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(54) WASHING MACHINE

(57) A washing machine includes a housing, a wash-
tub for accommodating and rotating the laundry, a motor
for driving the washtub, a motor controller for controlling
the motor, a tubular container for accommodating the
washtub and supported relative to the housing, a support
device for supporting the tubular container to be in a pre-

determined position, an imbalance sensor for sensing
imbalance caused by the laundry lying in an imbalanced
manner in the washtub, and an imbalance vibration con-
troller for adding a signal, which corrects torque fluctua-
tion of the motor caused by the imbalance, to a motor
control signal.
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Description

Technical Field

[0001] The present invention relates to a washing machine equipped with a motor which generates rotary-driving force
for spinning a washtub in order to implement the steps of washing, rinsing, dewatering, and drying.

Background Art

[0002] Two types of washing machines, in general, are available in the market. One is called a pulsator type machine
which uses a circulating water-flow for washing the laundry. The other one is called a drum type machine which lifts and
drops the laundry for washing (beat-wash).
[0003] A user loads or unloads the laundry into or from the pulsator type machine from the top face, and the machine
is vertically long, so that it is also called a vertical type machine. The drum-type machine, on the other hand, is sometimes
called a horizontal type machine. A dryer is generally a horizontal type.
[0004] A drum-type washing machine recently introduced in the market is equipped with a drum, i.e. washtub, laid
therein slantingly based on a universal design concept. This structure allows the user to take out the laundry with ease,
improves the wash performance through the beat-wash, and achieves a shorter drying time than that of the vertical type
machine.
[0005] However, the drum-type washing machine tends to generate noises in the dewatering step due to the laundry
lying in an imbalanced manner, so that a damper is used for reducing the noises. (Refer to e.g. Patent Literature 1.)
[0006] Another drum-type washing machine employs a vibration sensor mounted to an upper section of the washtub
for sensing the vibrations of the washtub, and the rotation number of the motor is controlled by a controller over a
dewatering step based on the sensed signal. (Refer to e.g. Patent Literature 2.)
[0007] Since the drum is laid slantingly in the drum-type washing machine, the laundry tends to lie in an imbalanced
manner, so that the washtub generates vibrations of great magnitude.
[0008] The drum-type wasting machine disclosed in Patent Literature 2 senses the vibrations of the washtub, and
then controls only the rotation number in response to the magnitude of vibration, so that the control of motor does not
actively contribute to a reduction in the vibrations of the washtub. The washing machine disclosed in Patent Literature
2 is equipped with a damper at a lower section of a tubular container that accommodates the washtub, and only this
damper contributes to a reduction in the vibrations. This washing machine thus cannot reduce the vibrations in a steady
manner.

Related Art Literature

[0009]

Patent Literature 1: Unexamined Japanese Patent Application Publication No. 2006 - 136602
Patent Literature 2: Unexamined Japanese Patent Application Publication No. H05 - 154275

Disclosure of Invention

[0010] The washing machine of the present invention comprises the following structural elements: a housing, a washtub
for accommodating and rotating the laundry therein, a motor for driving the washtub, a motor controller for controlling
the motor, a tubular container for accommodating the washtub and being supported relative to the housing, a support
device for supporting the tubular container to be in a predetermined position, an imbalance sensor for sensing imbalance
of the laundry in the washtub, and an imbalance-vibration controller for adding a signal, which corrects torque-fluctuation
caused by the imbalance of the laundry, to a motor control signal.
[0011] The washing machine discussed above allows sensing the imbalance of the laundry as well as the torque
fluctuation caused by the imbalance, and then allows correcting the torque fluctuation by controlling the motor. As a
result, the vibrations caused by imbalance of the washtub during the dewatering step can be reduced and noises
accompanying the vibrations can be also reduced. On top of that, vibrations generated by increasing the rotation number
during the dewatering step can be suppressed, and a dewatering time can be shortened.

Brief Descriptions of Drawings

[0012]
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Fig. 1 is a block diagram illustrating a vibration controller of a washing machine in accordance with a first embodiment
of the present invention.
Fig. 2 is a block diagram illustrating a vibration controller of a washing machine in accordance with a second
embodiment of the present invention.
Fig. 3 is a block diagram illustrating a vibration controller of a washing machine in accordance with a third embodiment
of the present invention.
Fig. 4 demonstrates a vibration system of the tubular container when vibrations are generated by the imbalance of
the laundry in the washtub of the washing machine shown in Fig. 3.
Fig. 5A illustrates vibration loci of the washing machine shown in Fig. 3 at torque fluctuation of 2.7 Nm.
Fig. 5B illustrates vibration loci of the washing machine shown in Fig. 3 at torque fluctuation of 0 (zero) Nm.

Best Mode for Practicing then Invention

[0013] Exemplary embodiments of the present invention are demonstrated hereinafter with reference to the accom-
panying drawings. The embodiments do not limit the present invention.

Exemplary Embodiment 1

[0014] Fig. 1 is a block diagram illustrating a vibration controller of a washing machine in accordance with the first
embodiment of the present invention. The washing machine shown in Fig. 1 includes washing mechanism 10, rotary
drum 11 and motor 12. Rotary drum 11 is a washtub for accommodating the laundry. Motor 12 employs a brushless
motor and drives drum 11 while motor 12 controls the rotation number of drum 11.
[0015] The washing machine also includes tubular container 13, seal-packing 14, support spring 15, damper mech-
anism 16, housing 17, laundry inlet 18, vibration proof rubber 19, and three-axis acceleration sensor 20. Tubular container
13 accommodates washtub 11 and is supported relative to housing 17. Support spring 15 supports washtub 11 to be in
a predetermined position, and housing 17 has inlet 18 through which the laundry is loaded. Seal packing 14 eliminates
space between tubular container 13 and housing 17, thereby coupling them together. Damper mechanism 16 is formed
of a spring element and a damper element, and both the elements reduce the vibration generated during the wash (i.e.
when the motor rotates), thereby weakening the vibrations travelling to housing 17 and the floor.
[0016] Support spring 15 and damper mechanism 16 act as a support device for supporting tubular container 13 in a
predetermined position. Three-axis acceleration sensor 20 acts as a vibration sensor and is placed on the upper front
of tubular container 13 at the lateral face for sensing vibrations of tubular container 13. Vibration proof rubber 19 is
placed between the washing machine and the floor.
[0017] The washing machine shown in Fig. 1 is equipped with motor controller 21, velocity-sensor 24 made of Hall
IC, microprocessor controlling quantity calculator 25, and inverter circuit driver 26. Velocity sensor 24 senses a rotation
number of motor 12, and calculator 25 calculates an error between a target rotation number and the actual rotation
number of motor 12 sensed by velocity sensor 24, thereby calculating a controlled quantity before outputting motor
control signal 31. Inverter circuit driver 26 applies a driving current to motor 12.
[0018] The washing machine shown in Fig. 1 further includes imbalance sensor 22, imbalance vibration controller 23,
and adder 27. Imbalance sensor 22 calculates a quantity of vibrations (displacement) based on an output from three-
axis acceleration sensor 20 and the imbalance caused by the laundry lying in an imbalanced manner in washtub 11.
[0019] Imbalance vibration controller 23 estimates torque fluctuation based on an output from imbalance sensor 22,
and outputs a signal for correcting the torque fluctuation of motor 12 caused by the imbalance vibrations. Microprocessor
controlling quantity calculator 25 outputs motor control signal 31. Adder 27 adds the output from calculator 25 and the
output from controller 23 together, and then outputs this result to inverter circuit driver 26.
[0020] The way of controlling motor 12 is demonstrated hereinafter. Motor controller 21 receives a signal of a washing
mode from a washing machine controller (not shown), and then senses the washing mode, a dewatering mode, and a
drying mode for setting the target rotation number respectively in response to those three operation-modes. Motor 12
employs a DC brushless motor including a Hall element, eight poles, and twelve slots. Velocity sensor 24 made of Hall
IC senses a rotation number of motor 12 based on a signal supplied from the Hall IC. Microprocessor controlling quantity
calculator 25 calculates a difference (an error) between the target rotation number and an actual rotation number of
motor 12 sensed by sensor 24, and calculates a controlling quantity so that the error becomes zero.
[0021] The vibration control system makes imbalance sensor 22 sense the vibrations of tubular container 13 based
on an acceleration signal supplied from three-axis acceleration sensor 20 as well as estimate the imbalance of the
laundry. In other words, using the vibration sensor, imbalance sensor 22 senses the vibration of tubular container 13 as
the imbalance of the laundry. Sensing the vibration of tubular container 13 accurately at a smaller cost with a smaller
device allows reducing the vibration of tubular container 13 inexpensively during the dewatering operation as well as
reducing the noises caused by the vibrations.
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[0022] Imbalance vibration controller 23 senses torque fluctuation caused by imbalance vibrations, and calculates a
controlling quantity which cancels the torque fluctuation, thereby controlling the imbalance vibration. In this first embod-
iment, adder 27 adds the controlling quantity for correcting the torque fluctuation to the controlling quantity generated
by the motor rotation number control system, whereby motor 12 is driven and controlled.
[0023] In other words, the quantity of vibration, i.e. "quantity of state" in the motor vibration system, is handled as
torque fluctuation, which is then added to the rotation number control quantity of motor 12, thereby lowering the vibrations
which cause the torque fluctuation. Motor 12 is thus driven and controlled.
[0024] As discussed above, the washing machine in accordance with the first embodiment is equipped with three-axis
acceleration sensor 20 for sensing the vibrations of tubular container 13 so that the torque fluctuation caused by the
vibrations can be controlled as well as the rotation number of motor 12 can be controlled. As a result, the foregoing
structure allows controlling the vibrations, caused by motor 12, of tubular container 13. Resonant vibrations of the support
mechanism at the start of each step, i.e. steps of washing, dewatering, and drying, can be lowered, and the vibrations
of the support mechanism caused by the resonant vibrations of tubular container 13 during the regular rotating state of
the washing machine can be also lowered or prevented. On top of that, the noises generated by the vibrations of the
support mechanism can be lowered. During the dewatering step, since the imbalance of the laundry and the vibration
caused by the torque fluctuation of motor 12 can be reduced, the occasions, where the dewatering step is halted by
greater vibrations caused by increasing the dewatering rotation number, can be also reduced. The dewatering rotation
number thus can be increased at an early stage, thereby shortening the dewatering time.

Exemplary Embodiment 2

[0025] Fig. 2 is a block diagram illustrating a vibration controller of a washing machine in accordance with the second
embodiment of the present invention. The structure of the vibration control device is basically similar to that of the first
embodiment, so that the description thereof is omitted here. Structural elements similar to those used in the first em-
bodiment have the same reference signs.
[0026] Fig. 2 differs from Fig. 1 in the presence of torque-fluctuation corrector 28 which belongs to imbalance vibration
controller 23. Imbalance vibration controller 23, which senses torque fluctuation of motor 12, estimates fluctuation in the
torque of motor 12 based on the output from imbalance sensor 22 and the output from inverter circuit driver 26 for
correcting the torque fluctuation. For this purpose, torque-fluctuation corrector 28 generates a signal having the same
amplitude as and an opposite phase to the torque fluctuation of motor 12 so that the torque fluctuation becomes 0 (zero),
and outputs this signal to motor controller 21. As a result, the torque fluctuation caused by the imbalance of the laundry
can be accurately corrected. Imbalance vibrations during the dewatering step can be thus reduced, and the noise
generated by the imbalance vibrations also can be reduced.
[0027] Torque-fluctuation corrector 28 compares the vibration of tubular container 13 with the torque fluctuation indi-
cated by motor control signal 31 with the aid of three-axis acceleration sensor 20. Out of the torque fluctuation, the
frequency component, which has the same frequency as that of the vibrations of tubular container 13 and is synchronized
with the rotation number, is extracted. Corrector 28 then generates a signal having the same amplitude as that of the
foregoing frequency component and an opposite phase to that of the torque fluctuation, and outputs the signal to motor
controller 21, where adder 27 adds this signal to controller 21, thereby controlling motor 12.
[0028] As discussed above, the washing machine in accordance with the second embodiment includes three-axis
acceleration sensor 20 for sensing the vibrations of tubular container 13 so that the torque fluctuation caused by the
vibrations can be controlled as well as the rotation number of motor 12 can be controlled. As a result, the foregoing
structure allows controlling the vibrations, caused by motor 12, of tubular container 13. Resonant vibrations of the support
mechanism at the start of each step, i.e. the steps of washing, dewatering, and drying, can be lowered, and the vibrations
of the support mechanism caused by the resonant vibrations of tubular container 13 during the regular rotating state of
the washing machine can be also lowered or prevented. On top of that, the noises generated by the vibrations of the
support mechanism can be lowered.

Exemplary Embodiment 3

[0029] Fig. 3 is a block diagram illustrating a vibration controller of a washing machine in accordance with the third
embodiment of the present invention. The structure of the vibration control device is basically similar to that of the first
embodiment, so that the description thereof is omitted here. Structural elements similar to those used in the first em-
bodiment have the same reference signs.
[0030] Fig. 3 differs from Fig. 1 in the presence of vibration-locus sensor 30 which belongs to imbalance sensor 22
and the presence of signal-phase adjuster 29 which belongs to imbalance vibration controller 23. Vibration-locus sensor
30 senses the loci of the whirling of tubular container 13. Imbalance vibration controlled 23 controls motor 12 so that the
whirling of tubular container 13 can be minimized, and as a result, the vibrations of container 13 during the dewatering
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step can be reduced. On top of that, the noises generated by the vibrations also can be reduced. Signal-phase adjuster
29 adjusts a phase of the signal having the same amplitude as that of the torque fluctuation of motor 12 and supplied
from inverter circuit driver 26, whereby the output from vibration-locus sensor 30 can be changed from drawing ovals to
drawing near circles. As a result, the vibrations of tubular container 13 during the dewatering step can be reduced, and
the noises generated by the vibrations also can be reduced.
[0031] Three-axis acceleration sensor 20 senses vibrations occurring along three directions orthogonal to each other,
thereby sensing a whirling locus of tubular container 13. Imbalance vibration controller 23 thus controls motor 12 so that
the whirling of container 13 can be minimized. As a result, the vibrations of tubular container 13 during the dewatering
step can be reduced, and the noises generated by the vibrations also can be reduced.
[0032] Imbalance sensor 22 senses the vibrations of tubular container 13 as the imbalance of the laundry with the aid
of three-axis acceleration sensor 20 that can sense the vibrations occurring along the directions orthogonal to each
other. Using at least two signals out of three signals supplied from three-axis acceleration sensor 20, vibration locus
sensor 30 then senses the locus of the whirling of container 13.
[0033] Fig. 4 demonstrates a vibration system of tubular container 13 when the laundry invites imbalance in the washtub
of the washing machine in accordance with the third embodiment. The factors of the vibrations are these:

Centrifugal force "F" expressed by equation (1): 

Torque fluctuation "T pul (t) expressed by equation (2): 

[0034] The torque fluctuation expressed as following equation (3) is formed of a component generated by gravity of
imbalanced laundry and another component generated by fluctuation in bearing abrasion caused by the vibrations. 

where "m" is the mass of the laundry generating the imbalance,
"rx (t)" is x-axis component of the distance to the laundry generating the vibrations,
"ro" is a radius of the tubular container,
"g" is a gravity,
"ω" is angular velocity of the drum, and
"Tloss (t)" is torque fluctuation generated by the variation in the bearing abrasion caused by the vibrations.
[0035] Assume that the rotary motion of the washtub is an equiangular velocity motion as expressed by following
equation (4): 

[0036] In tubular container 13 supported by support spring 15 and damper mechanism 16, a vibration system of rotation
of the washtub encountering laundry-imbalance due to the rotation of motor 12 is studied hereinafter. This vibration
system is expressed by equation (5) in a general coordinate system. Equation (5) is expressed by expression (6) in six-
degree of freedom orthogonal coordinate system, 
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where in equation (6), "M" is the total mass of tubular container 13, the drum of washtub, and the laundry,
"J" is the moment of inertia on respective axes of tubular container 13,
"c" is viscosity coefficient,
"k" is spring constant,
"Fx(t), Fy(t), Fz(t)" are components of centrifugal force along respective axes,
"Tx(t), Ty(t), Tz(t)" are components of torque fluctuation along respective axes,
"x(t)" is vibration along x-axis at origin,
"y(t)" is vibration along y-axis at origin,
"z(t)" is vibration along z-axis at origin,
"θx(t)" is rotation vibration on x-axis,
"θy(t)" is rotation vibration on y-axis, and
"θz(t)" is rotation vibration on z-axis.
[0037] Now, let us study, as a decoupling system, only the rotating coordinates on x-axis, y-axis, z-axis to which
external force works respectively, and assume that the external forces vibrate harmonically. Then the equation of motion
is expressed by following equation (7), where constant "k" and coefficient "c" take values as indicated by following
equation (8), then the vibration measured on the outer wall of tubular container 13 at angle φ and point (x, y) can be
expressed by following equation (9). 

[0038] Next, Fig. 5A illustrates vibration loci of the washing machine shown in Fig. 3 at torque fluctuation of 2.7 Nm,
and Fig. 5B illustrates vibration loci of the washing machine shown in Fig. 3 at torque fluctuation of 0 (zero) Nm.
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[0039] In equations (7) and (9), assume that imbalance of 700 g is generated by the laundry, and the torque fluctuates
at 2.7 Nm, then tubular container 13 whirls like ovals as shown in Fig. 5A. However, the control allows the torque
fluctuation to approach 0 (zero), and then tubular container 13 whirls like circles as shown in Fig. 5B, so that the whirling
can be minimized. Vibration locus sensor 30 senses the locus of this whirling, and imbalance vibration controller 23
reduces the torque fluctuation with the aid of signal phase adjuster 29. This mechanism allows the whirling of tubular
container 13 to decrease from what is shown in Fig. 5A to what is shown in Fig. 5B.
[0040] As discussed above, the washing machine in accordance with this third embodiment is equipped with three-
axis acceleration sensor 20 for sensing the vibrations of tubular container 13 so that the torque fluctuation caused by
the vibrations can be controlled as well as the rotation number of motor 12 can be controlled. As a result, the foregoing
structure allows controlling the vibrations, caused by motor 12, of tubular container 13. Resonant vibrations of the support
mechanism at the start of each step, i.e. steps of washing, dewatering, and drying, can be lowered or prevented, and
the vibrations of the support mechanism caused by the resonant vibrations of tubular container 13 during the regular
rotating state of the washing machine can be also lowered or prevented. On top of that, the noises generated by the
vibrations of the support mechanism can be lowered or prevented.
[0041] In the first embodiment, the vibration sensor is placed on the upper section of lateral face of tubular container
13; however, it can be placed on a top face, a lateral face, on a foot of the bottom face of housing 17, or on the bottom
face of container 13 with an advantage similar to what is discussed previously maintained.
[0042] In the embodiments 1 - 3, the signal supplied from three-axis acceleration sensor 20 is fed back as it is for
controlling the vibrations; however, an observer can be formed of the signal supplied from sensor 20 and a motor current,
and the quantity of state of the observer can be fed back for the vibration control.
[0043] In the embodiments 1 - 3, three-axis acceleration sensor 20 is used; however, a gyro-sensor, i.e. an angular-
velocity sensor, can be used with an advantage similar to what is discussed previously maintained.

Industrial Applicability

[0044] The washing machine of the present invention senses imbalance of the laundry and torque fluctuation caused
by the imbalance, whereby the torque fluctuation can be corrected by controlling the motor. As a result, the imbalance
vibrations during the dewatering step can be reduced, and the noises generated by the imbalance vibrations also can
be reduced. On top of that, vibrations generated by increasing the rotation number during the dewatering step can be
suppressed, and a dewatering time can be shortened. The present invention is thus useful for the drum-type washing
machine among others.

Description of Reference Sings

[0045]

11 rotary drum (washtub)
12 motor
13 tubular container
14 seal packing
15 support spring (support device)
16 damper mechanism (support device)
17 housing
18 laundry inlet
20 three-axis acceleration sensor (vibration sensor)
21 motor controller
22 imbalance sensor
23 imbalance vibration controller
24 velocity sensor made of Hall IC
25 microprocessor controlling quantity calculator
26 inverter circuit driver
27 adder
28 torque-fluctuation corrector
29 signal phase adjuster
30 vibration-locus sensor
31 motor control signal
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Claims

1. A washing machine comprising:

a housing;
a washtub for accommodating and rotating laundry;
a motor for driving the washtub;
a motor controller for controlling the motor;
a tubular container for accommodating the washtub and supported relative to the housing;
a support device for supporting the tubular container to be in a predetermined position;
an imbalance sensor for sensing imbalance caused by the laundry lying in an imbalanced manner in the washtub;
and
an imbalance vibration controller for adding a signal, which corrects torque fluctuation of the motor caused by
the imbalance, to a motor control signal.

2. The washing machine of claim 1, wherein the imbalance vibration controller senses torque fluctuation of the motor.

3. The washing machine of claim 2, wherein the imbalance vibration controller includes a torque-fluctuation corrector
which generates a signal having an opposite phase to and an equal amplitude to those of the torque fluctuation of
the motor for making the torque fluctuation zero.

4. The washing machine as defined in one of claim 2 or claim 3, wherein the imbalance sensor includes a vibration-
locus sensor which senses a locus of whirling of the tubular container:

5. The washing machine of claim 4, wherein the imbalance vibration controller includes a signal-phase adjuster which
adjusts a phase of a signal having an equal amplitude to that of the torque fluctuation of the motor so that an output,
shaped like an oval, from the vibration locus sensor can approach a circular shape.

6. The washing machine of claim 1, wherein the imbalance sensor senses vibrations of the tubular container as
imbalance of the laundry with a vibration sensor.

7. The washing machine of claim 6, wherein the vibration sensor senses vibrations at a front side of the tubular container.

8. The washing machine of claim 6, wherein the vibration sensor senses vibrations at a bottom side of the tubular
container.

9. The washing machine as defined in one of claims 6 - 8, wherein the vibration sensor senses vibrations occurring
along three directions orthogonal to each other.

10. The washing machine as defined in one of claim 4 or claim 5, wherein the imbalance sensor senses vibrations of
the tubular container as imbalance of the laundry with a vibration sensor that can sense vibrations occurring along
three directions orthogonal to each other, and the vibration locus sensor senses a locus of whirling of the tubular
container by using at least two signals from out of three signals supplied from the vibration sensor.
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