIG. 5.

[0044] When the dewatering process is stared, the
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control part 201 detects a degree and a direction of in-
clination of a main body of the full-automatic washing
machine 1 relative to a horizontal direction based on the
static accelerations detected by the acceleration sensor
110 in the three axial directions (S1). Then, the control
part 201 judges whether the detected degree of the in-
clination is greater than a relevant threshold value of the
inclination (S2). For example, under a condition that the
main body of the full-automatic washing machine 1 is
arranged on an arrangement surface inclined relative to
the horizontal direction, the main body of the full-auto-
matic washing machine 1 may be inclined to the horizon-
tal direction.

[0045] Under a condition that the detected degree of
the inclination is greater than the threshold value (S2:
YES), the control part 201 enables the driving motor 31
to rotate, so as to enable the washing and dewatering
drum 22 integrated with the impeller 28 to rotate by half
a circle (S3). At this time, the control part 201 enables
the washing and dewatering drum 22 to rotate at a speed
lower than a speed of rotation of the washing and dewa-
tering drum 22 started for dewatering.

[0046] FIG. 6(a) is a is a diagram schematically illus-
trating states of fluid in the fluid balancer 27 subjected to
water drainage and an offset load in the washing and
dewatering drum 22 when the main body of the full-au-
tomatic washing machine 1 is inclined, and FIG. 6(b) is
a diagram schematically illustrating states of fluid in the
fluid balancer 27 and an offset load in the washing and
dewatering drum 22 when the washing and dewatering
drum 22 rotates by half a circle from the state in FIG.
6(a). It should be noted that FIGs. 6(a) and (b) illustrate
the states of the washing and dewatering drum 22 ob-
served from the upper side.

[0047] When the main body of the full-automatic wash-
ing machine 1 is in the inclined state, as shown in FIG.
6(a), the fluid in the fluid balancer 27 is easy to offset on
the lower side in the washing and dewatering drum 22.
In addition, during water drainage before the dewatering
process, as water in the washing and dewatering drum
22 is drained, the washings floated in the water are easy
to offset on the lower side in the washing and dewatering
drum 22 under the effect of the weight, so that it can be
considered that: as shown in FIG. 6(a), after the water is
drained, an offset load of the washings is easily gener-
ated on the lower side in the washing and dewatering
drum 22. When the washing and dewatering drum 22
rotates by half a circle from this state, the offset load
moves to the upper side of the main body of the full-
automatic washing machine 1, namely the upper side in
the washing and dewatering drum 22. In another aspect,
the fluid would return to the lower side immediately after
moving to the upper side once. As a result, as shown in
FIG. 6(b), in a state where the offset load and the fluid
are disposed at opposed positions, the weight balance
in the washing and dewatering drum 22 is better.
[0048] The control part 201 enables the driving motor
31 to rotate, starts the washing and dewatering drum 22
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to rotate for dewatering, and increases the rotating speed
to 120 rpm (S4). Since the weight balance is better in the
washing and dewatering drum 22, great transverse
swinging, which is caused by resonance, of the washing
drum 20 may be suppressed when the rotating speed of
the washing and dewatering drum 22 is close to a trans-
verse resonance point, i.e., 80 rpm.

[0049] When the main body of the full-automatic wash-
ing machine 1 is not in the inclined state, and the degree
of the inclination is less than the threshold value (S2:
NO), the control part 201 starts the washing and dewa-
tering drum 22 to rotate instead of enabling the washing
and dewatering drum 22 to rotate by half a circle, and
increases the rotating speed to 120 rpm (S4). Under the
condition that the main body of the full-automatic washing
machine 1 is not in the inclined state, since the offset of
the fluid and the offset load of the washings as shown in
FIG. 6(a) are not generated in the washing and dewater-
ingdrum 22, the great transverse swinging of the washing
drum 20 may hardly occur under the resonance when
the rotating speed of the washing and dewatering drum
22 is close to 80 rpm.

[0050] When the rotating speed of the washing and
dewatering drum 22 reaches 120 rpm, the control part
201 detects dynamic accelerations, which are generated
in the forward-backward direction and the left-right direc-
tion of the full-automatic washing machine 1, of the re-
tainer plates 80 through the acceleration sensor 110 in
a state of maintaining the rotating speed at 120 rpm (S5).
Then, the control part 201 judges whether absolute val-
ues, which are irrelevant to the directions (namely plus
and minus) of the dynamic accelerations, of the detected
dynamic accelerations are greater than the relevant
threshold values of the dynamic accelerations or not (S6).
The control part 201 performs detection on the dynamic
accelerations and judges on whether the absolute values
of the detected dynamic accelerations are greater than
the threshold values or not till specified time (S7).
[0051] Under a condition that the washing and dewa-
tering drum 22 vibrates sharply due to the offset load and
the like in the washing and dewatering drum 22, the vi-
bration is transmitted to the retainer plates 80 through
the suspensions 60 and the connecting parts 70. The
retainer plates 80 move easily in the forward-backward
direction through the sliding rails 100, so that the retainer
plates 80 may vibrate sharply in the forward-backward
direction due to the transmission of the vibration. In this
case, the absolute value of the dynamic acceleration in
the forward-backward direction is easily greater than the
threshold value.

[0052] It should be noted that in the present embodi-
ment, the dynamic acceleration in the left-right direction
is also detected, but the dynamic acceleration in the for-
ward-backward direction is generally greater than that in
the left-right direction, so that it is difficult for the absolute
value of the dynamic acceleration in the left-right direction
to be greater than the threshold value. Thus, it is unnec-
essary to detect the dynamic acceleration in the left-right
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direction.

[0053] When the absolute values of the dynamic ac-
celerations are greater than the threshold values (S6:
YES), the control part 201 stops the rotation of the wash-
ing and dewatering drum 22 (S8). Then. The control part
201 performs unwrapping operation (S9). Specifically,
the control part 201 opens the water supply valve 51 to
supply water, accumulates water into the washing and
dewateringdrum 22, and enables the impeller 28 torotate
left and right in the state that the washing and dewatering
drum 22 is stopped. Through the unwrapping operation,
the washings are dispersed, and the offset load is elim-
inated. The control part 201 goes back to Step S1 to
restart the dewatering process after the water is drained
from the washing and dewatering drum 22.

[0054] When the state where the absolute values of
the dynamic accelerations are less than the threshold
values (S6: NO) lasts for the specified time (S7: YES),
the control part 201 increases the rotating speed of the
washing and dewatering drum 22 to a highest rotating
speed, for example, 900 rpm (S10). At this time, the ro-
tating speed of the washing and dewatering drum 22 is
close to a longitudinal resonance point, i.e., 240 rpm, but
the offset load in the washing and dewatering drum 22
is low, so that great longitudinal swinging of the washing
drum 20 hardly occurs due to the resonance.

[0055] When the rotating speed of the washing and
dewatering drum 22 reaches the highest rotating speed,
the control part 201 maintains the highest rotating speed
for specified dewatering time to dewater the washings
(S11).

(Effect of embodiments)

[0056] According to the present embodiment, the ac-
celeration sensor 110 may be used to detect whether the
main body of the full-automatic washing machine 1 is in
the inclined state or not and whether the vibration of the
washing drum 20 during dewatering is great or not, and
the dewatering control for suppressing the vibration of
the washing drum 20 may be performed according to
various detection results. Therefore, the vibration of the
washing drum 20 during dewatering may be effectively
suppressed.

[0057] In addition, according to the present embodi-
ment, under the condition that the main body of the full-
automatic washing machine 1 isinthe inclined state, after
the weight balance between the fluid in the fluid balancer
27 and the offset load of the washings in the washing
and dewatering drum 22 is improved, the washing and
dewatering drum 22 is started to rotate for dewatering.
Therefore, the washing and dewatering drum 22 is not
easy to vibrate sharply when starting to work, and the
phenomenon of dramatic collision hardly occurs between
the door part 90 and the external-mounted housing 10
due to sharp vibration of the retainer plates 80 and the
door part 90 in the forward-backward direction. In addi-
tion, when the rotating speed of the washing and dewa-
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tering drum 22 is close to the transverse resonance point,
the great transverse swinging of the washing drum 20
hardly occurs under the resonance.

[0058] Furthermore, according to the present embod-
iment, under the condition that the washing drum 20 vi-
brates sharply during dewatering, the rotation of the
washing and dewatering drum 22 is stopped, and the
unwrapping operation is performed. Therefore, the vibra-
tion of the washing drum 20 may be reduced during re-
start of dewatering. Particularly, in the state where the
rotating speed of the washing and dewatering drum 22
is lower than the longitudinal resonance point, the accel-
eration sensor 110 detects the dynamic acceleration, i.e.,
the vibration, so that the great longitudinal swinging,
which is caused by the resonance, of the washing drum
20 may be prevented when the rotating speed of the
washing and dewatering drum 22 is close to the longitu-
dinal resonance point.

[0059] Embodiments of the present invention are de-
scribed above, but the present invention is not limited by
above-mentioned embodiments. In addition, embodi-
ments of the present invention also may be subjected to
various variations in addition to the above-mentioned
contents.

(Variation example 1)

[0060] FIG. 7 is aflow chart illustrating a control action
in a dewatering process according to variation example
1. FIG. 8 is a flow chart illustrating a control action for
balance adjustment operation according to variation ex-
ample 1.

[0061] In above-mentioned embodiment, when the
main body of the full-automatic washing machine 1 is in
the inclined state, it deems that the offset load of the
washings is generated on the lower side in the washing
and dewatering drum 22, and the offset load moves to
the upper side by enabling the washing and dewatering
drum 22 to rotate by half a circle, so that the weight bal-
ance between the fluid offset at the lower side in the fluid
balancer 27 and the offset load is improved.

[0062] In view of this, in the present variation example,
the washing and dewatering drum 22 slowly rotates, and
the position of the offset load is detected. The washing
and dewatering drum 22 is stopped in a manner of ena-
bling the offset load to be located on the upper side of
the main body of the full-automatic washing machine 1,
so that the balance adjustment operation for improving
the weight balance between the offset fluid and the offset
load is performed.

[0063] During the control action of FIG. 7 of the present
variation example, treatment in Step S12 is executed in-
stead of the treatment in Step S3 during the control action
of FIG. 5 of the above-mentioned embodiment.

[0064] Under the condition that the degree of the incli-
nation of the main body of the full-automatic washing
machine 1 is greater than the threshold value (S2: YES),
the control part 201 performs the balance adjustment op-
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eration (S12).

[0065] With reference to FIG. 8, firstly, the control part
201 starts the washing and dewatering drum 22 to rotate
at a speed lower than a speed of rotation started for de-
watering, and increses the rotating speed to 20 rpm
(S101). At this time, even if the weight balance between
the fluid skewed in the fluid balancer 27 and the offset
load in the washing and dewatering drum 22 is not im-
proved, since the washing and dewatering drum 22 starts
to rotate slowly, the washing and dewatering drum 22
also hardly swings sharply, and the dramatic collision
between the door part 90 and the external-mounted
housing 10 hardly occurs.

[0066] Then,the control part 201 maintains the rotating
speed of the washing and dewatering drum 22 at 20 rpm,
and at the same time, the acceleration sensor 110 sam-
ples a dynamic acceleration in the forward-backward di-
rection at specified time (for example, 15 seconds)
(S102). The washing and dewatering drum 22 rotates for
multiple times within a specified time period. For exam-
ple, when the specified time is 15 seconds, the washing
and dewatering drum 22 rotates for 5 times.

[0067] FIG. 9 is a diagram schematically illustrating
such a situation that the offset load in the washing and
dewatering drum 22 during the balance adjustment op-
eration moves along with the rotation of the washing and
dewatering drum 22. In FIG. 9, the washing and dewa-
tering drum 22 is observed from the upper side, and a
grey circle in the figure indicates the offset load of the
washings in the washing and dewatering drum 22.
[0068] During the balance adjustment operation, the
washing and dewatering drum 22 rotates clockwise. As
shown in a circle A of FIG 9, when the offset load passes
through the right side of the main body of the full-auto-
matic washing machine 1, the washing and dewatering
drum 22 swings forwards, and the retainer plates 80
swing forwards, so that the forward dynamic acceleration
(i.e., the positive acceleration) detected by the acceler-
ation sensor 110 is maximum. In addition, as shown in a
circle C of FIG. 9, when the offset load passes through
the left side of the main body of the full-automatic washing
machine 1, the washing and dewatering drum 22 swings
backwards, and the retainer plates 80 swing backwards,
so that the dynamic acceleration (i.e., the negative dy-
namic acceleration) detected by the acceleration sensor
110 is the maximum. Furthermore, as shown in a circle
B and a circle D of FIG. 9, when the offset load passes
through the front side and the rear side of the main body
of the full-automatic washing machine 1, the washing and
dewatering drum 22 hardly swings in the forward-back-
ward direction, and the absolute value of the dynamic
acceleration detected by the acceleration sensor 110 is
minimum.

[0069] The control part 201 extracts a positive maxi-
mum value, a negative maximum value and a minimum
absolute value from the sampled dynamic accelerations
which are obtained in every one circle of the rotation of
the washing and dewatering drum 22, and determines a
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positive maximum value, a negative maximum value and
a minimum absolute value which are used for judging the
position of the offset load according to these values
(8103). For example, an average value of multiple pos-
itive maximum values, an average value of multiple neg-
ative maximum values and an average value of multiple
absolute minimum values may be set as the positive max-
imum value, the negative maximum value and the mini-
mum absolute value which are used for determine the
position of the offset load. Or, a minimum value of the
multiple positive maximum values, a minimum value of
the multiple negative maximum values and a minimum
value of the multiple absolute minimum values may be
set as the positive maximum value, the negative maxi-
mum value and the minimum absolute value which are
used for determining the position of the offset load.
[0070] The control part 201 judges which direction is
the upper side among the front, back, left and right direc-
tions of the main body of the full-automatic washing ma-
chine 1 according to the inclination, which is detected in
Step S1, of the main body of the full-automatic washing
machine 1 (S104). Under a condition that the front side
of the main body of the full-automatic washing machine
1 is the upper side (S104: front side), when the offset
load in the washing and dewatering drum 22 passes
through the front side of the main body of the full-auto-
matic washing machine 1, the absolute value of the dy-
namic acceleration detected by the acceleration sensor
110 is a subsequent minimum value after the dynamic
acceleration reaches the positive maximum value.
Therefore, when detecting that the absolute value of the
dynamic acceleration detected by the acceleration sen-
sor 110 is the subsequent minimum value after the dy-
namic acceleration reaches the positive maximum value
(S105: YES), the control part 201 stops the washing and
dewatering drum 22 emergently through braking (S109).
For example, the control part 201 may apply braking to
the washing and dewatering drum 22 by applying elec-
tromagnetic braking to the driving motor 31. Therefore,
in the state where the offset load is located on the upper
side, i.e., the front side, of the main body of the full-au-
tomatic washing machine 1, the washing and dewatering
drum 22 is stopped.

[0071] In another aspect, under a condition that the
rear side of the main body of the full-automatic washing
machine 1 is the upper side (S104: rear side), when the
offsetload in the washing and dewatering drum 22 pass-
es through the rear side of the main body of the full-au-
tomatic washing machine 1, the absolute value of the
dynamic acceleration detected by the acceleration sen-
sor 110 is: the subsequent minimum value after the dy-
namic acceleration reaches the negative maximum val-
ue. Therefore, when detecting that the absolute value of
the dynamic acceleration detected by the acceleration
sensor 110 is the subsequent minimum value after the
dynamic acceleration reaches the negative maximum
value (S106: YES), the control part201 stops the washing
and dewatering drum 22 emergently through braking
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(S109). In addition, under a condition that the left side of
the main body of the full-automatic washing machine 1
is the upper side (S104: left side), when the offset load
in the washing and dewatering drum 22 passes through
the left side of the main body of the full-automatic washing
machine 1, the dynamic acceleration detected by the ac-
celeration sensor 110 is the negative maximum value.
Therefore, when detecting that the dynamic acceleration
detected by the acceleration sensor 110 is the negative
maximum value (S107: YES), the control part 201 stops
the washing and dewatering drum 22 emergently through
braking (S109). Furthermore, under a condition that the
right side of the main body of the full-automatic washing
machine 1 is the upper side (S104: right side), when the
offsetload in the washing and dewatering drum 22 pass-
es through the right side of the main body of the full-
automatic washing machine 1, the dynamic acceleration
detected by the acceleration sensor 110 is the positive
maximum value. Therefore, when detecting that the dy-
namic acceleration detected by the acceleration sensor
110 is the positive maximum value (S108: YES), the con-
trol part 201 stops the washing and dewatering drum 22
emergently through braking (S109).

[0072] Therefore, through the balance adjustment op-
eration, a state where the offset load is located on the
upper side in the washing and dewatering drum 22, and
the fluid offset in the fluid balancer 27 is located on the
lower side in the washing and dewatering drum 22 is
realized in the washing and dewatering drum 22 as
shown in FIG. 6(b). Therefore, the weight balance be-
tween the offset fluid and the offset load is better.
[0073] The structure of the present variation example
above achieves the same effects as the above-men-
tioned embodiments. Furthermore, the present variation
example detects the position of the offset load in the
washing and dewatering drum 22, and enables the wash-
ing and dewatering drum 22 to rotate based on a detec-
tion result, so that adjustment of the weight balance be-
tween the skewed fluid and the offset load may be better
performed.

(Other variation examples)

[0074] In above-mentioned embodiments, one retain-
er plate 80 is provided with the acceleration sensor 110,
but the arrangement position is not limited to this. For
example, the acceleration sensor 110 also may be ar-
ranged on the door part 90. In addition, the retainer plates
80 and the door part 90 also may be provided with other
members such as metal parts, and the other members
are provided with the acceleration sensor 110. In this
case, the other members, the retainer plates 80 and the
door part 90 form the drawer of the present invention
together.

[0075] In addition, in above-mentioned embodiments,
the washing drum 20 is held by the left and right retainer
plates 80. However, the structure of the washing drum
20 is not limited to this. For example, as shown in FIG.
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10(a), the following structure also may be adopted: front,
rear, left and right retainer plates 80A are provided, and
the two retainer plates 80A on the left side are mounted
on left movable rails 102. Or, as shown in FIG. 10(b), the
following structure also may be adopted: one retainer
plate 80B is provided, and left and right movable rails
102 are mounted on the left and right side surfaces of
the retainer plate 80B.

[0076] Furthermore, as a structure for retaining the
washing drum 20, as shown in FIG. 10(c), a cabinet 80C,
of which the upper surface is opened, also may be pro-
vided. In this case, the washing drum 20 is arranged in-
side the cabinet 80C through the suspensions 60. Fur-
thermore, movable rails 102 are mounted at the lower
parts of the left and right side surfaces of the cabinet 80C.
The acceleration sensor 110, for example, may be ar-
ranged on the bottom surface or the front, rear, left and
right side surfaces of the cabinet 80C. The cabinet 80C
and the door part 90 form the drawer of the present in-
vention together.

[0077] Furthermore, in above-mentioned embodi-
ments, to enable the retainer plates 80 for holding the
washing drum 20 to move in the forward-backward di-
rection, sliding rails 100 including fixed rails 101 and mov-
able rails 102 are used. However, the solution is not lim-
ited to this. For example, the sliding mechanism may also
adoptthe structure: rollers are arranged at the lower parts
of the left and right inner side surfaces of the external-
mounted housing 10, and the rollers are in contact with
the rails on the bottom surfaces of the left and right re-
tainer plates 80 and rotate, so that the rails are conveyed
along the forward-backward direction.

[0078] Furthermore, in above-mentioned embodi-
ments, the suspensions 60 are composed of the dampers
61 and the spiral springs 62. However, the suspensions
60 also may be only composed of the dampers 61 or the
spiral springs 62.

[0079] Furthermore, in above-mentioned embodi-
ments, when the rotating speed of the washing and de-
watering drum 22 is maintained at 120 rpm, i.e., when
the rotating speed of the washing and dewatering drum
22 is increased to the highest rotating speed, the accel-
eration sensor 110 is used to detect the dynamic accel-
eration, and the degree of the vibration of the washing
drum 20 is determined on the basis of the detected dy-
namic acceleration. However, the following structure also
may be adopted: in the entire period when the rotating
speed of the washing and dewatering drum 22 is in-
creased to the highest rotating speed, or during a period
longer than that of above-mentioned embodiments, the
acceleration sensor 110 is used to detect the dynamic
acceleration, and the degree of the vibration of the wash-
ing drum 20 is determined on the basis of the detected
dynamic acceleration.

[0080] Furthermore, in above-mentioned embodi-
ments, the full-automatic washing machine 1 is exempli-
fied, but the present invention may be also applied to a
full-automatic clothes washing and drying machine hav-
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10

ing a clothes drying function in addition to the clothes
washing function.

[0081] In addition, embodiments of the present inven-
tion may be properly changed within the scope of the
technical idea described in the technical solution.

List of reference numerals:
[0082]

1: full-automatic washing machine (washing ma-
chine);

10: external-mounted housing;

20: washing drum

21: outer drum

22: washing and dewatering drum
60: suspension

80: retainer plate (drawer);

90: door part (drawer)

100: sliding rail (sliding mechanism)
110: acceleration sensor

201: control part

Claims
1. A washing machine, comprising:

an external-mounted housing having an in-
let/outlet in the front surface of the external-
mounted housing;

a drawer capable of getting into and getting out
of the external-mounted housing through the in-
let/outlet;

a washing drum arranged in the drawer through
a suspension, wherein the washing drum com-
prises a washing and dewatering drum and an
outer drum, the washing and dewatering drum
has a fluid balancer, the outer drum is capable
of accommodating the washing and dewatering
drum in a free rotation manner;

a sliding mechanism for enabling the drawer to
move rectilinearly relative to the external-mount-
ed housing;

an acceleration sensor arranged on the drawer;
and

a control part,

wherein the control part obtains inclination of a
main body of the washing machine based on a
static acceleration detected by the acceleration
sensor, performs first dewatering control based
on the inclination, and performs second dewa-
tering control based on a dynamic acceleration,
the dynamic acceleration is detected by the ac-
celeration sensor and corresponds to vibration
of the drawer during dewatering.

2. The washing machine according to claim 1, wherein
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in the first dewatering control,

when the inclination of the main body of the washing
machine is greater than a threshold value of the in-
clination, the control part enables the washing and
dewatering drum to rotate in such a manner that an
offset load generated in the washing and dewatering
drum is located in the upper side of the inclined main
body of the washing machine, and then starts rota-
tion of the washing and dewatering drum for dewa-
tering.

The washing machine according to claim 1 or 2,
wherein in the second dewatering control,

when the dynamic acceleration detected by the ac-
celeration sensor is greater than a threshold value
of the dynamic acceleration, the control part stops
the rotation of the washing and dewatering drum,
and then performs unwrapping operation for unwrap-
ping the washings in the washing and dewatering
drum.
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