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(54) WASHING MACHINE

(57) A washing machine includes a wash tub (9) in
which a predetermined amount of wash liquid is re-
served, a heating unit (17) heating the wash liquid, a
temperature sensor (45) detecting a temperature of the
wash liquid, a drive unit (15) rotating the wash tub (9),
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and a control device (46) controlling the driving unit (15)
so that rotation of the wash tub (9) is controlled. The
control device (46) changes a rotating mode of the wash
tub (9) according to one of a plurality of temperature
ranges to which the temperature of the wash liquid de-
tected by the temperature sensor (45) belongs.
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Description
TECHNICAL FIELD

[0001] This invention relates to a washing machine in-
cluding a heater for heating wash liquid during a wash-
ing operation.

BACKGROUND ART

[0002] There have conventionally been provided
washing machines comprising a water tub, a wash tub
rotatably mounted in the water tub, and a heating ele-
ment provided in a bottom of the water tub for heating
wash liquid in the wash tub. These washing machines
are constructed so as to carry out a washing operation
while washing liquid is being heated by the heating ele-
ment. Enzyme contained in a detergent is activated
when wash liquid is heated by the heater during the
washing operation. Furthermore, vegetable and animal
fats and oils contained in clothes to be washed are melt-
ed. Accordingly, laundry can efficiently be washed.
[0003] On the other hand, detergent lathers easily
when a temperature of the wash liquid is high. Accord-
ingly, a washing efficiency is reduced since an amount
of bubble in the wash tub becomes excessive. Particu-
larly in drum type washing machines, bubbles may leak
out of an access opening through which laundry is put
into and taken out of the wash tub. In view of the prob-
lem, the above-described washing machines, when the
washing operation is carried out while the washing liquid
is heated, a driving time of an agitator mounted on the
bottom of the wash tub is reduced or rotational speeds
of the wash tub and agitator are reduced so that an
amount of bubble is reduced.

[0004] In the above-described method, however, a
mechanical washing action applied to laundry is re-
duced. As a result, a sufficient washing performance
cannot be achieved.

DISCLOSURE OF THE INVENTION

[0005] Therefore, an object of the present invention is
to provide a washing machine which can improve the
washing performance in a washing operation during
which washing liquid is heated.

[0006] The presentinvention provides a washing ma-
chine comprising a wash tub in which a predetermined
amount of wash liquid is reserved, a heating unit heating
the wash liquid, a temperature sensor detecting a tem-
perature of the wash liquid, a driving unit rotating the
wash tub, and a control device controlling the driving unit
so that rotation of the wash tub is controlled, wherein
the control device changes a rotating mode of the wash
tub according to one of a plurality of temperature ranges
to which the temperature of the wash liquid detected by
the temperature sensor belongs.

[0007] The invention also provides a washing ma-
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chine comprising a wash tub in which a predetermined
amount of wash liquid is reserved, a heating unit heating
the wash liquid, a temperature sensor detecting a tem-
perature of the wash liquid, an agitator rotatably mount-
ed in the wash tub, a driving unit rotating the agitator, a
control device controlling the drive unit so that rotation
of the agitator is controlled, wherein the control device
changes a rotating mode of the agitator according to one
of a plurality of temperature ranges to which the temper-
ature of the wash liquid detected by the temperature
sensor belongs.

[0008] An amount of bubble produced with rotation of
the wash tub or agitator is increased when the temper-
ature of wash liquid is increased. However, an internal
pressure of the bubble is increased when the wash liquid
temperature exceeds a predetermined value, whereup-
on the bubble produced tend to be broken. An experi-
ment conducted by the inventors shows that an amount
of bubble is increased when a temperature of the wash
liquid is in a temperature range suitable for activation of
enzyme or in a range in which vegetable and animal fats
and oils liquate out. Accordingly, when the wash tub or
agitator is rotated in the rotating mode suitable for the
temperature range to which the temperature of wash lig-
uid belongs, a reduction in the mechanical force applied
to the laundry can be restrained. Further, the wash liquid
can be heated until its temperature becomes suitable
for activating enzyme or liquating out fats and oils while
an amount of bubble produced upon rotation of the wash
tub or agitator is reduced. Consequently, the washing
performance of the washing machine can be improved.
[0009] The invention further provides a washing ma-
chine comprising a wash tub in which a predetermined
amount of wash liquid is reserved, a heating unit heating
the wash liquid, a drain unit draining the wash liquid from
the wash tub, a bubble detector detecting an amount of
bubble produced in the wash tub, and a control device
controlling at least the wash tub and the heating unit so
that a washing operation is carried out with the heating
unit heating the wash liquid, wherein when determining
that an amount of bubble detected by the bubble detec-
tor exceeds a predetermined value, the control device
interrupts the heating unit and operates the drain unit so
that the wash liquid is drained and the cleaning opera-
tion is carried out.

[0010] The wash liquid is drained and the cleaning op-
eration is then carried out when an amount of bubble
produced in the wash tub exceeds a predetermined val-
ue. Thus, the cleaning operation is prevented from being
carried out under the condition where an amount of bub-
ble produced is excessive. In this case, even if the wash
liquid is drained such that the heating unit is exposed
on the surface of the wash liquid, the service life of the
heating unit can be prevented from being reduced since
the heating unit is turned off.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a flowchart showing a wash step under a
warm water mode executed by a drum washing ma-
chine in accordance with a first embodiment of the
present invention;

FIG. 2is a partially broken side view of the machine;
FIG. 3is arear view of the machine with a rear panel
of an outer cabinet being eliminated;

FIG. 4 is a block diagram showing an electrical ar-
rangement of the machine;

FIG. 5 is a graph showing a normal rotational mode
of a wash tub;

FIG. 6 is also a graph showing a rotational mode
restraining production of bubble in the wash tub;
FIG. 7 is a graph showing a relation between a tem-
perature of wash liquid and an amount of bubble
produced;

FIG. 8 is a flowchart showing a wash step under a
warm water mode executed by the drum washing
machine in accordance with a second embodiment
of the present invention; and

FIG. 9 is a flowchart showing a wash step under a
warm water mode executed by the drum washing
machine in accordance with a third embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] The present invention will be described in de-
tail with reference to the accompanying drawings. FIGS.
1 to 7 illustrate a drum washing machine in accordance
with a first embodiment of the invention. Referring to
FIGS. 2 and 3, the drum washing machine of the first
embodiment comprises an outer cabinet 1, a stationary
cylindrical water tub 7 mounted in the cabinet 1 and a
drum 9 rotatably mounted in the water tub 7.

[0013] The outer cabinet 1 includes a front having a
centrally formed access opening 2 closed and opened
by a door 3. Laundry is put into and taken out of the drum
9 through the access opening 2. An operation panel 4
is mounted on the upper front of the cabinet 1. An oper-
ation circuit unit 5 is provided in the rear of the operation
panel 4 in the interior of the cabinet 1. The operation
panel 4 includes setting switches for setting various con-
ditions for a washing operation etc. and a display section
for displaying various pieces of information for the wash-
ing operation etc. although neither of them are shown.
A control circuit unit 6 is provided in the lower front in-
terior of the cabinet 1.

[0014] The water tub 7 is disposed so that a central
axis thereof extends back and forth with respect to the
cabinet 1. The water tub 7 is further inclined rearwardly
downward. The water tub 7 is supported by a pair of
elastic supporting mechanisms 8 disposed right and left.
The drum 9 serves as a washing tub, dehydrating tub
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and drying tub and is disposed so as to be substantially
coaxial with the water tub 7. The drum 9 has a circum-
ferential side wall having a large number of small
through holes 10 formed substantially in the overall wall.
Both water and air are caused to flow through the holes
10. The drum 9 has an inner circumferential face formed
with a plurality of baffles 11 for picking up laundry during
rotation thereof.

[0015] The water tub 7 has a front formed with an ac-
cess opening 12 and the drum 9 also has a front formed
with an access opening 13. Laundry is putinto and taken
out of the drum 9 through the access openings 12 and
13. The opening 12 of the water tub 7 is connected by
bellows to the access opening 2 of the cabinet 1 in a
watertight manner. An electric motor 15 is mounted on
a rear of the water tub 7. The motor 15 serves as a driv-
ing unit for driving the drum 9. The motor 15 comprises
a brushless motor of the outer rotor type in which a rotor
15b is disposed outside a stator 15a. A bearing housing
having a bearing (neither shown) is secured to the cen-
tral rear of the water tub 7. The stator 15a is fixed to an
outer circumference of the bearing. The rotor 15b in-
cludes a rotational shaft 15c¢ rotatably mounted on the
bearing. The rotational shaft 15c has a forward portion
extending through a hole (not shown) formed in the rear
wall of the water tub 7 into the water tub 7. The rear of
the drum 9 is secured to the front end of the rotational
shaft 15c.

[0016] A waterreservoir 16 is mounted on a lower part
of the water tub 7 so as to protrude downward. A heating
element 17 is provided in the water reservoir 16. The
heating element 17 comprises a sheath wire, for exam-
ple and serves as a heating unit for heating wash liquid
in the water tub 7. A drain hole (not shown) is provided
in a rear of the water reservoir 16. A drain hose 19 is
connected via a motor-driven drain valve 18 to the drain
hole. The drain valve 18 and hose 19 serve as a draining
unit.

[0017] A blower 20 is mounted over the rear top of the
water tub 7. A heater 21 is disposed in front of the blower
20. The blower 20 comprises a casing 22, an impeller
23 disposed in the casing 22 and an electric motor 51
disposed outside the casing 22 for driving the impeller
23. The heater 21 comprises a case 24 and a heating
element 25 disposed in the case 24 for producing warm
air. The case 24 has an entrance communicating with
an exit of the casing 22. The case 24 has an exit con-
nected via the duct 26 to the water tub 7. A generally
hollow heat exchanger 27 is provided on the left-hand
rear of the water tub 7 as viewed in FIG. 3. The heat
exchanger 27 is curved along the outer circumference
of the rear of the water tub 7 so as to keep away from
the motor 15. A rear panel of the water tub 7 has an air
inlet 28 formed so as to correspond to a lower part of
the heat exchanger 27. The air inlet 28 also serves as
a water outlet. An upper part of the heat exchanger 27
communicates via a duct 29 with the casing 22 of the
blower 20.
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[0018] A water filling pipe 30 extends in an upper in-
terior of the heat exchanger 27. The pipe 30 has a
number of spouts 30a formed in a lower portion thereof
so as to be horizontally aligned. The pipe 30 has an end
serving as a coupling located outside the heat exchang-
er 27. The coupling 30a is connected via a Y-shaped
connector 31 and a water filling tube 32 to a motor-driv-
en water-supply valve 33. The water-supply valve 33 is
mounted in an uppermost interior of the cabinet 1. The
heat exchanger 27 exchanges heat between interior air
and water supplied from the water filling pipe 30, thereby
cooling and dehumidifying the interior air. Thus, the heat
exchanger 27 is of the water cooled. The heat exchang-
er 27, blower 20, heater 21, etc. constitute a drying unit.
An air trap 34 is mounted on a vertically middle portion
of the rear of the heat exchanger 27. The rear of the heat
exchanger 27 has a small hole (not shown) formed to
correspond to the air trap 34. The heat exchanger 27
communicates via the small hole with the air trap 34.
[0019] A pressure sensor 36 is provided in the upper
rear interior of the cabinet 1. The pressure sensor 36 is
connected via an air tube 35 to the air trap 34. The pres-
sure sensor 36 detects pressure in the air trap 34 and
is of a high sensitivity type which can detect small pres-
sure in the order of about several hundreds [Pa]. The
air trap 34 and pressure sensor 36 constitute a bubble
detecting device 37 serving as a bubble detecting unit.
Furthermore, the air trap 34 is connected via a water
filling tube 40 to a branch 31a of the connector 31. An
interior of the air trap 34 is cleaned by water supplied
from the water-supply valve 33 via the tubes 32 and 40
to the air trap.

[0020] A water-level sensor 38 is provided in the up-
per rear interior of the cabinet 1 so as to be located on
the right of the pressure sensor 36 (on the left of the
pressure sensor as viewed in FIG. 3). The water-level
sensor 38 is connected to an air tube 39 and another air
trap (not shown) to detect a water level in the water tub
7. Furthermore, a water filling case 41 is provided in an
upper front interior of the cabinet 1. The case 41 is con-
nected via a connecting hose 42 to the water-supply
valve 33. The water filling case 41 has an exit connected
via a water-supply pipe 43 to the interior of the water tub
7. The water filling case 41 encloses a detergent-dis-
pensing case 44 which can be drawn by a user. When
the detergent-dispensing case 44 containing detergent
therein is accommodated in the water-filling case 41, the
detergent is supplied into the water tub 7 together with
water. Additionally, a temperature sensor 45 comprising
a thermistor, for example, is mounted on a lower rear of
the water tub7. The temperature sensor 45 detects a
temperature of wash liquid in the water tub 7 and ac-
cordingly in the drum 9.

[0021] Referring now to FIG. 4, an electrical arrange-
ment of the drum washing machine is shown. A control
device 46 comprises a circuit mainly composed of a mi-
cro computer and stores a control program for control-
ling overall washing and drying functions. The control
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device 46 is provided in the aforesaid control circuit unit
6. The control device 46 receives an operation signal
from a switch input section 47 and output signals from
the respective water-level sensor 38, rotation sensor 48,
temperature sensor 45 and pressure sensor 36. The
switch input section 47 is provided in the operation cir-
cuit unit 5 and delivers operation signals in response to
various switches of the operation panel 4 respectively.
The rotation sensor 48 delivers a rotational position sig-
nal in accordance with a rotational position of the motor
15. Furthermore, the control device 46 controls an in-
verter circuit 49 thereby to control the motor 15. The con-
trol device 46 further controls the heating element 17,
motor 51 of the blower 20, heating element 25 of the
heater 21 and drain valve 18.

[0022] The operation of the drum washing machine
will now be described with reference to FIGS. 1 and 5
to 7. The control device 46 stores a control program for
carrying out a washing operation which includes overall
processing for the washing operation, such as wash
step, dehydration step, rinse step, etc. and a control pro-
gram for carrying out a drying operation. The user can
operate the operation panel 4 so that only the washing
operation is carried out or both of the washing and drying
operation are continuously carried out.

[0023] The washing machine of the embodiment is
provided with a warm water mode in which wash liquid
during awash step. FIG. 1 is a flowchart showing a wash
step carried out by the drum washing machine when ex-
ecution of washing and drying operations or a washing
operation is instructed under the warm water mode.
Firstly, the control device 46 determines whether a pre-
viously set water level has been reached in the water
tub 7 (drum 9), based on an output signal from the water-
level sensor 38 (step S1). The set water level depends
upon an amount of laundry in the drum 9. When deter-
mining that the set water level has not been reached
(NO at step S1), the control device 46 energizes the wa-
ter-supply valve 33 so that the exit at the connecting
hose 42 side is opened (step S2). As aresult, water from
the water-supply valve 33 is supplied via the water filling
case into the water tub 7. At this time, detergent in the
case 44 is also supplied into the water tub 7 together
with the water. Mixture of water and detergent will here-
inafter be referred to as "wash liquid." The control device
46 drives the motor 15 during water supply to rotate the
drum 9, whereupon the wash liquid permeates laundry
in a sufficiently mixed state.

[0024] When determining that the set water level has
been reached in the water tub 7 (YES at step S1), the
control device 46 closes the exit of the water-supply
valve 33 (step S3), advancing to step S4. The control
device 46 determines whether the temperature of wash
liquid has reached an upper limit value (60°C, for
example) , based on an output signal of the temperature
sensor 45 at step S4. When determining that the tem-
perature of wash liquid has not reached the upper limit
value (NO at step S4), the control device 46 energizes
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the heating element 17 so that heat is generated by the
heating element (step S5). The control device 46 suc-
cessively determines whether an amount of bubble is
excessive in the drum 9, based on an output signal of
the pressure sensor 36 at step S6. When determining
that an amount of bubble is not excessive (NO at step
S6), the control device 46 determines whether the tem-
perature of wash liquid belongs to a temperature range
from 35°C to 55°C, based on an output signal of the tem-
perature sensor 45 at step S7. When determining that
the temperature of wash liquid does not belong to the
temperature range from 35°C to 55°C (NO at step S7),
the control device 46 rotates the drum 9 under a normal
rotating mode for execution of a cleaning operation (step
S8). The normal rotating mode will be referred to as "ro-
tating mode A." In the rotating mode A, the drum 9 is
rotated at 50 rpm in the normal direction for 15 seconds,
interrupted for 5 seconds and rotated at 50 rpm in the
reverse direction for 15 seconds, sequentially repeated-
ly, as shown in FIG. 5.

[0025] On the other hand, when determining that the
temperature of wash liquid belongs to the temperature
range from 35°C to 55°C (YES at step S7), the control
device 46 rotates the drum 9 under a rotating mode re-
straining production of bubble for execution of a clean-
ing operation (step S9). This rotating mode will be re-
ferred to as "rotating mode B." In the rotating mode B,
the drum 9 is rotated at 30 rpm in the normal direction
for 2 seconds, interrupted for 5 seconds and rotated at
30 rpm in the reverse direction for 2 seconds, sequen-
tially repeatedly, as shown in FIG. 6. Thus, the rotational
speed of the drum 9 is lower under the rotating mode B
than under the rotating mode A and the rotating time of
the drum 9 is shorter under the rotating mode B than
under the rotating mode A.

[0026] The cleaning operation at step S8 or S9 is car-
ried out until the temperature of wash liquid reaches the
upper limit. More specifically, the drum 9 is rotated under
the rotating mode A when the temperature of wash liquid
belongs to a temperature range below 35°C, which
range will be referred to as "a first temperature range."
The drum 9 is rotated under the rotating mode B when
the temperature of wash liquid belongs to the tempera-
ture range from 35°C to 55°C, which range will be re-
ferred to as "a second temperature range." The drum 9
is again rotated under the rotating mode A when the
temperature of wash liquid belongs to a temperature
range exceeding 55°C, which range will be referred to
as "a third temperature range." Furthermore, when de-
termining that an amount of bubble in the drum 9 is ex-
cessive (YES at step S6), the control device 46 inter-
rupts energization to the heating element 17 and inter-
rupts rotation of the drum 9 so that the cleaning opera-
tion is interrupted. Furthermore, a buzzer 50 is actuated
to inform of occurrence of abnormal condition (step
S10).

[0027] On the other hand, when determining that the
temperature of wash liquid has reached the upper limit
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value (YES at step S4), the control device 46 advances
to step S11 to interrupt energization to the heating ele-
ment 17. The control device 46 then advances to step
S12 to determine whether for example, 10 minutes have
passed since the temperature of wash liquid reached
the upper limit value. When determining that 10 minutes
have not passed yet (NO at step S12), the control device
46 rotates the drum 9 under the normal rotating mode
A for execution of a cleaning operation (step S13). In
this case, the cleaning operation is executed for im-
provement in the cleaning effect. The control device 46
terminates the wash step when determining that 10 min-
utes have passed since the temperature of wash liquid
reached the upper limit value (YES at step S12).
[0028] The other steps of the washing operation in-
cludes a rinse step and a dehydration step. In the rinse
step, the water tub 7 is drained and thereafter, water is
supplied into the water tub 7. The drum 9 is then rotated.
In the dehydration step, the drum 9 is rotated at high
speeds or spun while the water tub 7 is being drained.
Additionally, in the drying operation, the drum 9 is rotat-
ed at low speeds alternately in the normal and reverse
directions repeatedly after the water tub 7 has been
drained. Furthermore, the blower 20 and heater 21 are
driven. Furthermore, water from the water-supply valve
33 is supplied via the tube 32 and connector 31 into the
heat exchanger 27. Airin the drum 9 is returned sequen-
tially via the heat exchanger 27, duct 29, casing 22, case
24 and duct 26 into the drum 9. Consequently, air in the
drum 9 is heated into warm air and dehumidified, where-
upon laundry is dried.

[0029] The inventors conducted an experiment about
arelation between an amount of bubble produced in the
drum 9 and the temperature of wash liquid. FIG. 7 shows
the results of the experiment. Curve LA in FIG. 7 de-
notes a case where the drum 9 is rotated under the ro-
tating mode A. Curve LB denotes a case where the drum
9 is rotated under the rotating mode B. As obvious from
the graph of FIG. 7, an amount of bubble produced is
increased with rise of the temperature of wash liquid in
each rotating mode until the temperature of wash liquid
reaches about 40°C to 45°C. However, when the wash
liquid temperature exceeds this range of about 40°C to
45°C, an amount of bubble produced is decreased with
rise of the wash liquid temperature. The reason for this
is that bubble tends to break more easily when the wash
liquid temperature exceeds a predetermined value, as
described above. Particularly in the rotating mode A, an
amount of bubble exceeds an allowable limit shown by
"L"in FIG. 7 when the wash liquid temperature belongs
to the temperature range of 35°C to 55°C.

[0030] On the other hand, enzyme contained in a de-
tergent is activated when the wash liquid temperature
ranges from 35°C to 45°C. Furthermore, vegetable fats
and oils constituting blot of laundry start melting at 40°C
to 45°C, whereas animal fats and oils start melting at
55°C to 65°C. Accordingly, various kind of soil can effi-
ciently be removed when the cleaning operation is car-
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ried out with the wash liquid temperature being in-
creased to the range of 55°C to 65°C. In view of this,
the wash liquid is heated until the temperature thereof
reaches the upper limit (60°C). Furthermore, the tem-
perature range up to the upper limit is divided into three
ranges, that is, the first temperature range below 35°C,
the second temperature range from 35°C to 55°C and
the third temperature range from 55°C to 60°C. The ro-
tating mode is changed according to one of the temper-
ature ranges to which the wash liquid temperature be-
longs.

[0031] The drum 9 is rotated under the rotating mode
B restraining production of bubble when the wash liquid
temperature belongs to the second temperature range
in which bubble tends to be produced easily. Further-
more, when the wash liquid temperature belongs to the
first or third temperature range in which amount of bub-
ble is relatively smaller, the drum 9 is rotated under the
normal rotating mode A. Consequently, the wash liquid
can be heated until it reaches a sufficient temperature
to activate enzyme and to dissolve fats and oils while
an amount of bubble is restrained from becoming ex-
cessive in the drum 9. Furthermore, a reduction in the
mechanical cleaning action applied to laundry can be
rendered smaller.

[0032] The cleaning operation is interrupted and the
buzzer 50 is actuated when an amount of bubble pro-
duced in the drum 9 becomes excessive. Consequently,
an excessive amount of bubble produced in the drum 9
can reliably be prevented from overflowing the washing
machine. Additionally, the user can quickly find an ab-
normal condition of the machine.

[0033] FIG. 8 illustrates a second embodiment of the
invention. Only the differences of the second embodi-
ment from the first one will be described. Identical or
similar parts are labeled with same reference symbols
in the second embodiment as in the first one. FIG. 8 is
a flowchart showing the wash step under the warm wa-
ter mode executed by the drum washing machine of the
second embodiment. In the second embodiment, the
control device 46 determines whether an amount of bub-
ble produced in the drum 9 is excessive (step S101) af-
ter the wash liquid temperature has reached the upper
limit value and heat generation by the heating element
17 has been interrupted (YES at step S4; and step S11).
When determining that an amount of bubble is exces-
sive (YES at step S101), the control device 46 advances
to step S102 to open the drain valve 18 so that a prede-
termined amount of wash liquid in the water tub 7 and
accordingly in the drum 9 (2 lit., for example) is drained
and thereafter, the control device 46 advances to step
S12.

[0034] At step S12, the control device 46 determines
whether for example, 10 minutes have passed since the
wash liquid temperature reached the upper limit value.
When determining that 10 minutes have not passed yet,
the control device 46 executes the cleaning operation
under the normal rotating mode A (step S13). Thereaf-
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ter, the control device 46 returns to step S101 to repeat
the processing from step S101 to step S13 until deter-
mining in the affirmative at step S12.

[0035] In the embodiment, the wash liquid is drained
in the wash tub 7 when an amount of bubble has become
excessive during the cleaning operation executed for
enhancement of the cleaning effect. Consequently, a
level of the bubble in the drum 9 can be reduced and an
amount of bubble produced upon the cleaning operation
can be reduced. Furthermore, laundry contains wash
liquid necessary for the cleaning operation although the
wash liquid is drained. Consequently, the cleaning effect
can be prevented from being reduced.

[0036] The heating element 17 is sometimes exposed
on the liquid surface of the wash liquid after the wash
liquid has been drained. The heating element 17 is pro-
vided for heating the wash liquid. When energized in the
aforesaid exposed state, the heating element 17 heats
itself such that the service life thereof is reduced. In the
second embodiment, however, the wash liquid is
drained after energization to the heating element has
been interrupted. Consequently, there is no problem if
the heating element 17 is exposed on the wash liquid
surface.

[0037] FIG. 9 illustrates a third embodiment of the in-
vention. Only the differences of the third embodiment
from the second one will be described. Identical or sim-
ilar parts are labeled with same reference symbols in
the third embodiment as in the second one. In the third
embodiment, the user can set a time required for exe-
cution of the wash step. More specifically, the user op-
erates the operation panel 4 to set a wash time T. In this
case, wash times of 30, 60, 120 min. etc. are previously
set in consideration of a time required for the heating
element 17 to heat the wash liquid. The user selects one
of the wash times. When the wash time T has been set
by the user, the control device 46 stores data of the set
wash time T (step S201).

[0038] The control device 46 carries out the water
supply to the water tub 7 (steps S1 to S3) and thereafter,
starts counting the set wash time T (step S202). The
control device 46 then determines whether the counted
time has reached a time (T-10) (step S203). The control
device 46 repeatedly executes the processing from step
S4 to step S9 until the counted time has reached the
time (T-10). When determining that an amount of bubble
produced in the drum 9 is excessive (YES at step S6),
the control device 46 advances to step S11. When de-
termining that the counted time has reached a time (T-
10) (YES at step S203), the control device 46 advances
to step S11. The control device 46 interrupts energiza-
tionto the heating element 17 at step S11 and thereafter,
carries out the processing from step S101 to step S13.
In the third embodiment, the control device 46 carries
out the processing at step S204, instead of step S12 in
the second embodiment. At step S204, the control de-
vice 46 determines whether the set time T has expired.
The control device 46 repeatedly carries out the
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processing from step S101 to S13 until the set time T
expires. The control device 46 finishes the wash step
upon expiration of the set time T.

[0039] The wash step is not discontinued even when
an amount of bubble has become excessive during the
cleaning operation. Consequently, the cleaning opera-
tion can be executed exactly for the wash time T set by
the user.

[0040] The invention should not be limited to the em-
bodiments described with reference to the accompany-
ing drawings. The following modification can be made.
The invention may be applied to washing machines of
the vertical axis type comprising a wash tub rotated
about a vertical axis and an agitator mounted on the bot-
tom of the wash tub. In this case, the control device pref-
erably changes a rotating mode of the agitator according
to the wash liquid temperature.

[0041] Furthermore, the control device 46 may
change either one of a rotational speed and rotating time
of the drum 9 according to the temperature range to
which the wash liquid temperature belongs.

[0042] Additionally, a boundary between the first and
second temperature ranges should not be limited to
35°C but may be ranged from 35°C. In the same way,
a boundary between the second and third temperature
ranges should not be limited to 55°C but may be ranged
from 55°C to 65°C.

INDUSTRIAL APPLICABILITY

[0043] As obvious from the foregoing, the present in-
vention is useful when applied to a domestic washing
machine in which wash liquid is heated for execution of
a cleaning operation.

Claims
1. A washing machine comprising:

a wash tub in which a predetermined amount
of wash liquid is reserved;

a heating unit heating the wash liquid;

a temperature sensor detecting a temperature
of the wash liquid;

a driving unit rotating the wash tub; and

a control device controlling the driving unit so
that rotation of the wash tub is controlled,

wherein the control device changes a rotating
mode of the wash tub according to one of a plurality
of temperature ranges to which the temperature of
the wash liquid detected by the temperature sensor
belongs.

2. A washing machine comprising:

a wash tub in which a predetermined amount
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of wash liquid is reserved;

a heating unit heating the wash liquid;

a temperature sensor detecting a temperature
of the wash liquid;

an agitator rotatably mounted in the wash tub;
a driving unit rotating the agitator;

a control device controlling the driving unit so
that rotation of the agitator is controlled,

wherein the control device changes a rotating
mode of the agitator according to one of a plurality
of temperature ranges to which the temperature of
the wash liquid detected by the temperature sensor
belongs.

A washing machine according to claim 1, wherein
the temperature ranges include a first temperature
range and a second temperature range higher than
the first temperature range, and the control device
renders a rotating time of the wash tub shorter and/
or a rotational speed of the wash tub lower when
the temperature of the wash liquid detected by the
temperature sensor belongs to the second temper-
ature range than when the temperature of the wash
liquid detected by the temperature sensor belongs
to the first temperature range.

A washing machine according to claim 2, wherein
the temperature ranges include a first temperature
range and a second temperature range higher than
the first temperature range, and the control device
renders a rotating time of the agitator shorter and/
or a rotational speed of the agitator lower when the
temperature of the wash liquid detected by the tem-
perature sensor belongs to the second temperature
range than when the temperature of the wash liquid
detected by the temperature sensor belongs to the
first temperature range.

A washing machine according to claim 3, wherein
a boundary between the first and second tempera-
ture ranges is set to be at or above 35°C and at or
below 45°C.

A washing machine according to claim 4, wherein
a boundary between the first and second tempera-
ture ranges is set to be at or above 35°C and at or
below 45°C.

A washing machine according to claim 1, wherein
the temperature ranges include a first temperature
range, a second temperature range higher than the
first temperature range and a third temperature
range higher than the second temperature range,
and the control device renders a rotating time of the
wash tub shorter and/or a rotational speed of the
wash tub lower when the temperature of the wash
liquid detected by the temperature sensor belongs



10.

1.

13 EP 1477 606 A1

to the second temperature range than when the
temperature of the wash liquid detected by the tem-
perature sensor belongs to each of the other tem-
perature ranges.

A washing machine according to claim 2, wherein
the temperature ranges include a first temperature
range, a second temperature range higher than the
first temperature range and a third temperature
range higher than the second temperature range,
and the control device renders a rotating time of the
agitator shorter and/or a rotational speed of the ag-
itator lower when the temperature of the wash liquid
detected by the temperature sensor belongs to the
second temperature range than when the temper-
ature of the wash liquid detected by the temperature
sensor belongs to each of the other temperature
ranges.

A washing machine according to claim 7, wherein
a boundary between the second and third temper-
ature ranges is set to be at or above 55°C and at or
below 65°C.

A washing machine according to claim 8, wherein
a boundary between the second and third temper-
ature ranges is set to be at or above 55°C and at or
below 65°C.

A washing machine comprising:

a wash tub in which a predetermined amount
of wash liquid is reserved;

a heating unit heating the wash liquid;

a draining unit draining the wash liquid from the
wash tub;

a bubble detector detecting an amount of bub-
ble produced in the wash tub; and

a control device controlling at least the wash
tub and the heating unit so that a washing op-
eration is carried out with the heating unit heat-
ing the wash liquid,

wherein when determining that an amount of
bubble detected by the bubble detector exceeds a
predetermined value, the control device interrupts
the heating unit and operates the draining unit so
that the wash liquid is drained and the washing op-
eration is carried out.

10

15

20

25

30

35

40

45

50

55

14



EP 1477 606 A1

"aNd

T°DId

|

Y JAOW DNILVLOY
JIANN WAYA ONILV.LOY

g HJOW ONILVLOY
YAGNN WN¥d DONILV.LOYA

¥ JAOW ONI.LYLOY
JIANN WNYA DONILYLOY

6S

ON| 8s
Ve

€1S ON|

NHWAMmommm<m ‘NIW OHUVI
. SIX

-

1

ONIWJIVIV ANV

NOILYYIdO ONILINYIALNI

JILVIH
ONILANIIILNT -

T1S

0TS |

£0,66 Ol S¢ Uv
5 SEE \_ . (e

ON

SHEX N\

\Mm>Hmmmuxm mqmmpwv
9s

-

¥ALVIH ONIZIDYINI
ON| ‘ SS

SHA N\ LIWIT ¥Eddn

-/ ¢QEHOVTY m:q<>.wv

VS

JATYA RTddNS
-43LYM DNISOTID

m| €S

[

JATVA A1ddNS
- dILVYM ONINAIdO

ON| ZS

- (QIHOVAY THAU']
SAX JIALVM LIS 4

[

LIVLS



EP 1477 606 A1

PV
]
t
e e e e

26 9

AV VLA WA LAY

|

AWML UM AN O AU B R BT S N Y

X)
A

%

FIG.2

10



EP 1477 606 A1

3937 36

1
)

TITZ2 XTI 2T 7220372

Z

22\
23--

51—

40—

27—

———————

— —

1




EP 1477 606 A1

V°"OId

s

JATYA NIVHA [=—]

8T —

LNIRITH DONILVIH

gz

JOLOW DIYIOIATH

16—

LNIWHTI ONILVIH

LT

AATVA | |

A1ddNS-¥ALYM

ge—

q3z2z049

LINDYID
JATYd

06—

JOLORW DIY¥LOITH

ST

dO0IAdd
TOY.LNOD

YOSNJIS
2ANSSTId

(

9¢€

, JOSNAS
mmoe«mmmzma

(

Sv

JOSNAS
NOILVY.IOY

(

8V

JOSNAS
TIATT-JTLTM

(

8¢t

NOILOJUS
LOdNI HOLIMS

(

LY

12



EP 1477 606 A1

NORMAL ROTATION
FOR 15 SEC. (50 rpm)

HALT FOR 5 SEC.

REVERSE ROTATION

FOR 15 SEC.

FIG.

NORMAL ROTATION
FOR 2 SEC. (30 rpm)

5

HALT FOR 5 SEC.

_——————

(50 rpm)

REVERSE ROTATION

FOR 2 SEC.

(30 rpm)

FIG.6
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