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(57) A drum-type washing machine according to the
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a detection axis along which vibration values in a water Fig.1 50
tank (42) in three-dimensional directions, which have
been detected by a vibration detector (78), indicate a
maximum value, and for restarting a spin-drying opera-
tion when the vibration value detected along this detec-
tion axis exceeds a first threshold value defined for each
rotation-speed range of a rotary drum (43) but is less 62
than a second threshold value, in spin-drying processes.
With this structure, the drum-type washing machine can
early detectimbalance abnormalities and can safely stop 52
running. 53
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Description
TECHNICAL FIELD

[0001] The present invention relates to drum-type
washing machine for washing a laundry contained in a
rotary drum.

BACKGROUND ART

[0002] Conventionally, as a drum-type washing ma-
chine of this type, for example, there has been known a
washing machine described in Patent Document 1. The
washing machine in Patent Document 1 employs a con-
trol scheme for performing spin-drying operations while
grasping the presence or absence of imbalance abnor-
malities based on output signals from a vibration detec-
tor, during spin-drying processes.

[0003] Fig. 5 is a flow chart of a spin-drying process in
the conventional drum-type washing machine described
in Patent Document 1.

[0004] After a spin-drying process is started in a step
100, a drainage operation is performed in a step 101.
Thereafter, in a step 102, the rotary drum is operated to
rotate forwardly and reversely (disentangling processes)
at a predetermined rotation speed (e.g., about 40 r/min),
in order to disentangle laundries such as clothes which
are unevenly laid.

[0005] Next, in a step 103, the rotation speed of the
rotary drum is mildly increased to a rotation speed (about
70 r/min) which is enough to cause the laundries to be
adhered to the inner surface of the rotary drum. There-
after, in a step 104, the rotation speed of the rotary drum
is increased to a rotation speed (e.g., about 80 r/min)
which is lower than the primary resonance rotation
speed, and the rotary drum is controlled to be maintained
at this rotation speed for a predetermined time period.
Further, at this time, detections of the presence or ab-
sence of rotational unevenness, namely imbalance ab-
normalities, are performed. If there is an imbalance ab-
normality equal to or higher than a predetermined level,
itis determined that there is larger rotational unevenness
and the laundries are in a poor balance state, and the
control shifts to a step 105.

[0006] In the step 105, it is determined whether or not
N has gotten to be equal to 4 (N indicates the number of
times the steps 102 to 104 have been performed). If N
is less than 4, the rotary drum is temporarily stopped in
a step 106, further, 1 value is added to the current N
value in a step 107, and the control returns to the step
102. When N has gotten to be 4 or more after the oper-
ations in the steps 102 to 107 have been repeated, it is
regarded that the unevenness of the laundries could not
be resolved in the disentangling process in the step 102,
and the control shifts to a step 108.

[0007] In the step 108, it is determined whether or not
N has gotten to be equal to 10. If N is less than 10, the
control shifts to a step 110. In the step 110, an operation
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for supplying washing water into the rotary drum to mod-
ifying the unevenness of the laundries is performed. After
the completion of this operation, the control returns to
the step 101. On the other hand, if N is 10 or more in the
step 108, the control shifts to a step 109. In the step 109,
it is regarded that the unevenness of the laundries could
not be resolved and, thus, the occurrence of an imbal-
ance abnormality is displayed, and the running is
stopped.

[0008] On the other hand, if there is no imbalance ab-
normality equal to or higher than the predetermined level
in the step 104, it is determined that there is smaller ro-
tational unevenness, and the laundries are in a preferable
balance state, and the control shifts to a step 111.
[0009] Inthe step 111, the rotation speed of the rotary
drum s increased to near the primary resonance rotation
speed (e.g., 120 to 140 r/min), and the presence or ab-
sence of an imbalance abnormality at this rotation speed
is determined, based on output signals (which are also
referred to as vibration output values) from the vibration
detector. Ifthere has occurred animbalance abnormality,
the control shifts to a step 105. If there has occurred no
imbalance abnormality and the operation is normal, the
control shifts to a step 112.

[0010] Inthe step 112, the rotation speed of the rotary
drum is increased to near the secondary resonance ro-
tation speed (e.g., 141 to 330 r/min), and the presence
or absence of an imbalance abnormality at this rotation
speed is determined, based on output signals from the
vibration detector. If there has occurred an imbalance
abnormality, the control shifts to the step 105. If there
has occurred no imbalance abnormality and the opera-
tion is normal, the control shifts to a step 113.

[0011] Inthe step 113, the rotation speed of the rotary
drum is increased to near a rotation speed (e.g., 800 to
900 r/min) which makes it harder to resolve the adhesion
of the laundries to the rotary drum, and the presence or
absence of an imbalance abnormality at this rotation
speed is determined, based on output signals from the
vibration detector. If there has occurred an imbalance
abnormality, the control shifts to the step 105. If there
has occurred no imbalance abnormality and the opera-
tion is normal, the control shifts to a step 114.

[0012] Inthe step 114, the rotation speed of the rotary
drum is increased to a rotation speed (e.g., 900 r/min or
more) which makes it harder to resolve the adhesion of
the laundries to the rotary drum, and the presence or
absence of an imbalance abnormality at this rotation
speed is determined, based on output signals from the
vibration detector. If there has occurred no imbalance
abnormality and the operation is normal, the control shifts
to a step 115.

[0013] Inthe step 115, the rotation speed of the rotary
drum is gradually increased toward a maximum rotation
speed, and every time the rotation speed has been in-
creased, the control returns to the step 114 where the
presence or absence of an imbalance abnormality at this
rotation speed is determined. If there has occurred no



3 EP 2 597 187 A1 4

imbalance abnormality and the operation is normal, the
control shifts to the step 115 where the rotation speed of
the rotary drum is increased to the maximum rotation
speed. Thereafter, the control shifts to a step 117. On
the other hand, if there has occurred an imbalance ab-
normality, the control shifts to a step 116 where the rotary
drum is operated for a predetermined time period while
being maintained at the rotation speed which hasinduced
the imbalance abnormality. Thereafter, the control shifts
to the step 117. In the step 117, the rotation of the rotary
drum is stopped. Thereafter, the control shifts to a sub-
sequent process in a step 118.

PATENT DOCUMENT

[0014] Patent Document 1: JP-A No. 2009-213803

SUMMARY OF THE INVENTION
Problems to be solved by the Invention

[0015] The aforementioned conventional drum-type
washing machine has had the problem that it cannot ac-
curately detect imbalance abnormalities and cannot
safely stop running, in cases of performing spin-drying
on waterproof clothes and water-repellent clothes such
as outdoor clothes, namely laundries which are not per-
meable to water or are less permeable to water.

[0016] Ifthe rotary drum containing laundries is rotated
at a higher speed, water is separated from the laundries
due to centrifugal forces, and the separated water moves
to the outside of the rotary drum. In this manner, spin-dry-
ing operations are performed. However, in cases of per-
forming spin-drying operations on laundries which are
waterproof-finished or water-repellent-finished, separat-
ed water may be inhibited from moving to the outside of
the rotary drum due to their waterproof surfaces and the
water-repellent surfaces. In this case, even when the
laundries within the rotary drum are in animbalance state,
the weight distribution within the rotary drum is in a rel-
atively-balanced state. Consequently, output signals
from the vibration detector are made smaller, and the
rotation speed of the rotary drum is increased to a higher-
speed range. However, if the laundries within the rotary
drum are changed in attitude even slightly due to centrif-
ugal forces caused by the rotation of the rotary drum, the
water within the rotary drum may be ejected, at a dash,
to the outside of the rotary drum, which may suddenly
induce an imbalance abnormality. In this case, the rota-
tion speed of the rotary drum has been increased to the
higher-speed range, which may make it impossible to
safely stop running.

[0017] It is an object of the present invention to over-
come the aforementioned conventional problem and to
provide a drum-type washing machine capable of early
detecting imbalance abnormalities and safely stopping
running.
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Means to Solve the Problems

[0018] In order to solve the above problems, a
dram-type washing machine of the invention comprises:

a rotary drum;

a water tank containing the rotary drum;

a motor rotating the rotary drum;

a washing machine housing elastically supporting
the water tank;

a vibration detector detecting vibration components
in three-dimensional directions in the water tank;

a rotation speed detector detecting a rotation speed
of the rotary drum;

an operation display including an input setting por-
tion and a display portion; and

a controller controlling the motor to perform launder-
ing processes including a spin-drying process;
wherein

the controller has a mode for selecting a detection
axis along which the vibration values detected by the
vibration detector indicate a maximum value in the
three-dimensional directions in the water tank, and
for restarting a spin-drying operation when the vibra-
tion value detected along the selected detection axis
exceeds a first threshold value defined for each ro-
tation-speed range of the rotary drum but is less than
asecond threshold value, in the spin-drying process.

Effects of the Invention

[0019] The drum-type washing machine according to
the present invention is capable of early detecting imbal-
ance abnormalities and safely stopping running.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These aspects and features of the invention will
be apparent from the following description concerning a
preferred embodiment with respect to the accompanying
drawings, in which:

Fig. 1 is a longitudinal cross-sectional view of a
drum-type washing machine according to an embod-
iment of the present invention.

Fig. 2 is a circuit diagram illustrating structures re-
lating to a control device in the drum-type washing
machine in Fig. 1, by indicating a portion thereof in
a block manner;

Fig. 3A is a flowchart of control in the drum-type
washing machine in Fig. 1, mainly illustrating laun-
dering processes corresponding to an OutDoor
Clothes course;

Fig. 3B is a flowchart of control in the drum-type
washing machine in Fig. 1, mainly illustrating laun-
dering processes corresponding to an OutDoor
Clothes course;

Fig. 4 is a graph illustrating the relationship between
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vibration values of a water tank unit and threshold
values, during spin-drying processes, when the Out-
Door Clothes course has been selected; and

Fig. 5 is a flowchart of control in a conventional
drum-type washing machine.

DESCRIPTION OF EMBODIMENTS

[0021] Accordingtoafirstaspectofthe invention, there
is provided a drum-type washing machine, comprising:

a rotary drum;

a water tank containing the rotary drum;

a motor rotating the rotary drum;

a washing machine housing elastically supporting
the water tank;

a vibration detector detecting vibration components
in three-dimensional directions in the water tank;

a rotation speed detector detecting a rotation speed
of the rotary drum;

an operation display including an input setting por-
tion and a display portion; and

a controller controlling the motor to perform launder-
ing processes including a spin-drying process;
wherein

the controller has a mode for selecting a detection
axis along which the vibration values detected by the
vibration detector indicate a maximum value in the
three-dimensional directions in the water tank, and
for restarting a spin-drying operation when the vibra-
tion value detected along the selected detection axis
exceeds a first threshold value defined for each ro-
tation-speed range of the rotary drum but is less than
a second threshold value, in the spin-drying process.

[0022] According to a second aspect of the invention,
there is provided the drum-type washing machine ac-
cording to the first aspect, wherein

the controller executes the mode on receiving a com-
mand for washing waterproof or water-repellent clothes,
from the operation display.

[0023] According to a third aspect of the invention,
there is provided the drum-type washing machine ac-
cording to the first or second aspect, wherein

a spin-drying operation is interrupted and an abnormality
is displayed on the operation display, when the vibration
value detected along the selected detection axis exceeds
the first threshold value and the second threshold value.
[0024] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
It should be noted that the present invention is not limited
to this embodiment.

(Embodiment)
[0025] Fig. 1is alongitudinal cross-sectional view of a

drum-type washing machine according to an embodi-
ment of the present invention.
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[0026] AsillustratedinFig. 1, withina washingmachine
housing 41, there is provided a water tank unit 49. The
water tank unit49 includes a water tank 42, a rotary drum
43, and a motor45. The watertank 42 is placed swingably
inside the washing machine housing 41. Within the water
tank 42, the rotary drum 43 is rotatably placed. The rotary
drum43is provided, at the rotational center portion there-
of, with a rotation shaft (a rotational center shaft) 44 which
extends in the horizontal direction. The motor 45, which
is placed near the rear surface of the water tank 42, is
coupled to the rotation shaft 44 via a belt 46. The motor
45 drives and rotates the rotary drum 43 in the forward
direction or in the reverse direction. On the inner wall
surface of the rotary drum 43, there are provided a plu-
rality of protuberances 47 for stirring laundries. Further,
the rotary drum 43 is provided, in its outer peripheral sur-
face, with a plurality of water passage holes 48.

[0027] The water tank 42 is supported, in an anti-vi-
bration manner, by a plurality of anti-vibration dampers
51 which are mounted to a lower portion of the washing
machine housing 41. Between the water tank 42 and the
upper portion of the washing machine housing 41, there
are a plurality of spring bodies 50 for swingably support-
ing them in an anti-vibration manner, as illustrated in Fig.
1.

[0028] Further, the washing machine housing41 is pro-
vided with a housing opening portion, at a position faced
to a load outlet/inlet 53 in the rotary drum 43. A lid body
52 is provided in such a way as to cover the housing
opening portion, in an openable and closable manner.
By opening the lid body 52, it is possible to remove or
put laundries into the rotary drum 43 through the load
outlet/inlet 53.

[0029] Further, a control device 81 is provided, at an
upper portion within the washing machine housing 41.
The control device 81 is constituted by a microcomputer
or the like. The control device 81 controls the motor 45,
a first electromagnetic valve 57, a second electromag-
netic valve 58, a drainage pump 63, and a circulation
pump 67, according to mode settings and control pro-
grams, in order to execute laundering processes includ-
ing washing processes, rinsing processes and spin-dry-
ing processes.

[0030] Further, within the washing machine housing
41, there are provided a water supply passage 54 for
supplying a washing water (e.g., a tap water) into the
water tank 42, a drainage passage 55 for discharging the
washing water within the water tank 42 to the outside of
the washing machine housing 41, and a water circulation
passage 56 for circulating the washing water within the
water tank 42.

[0031] The water supply passage 54 is constituted by
afirst water supply hose 59, a second water supply hose
60, a detergent accommodating portion 61, and a water
supply passage 62.

[0032] The first water supply hose 59 is provided with
the first electromagnetic valve 57. The second water sup-
ply hose 60 is provided with the second electromagnetic
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valve 58. The detergent accommodating portion 61 ac-
commodates a drawer portion (not illustrated) which con-
tains a detergent or a softening agent, such that it can
be pulled out therefrom from the outside. By opening the
first electromagnetic valve 57 or the second electromag-
netic valve 58, a washing water is flowed into the first
water supply hose 59 or the second water supply hose
60. The washing water having flowed into the first water
supply hose 59 or the second water supply hose 60 pass-
es through the detergent accommodating portion 61 and
the water supply passage 62 and, further, is supplied to
the inside of the water tank 42.

[0033] The drainage passage 55 is constituted by a
drainage tube 64, a filter 65, a drainage pump 63, and a
drainage hose 66.

[0034] The drainage tube 64 is connected to the filter
65 and to a drainage port 95 provided in a recessed por-
tion 71 in the bottom portion of the water tank 42. The
filter 65, which is for collecting lint and the like within the
washing water, is adapted to be detachable from the out-
side.

[0035] The drainage pump 63 is connected to the filter
65 and to the drainage hose 66. The drainage hose 66
is provided to extend from the inside of the washing ma-
chine housing 41 up to outside and above the washing
machine housing 41. At predetermined timings such as
when a washing process has been completed or when
a rinsing process has been completed, the drainage
pump 63 is driven, which causes the washing water within
the water tank 43 to be discharged to the outside by pass-
ing through the drainage tube 64, the filter 65, the drain-
age pump 63, and the drainage hose 66, in the mentioned
order.

[0036] The water circulation passage 56 is provided
for circulating the washing water within the water tank
42, at predetermined timings such as during a pre-wash-
ing process, awashing process or arinsing process. With
the water circulation passage 56, it is possible to cause
the detergent to be early dissolved in the washing water
and, also, it is possible to prevent unevenness of the
detergent. This results in improvement of the washing
and rinsing abilities of the drum-type washing machine.
[0037] The water circulation passage 56 is constituted
by the drainage tube 64, the filter 65, an inflow side pas-
sage 68, the circulation pump 67, a discharge side pas-
sage 69, and jet ports 70. The inflow side passage 68 is
a passage for connecting the filter 65 and the circulation
pump 67 to each other. The discharge side passage 69
is a passage for connecting the circulation pump 67 and
the jetports 70to each other. The jet ports 70 are provided
in a front portion of the water tank 42 in such a manner
as to eject, into the rotary drum 43, the washing water
passing through the discharge side passage 69.

[0038] When the circulation pump 67 is driven, the
washing water within the water tank 42 is passed through
the drainage tube 64, the filter 65, the inflow side passage
68, the circulation pump 67, the discharge side passage
69, and the jet ports 70, in the mentioned order, and is
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ejected into the rotary drum 43 as a circulated water in-
dicated by a solid-line arrow. Further, a plurality of jet
ports 70 are provided such that they are arranged in the
circumferential direction of the rotary drum 43. Thus, the
circulated water is sprinkled, in plural directions, toward
the laundries within the rotary drum 43.

[0039] Further, in the recessed portion 71 which is
formed in the bottom portion of the water tank 42 and is
connected to the drainage tube 64, there is provided a
heater 72 constituted by a sheathed heater or the like, in
order to heat the washing water. The heater 72 is placed
such that its longitudinal direction is coincident with or
substantially coincident with the horizontal direction. The
heater 72 heats the washing water within the water tank
42.

[0040] The washing water having been heated by the
heater 72 is circulated through the water circulation pas-
sage 56, further is ejected into the rotary drum 43 and is
sprinkled onto the laundries. Thereafter, the washing wa-
ter having been sprinkled onto the laundries is moved
into the water tank 42 through the water passage holes
48 and the washing water is heated by the heater 72.
These operations are repeated. Since the washing water
is heated, molecular activities in the washing water are
revitalized and, also, the detergent is activated. This re-
sults inimprovement of the washing ability of the washing
water, thereby reducing washing unevenness in the laun-
dries. Further, near the heater 72, there is provided a
temperature detector 73 such as a thermistor for detect-
ing the temperature of water.

[0041] Further, the watertank 42 is provided, in its side
wall in the rear side of the bottom portion, with an air trap
74 so as to communicate with the drainage tube 64. The
air trap 74 is connected to an air tube 75. The air tube
75 is connected to a water level detector 76 which is
provided at an upper portion within the washing machine
housing 41. For example, the water level detector 76 is
constituted by a pressure sensor. The water level detec-
tor 76 is adapted to detect the water level of the washing
water within the water tank 42, based on the water pres-
sure of the washing water within the water tank 42, name-
ly based on the pressure within the air trap 74 which
corresponds thereto.

[0042] Further, at an upper portion within the washing
machine housing 41, there is provided a coupling hose
77 which couples an upper portion of the water tank 42
to an upper portion of the rear surface of the detergent
accommodating portion 61. The coupling hose 77 has
the function of removing air within the water tank 42 which
has been pressurized during laundering processes.
[0043] Further, at a rear portion of the upper surface
of the water tank 42, there is placed a vibration detector
78 for detecting vibrations in the water tank unit 49. In
the present embodiment, an acceleration sensor is em-
ployed as the vibration detector 78, wherein the acceler-
ation sensor is adapted to detect vibration components
in three-dimensional directions, which are the forward
and rearward direction (the X-axis direction), the clock-
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wise and counterclockwise direction (the Y-axis direc-
tion), and the upward and downward direction (the Z-axis
direction), rather than vibrations only in a single direction.
In this case, the each axis in the three-dimensional di-
rections detected by the vibration detector 78 will be re-
ferred to as "detection axis". In actual, vibrations in the
water tank unit 49 do not always occur only in a single
direction. Therefore, by employing, as the vibration de-
tector 78, the acceleration sensor adapted to detect vi-
brations in plural directions, it is possible to detect vibra-
tions in the water tank unit 49 with higher accuracy. The
control device 81 controls operations, based on results
of detections by the vibration detector 78.

[0044] Further,the washing machine housing 41 is pro-
vided with an operation display 79, at an upper portion
of its front surface. The operation display 79 is provided
with an input setting portion 80 which enables making
settings (selections) of various functions and modes such
as running courses, and a display portion 96 (see Fig. 2)
which displays information having been inputted to the
input setting portion 80. The user can make settings of
various functions and modes such as running courses,
by performing inputting to the input setting portion 80.
[0045] Fig. 2 is a circuit diagram illustrating the struc-
tures relating to the control device in the drum-type wash-
ing machine according to the embodiment of the present
invention, by indicating portions thereof in a block man-
ner.

[0046] As illustrated in Fig. 2, the control device 81
includes a controller 82, and a load drive portion 86. If a
power switch 84 is turned on, the controller 82 starts con-
trolling respective portions, by being supplied with elec-
tric power from a commercial power source 83. The con-
troller 82 controls the load drive portion 86, based on
output signals from the water level detector 76, the tem-
perature detector 73, a cloth amount detector 85, the
vibration detector 78, and a rotation speed detector 90.
The load drive portion 86 is constituted by a bidirectional
thyristor, a relay, and the like. The load drive portion 86
operates the motor 45, the heater 72, the first electro-
magnetic valve 57, the second electromagnetic valve 58,
the drainage pump 63, the circulation pump 67, and the
like, under the control of the controller 82. Thus, washing
processes, rinsing processes, and spin-drying processes
are performed. Further, the cloth amount detector 85 is
adapted to detect the amount of laundries within the ro-
tary drum 43. Further, the rotation speed detector 90 is
adapted to detect the rotation speed of the rotary drum
43, by detecting the number of rotations of the rotary
drum 43 per unit time.

[0047] Further, the controller 82 displays information
based on the contents of settings having been inputted
to the input setting portion 80 on the display portion 96.
Further, when some sorts of abnormalities in operations
oftherespective portions occur, the controller 82 displays
the fact that there have occurred such abnormalities on
the display portion 96 and, further, generates a notifica-
tion through a notification portion 87.
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[0048] The drum-type washing machine having the
aforementioned structure will be described, with respect
to operations thereof.

[0049] Figs. 3A and 3B illustrate flow charts of control
in the drum-type washing machine according to the em-
bodiment of the present invention, mainly illustrating
laundering processes corresponding to an OutDoor
Clothes course. Fig. 4 is a graph illustrating the relation-
ship between vibration values of the water tank unit and
threshold values, during spin-drying processes, when the
OutDoor Clothes course has been selected.

[0050] Atfirst, the user opens the lid body 52 and puts
clothes into the rotary drum 43. Thereafter, the user se-
lects a desired course, from various courses including
the OutDoor Clothes course, and, then, pushes a start
button (notillustrated), thereby starting running under the
control of the controller 82. Further, in the present em-
bodiment, the term "OutDoor clothes" refers to water-
proof clothes or water-repellent clothes.

[0051] Inastep S1,itis determined whether or not the
OutDoor Clothes course has been selected. If the select-
ed course is not the OutDoor Clothes course (in the case
of No), laundering processes corresponding to this se-
lected course are performed. If the selected course is the
OutDoor Clothes course (in the case of Yes), a washing
process is performed in a step S2, further, a rinsing (1)
process is performed in a step S3, and arinsing (2) proc-
ess is performed in a step S4. When the step S4 has
been completed, the control shifts to a step S5 where a
spin-drying process is started.

[0052] Inthe step S5, the drainage pump 63 is driven,
thereby discharging the washing water within the rotary
drum 43. In a step S6, the motor 45 is driven to rotate
the rotary drum 43 at a predetermined rotation speed
(e.g., about 50 r/min), while reversing the direction of
rotations thereof (changing the direction of rotations
thereof so as to alternately rotate it clockwise and coun-
terclockwise). Thus, the clothes having been entangled
with one another during the washing process and the
rinsing processes within the rotary drum 43 are disen-
tangled (a disentangling process).

[0053] In a step S7, the rotation speed of the rotary
drum 43 isincreased in a stepwise manner. In a step S8,
the vibration detector 78 detects vibration values of the
water tank unit 49 in the three-dimensional directions
when the rotation speed of the rotary drum 43 is 300 to
400 r/min, and the controller 82 selects the detection axis
along which the vibration values indicate a maximum val-
ue in the three-dimensional directions. In this case, for
ease of description, the description will be continued on
the assumption that the selected detection axis is the Z
axis.

[0054] In a step S9, the controller 82 compares the
vibration value of the water tank unit 49 in the Z-axis
direction (the upward and downward direction), which
has been detected in the step S8, with a first threshold
value a1 for the Z-axis direction, within the rotation-speed
range of 300 to 400 r/min. If the vibration value of the
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water tank unit 49 in the Z-axis direction, which has been
detected in the step S8, is equal to or larger than the first
threshold value a1 (in the case of No), the control shifts
to a step S16.

[0055] Inthe step S16, the controller 82 compares the
vibration value of the water tank unit 49 in the Z-axis
direction, which has been detected in the step S8, with
a second threshold value a2 for the Z-axis direction, with-
in the rotation-speed range of 300 to 400 r/min. If the
vibration value of the water tank unit 49 in the Z-axis
direction, which has been detected inthe step S8, is equal
to or larger than the second threshold value a2 (in the
case of No), the controller 82 determines that it is dan-
gerous to further increase the rotation speed of the rotary
drum 43, and the control shifts to a step S22. In the step
S22, the controller 82 interrupts the spin-drying process,
further causes the display portion 96 to display the fact
that an abnormality has occurred and, further, causes
the notification portion 87 to generate a notification there-
of. If the vibration value of the water tank unit 49 in the
Z-axis direction is smaller than the second threshold val-
ue a2 (in the case of Yes), the control shifts to a step S20.
[0056] In the step S20, the rotation of the rotary drum
43 is stopped. Subsequently, in a step S21, the controller
82 determines whether or not the number of times the
rotation of the rotary drum 43 has been stopped (the cu-
mulative number of times it has been stopped since the
start of the spin-drying process) is less than 20. If the
number of times the rotation of the rotary drum 43 has
been stopped is less than 20 (in the case of Yes), the
control returns to the step S6, in order to disentangle the
clothes having been entangled with one another. If the
number of times the rotation of the rotary drum 43 has
been stopped has reached 20 (in the case of No), the
controller 82 determines that the entanglement of the
clothes cannot be resolved even if the spin-drying proc-
ess is further continued and, thus, it is hard to restart a
spin-drying operation, and the control shifts to the afore-
mentioned step S22.

[0057] On the other hand, if the vibration value of the
water tank unit 49 in the Z-axis direction is smaller than
the first threshold value a1 in the step S9 (in the case of
Yes), the control shifts to a step S10. In the step S10,
the rotation speed of the rotary drum 43 is increased. In
a step S11, the vibration detector 78 detects a vibration
value of the water tank unit 49 when the rotation speed
oftherotary drum43is 400 to 500 r/min, and the controller
82 compares this detected vibration value with a first
threshold value b1 for the Z-axis direction within this ro-
tation-speed range. Ifthe vibration value of the water tank
unit 49 in the Z-axis direction, which has been detected
inthe step S11, is equalto or larger than the first threshold
value b1 (in the case of No), the control shifts to a step
S17.

[0058] Inthe step S17, the controller 82 compares the
vibration value of the water tank unit 49 in the Z-axis
direction, which has been detected in the step S11, with
a second threshold value b2 for the Z-axis direction, with-
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in the rotation-speed range of 400 to 500 r/min. If the
vibration value of the water tank unit 49 in the Z-axis
direction is equal to or larger than the second threshold
value b2 (in the case of No), the controller 82 determines
that it is dangerous to further increase the rotation speed
of the rotary drum 43, and the control shifts to the afore-
mentioned step S22. if the vibration value of the water
tank unit 49 in the Z-axis direction is smaller than the
second threshold value b2 (inthe case of Yes), the control
shifts to the aforementioned step S20.

[0059] On the other hand, if the vibration value of the
water tank unit 49 in the Z-axis direction is smaller than
the first threshold value b1 in the step S11 (in the case
of Yes), the control shifts to a step S12. In the step S12,
the rotation speed of the rotary drum 43 is increased. In
a step S13, the vibration detector 78 detects a vibration
value of the water tank unit 49 when the rotation speed
ofthe rotary drum43is 500 to 600 r/min, and the controller
82 compares this detected vibration value with a first
threshold value c1 for the Z-axis direction within this ro-
tation-speed range. Ifthe vibration value of the water tank
unit 49 in the Z-axis direction, which has been detected
inthe step S13, is equal to or larger than the first threshold
value c1 (in the case of No), the control shifts to a step
S18.

[0060] Inthe step S18, the controller 82 compares the
vibration value of the water tank unit 49 in the Z-axis
direction, which has been detected in the step S13, with
a second threshold value c2 for the Z-axis direction, with-
in the rotation-speed range of 500 to 600 r/min. If the
vibration value of the water tank unit 49 in the Z-axis
direction is equal to or larger than the second threshold
value c2 (in the case of No), the controller 82 determines
that it is dangerous to further increase the rotation speed
of the rotary drum 43, and the control shifts to the afore-
mentioned step S22. If the vibration value of the water
tank unit 49 in the Z-axis direction is smaller than the
second threshold value c2 (in the case of Yes), the control
shifts to the aforementioned step S20.

[0061] On the other hand, if the vibration value of the
water tank unit 49 in the Z-axis direction is smaller than
the first threshold value c1 in the step S13 (in the case
of Yes), the control shifts to a step S14. In the step S14,
the rotation speed of the rotary drum 43 is increased. In
a step S15, the vibration detector 78 detects a vibration
value of the water tank unit 49 when the rotation speed
ofthe rotary drum43is 600 to 700 r/min, and the controller
82 compares this detected vibration value with a first
threshold value d1 for the Z-axis direction within this ro-
tation-speed range. Ifthe vibration value of the water tank
unit 49 in the Z-axis direction, which has been detected
inthe step S15, is equal to or larger than the first threshold
value d1 (in the case of No), the control shifts to a step
S19.

[0062] Inthe step S19, the controller 82 compares the
vibration value of the water tank unit 49 in the Z-axis
direction, which has been detected in the step S15, with
a second threshold value d2 for the Z-axis direction, with-
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in the rotation-speed range of 600 to 700 r/min. If the
vibration value of the water tank unit 49 in the Z-axis
direction is equal to or larger than the second threshold
value d2 (in the case of No), the controller 82 determines
that it is dangerous to further increase the rotation speed
of the rotary drum 43, and the control shifts to the afore-
mentioned step S22. If the vibration value of the water
tank unit 49 in the Z-axis direction is smaller than the
second threshold value d2 (in the case of Yes), the control
shifts to the aforementioned step S20.

[0063] On the other hand, if, in the step S15, the vibra-
tion value of the water tank unit 49 in the Z-axis direction
is smaller than the first threshold value d1 (in the case
of Yes), the control shifts to a step S23. In the step S23,
the controller 82 determines that the imbalance state falls
within anormal range, and the rotation speed of the rotary
drum 43 is increased to 800 r/min, which is a maximum
spin-drying rotation speed for the OutDoor Clothes
course.

[0064] In a step S24, the rotary drum 43 is rotated for
apredetermined time period, atthe maximum spin-drying
rotation speed. After the elapse of the predetermined
time period, the rotation of the rotary drum 43 is stopped,
and the spin-drying process is completed.

[0065] As described above, in the present embodi-
ment, a selection is made for a detection axis along which
vibration values of the water tank unit 49 in the three-di-
mensional directions, which have been detected by the
vibration detector, indicate a maximum value. Further, if
the vibration value detected along this detection axis ex-
ceeds the first threshold value defined for each rotation-
speed range of the rotary drum 43 but is less than the
second threshold value, a spin-drying operation is re-
started. Thus, even in cases of performing spin-drying
operations on laundries which are waterproof-finished or
water-repellent-finished, such as outdoor clothes, it is
possible to early detect imbalance abnormalities which
may be induced due to the properties of such clothes.
As aresultthereof, itis possible to safely stop the running.
[0066] Further, the present invention is not limited to
the aforementioned embodiment and can be implement-
ed in other various aspects. For example, although the
vibration detector 78 is adapted to detect vibrations in
the water tank unit 49 in the aforementioned description,
the vibration detector 78 can be also adapted to detect
vibrations in the water tank 42, since vibrations in the
water tank unit49 are substantially the same as vibrations
in the water tank 42. In this case, similarly, it is possible
to obtain the same effects.

[0067] Further, although, without changing over from
the detection axis selected in the aforementioned step
S8, the determinations of abnormalities are performed
based on vibration values along this detection axis, the
presentinvention is not limited thereto. For example, the
detection axis can be re-selected for each rotation-speed
range.

[0068] Although the present invention has been fully
described in connection with the preferred embodiment
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thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the append-
ed claims unless they depart therefrom.

[0069] The entire disclosure of Japanese Patent Ap-
plication No. 2011-036743 filed on February 23, 2011,
including specification, drawings, and claims is incorpo-
rated herein by reference in its entirety.

Industrial Applicability

[0070] As described above, the drum-type washing
machine according to the present invention is capable of
early detecting imbalance abnormalities and safely stop-
ping running and, therefore, can be applied to applica-
tions of other washing machines having spin-drying func-
tions, and the like.

Claims
1. A drum-type washing machine, comprising:

a rotary drum;

a water tank containing the rotary drum;

a motor rotating the rotary drum;

a washing machine housing elastically support-
ing the water tank;

a vibration detector detecting vibration compo-
nents in three-dimensional directions in the wa-
ter tank;

a rotation speed detector detecting a rotation
speed of the rotary drum;

an operation display including an input setting
portion and a display portion; and

acontroller controlling the motor to perform laun-
dering processes including a spin-drying proc-
ess; wherein

the controller has a mode for selecting a detec-
tion axis along which the vibration values detect-
ed by the vibration detector indicate a maximum
value in the three-dimensional directions in the
water tank, and for restarting a spin-drying when
the vibration value detected along the selected
detection axis exceeds a first threshold value
defined for each rotation-speed range of the ro-
tary drum but is less than a second threshold
value, in the spin-drying process.

2. The drum-type washing machine according to claim
1, wherein
the controller executes the mode on receiving a com-
mand for washing waterproof or water-repellent
clothes, from the operation display.

3. The drum-type washing machine according to claim
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1 or 2, wherein

a spin-drying operation is interrupted and an abnor-
mality is displayed on the operation display, when
the vibration value detected along the selected de-
tection axis exceeds the first threshold value and the
second threshold value.
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