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SPEED

(57)  Awashing machine includes adrum (1) forbeing
rotated with laundry (10) loaded therein, a drum container
(3) for accommodating the drum (1), and supported from
a housing (5) by a resilient supporting mechanism (4), a
motor (2) for rotating the drum (1), a vibration sensor (6)
for sensing a vibration of the drum container (3), a fre-
quency component calculator (7) for calculating a fre-
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quency component value of a vibration sensed by the
vibration sensor (6), and an rpm controller (8) for varying
an rpm of the motor (2) in response to the frequency
component value. The foregoing structure allows pre-
venting the laundry (10) from sticking to the inner wall of
drum (1), thereby improving washing power of the wash-
ing machine.
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Description
Technical Field

[0001] The present invention relates to a drum-type
washing machine, a method for controlling an rpm of a
drum of the washing machine, and a program of the con-
trol method.

Background Art

[0002] A conventional washing machine has moni-
tored the behavior of the drum and the laundry therein,
and then anticipated the behavior of the laundry for
changing an rpm of the drum. For instance, Patent Liter-
ature 1 discloses a washing machine including a drum
container equipped with an acceleration sensor. The
washing machine includes a controller for anticipating
the behavior of the laundry based on a change in an
output from the acceleration sensor and a change in a
torque current component of the motor, thereby changing
an rpm of the motor which rotates the drum.

[0003] The foregoing conventional structure, however,
cannot always properly control the rpm of the drum. To
be more specific, a variety of vibrations is loaded to the
drum container, so that the behavior of the laundry cannot
be monitored accurately based on a simple change in an
acceleration output. For instance, vibrations of the motor
per se or vibrations of the housing of the washing ma-
chine are loaded to the drum container. The drum con-
tainer generates different vibrations depending on an
amount, weight, quality of the laundry. The behavior of
the drum thus cannot be determined accurately based
on the simple change in the acceleration output. A similar
situation to what is discussed above can be expected to
an electric current value indicating the torque component
of the motor. For instance, a greater amount of water is
used when the washing machine is in the washing mode,
and when the clothes made of chemical fiber are washed,
no relation sometimes can be found between a moving
amount of the clothes and the torque.

[0004] The conventionalwashing machine thus cannot
detect the drum rotating eccentrically with the laundry
sticking on the inner wall of the drum. In the case where
the laundry sticks onthe inner wall of the drum and rotates
together with the drum, the laundry is hardly washed.
The conventional washing machine thus does not have
enough washing power.

Patent Literature 1: Unexamined Japanese Patent
Application Publication No. 2006 - 346270

Disclosure of Invention

[0005] The presentinvention detects the laundry stick-
ing on an inner wall of a drum of a washing machine, and
then controls an rpm of the drum, thereby preventing the
laundry from sticking on the inner wall, thereby increasing
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washing power of the washing machine.
[0006] The washing machine of the present invention
comprises the following structural elements

a drum for accommodating a laundry and being ro-
tated;

a drum container supported from a housing by a re-
silient supporting mechanism and accommodating
the drum;

a motor for driving the drum;

a vibration sensor for sensing vibrations of the drum
container;

a frequency component calculator for calculating a
frequency component of the vibrations sensed with
the vibration sensor; and

an rpm controller for changing an rpm of the motor
in response to the frequency component.

[0007] The structure discussed above allows extract-
ing a frequency component corresponding to an rpm of
the drum from the vibrations of the drum container, there-
by determining a state of the laundry sticking on the inner
wall of the drum. When the sticking state of the laundry
is sensed, the rpm controller lowers the rpm of the drum,
whereby the sticking of the laundry can be suppressed,
and the washing power of the washing machine can be
increased.

Brief Description of Drawings
[0008]

Fig. 1 shows a structure of a washing machine in
accordance with a first embodiment of the present
invention.

Fig. 2A shows an operation principle of the washing
machine in state X.

Fig. 2B shows frequency characteristics of the wash-
ing machine in state X.

Fig. 3A shows an operation principle of the washing
machine in state Y.

Fig. 3B shows frequency characteristics of the wash-
ing machine in state Y.

Fig. 4A shows an operation principle of the washing
machine in state Z.

Fig. 4B shows frequency characteristics of the wash-
ing machine in state Z.

Fig. 5 shows a flowchart illustrating an operation of
the washing machine shown in Fig. 1.

Fig. 6 illustrates variations in the rpm of the washing
machine.

Fig. 7 shows a flowchart illustrating operation of a
washing machine in accordance with a second em-
bodiment of the present invention.

Fig. 8 illustrates variations in the rpm of the washing
machine in accordance with the second embodi-
ment.

Fig. 9 shows a flowchart illustrating operation of a
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washing machine in accordance with a third embod-
iment of the present invention.

Fig. 10illustrates variations in the rpm of the washing
machine in accordance with the third embodiment.
Fig. 11 shows a structure of a washing machine in
accordance with a fourth embodiment of the present
invention.

Fig. 12A shows an operation principle of the washing
machine in state X in accordance with the fourth em-
bodiment.

Fig. 12B shows frequency characteristics of the
washing machine in state X.

Fig. 13A shows an operation principle of the washing
machine in state Y.

Fig. 13B shows frequency characteristics of the
washing machine in state Y.

Fig. 14A shows an operation principle of the washing
machine shown in Fig. 11 in state Z.

Fig. 14B shows frequency characteristics of the
washing machine in state Z.

Fig. 15 shows a flowchart illustrating operation of the
washing machine in accordance with the fourth em-
bodiment.

Fig. 16 illustrates variations in the rpm of the washing
machine shown in Fig. 11.

Fig. 17 shows a flowchart illustrating operation of the
washing machine in accordance with a fifth embod-
iment.

Fig. 18 illustrates variations in the rpm of the washing
machine shown in Fig. 17.

Fig. 19 shows a flowchartillustrating operation of the
washing machine in accordance with a sixth embod-
iment.

Fig. 20 illustrates variations in the rpm of the washing
machine shown in Fig. 19.

Fig. 21 shows a frequency range of a washing ma-
chine in accordance with a seventh embodiment of
the present invention.

Fig. 22 shows another frequency range of the wash-
ing machine in accordance with the seventh embod-
iment.

Fig. 23 shows a structure of a conventional washing
machine.

Description of Preference Signs

[0009]

1 drum

2 motor

3 drum container

4a  spring (resilient supporting mechanism)
4b  dumper (resilient supporting mechanism)
5 housing

6 vibration sensor

7 frequency component calculator

7a  baffle frequency-component calculator

8 rpm controller
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9 baffle
10  laundry

Best Mode for Carrying out the Invention

[0010] Exemplary embodiments of the present inven-
tion are demonstrated hereinafter with reference to the
accompanying drawings. A washing machine employing
a drum slantingly placed therein is used in the following
descriptions; however, the drum can be vertically placed,
or the washing machine equipped with a dryer can be
used. Not to mention, the present invention is not limited
to the following embodiments.

Embodiment 1

[0011] Fig. 1 shows a structure of a washing machine
in accordance with the first embodiment. Chief structural
elements in Fig. 1 are described one by one hereinafter.
[0012] Drum 1 is placed in housing 5, i.e. main body
of the washing machine, and works as a washing tub
rotating and accommodating laundry 10, such as clothes.
Drum 1 connects with motor 2 such that the center axis
of drum 1 aligns with the shaft of motor 2, whereby laundry
10 can be washed by the rotation of motor 2. Motor 2 is
formed of a brushless motor for rotating drum 1, and the
rpm of motor 2 is variable. Motor 2 repeats a forward
rotation and a backward rotation for washing laundry 10.
[0013] Drum container 3 accommodates drum1 and
water, and is rigidly mounted to housing 5 via resilient
supporting mechanism 4 such as spring 4a and dumper
4b.

[0014] Vibration sensor 6 senses drum container 3 vi-
brating, and is formed of an acceleration sensor (not
shown). In this embodiment 1, sensor 6 senses the vi-
brations (acceleration) along the right and left direction
with respect to the front of drum 1. The sensor can be
any sensor such as a semiconductor acceleration sen-
sor, a piezoelectric acceleration sensor, and a multi-axial
(biaxial or tri-axial) acceleration sensor. Actually the vi-
bration of drum container 3 cannot be always defined to
one direction, so that use of tri-axial acceleration sensor
can produce a better result because acceleration com-
ponents of each one of three axes are added together
for representing an actual acceleration.

[0015] Frequency component calculator 7 executes
Fourier transform by using the vibration sensed with sen-
sor 6, and extracts a frequency component of the vibra-
tion corresponding to an rpm of motor 2. Calculator 7 is
actually formed of a microprocessor, and executes Dis-
crete Fourier Transform (DFT) or Fast Fourier Transform
(FFT) by using a signal sensed with sensor 6, thereby
calculating a frequency component value (e.g. Fourier
vibration spectrum, or power spectrum) at a given fre-
quency (e.g. a frequency of vibration corresponding to
an rpm of motor 2) i.e. a vibration component value (fre-
quency component value). The rpm of drum 1 or motor
2 can be obtained from rpm controller 8.
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[0016] Rpm controller 8 increases or decreases the
rpm of motor 2 in response to the frequency component
value, calculated by frequency calculator 7, of the vibra-
tion corresponding to the rpm of motor 2.

[0017] The operation principle of the washing machine
discussed above is demonstrated hereinafter with refer-
ence to Fig. 2A - Fig. 4B, which illustrate the operation
principle of the present invention. Figs. 2A, 3A, and 4A
show the state of laundry 10 loaded in drum 1. Laundry
10 is indicated with a circle in those Figs. A triangle in
each Fig. indicates baffle 9 on which laundry 10 is caught
to be lifted and agitated.

[0018] Fig. 2A shows a state where drum 1 rotates at
a low rpm (e.g. 41 rpm). The low rpm does not generate
great centrifugal force to be applied to laundry 10, which
thus just rolls around a lower section of drum 1. In this
case, since drum 1 rotates at the low rpm, a little amount
of laundry 10 can be lifted with baffle 9, so that a little
amount of laundry 10 can be agitated. This state is re-
ferred to as "state X" in this embodiment.

[0019] Fig. 3A shows a state where drum 1 rotate at a
medium rpm (e.g. 45 rpm) between the case shown in
Fig. 2A and the coming case shown in Fig. 4A (a higher
rpm). In this case laundry 10 is lifted with baffle 9; how-
ever, the centrifugal force is not strong enough so that
laundry 10 peels off the inner wall of drum 1 and falls to
the lower section of drum 1 due to gravity (since it has a
speed, laundry 10 beats on the bottom). This state is
referred to as "state Y".

[0020] Fig. 4A shows a state where drum 1 rotates at
a high rpm (e.g. 49rpm). Rather greater centrifugal force
is applied to laundry 10 due to the high rpm, so that laun-
dry 10 sticks to the inner wall of drum 1, and laundry 10
thus rotates together with drum 1. This state is referred
to as "state Z".

[0021] Comparison of the cases shown in Figs. 2A,
3A, and 4A with each other tells in general that the case
shown in Fig. 3A is the most suitable for washing, and
the case shown in Fig. 4A hardly washes laundry 10.
[0022] State X shown in Fig. 2A is likely to entangle
the laundry, and state Z shown in Fig. 4A exerts less
washing power because the laundry sticks to the inner
wall and does not move at all. From the viewpoint of the
torque loaded to motor 2 or the power consumption, al-
though they vary depending on a kind of cloth, state X
shown in Fig. 2A burdens drum 1 with the heaviest load,
and runs the greatest current in motor 2. Since the fore-
going conventional case determines a state of the laun-
dry based on a torque current component, it is likely to
select state X shown in Fig. 2A as an optimum state.
[0023] Eachvibration data (acceleration alongthe right
and left direction with respect to drum 1), of states X, Y
and Z, obtained with vibration sensor 6 undergoes a fre-
quency analysis, thereby obtaining frequency character-
istics as shown in Figs. 2B, 3B, and 4B. X-axes of Figs.
2B, 3B, and 4B indicate the frequency (Hz) of the vibration
corresponding to the rpm of drum 1. Y-axes thereof in-
dicate Fourier amplitude spectrum (G. sec) showing the
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values of each one of frequency components. In Figs.
2B, 3B, and 4B, assume that drum 1 rotates at rpm N,
and then the frequency corresponding to this rpm N is N/
60 Hz. In other words, as shown with a leader line, 41
rpm/60 sec = 0.68 Hz in Fig. 2B, 45 rpm/60 sec = 0.75
Hz in Fig. 3B, and 49 rpm/60 sec = 0.82 Hz in Fig. 4B.
[0024] As those Figs. explicitly show, the frequency
component of the vibration corresponding to the rpm of
drum 1 is as small as 0.04 (G. sec) in Fig. 2B; however,
it is as great as 0.32 (G. sec) in Fig. 4B, while Fig. 3B
shows 0.23 (G. sec) which is a medium value between
them. The fact tells that laundry 10 sticking to the inner
wall of drum 1 burdens drum 1 with eccentric load. To be
more specific, the frequency component of the vibration
corresponding to the rpm of drum 1 is generated frequent-
ly when drum 1 rotates eccentrically, i.e. when laundry
10 sticks to the inner wall of drum 1, and the frequency
component is rarely generated in the other cases. Differ-
ent kinds of cloth will maintain this tendency, so that it
can be concluded that the frequency component be-
comes greater as far as laundry 10 sticks to the inner
wall of drum 1. If the drum 1 is jam-packed with the laun-
dry, the laundry always sticks to the inner wall at any rpm,
so that no change in the frequency characteristics is
found.

[0025] In this first embodiment, the characteristics dis-
cussed above are used. In other words, vibration sensor
6 is mounted to drum container 3, and the signal supplied
from sensor 6 undergoes the Fourier transform in fre-
quency component calculator 7, thereby finding a fre-
quency component value of the vibration corresponding
to the rpm of drum 1. Then rpm controller 8 determines
whether or not laundry 10 sticks to the inner wall of drum
1 based on the frequency component value found as dis-
cussed above. When laundry 10 sticks to drum 1 (when
the frequency component is great), the rpm of motor 2 is
lowered. When laundry 10 does not stick to drum 1 (when
the frequency component is small), the rpm of motor 2
is increased. This mechanism allows the laundry in the
washing process to be beaten against the inner wall as
shown in Fig. 3A, so that greater washing power can be
expected.

[0026] Fig. 5 shows a flowchart depicting operation of
each section of the washing machine for controlling an
rpm of drum 1 in the washing process. The steps in the
washing process are described hereinafter one by one.
This flowchart illustrates the procedure of the washing
process, and various steps, such as determining an
amount of cloth, loading detergent, pouring water, should
be ended before this washing process. In Fig. 5, "S" is
used as an abbreviation for "step". First, the washing
process starts, and rpm controller 8 initializes the rpm to
initial value VO, which can be a value corresponding to
an amount of cloth sensed in the previous process, or
can be a fixed value (step A1).

[0027] Next, rpm controller 8 rotates motor 2 (drum 1)
atrpmV for giventime T selected from the range between
10 - 15 seconds. If motor 2 remains rotating based on
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the previous step in the washing process, motor 2 is then
rotated in the reverse direction to the previous one (step
A2).

[0028] Thenfrequency componentcalculator 7 obtains
vibration information sensed with vibration sensor 6 dur-
ing the rotation of drum 1 in step A2, and the vibration
information is handled as time-series data which then
undergoes Fourier transform for finding the frequency
component of the vibration corresponding to the rpm of
drum 1 (step A3). In other words, in the case where drum
1 rotates at rpm V, a frequency component with respect
to the frequency V/60 Hz, which indicates the vibration
corresponding to the rom V, is found. Frequency com-
ponent calculator 7 obtains rpm V from rpm controller 8.
In this embodiment, vibration sensor 6 senses the vibra-
tion of drum container 3 along one direction (right and
left direction); however, when tri-axial acceleration sen-
sor is used, calculator 6 adds the acceleration signals
about the three axes together, and the resultant value
undergoes the Fourier transform. This procedure results
in a more accurate vibration. The Fourier transform can
be executed by software installed in the microprocessor
forming frequency component calculator 7, and Discrete
Fourier Transform (DFT) or Fast Fourier Transform (FFT)
is executed for calculating a Fourier amplitude spectrum
or a power spectrum. The Fourier transform can be also
executed by using a dedicated calculating hardware such
as a Digital Signal Processor (DSP).

[0029] The Fourier transform produces the frequency
component Xv corresponding to rpm V of drum 1, and
then rpm controller 8 compares this frequency compo-
nent Xv with a given range A (a first given range "a0 - a
second given range "a1"). The comparison will result in
the following three processes:

(1) In the case of Xv < a0: move on to step A5
(2) In the case of Xv > a1: move on to step A6
(3) In the case of a0 < Xv < a1: move on to step A7

[0030] Inthe case of (1), since the calculated frequen-
cy component Xvis small, itis determined that the laundry
does not stick to the inner wall of drum 1 yet. Rpm V of
drum 1 is thus increased by dV, so that drum 1 is rotated
at rpm V+dV (step A5).

[0031] Inthe case of (2), since the calculated frequen-
cy component Xv is great, itis determined that the laundry
has stuck to the inner wall of drum 1. Rpm V of drum 1
is thus reduced by dV, so that drum 1 is rotated at rpm
V-dV (step AB).

[0032] In the case of (3), it is determined that rpm V is
properly selected, so that this process determines wheth-
er or not the washing time ends. In the case where the
washing time does not end yet, the step returns to step
A2 for repeating the operation discussed above. In the
case where the washing time ends, the step moves on
to the next step, e.g. dehydrating step (step A7).

[0033] Fig. 6 shows variations in the rpm of drum 1 due
to the operation in step A1 - A7 discussed above. Fig. 6
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tells that rpm controller 8 varies the rpm of drum 1 such
that the frequency component values calculated by fre-
quency component calculator 7 can fall within a given
range A.

[0034] To be more specific, rotate drum 1 at rpm V for
a given time T (S61 in Fig. 6), then compare frequency
component Xv with range A (S62). The comparison finds
that frequency component Xv1 is smaller than a0, then
increase rpm V to V+dV, and rotate drum 1 for a given
time T (S63). In a similar way, compare Xv with range A
(S64) to find that Xv2 is smaller than a0, then increase
the rpm to V+dV again and rotates drum 1 for a given
time T (S65). Then compare Xv with range A (S66) to
find that Xv3 is greater than a1, and reduce the rpm of
drum 1 to V-dV, and rotate drum 1 for a given time T
(S67). Then compare Xv with range A (S68) to find that
Xv4 falls within range A, and maintain the rpm of drum 1
for a given time T (S69).

[0035] The operation discussed above allows the laun-
dry to stay in state Y where the laundry is in the state just
before sticking to drum 1, i.e. the laundry beats on the
inner wall of drum 1 for being well washed as shown in
Fig. 3A. The laundry thus can be washed more effective-
ly, so that the washing time can be shortened.

[0036] Frequency component Xv calculated in step A3
shown in Fig. 5 can be stored in rpm controller 8. When
the rpm is changed and a frequency component is newly
calculated in step A5 and A6, the present frequency com-
ponentis compared with the stored one, and if no change
is found, the rpm needs not to be changed. This proce-
dure allows solving the following problem: when drum 1
is jam-packed with the laundry, the frequency character-
istics of the vibration of drum 1 won’t varied by the rpm.
In such a case, the laundry can be washed at an rpm
close to initial value VO.

[0037] As discussed above, this first embodiment
proves that frequency component calculator 7 calculates
a frequency component value with respect to the vibra-
tion sensed by vibration sensor 6, and rpm controller 8
varies the rpm of motor 2 in response to the frequency
component value. The present invention thus allows var-
ying the rpm of motor 2 appropriately in response to the
vibrations of laundry 10 and drum 1.

[0038] On top of that, rpm controller 8 increases the
rpm of motor 2 when the frequency component value is
smallerthan a givenrange, while itreduces the rpom when
the frequency componentis greater than the given range.
The present invention thus allows preventing laundry 10
from sticking to drum 1, and resultantly improving the
washing power.

[0039] In a case where a multi-axial acceleration sen-
sor is used in vibration sensor 6, not only vibration infor-
mation along each one of the axial directions but also the
total vibration information can be used. Since drum con-
tainer 3 not always vibrates along one direction only, use
of the total vibration information along the multi-axes al-
lows obtaining more accurate vibration of drum container
3, i.e. vibration of drum 1.
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Embodiment 2

[0040] Inembodiment 1 discussed previously, the out-
put signals from vibration sensor 6 always undergo a
frequency analysis during the washing process, and the
rpm of drum 1 is varied based on the analysis result. In
this embodiment 2, the rpm is changed only at the be-
ginning of the washing process.

[0041] Embodiment2is demonstrated hereinafter with
reference to Figs. 7 and 8. Fig. 7 shows a flowchart of
embodiment 2, and Fig. 8 illustrates the operation of em-
bodiment 2.

[0042] First, the rpm of drum 1 (motor 2) is initialized
to V1 at the beginning of the washing process (step B1).
In this embodiment 2, initial value V1 is an upper limit of
the rpm of drum 1 (motor 2).

[0043] The upperlimitofthe rpmreferstothe maximum
rpm at which motor 2 can rotate drum 1 with laundry 10
loaded in drum 1. In general, motor 2 consumes greater
power at a lower rpm, so that an extremely small rpm
cannot be set (except when the motor is halted). There-
fore, motor 2 has a lower limit of rpm. In this embodiment
2, the rpm of drum 1 is varied within the following range
in response to the performance of motor 2: upper limit =
V1 and lower limit=V2. These limits are set appropriately
in response to the performance, power consumption,
mechanism, and durability of motor 2.

[0044] Then rpm controller 8 rotates drum 1 (motor 2)
atrpm V for a given time T. If drum 1 still remains rotating
based on the previous step, drum 1 should be rotated in
a reverse direction to the previous one (step B2).
[0045] Then similar to step A3, frequency component
calculator 7 calculates frequency component Xv of the
vibration with respect to rpom V of drum 1 by using the
time series data sensed by vibration sensor 6 (step B3).
[0046] Next, rpm controller 8 compares frequency
component Xv calculated by calculator 7 with a give
threshold value "a2" (step B4). In the case of Xv < a2,
the laundry is determined not to stick to drum 1 at the
present rpom V, so that the step moves on to step B7, and
the laundry is kept washing at rpm V until the washing
ends.

[0047] Inthe case of Xv>a2, the laundry is determined
to stick to drum 1, so that the step moves on to step B5.
Rpm controller 8 checks whether or not the present rpm
Vis greater than lower limit V2 (step B5). In a case where
drum 1 is jam-packed with laundry 10, reduction in the
rpm sometimes cannot change the sticking state. In such
a case, drum 1 should not be rotated at an extremely
small value, but it is rotated at the rpm close to lower limit
V2. In this embodiment 2, when the rpm becomes lower
than lower limit V2 or equal to V2 ("No" in Fag.7), the
step moves onto step B7, and the laundry is kept washing
onward at this rpom. When the rpm is greater than lower
limit V2 ("Yes" in Fig. 7), the step moves on to step B6
where rpm V is reduced by dV, and then the step returns
to step B2 for repeating the operation discussed above.
[0048] The foregoing operation allows varying the rpm,
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e.g. as shown in Fig. 8, which varies rom V of drum 1, at
the beginning of the washing, from upper limit V1 to lower
limit V2 until the frequency component becomes an ap-
propriate value (until the frequency component becomes
lower than threshold value a2). When the frequency com-
ponent becomes the appropriate value, the rpm is main-
tained onward during the washing process.

[0049] To be more specific, rotate drum 1 at rpm V1
foragiventime T (S81 in Fig. 8), then compare frequency
component Xv with threshold value a2 (S82). The com-
parison finds that frequency component Xv1 is greater
than a2, then reduce rpm V to V-dV, and rotate drum 1
for a given time T (S83). In a similar way, compare Xv
with threshold value a2 (S84) to find Xv2 is smaller than
a2, and then the rpm is maintained onward (S85).
[0050] This method allows rpm controller 8 to deter-
mine an appropriate rpom of drum 1 at the beginning of
the washing, so that the laundry can beats on drum 1 as
the first embodiment does for being washed efficiently.
In general, motor 2 needs torque at a low rpm of drum
1, so that greater power is consumed. The rpm is thus
varied from the higher one to the lower one as discussed
above in the process of determining the rpm, so that a
determination of a low rpm can be avoided, which can
reduce the power consumption. In this embodiment 2, it
is not needed to calculate the frequency component al-
ways during the washing, so that the microprocessor of
frequency component calculator 7 needs not to be a so-
phisticated one.

[0051] The flowchart shown in Fig. 7 is carried out at
the beginning of the washing process; however, it can
be done in the midway of the washing process. Because
sometimes it is more efficient that the rpm is determined
after laundry 10 absorbs water sufficiently.

Embodiment 3

[0052] Inthis embodiment3,the rpmofdrum 1is varied
from the lower limit to the upper limit, while in embodiment
2 previously discussed the rpm of drum 1 is varied from
the upper limit to the lower limit. Embodiment 3 is dem-
onstrated hereinafter with reference to Figs. 9 and 10.

[0053] Fig. 9 shows a flowchart illustrating embodi-
ment 3, and Fig. 10 illustrates a principle of operation of
embodiment 3. The flowchart shown in Fig. 9 is basically
similar to that shown in Fig. 7 except steps B1’, B4’, BS’,
and B6'. In step B1’, initialize rpm V of drum 1 to lower
limit V2. In step B4’, compare the calculated frequency
component Xv with threshold value a3, and in the case
of Xv > a3, the step moves on to step B7 for maintaining
rpm V onward, while in the case of Xv < a3, the step
moves on to step B5'. In step B5’, compare rpm V with
upper limit V1, and in the case of V > V1 ("No" in Fig. 9),
the step moves on to step B7, and maintain rpom V onward
for washing. In the case of V < V1 ("Yes" in Fig. 9), the
step moves on to step B6’, where rpm V is increased to
V+dV, and then moves on to step B2. The operation fol-
lowing this flowchart shown in Fig. 9 allows varying the
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rpm as shown in Fig. 10.

[0054] To be more specific, rotate drum 1 at rpm V2
for a given time T (S101), and compare frequency com-
ponent Xv with threshold value a3 (S102). When the com-
parison result finds that frequency component Xv1 is
smaller than threshold value a3, the rpom is increased to
V+dV, and then drum 1 is rotated for a given time T
(S103). Operation similar to the foregoing one is repeat-
ed, and frequency component Xv is compared with
threshold value a3 (S104). When the comparison result
finds that frequency component Xv2 is greater than
threshold value a3, the rpm of drum 1 is not varied but
maintained for rotating drum 1. (S105).

[0055] As discussed above, the rpm of drum 1 is in-
creased from the lower one to the higher one. During this
process of determining the rpm, the laundry can be pre-
vented from sticking to drum 1, so that the washing power
as a whole can be improved.

[0056] Embodiments 1, 2 and 3 discussed above ob-
tain a frequency component value of the vibration corre-
sponding to an rpm of drum 1, and vary the rpm of drum
1 in response to the frequency component value. This
operation allows determining the rpm of drum 1 appro-
priately for the washing onward, and prevents laundry 10
from sticking to drum1 so that laundry 10 can always beat
on drum 1 for better washing. As a result, the washing
power can be increased, and thus the washing time can
be shortened.

[0057] This embodiment 3 does not need to calculate
the frequency component value always during the wash-
ing, so that frequency component calculator 7 does not
need to have a sophisticated microprocessor, as dis-
cussed in embodiment 2.

Embodiment 4

[0058] Inembodiments 1 - 3 discussed previously, fre-
quency component calculator 7 has a function of extract-
ing a frequency component of the vibration correspond-
ing to an rpm of motor 2; however, in this embodiment 4
frequency component calculator 7 has a function of ex-
tracting a frequency component of the vibration generat-
ed by agitating the laundry with baffles. Embodiment 4
is demonstrated hereinafter with reference to Fig. 11.
[0059] Fig. 11 shows a structure of a washing machine
in accordance with embodiment 4. Structural elements
similar to those in embodiments 1-3 have the same ref-
erence signs, and the descriptions thereof are omitted
here.

[0060] Drum 1 accommodating laundry 10 such as
clothes works as a washing tub and rotates for washing.
Drum 1 is coupled to motor 2, and rotates for washing
the laundry. Drum 1 includes baffles 9 therein for agitating
laundry 10. In this embodiment 4, three (n=3) baffles 9
are used.

[0061] Baffle frequency-component calculator 7a is
the counterpart of frequency component calculator 7
used in embodiments 1 - 3. Baffles 9 agitate laundry 10,
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sothatafrequency is generated. A frequency component
value of the vibration is calculated by calculator 7a. To
be more specific, calculator 7a is formed of a microproc-
essor as discussed in embodiment 1 - 3, and a signal
supplied from vibration sensor 6 undergoes Discrete
Fourier Transform or Fast Fourier Transform for calcu-
lating the frequency component value (Fourier amplitude
spectrum or a power spectrum) corresponding to the vi-
bration at a given frequency. In this embodiment 4, as-
sume that drum 1 (motor 2) rotates at rpm V, then a fre-
quency component of V/60 X n(Hz) is calculated by using
the data supplied from vibration sensor 6. Rpm V can be
supplied from rpm controller 8.

[0062] Rpm controller 8 varies the rpm of motor 2 in
response to the frequency component value calculated
by baffle frequency-component calculator 7a.

[0063] The other structures remain unchanged from
those of embodiments 1 - 3. The operation principle of
the washing machine discussed above is demonstrated
hereinafter with reference to Figs. 12A - 14B, whichiillus-
trate the operation principle of the presentinvention. Figs.
12A, 13A, and 14A show the state of the laundry loaded
in drum 1, as embodiment 1 describes. In this embodi-
ment 4 drum 1 includes three baffles. (number of baffles
n=23)

[0064] Fig. 12A shows a state where drum 1 rotates
atalowrpm (e.g.41rpm). The low rpm does notgenerate
great centrifugal force to be applied to laundry 10, which
thus just rolls around a lower section of drum 1. In this
case, since drum 1 rotates at the low rpm, a little amount
of laundry 10 can be lifted with baffle 9, so that a little
amount of laundry 10 can be agitated. This state is re-
ferred to as "state X" in this embodiment.

[0065] Fig. 13A shows a state where drum 1 rotate at
a medium rpm (e.g. 45 rpm) between the case shown in
Fig. 12A and the coming case shown in Fig. 14A (a higher
rpm). In this case laundry 10 is lifted with baffle 9; how-
ever, the centrifugal force is not strong enough so that
laundry 10 peels off the inner wall of drum 1 and falls to
the lower section of drum 1 due to gravity (since it has a
speed, laundry 10 beats on the bottom). This state is
referred to as "state Y".

[0066] Fig. 14A shows a state where drum 1 rotates
at a high rpm (e.g. 49rpm). Rather greater centrifugal
force is applied to laundry 10 due to the high rpm, so that
laundry 10 sticks to the inner wall of drum 1, and laundry
10 thus rotates together with drum 1. This state is referred
to as "state Z".

[0067] Comparison of the cases shown in Figs. 12A,
13A, and 14A with each other in terms of the washing
power tells, in general, that the case shown in Fig. 13A,
i.e. state "Y" or the case shown in Fig. 12A, i.e. state "X"
is suitable for washing, and the case shown in Fig. 14A,
i.e. state "Z" exerts lower washing power, because laun-
dry 10 sticks to the inner wall of drum 1 and does not
move at all.

[0068] Each vibrationdata(accelerationalong the right
and left direction with respect to drum 1), of states X (Fig.
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12A),Y (Fig. 13A) and Z (Fig. 14A), obtained by vibration
sensor 6 undergoes a frequency analysis, thereby ob-
taining frequency characteristics as shown in Figs. 12B,
13B, and 14B. X-axes of Figs. 12B, 13B, and 14B indicate
the frequency (Hz) of the vibration generated by the ro-
tation of drum 1. Y-axes thereof indicate Fourier ampli-
tude spectrum (G. sec) showing the values of each one
of frequency components. In Figs. 12B, 13B, and 14B,
baffle frequencies are pointed with leader lines. The baf-
fle frequency is calculated this way: a frequency corre-
sponding to a given rpm is multiplied by the number (n)
of baffles. In the case of rom V and n = 3, the baffle
frequency is expressed with this equation: V/60 X n=V/
60 X 3 (Hz). The resultant frequency is a typical frequen-
cy of the vibration given to laundry 10 by baffles 9. To be
more specific, as shown with the leader lines, in the case
of Fig. 12B, 41rpm/60 sec X 3 = 2.05 Hz is found, and
in the case of Fig. 13B, 45rpm/60 sec X 3 =2.25 Hz is
found, and in the case of Fig. 14B, 49rpm)/60 sec X 3 =
2.45 Hz is found.

[0069] AsFigs. 12B - 14B explicitly show, the frequen-
cy component of the vibration corresponding to the rpm
of drum 1 is as small as 0.1.4 G sec in Fig. 14B where
laundry 10 sticks to drum 1; however, it becomes rather
great such as 0.26 G - sec in Fig. 13B, and 0.18 G - sec
in Fig. 12B. Because laundry 10 sticks to the inner wall
of drum 1 in state "Z" shown in Fig. 14B, and agitating
effect by baffles 9 becomes thus smaller. Different kinds
of cloth or different amount of clothes still maintain this
tendency, and the sticking state of laundry 10 reduces
the frequency component value of the vibration at the
baffle frequency. In general, a greater frequency compo-
nent at the baffle frequency agitates the clothes in drum
1 more violently with baffles 9, so that greater washing
power can be expected. The control of the rpm of drum
1 thus can improve the washing power.

[0070] In this embodiment 4, the characteristics dis-
cussed above is used, and signals supplied from vibra-
tion sensor 6 mounted to drum container 3 undergo the
Fourier transform, thereby finding a frequency compo-
nent value of the vibration at the baffle frequency. Drum
1 is rotated at the rpm where the frequency component
value becomes maximum or higher than a given value,
whereby the washing power of the washing machine can
be increased.

[0071] Fig. 15 shows a flowchart depicting the opera-
tion, following the operation principle discussed above,
of each structural element for controlling an rpm of drum
1 in the washing process. The steps are described here-
inafter one by one. This flowchart illustrates the proce-
dure of the washing process, and various steps, such as
determining an amount of cloth, loading detergent, pour-
ing water, should be ended before this washing process.
[0072] First, after the washing process starts, rpm con-
troller 8 sets an appropriate value to variable Vi(i =0, ..... ,
M) which represents an rpm of drum 1 (motor 2) (step
C1). Variable Vi is a candidate of the rpm. This variable
can be changed depending on an amount of cloth, or can
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be a fixed one. In this embodiment 4, variable Vi is fixed,
and V0=41rpm, V1=45rpm, V2=49rpm, and V3=53rpm
at M=3 are set.

[0073] Next, variable "i", namely, an rpm candidate, is
initialized to O (zero) (step C2). Then rpm controller 8
rotates motor 2 (drum 1) at rpm Vi fora given time T (step
C3). The given time T falls within a range between 10 -
15 seconds in this embodiment 4. If motor 2 remains
rotating based on the previous step in the washing proc-
ess, motor 2 is then rotated in the reverse direction to
the previous one. This reverse rotation allows preventing
the clothes from being tangled with each other during a
search for the rpm.

[0074] Next, baffle frequency-component calculator
7aobtains vibration information, sensed by vibration sen-
sor 6 during the rotation of drum 1 in step C3, as time-
series data, which then undergoes the Fourier transform.
Calculator 7a then finds a frequency component value
of the vibration corresponding to the baffle frequency of
drum 1. (step C4). In other words, calculator 7a finds the
frequency component value of the vibration at the fre-
quency of Vi/60 X 3Hz. Calculator 7a obtains rpm Vifrom
rpm controller 8. The magnitude of the vibration corre-
sponding to the calculated baffle frequency is represent-
ed by frequency component value Fi.

[0075] Inthisembodiment4, vibration sensor 6 senses
vibrations along one direction (right and left direction) of
drum container 3; however, when a tri-axial acceleration
sensor is used, baffle frequency-component calculator
7a adds acceleration signals together along not only the
right-left direction, but also up-down direction and back-
forth direction, and then the added-up value undergoes
the Fourier transform. The vibrations can be thus calcu-
lated more accurately with the tri-axial acceleration sen-
sor. The Fourier transform can be executed by software
installed in the microprocessor which forms baffle fre-
quency-component calculator 7a, and Discrete Fourier
Transform or Fast Fourier Transform is executed for cal-
culating a Fourier amplitude spectrum or a power spec-
trum. The Fourier transform can be also executed by us-
ing a dedicated calculating hardware such as a Digital
Signal Processor (DSP).

[0076] Next, variable "i", namely, a candidate of the
rpm, is compared with M, which is a total number of the
candidates, in order to check whether or not variable "i"
is equal to M (step C5). In other words, the comparison
is done to check whether or not frequency component
value Fi is found for each one of the candidates of the
rpm. In the case of variable i = M (Yes in Fig. 15), the
step moves on to step C7 because the frequency com-
ponent value has been found for each one the candi-
dates. In the case of variable i = M (No in Fig. 15), "i" is
increased by 1 (one) in step C6 because some candi-
dates, of which frequency components are not yet cal-
culated, still remain, and then the step returns to step C3,
where frequency component value Fi is calculated for
the next candidate of the rpm.

[0077] Rpm controller 8 compares frequency compo-
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nent values Fi(i=1, ..... , M) found in step C4 with each
other, and selects the maximum value for finding rpm Vi
atthe maximum frequency component value Fi (step C7).
Rpm controller 8 then drives motor 2 for rotating drum 1
atrpm Vifoundin step C7, and keeps the washing onward
(step C8).

[0078] Fig. 16 shows an instance of varying the rpm
of drum 1 through steps C1 - C8 discussed above. The
instance shows that the rpm is changed in four steps, i.e.
V0, V1, V2, V3, at the beginning of the washing process,
and frequency component values FO, F1, F2, F3 of the
vibration at the baffle frequency are calculated for each
rpm respectively. The washing is carried out onward at
the rpm corresponding to the maximum frequency com-
ponent value.

[0079] To be more specific, rotate drum 1 at rpm VO
for a given time T (s161), and calculate frequency com-
ponent value FO of the baffle frequency (S162). Repeat
a similar operation, and finally, rotate drum 1 at rpm V3
forthe giventime T (S164), and calculate frequency com-
ponent value F3 of the baffle frequency (S164). Next,
find the maximum value among FO - F3 with rpm control-
ler 8 (in this embodiment, the maximum one is F1), and
keep motor 2 rotating at rpm V1 corresponding to fre-
quency component value F1 (S165).

[0080] The operation discussed above allows the laun-
dry to stay in state Y, where the laundry is in the state
just before sticking to drum 1, i.e. the laundry beats on
the inner wall of drum 1 for being well washed as shown
in Fig. 3A. The laundry thus can be washed more effec-
tively, so that the washing time can be shortened.
[0081] The foregoing operation allows selecting the
rpm which can maximize the vibration at the baffle fre-
quency, so thatlaundry 10 can be prevented from sticking
to the inner wall of drum 1 as shown in Fig. 14A. What
is more, baffles 9 also can maximize the agitating effect
tolaundry 10. The washing machine with improved wash-
ing power is thus obtainable, so that the washing time
can be shortened.

[0082] In this embodiment 4, the rpm candidates are
set at 41rpm, 45rpm, 49rpm and 53rpm in a simply in-
creasing manner; however, they can be set in a simply
decreasing manner, or can be set in a manner neglecting
the order of rpm size, e.g. 41rpm, 53rpm, 49rpm, and
45rpm.

[0083] Embodiment 4 thus proves that baffle frequen-
cy-component calculator 7a calculates a frequency com-
ponent value of the vibration, which is generated by ag-
itating laundry 10 with baffles 9 and sensed by vibration
sensor 6, and then rpm controller 8 varies the rpm of
motor 2 in response to the frequency component value.
Therefore, the rpm of motor 2 can be appropriately
changed in response to a magnitude of the vibration gen-
erated by agitating laundry 10 with baffles 9.

[0084] On top of that, calculator 7a extracts a frequen-
cy component value at the frequency of V/60 X n (Hz).
Calculator 7a thus can accurately calculate the magni-
tude of the vibration generated by agitating the laundry
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with the baffles, whereby the rpm of motor 2 (drum 1)
can be accurately controlled.

[0085] Rpm controller 8 compares the frequency com-
ponent values at each rpm with each other, and finds the
rpm where the frequency component value becomes the
maximum, and then drives the motor at the rpm. There-
fore, rpm controller 8 can rotate motor 2 (drum 1) at the
rpm which maximizes the vibration generated by agitat-
ing laundry 10 with baffles 9. As a result, the washing
power of the washing machine can be increased.

Embodiment 5

[0086] Embodiment 4 discussed previously finds the
rpm that maximizes the frequency component value of
the vibration generated at the baffle frequency. This em-
bodiment 5 sets a threshold value of a frequency com-
ponent value, and finds an rpm when the frequency com-
ponent value exceeds the threshold value. Embodiment
5 is demonstrated hereinafter with reference to Figs. 17
and 18.

[0087] Fig. 17 shows a flowchart of embodiment 5, and
Fig. 18 illustrates the operation principle of embodiment
5. Each one of the steps of the operation is detailed here-
inafter.

[0088] Drum 1 (motor 2) is driven at rpm V. At the be-
ginning of the washing process, rpm V of drum 1 is ini-
tialized to initial rpm Vt (step D1), which is an upper limit
of the rpm of drum 1. The rpm of drum 1 is varied within
a given range such as Vb - Vt (upper limit = Vt, lower limit
=Vb). The upper limit refers to the maximum rpm at which
motor 2 rotates drum 1 with laundry 10 loaded in drum
1. In general, motor 2 consumes greater power at a lower
rpm, so that an extremely small rpm cannot be set (except
when the motor is halted). Motor 2 thus has a lower limit
rom. Upper limit Vt and lower limit Vb can be determined
appropriately based on the performance, mechanism,
durability of the motor.

[0089] Then rpm controller 8 rotates motor 2 (drum 1)
at rpm V for a given time T (step D2). The given time T
falls within a range between 10 - 15 seconds in this em-
bodiment 5. If motor 2 remains rotating based on the
previous step in the washing process, motor 2 is then
rotated in the reverse direction to the previous one.
[0090] Next, similar to step C4, baffle frequency-com-
ponent calculator 7a calculates frequency component
value Fv of the vibration of drum container 3 when drum
1 rotates at rpm V (step D3). This calculation is done by
using time series data sensed by vibration sensor 6. Fre-
quency component value Fv represents a magnitude of
the vibration produced by baffles 9 at rpm V.

[0091] Next, rpm controller 8 compares frequency
component value Fv calculated by calculator 7a with a
given threshold value "a1" (step D4). In the case of Fv >
a1 laundry 10 is determined that it is sufficiently agitated
by baffles 9 at the present rpm V and laundry 10 does
not stick to drum 1. The step thus moves on to step D7.
Then laundry 10 is kept washing at rpom V until the wash-



17 EP 2 169 102 A1 18

ing ends. In the case of Fv <a1, laundry 10 is determined
that it sticks to drum 1 at the present rpm V, and the step
moves on to step D5.

[0092] Rpm controller 8 checks whether or not the
present rpm V is greater than lower limit Vb (step D5). In
the case where drum 1 is jam-packed with laundry 10,
reduction in the rpm sometimes cannot change the stick-
ing state. In such a case, drum 1 should not be rotated
at an extremely small rpm, but it is rotated at the rpm
close to lower limit Vv. In this embodiment 5, when the
rpom becomes lower than lower limit Vb or equal to Vb
("No" in Fig. 17), the step moves on to step d7, and the
laundry is kept washing onward at this rpom. When the
rpm is greater than lower limit Vb ("Yes" in Fig. 17), the
step moves on to step D6 where rpm V is reduced by dV,
i.e. the rpm is set at V - Vd, and then the step returns to
step D2 for repeating the operation discussed above
(step D6).

[0093] Inthe case of Fv> a1, or when frequency com-
ponent value Fv won’'t exceed threshold value a1 al-
though the rpm is varied from upper limit Vt to lower limit
Vb, laundry 10 is kept washing at the present rpm V on-
ward (step D7).

[0094] Fig. 18 shows the variation in the rpm of drum
1 operated based on steps D1 - D7 discussed above.
Fig. 18 illustrates that the rpm of drum 1 is varied from a
high value to a low value at the beginning of the washing
until the frequency component value of the vibration at
the baffle frequency reaches an appropriate value, i.e.
until the frequency component value exceeds threshold
value a1. When the frequency component value reaches
an appropriate value, then the rpm at this appropriate
value is maintained for the washing onward.

[0095] Tobe more specific, rotate drum 1 at upper limit
rpm Vtfor a given time T (S181), and compare frequency
component value Fv with threshold value a1 (S182). The
comparison finds that frequency component value Fv1
is smaller than threshold value a1, then the rpm of drum
1 is lowered to V - dV for rotating drum 1 for the given
time T (S183). Operation similar to what is discussed
above is repeated, and comparison of Fv with a1 (S184)
finds that Fv2 is greater than a1 (S184). Then the rpm of
drum 1 is not varied but maintained for rotating drum 1
(S185).

[0096] The foregoing operation allows rpm controller
8 to determine an appropriate rpm of drum 1 at the be-
ginning of the washing, so that the laundry can be well
agitated with the baffles for achieving the more powerful
washing. On top of that, the baffle frequency-component
value is not always calculated for every possible rpm of
motor 2, so thatthe rpm can be determined within a short-
er time. In general, motor 2 needs torque when drum 1
rotates at a low rpm, so that motor 2 consumes great
electric power. In this embodiment 5, the rpm is varied
from the higher one, so that use of a low rpm in deter-
mining the rpm can be avoided. As a result, lower power
consumption can be expected.

[0097] This embodiment 5 is carried out at the begin-
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ning of the washing process; however, it can be done in
the midway of the washing process. Because sometimes
it is more efficient that the rpm is determined after the
laundry sufficiently absorbs water.

Embodiment 6

[0098] In embodiment 5 discussed previously the rpm
of drum 1 is varied from upper limit Vt to lower limit Vb;
however, in this embodiment 6, the rom is varied reverse-
ly, i.e. from lower limit Vb to upper limit Vt within a given
range of Vb - Vt. Embodiment 6 is demonstrated herein-
after with reference to Figs. 19 and 20.

[0099] Fig. 19 shows a flowchart of embodiment 6, and
Fig. 20 illustrates an operation principle of embodiment
6. The flowchart shown in Fig. 19 is basically similar to
the one shown in Fig. 17 except steps D1’, D5’, and D6’.
In step D1’ substitute lower limit Vb for rpm V as an initial
value. Instep D5’ compare rpm V with upper limit VVt, and
in the case of V > Vit (No in Fig. 19), the step moves on
to step D7, and the washing is kept going at rpm V on-
ward. In the case of V < Vt (Yes in Fig. 19), the step
moves on to step D6’, where the rpm is increased by dV,
i.e. drum 1 is driven at rpm V+V’d, and the step moves
on to step D2. The operation following the flowchart
shown in Fig. 19 allows varying the rpm as shown in Fig.
20.

[0100] To be more specific, rotate drum 1 at lower limit
rpm Vb for a giventime T (S201), and compare frequency
component value Fv with threshold value a1 (S202). The
comparison finds that frequency component value Fv1
is smaller than threshold value a1, then the rpm of drum
1 is increased to V+dV for rotating drum 1 for the given
time T (S203). Operation similar to what is discussed
above is repeated, and when comparison of Fv with a1
(S204) finds that Fv2 is greater than a1, the rpm of drum
1 is not varied but maintained for rotating drum 1 (S205).
[0101] Variationinthe rpmfrom alower value to a high-
er value as discussed in the foregoing operation allows
preventing the laundry from sticking to drum 1 during the
process of determining the rpm. As a result, the washing
power as a whole can be increased. On top of that, the
baffle frequency-component value is not always calcu-
lated for every possible rpm of motor 2, so that the rpm
can be determined within a shorter time.

[0102] Asdiscussed above, embodiments 4 - 6 extract
a frequency component value of the baffle frequency
from the vibration of drum container 3, and vary the rpm
of drum 1 (motor 2) in response to each one of the fre-
quency components. This mechanism allows preventing
laundry 10 from sticking to drum 1, and allows laundry
10 to be agitated well with baffles 9, whereby the washing
power can be increased. As a result, the washing can be
done within a shorter time.

Embodiment 7

[0103] In embodiments 1 - 3 discussed previously the
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Fourier transform is used for finding the frequency com-
ponent value of the vibration corresponding to the rpm
of drum 1 from the vibration data supplied from vibration
sensor 6. In general, drum 1 does not always rotate at a
constantrpm because the rpm of drum 1 frequently varies
due to changes in behavior of laundry 10 loaded in drum
1. Frequency component calculator 7, as shown in Fig.
21, can thus calculate frequency components of vibra-
tions with respect to frequency Fp within a given range
having a center frequency of the vibration corresponding
to the rpm of drum 1. Then calculator 7 can output a
maximum value or an average value of the frequency
components within the given range as a frequency com-
ponent corresponding to the rpm of drum 1.

[0104] For instance, as shown in Fig. 21, drum 1 ro-
tates at 49rpm with a speed error of =5rpm. The given
range of frequency Fp is thus 44rpm/60sec - 54rpm/
60sec, i.e. 0.73Hz - 0.9Hz. Use of one of a total value,
an average value, or a maximum value of the frequency
component values within this range allows achieving an
appropriate rpm control which prevents the laundry from
sticking to drum 1 even when the rpm of drum 1 has some
speed error.

[0105] In a similar way, embodiments 4 - 6 prove that
the vibration data supplied from vibration sensor 6 un-
dergoes the Fourier transform, whereby a frequency
component value at the baffle frequency, i.e. an rpm/
60sec X the number of baffles can be obtained. In this
case, the rpm of drum 1 does not always stay at a con-
stant rpm, and yet, the rpom sometimes varies over 20%.
The baffle frequency thus preferably has a given range
taking the speed error into consideration.

[0106] For instance, in the case of rpm = 45 and the
number of baffles = 3 as shown in Fig. 22, the baffle
frequency is calculated this way: 45rpm/60sec X 3 =
2.25Hz. In this case, baffle frequency-component calcu-
lator 7a calculates frequency components of vibrations
with respect to frequency Fp falling within a given range
which includes the baffle frequency of drum 1. Calculator
7a can then output any one of the maximum value, the
average value or the total value of the frequency com-
ponents within the given rang.

[0107] In the case of the instance shown in Fig. 22,
assume that speed error at 45 rpm is +5rpm, then fre-
quency Fp within the given range falls within the range
between 40rpm/60sec X 3 and 50rpm/60sec X 3 be-
cause the number of the baffles is three (n=3), namely,
frequency Fp falls within the range from 2 Hz to 2.5 Hz.
Use of any one of the total value, the average value, or
the maximum value of the frequency component within
this range allows controlling the rpm appropriately al-
though the rpm of drum 1 includes some speed error.
[0108] The methods discussed in the previous embod-
iments for controlling the rpm of drum 1 of the washing
machine can be programmed for computers.
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Industrial Applicability

[0109] The present invention can control an rpm of a
drum of a washing machine by using a frequency com-
ponent of a drum container, thereby improving the wash-
ing power of the washing machine. The presentinvention
can be thus applied not only to household washing ma-
chines but also to washing machines with dryers or pro-
fessional type washing machines.

Claims
1. A washing machine comprising:

a drum for being rotated with laundry loaded
therein;

a drum container supported from a housing of
the washing machine by a resilient supporting
mechanism for accommodating the drum;

a motor for rotating the drum;

a vibration sensor for sensing a vibration of the
drum container;

a frequency component calculator for calculat-
ing a frequency component value of the vibration
sensed by the vibration sensor; and

an rpm controller for varying an rpm of the motor
in response to the frequency component value.

2. The washing machine of claim 1, wherein the vibra-
tion sensorincludes at least one acceleration sensor
for sensing a vibration along at least one of a vertical
direction, a right and left direction, and a back and
forth direction of the drum container, and outputting
a total value of accelerations along each one of the
directions of the sensed vibrations.

3. The washing machine of claim 1, wherein the fre-
quency component calculator calculates afrequency
component value of a vibration at a frequency cor-
responding to an rpm of the drum, and the rpm con-
trollerincreases the rpm of the motorin a case where
the frequency component value is smaller than a first
given range, and reduces the rpm of the motor in a
case where the frequency component value is great-
er than a second given range.

4. The washing machine of claim 1, wherein the fre-
quency component calculator calculates a frequency
component value of a vibration at a frequency cor-
responding to an rpm of the drum, and the rpm con-
troller varies the rpm of the drum from an upper limit
to a lower limit while the frequency component cal-
culator finds a frequency component value, and the
rpm controller keeps washing the laundry onward at
an rpm at which the frequency component value be-
comes smaller than a given value.
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The washing machine of claim 1, wherein the fre-
quency component calculator calculates afrequency
component value of a vibration at a frequency cor-
responding to an rpm of the drum, and the rpm con-
troller varies the rpm of the drum from a lower limit
to an upper limit while the frequency component cal-
culator finds a frequency component value, and the
rpm controller keeps washing the laundry onward at
an rpm at which the frequency component value be-
comes greater than a given value.

The washing machine of claim 3, wherein the fre-
quency component calculator calculates frequency
component values of the vibrations at frequencies
falling within a given range which corresponds to a
varying range of the rpm of the drum, and outputs a
maximum value or an average value of the frequency
component value within the given range as a fre-
quency component value of the vibration corre-
sponding to the rpm of the drum.

The washing machine of claim 1, wherein the drum
includes at least one baffle for agitating the laundry,
and the frequency component calculator calculates
a frequency component value of a vibration gener-
ated through agitation of the laundry agitated with
the baffle.

The washing machine of claim 7, wherein the rpm
controller controls the motor for varying the rpm of
the drum to a plurality of rpm values, and the fre-
quency component calculator calculates frequency
component values of vibrations, generated through
the agitation of the laundry with the baffles, at each
one of the varied rpm values, and the rpm controller
rotates the motor at the rpm corresponding to a max-
imum frequency component value among the fre-
quency component values at each one of the varied
rpm values.

The washing machine of claim 7, wherein the rpm
controller controls the motor for varying the rpm of
the drum from an upper limit to a lower limit or from
the lower limit to the upper limit, and the frequency
component calculator calculates frequency compo-
nents, at the varied rpm values, of vibrations gener-
ated through the agitation of the laundry with the baf-
fle, and the rpm controller drives the motor at an rpm
at which the frequency component value becomes
greater than a given value.

The washing machine of claim 7, wherein the fre-
quency component calculator has a signal sensed
by the vibration sensor undergo Fourier transform
under a condition where the drum is rotated at rpm
"V" and the drum includes the baffles in the number
of "n", and calculates a frequency component value
of a vibration at a frequency of "V"/60 X "n" Hz.
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The washing machine of claim 10, wherein the fre-
quency component calculator calculates frequency
component values within a given range including the
frequency of "V"/60 X "n" Hz, and outputs any one
of a total value, an average value or a maximum
value of the calculated frequency component values.

A method for controlling an rpm of a washing ma-
chine which includes a drum for being rotated with
laundry loaded therein, a drum container for accom-
modating the drum, and a motor for rotating the drum,
the method comprising the steps of:

sensing a vibration of the drum container;
calculating a frequency component value of the
sensed vibration; and

varying an rpm of the motor in response to the
calculated frequency component value.

A program of the method, defined in claim 12, for
controlling an rpm of the drum of the washing ma-
chine, wherein the program can be executed by a
computer.
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