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(54) WASHING MACHINE

(67) A washing machine of the present invention in-
cludes: a washing tub configured to contain an object to
be washed; a washing apparatus which washes the ob-
ject to be washed with washing water; a heater which
heats the washing water; a temperature sensor which
detects a temperature of the washing water; and a con-
troller which controls a series of washing operations in-
cludingawashing step, arinsing step, a heat-rinsing step,
and a drying step. The controller has a configuration in
which, when the temperature sensor detects a first pre-
determined temperature in at least one of the washing
step and the heat-rinsing step, the controller performs,
until a predetermined period of time has elapsed, aheater
control in which power-on and power-off of the heater
are repeated based on preset periods of time. With this
arrangement, a washing machine in which high washing
performance is maintained and which is excellent in en-
ergy saving performance can be realized.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a washing ma-
chine which performs washing by spraying washing wa-
ter to objects to be washed such as tableware while heat-
ing the washing water.

BACKGROUND ART

[0002] Conventionally, as a washing machine of this
type, there is proposed a washing machine which per-
forms washing by spraying washing water, from a wash-
ing nozzle, to objects to be washed such as tableware
while heating the washing water (see PTL 1, for exam-
ple).

[0003] In the following, a configuration of a washing
machine described in PTL 1 will be described with refer-
ence to FIG. 7 and FIG. 8.

[0004] FIG. 7 is a sectional side view of a conventional
washing machine. FIG. 8 is a block diagram showing a
control configuration of the conventional washing ma-
chine.

[0005] AsshowninFIG. 7, conventional washing ma-
chine 1 is configured by at least washing tub 2, washing
pump 5, washing nozzle 6, heater 8, controller 9, ther-
mistor 10, dish basket 11, drain pump 13, and the like.
Washing tub 2 is provided inside washing machine 1. At
a bottom of washing tub 2, drain outlet 3 is provided.
Washing pump 5 is disposed in a pump chamber com-
municating with drain outlet 3 and is driven by washing
motor 4.

[0006] Washing pump 5 circulates washing water in-
side washing tub 2.

[0007] Specifically, the washing water is suctioned
through drain outlet 3 into washing pump 5. The suc-
tioned washing water is supplied by washing pump 5 to
washing nozzle 6 rotatably disposed at an inner bottom
of washing tub 2. The supplied washing water is sprayed
from washing nozzle 6 toward tableware 7. After the
sprayed washing water is used to wash tableware 7, the
washing water is circulated through a path back to drain
outlet 3.

[0008] Heater 8 is disposed between washing nozzle
6 and the bottom of washing tub 2 to heat the washing
water. Thermistor 10 is disposed in close contact with an
outer bottom of washing tub 2 to detect the temperature
of the washing water. Controller 9 detects by thermistor
10 that the temperature of the washing water reaches a
predetermined temperature, and then performs a control
of interrupting energization of heater 8 and the like.
[0009] Dish basket 11 is configured such that pieces
of tableware 7 are orderly arranged, and is disposed
above washing nozzle 6. With this arrangement, the
washing water is effectively sprayed on tableware 7 ar-
ranged in dish basket 11 to efficiently wash tableware 7.
[0010] A front of washing tub 2 is opened. On a font
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face part of washing tub 2, lid 12 which can be opened
frontward is mounted.

[0011] Drain pump 13 suctions the washing water from
drain outlet 3 of washing tub 2 and discharges the wash-
ing water outside the machine through drain hose 14.
[0012] Further, the washing water to be filled in wash-
ing tub 2 is supplied through water supply hose 15. When
controller 9 detects, by water level detector 16 commu-
nicating with washing tub 2, that the washing water has
been supplied to a predetermined water level, controller
9 closes water supply valve 17 to stop the supply of the
washing water.

[0013] Blower fan 18 for drying blows air into washing
tub 2. Thus, water vapor generated from surfaces of ta-
bleware 7 and the like is discharged outside washing tub
2 through exhaust port 19 provided in lid 12. By this proc-
ess, tableware 7 is dried.

[0014] Further, as shown in FIG. 8, controller 9 is con-
nected through a load controller to washing pump 5, heat-
er 8, drain pump 13, water supply valve 17, and blower
fan 18, and controls those components. With this ar-
rangement, controller 9 controls a washing operation in-
cluding a series of steps such as a washing step, arinsing
step, a heat-rinsing step, and a drying step.

[0015] Inthefollowing, operations and actions of acon-
ventional washing machine will be described with refer-
ence to FIG. 9 and FIG. 10.

[0016] FIG. 9 is an explanatory diagram showing a
washing-water temperature and an operation program
of aconventionalwashing machine. FIG. 10 is a flowchart
of a heat-rinsing step of the conventional washing ma-
chine.

[0017] As shown in FIG. 9, a washing operation of a
general washing machine includes four steps, i.e., a
washing step, a rinsing step, a heat-rinsing step, and a
drying step.

[0018] First, controller 9 operates, in the washing step,
water supply valve 17 to supply washing water through
water supply hose 15. Thereafter, controller 9 energizes
washing pump 5 and heater 8 and operates washing
pump 5 and heater 8 until the washing-water temperature
reaches a predetermined washing temperature (57°C,
for example). Then, at the end of the washing step, con-
troller 9 makes drain pump 13 discharge the washing
water.

[0019] Next, in the rinsing step, controller 9 operates
water supply valve 17 to fillnew washing water in washing
tub 2. Thereafter, controller 9 does not energize heater
8 but energizes only washing pump 5 and performs the
operation of rinsing tableware 7 twice for a predetermined
period of time. Then, at the end of the rinsing step, con-
troller 9 makes drain pump 13 discharge the washing
water.

[0020] Next, in the heat-rinsing step, controller 9 oper-
ates water supply valve 17 to fill new washing water in
washing tub 2. Thereafter, controller 9 energizes washing
pump 5 and heater 8 to set the temperature of the wash-
ing water to a predetermined temperature (80°C to 85°C,
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for example). At this time, heater 8 is intermittently oper-
ated so that the temperature of the washing water reach-
es the predetermined temperature. In this state, table-
ware 7 is rinsed.

[0021] Note that, because consciousness of personal
hygiene has been raised recently, an operation is made
such that, in heat-rinsing step, the temperature is usually
kept for a certain period of time (10 minutes, for example)
after the temperature of the washing water reaches a
predetermined maximum temperature (80°C or higher,
for example).

[0022] A specific control operation will be described
with reference to FIG. 10.

[0023] AsshowninFIG. 10, controller 9 supplies water
in washing tub 2 up to a predetermined water amount
(step S1), then turns on power of washing pump 5 (step
S2), and turns on power of heater 8 (step S3). By this
operation, the washing water is circulated and heated.
[0024] Next, it is determined whether or not the tem-
perature of the washing water has reached a first maxi-
mum temperature (85°C, for example) (step S4). If the
temperature has reached the first maximum temperature
(Yes in step S4), the energization of heater 8 is stopped
(step S5).

[0025] Next, it is determined whether or not the tem-
perature of the washing water has decreased to a second
maximum temperature (80°C, for example), which is low-
er than the first maximum temperature (step S6). If the
temperature has reached the second maximum temper-
ature (Yes in step S6), the energization of heater 8 is
started (step S7).

[0026] Next, similarly to step S4, it is determined
whether or not the temperature of the washing water has
reached the first maximum temperature (85°C, for exam-
ple) (step S8). If the temperature has reached the first
maximum temperature (Yes in step S8), the energization
of heater 8 is stopped (step S9).

[0027] Next, it is determined whether or not a prede-
termined period of time has elapsed (step S10). If the
predetermined period of time has not elapsed (No in step
S10), the flow goes back to step S6. Then, the subse-
quent steps for repeating the energization of heater 8 are
executed so that the temperature of the washing water
is kept between the first maximum temperature and the
second maximum temperature.

[0028] On the other hand, if the predetermined period
oftime has elapsed (Yes in step S10), the power of wash-
ing pump 5 and heater 8 are turned off (step S11). Fur-
ther, power of drain pump 13 is turned on (step S12) to
discharge the washing water from washing tub 2.
[0029] Bythe above-described operations, the temper-
ature of the washing water is controlled in the heat-rinsing
step.

[0030] Next, as shown in FIG. 9, in the drying step,
controller 9 makes drain pump 13 discharge the washing
water. Thereafter, an operation is made for a predeter-
mined period of time such that heater 8 is intermittently
energized while blower fan 18 is being energized. By this
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process, tableware 7 is dried.

[0031] As described above, the operation of the con-
ventional washing machine 1 is performed.

[0032] However, conventional washing machine 1 per-
forms a control in such a manner that an amplitude of
fluctuation of the temperature (the difference between
the first maximum temperature and the second maximum
temperature) is setto be alarge value, for example, about
5°C when the washing water is held in a state of high
temperature for a certain period of time. This control is
made by taking into account delay of thermal conduction
of washing tub 2 existing between thermistor 10 and the
washing water. Thus, in a transition period, for example,
when the temperature is increasing due to continuous
energization of heater 8, there is always a temperature
difference between the actual temperature of the wash-
ing water and the temperature detected by thermistor 10.
Therefore, controller 9 performs a control by estimating
the temperature of the washing water by adding a tem-
perature difference to the output value of thermistor 10.
For example, when the temperature of the washing water
is desired to be held at 80°C or higher, the control is
made, by taking into account a magnitude of the ampli-
tude of fluctuation of the temperature of the washing wa-
ter, in such a manner that the energization of heater 8 is
stopped after the washing water is once heated to, for
example, 85°C. For this reason, there is an issue that
extra power consumption is required.

Citation List
Patent Literature

[0033] PTL 1: Unexamined Japanese Patent Publica-
tion No. 2006-288925

SUMMARY OF THE INVENTION

[0034] To solve the above problem, a washing ma-
chine of the present invention includes: a washing tub
configured to contain an object to be washed; a washing
apparatus which washes the object to be washed with
washing water in the washing tub; a heater which heats
the washing water; a temperature sensor disposed on
an outer bottom surface of the washing tub, and config-
ured to detect a temperature of the washing water; and
a controller which controls a series of washing operations
including a washing step, a rinsing step, a heat-rinsing
step, and a drying step. The controller has a configuration
in which, when the temperature sensor detects a first
predetermined temperature in at least one of the washing
step and the heat-rinsing step, the controller performs,
until a predetermined period of time has elapsed, a heater
control in which power-on and power-off of the heater
are repeated based on preset periods of time.

[0035] With this arrangement, an amplitude of fluctu-
ation of the temperature of the washing water can be kept
small while the temperature is kept high, whereby it is
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possible to prevent the washing water from being heated
too much. As a result, it is possible to realize a washing
machine in which the temperature of the washing water
can be stably kept high and which has higher energy
saving performance.

BRIEF DESCRIPTION OF DRAWINGS
[0036]

FIG. 1is a sectional side view of a washing machine
of an exemplary embodiment of the present inven-
tion.

FIG. 2 is a block diagram showing a control config-
uration of the washing machine of the exemplary em-
bodiment.

FIG. 3 is an explanatory diagram of a washing-water
temperature and an operation program of the wash-
ing machine of the exemplary embodiment.

FIG. 4 is a flowchart of a heat-rinsing step of the
washing machine of the exemplary embodiment.
FIG. 5is aflowchart showingin detail a heater control
in the flowchart of FIG. 4.

FIG. 6 is a diagram showing contents of ranking for
the heater control of the washing machine of the ex-
emplary embodiment.

FIG. 7 is a sectional side view of a conventional
washing machine.

FIG. 8 is a block diagram showing a control config-
uration of the conventional washing machine.

FIG. 9is an explanatory diagram showing a washing-
water temperature and an operation program of the
conventional washing machine.

FIG. 10 is a flowchart of a heat-rinsing step of the
conventional washing machine.

DESCRIPTION OF EMBODIMENT

[0037] In the following, an exemplary embodiment of
the present invention will be described with reference to
the drawings. Note that this exemplary embodimentdoes
not limit the present invention.

EXEMPLARY EMBODIMENT

[0038] A washing machine of the exemplary embodi-
ment of the present invention will be described below.
Although a description will be made below by taking a
configuration of adishwasher as an example of awashing
machine, the present invention is obviously not limited
thereto. Components same as those in the conventional
washing machine described with reference to FIG. 7 to
FIG. 9 will be assigned the same reference marks and
will be described briefly.

[0039] First, a configuration of the washing machine of
the present exemplary embodiment will be described with
reference to FIG. 1 and FIG. 2.

[0040] FIG. 1 is a sectional side view of the washing
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machine of the exemplary embodiment of the present
invention. FIG. 2 is a block diagram showing a control
configuration of the washing machine of the exemplary
embodiment.

[0041] As shown in FIG. 1 and FIG. 2, washing ma-
chine 1 of the present exemplary embodiment is config-
ured by atleast washing tub 2, washing pump 5, washing
nozzle 6, heater 8, controller 9, thermistor 10, dish basket
11, drain pump 13, and the like. Dish basket 11 is pro-
vided in washing tub 2. Washing pump 5 and washing
nozzle 6 are provided as a washing apparatus for wash-
ing tableware 7 stored in dish basket 11. Washing nozzle
6 is rotatably provided in washing tub 2. Washing pump
5 pressure-feeds washing water to washing nozzle 6, so
that the washing water is sprayed from washing nozzle
6 toward tableware 7 stored in dish basket 11.

[0042] At this time, the washing water in washing tub
2 is heated by heater 8. The temperature of the heated
washing water is measured by thermistor 10, which is
mounted on an outer bottom surface of washing tub 2
and serving as a temperature sensor.

[0043] Thus, controller 9 measures the temperature of
the washing water by detecting an output voltage of ther-
mistor 10.

[0044] Further, as shown in FIG. 2, controller 9 is con-
nected, through a load controller, to washing pump 5,
heater 8, drain pump 13, water supply valve 17, and blow-
er fan 18, and controls those components. With this ar-
rangement, controller 9 controls and performs a washing
operation including a series of steps such as a washing
step, arinsing step, a heat-rinsing step, and a drying step.
[0045] In the following, operations and actions of the
washing machine of the present exemplary embodiment
will be described with reference to FIG. 3 to FIG. 5.
[0046] FIG. 3 is an explanatory diagram showing a
washing-water temperature and an operation program
of the washing machine of the exemplary embodiment.
FIG. 4 is a flowchart of a heat-rinsing step of the washing
machine of the exemplary embodiment. FIG. 5 is a flow-
chart showing in detail a heater control in the flowchart
of FIG. 4.

[0047] Basically, the operation of the washing ma-
chine, which washes tableware 7 by using loads of wash-
ing pump 5, washing nozzle 6, heater 8, and the like, is
the same as the operation of the conventional washing
machine.

[0048] Therefore, a detailed description will be made
below on the operations and the actions of the washing
machine which are features of the present exemplary
embodiment and which are different from those of the
conventional washing machine.

[0049] As shown in FIG. 3, the washing operation of
the washing machine of the present exemplary embod-
iment includes four steps, i.e., a washing step, a rinsing
step, a heat-rinsing step, and a drying step, similarly to
the conventional washing machine.

[0050] First, in the washing step, controller 9 operates
water supply valve 17 to supply washing water through
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water supply hose 15. Thereafter, controller 9 energizes
washing pump 5 and heater 8 to operate washing pump
5 and heater 8 until the washing-water temperature
reaches a predetermined washing temperature (57°C,
for example). Then, at the end of the washing step, con-
troller 9 makes drain pump 13 discharge the washing
water.

[0051] Next, in the rinsing step, controller 9 operates
water supply valve 17 tofillnew washing water in washing
tub 2. Thereafter, controller 9 energizes only washing
pump 5, without energizing heater 8, and performs the
operation of rinsing tableware 7, for example, twice for a
predetermined period of time. Then, at the end of the
rinsing step, controller 9 makes drain pump 13 discharge
the washing water. The rinsing step ends with this oper-
ation.

[0052] Next, with reference to FIG. 4 and FIG. 5, a de-
tailed description will be made below on the operations
and the actions of the heat-rinsing step, which are the
features of the present exemplary embodiment.

[0053] AsshowninFIG. 4 and FIG. 5, when the wash-
ing step and therinsing step are finished, the heat-rinsing
step is started (step S1).

[0054] Then, controller 9 energizes again water supply
valve 17 to supply washing water to washing tub 2 up to
a predetermined water amount through water supply
hose 15 (step S2). Thereafter, when controller 9 detects,
with water level detector 16, that the washing water has
been supplied to a predetermined water level, controller
9 stops the power supply to water supply valve 17 to stop
the supply of the washing water. Thereafter, washing mo-
tor 4 is energized to drive washing pump 5 (step S3) so
that the washing operation is performed.

[0055] Concurrently with this operation, controller 9
continuously energizes heater 8 (step S4) to heat the
washing water to increase the temperature of the wash-
ing water. At this time, controller 9 measures the time
period from first increased temperature Ta (50°C, for ex-
ample) to second increased temperature Tb (68°C, for
example) shown in FIG. 3 as a temperature increasing
time (step S5). The temperature of first increased tem-
perature Ta and the temperature of second increased
temperature Tb are measured from the output of ther-
mistor 10 which detects the temperature of the washing
water.

[0056] Next, based on the length of the measured tem-
perature increasing time and according to a preset and
stored ranking (see FIG. 6), a rank which determine the
content of the control of the subsequent washing opera-
tion is determined (step S6).

[0057] Then, controller 9 determines whether or not
detected temperature TS of the washing water detected
by thermistor 10 is equal to or higher than the first pre-
determined temperature T1 (step S7). If detected tem-
perature TS is less than first predetermined temperature
T1 (No in step S7), the measurement is repeated until
detected temperature TS is equal to or higher than first
predetermined temperature T1.
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[0058] On the other hand, if the temperature of the
washing water is equal to or higher than first predeter-
mined temperature T1 (Yes in step S7), first set periods
of time based on which the heater control is performed
are set, and the heater control to be described later is
started (step S8). Here, the first set periods of time are
time periods for which power for energizing heater 8 is
turned on and off, and the first set periods of time are set
based on the rank determined in step S6.

[0059] Thereafter, the heater control is finely per-
formed in accordance with changes in the temperature
of the washing water (step S9 to S16). The details will
be described below with reference to FIG. 5.

[0060] Next, after the above heater control, it is deter-
mined whether or not a predetermined period of time has
elapsed in the heat-rinsing step (step S17). If the prede-
termined period of time has not elapsed (Noin step S17),
the flow goes back to step S9, and the subsequent heater
controlis repeated until the predetermined period of time
has elapsed.

[0061] On the other hand, if the predetermined period
oftime has elapsed (Yesin step S17), the power of heater
8 is turned off (step S18).

[0062] Next, controller 9 stops washing pump 5 (step
S19).
[0063] Then, the flow goes to the drying step shown in

FIG. 3 (step S20).

[0064] Here, the ranking shown in step S6 of FIG. 4
will be specifically described with reference to FIG. 6.
[0065] FIG. 6 is a diagram showing the content of the
ranking for the heater control of the washing machine of
the exemplary embodiment.

[0066] FIG. 6 is an example of set values which are
ranked depending on the lengths of the temperature in-
creasing times of the washing water in the heat-rinsing
step. Specifically, the temperature increasing times of
the washing water are classified into four ranks. In FIG.
6, the following values are set: the first predetermined
temperature (a target thermistor temperature, a target
washing-water temperature (estimated value)) at which
the heater control is started, and the first set periods of
time and second set periods of time for which the power
of heater 8 is turned on and turned off.

[0067] Normally, the temperature increasing time of
the washing water changes depending on a power-sup-
ply voltage, an ambient temperature, and the like. There-
fore, the actual temperature of the washing water is es-
timated based on the temperature detected by thermistor
10 (detected temperature TS of the thermistor). For ex-
ample, when the amount of heat generation of heater 8
is large because of a high power-supply voltage or when
the ambient temperature is high, the temperature in-
creasing time of the washing water is short. In this case,
the difference between detected temperature TS of the
thermistor and the actual temperature of the washing wa-
ter is relatively large because of delay due to thermal
conductivity of washing tub 2. Therefore, the temperature
(first predetermined temperature T1) of the thermistor,
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at which the heater control of turning on and off the power
of heater 8 is started, is set to 76°C, as in rank A shown
in FIG. 6, which is lower than the temperatures in other
ranks B to D.

[0068] To the contrary, when the amount of heat gen-
eration of heater 8 is small because of alow power-supply
voltage and when the ambient temperature is low, the
temperature increasing time of the washing water is long.
Therefore, when the temperature increasing time is long,
the thermistor temperature (first predetermined temper-
ature T1), at which the heater control is started, is set to
79°C, as in rank D shown in FIG. 6, which is higher than
the temperatures in other ranks A to C.

[0069] By these operations, regardless of the variation
of the power-supply voltage and the ambient tempera-
ture, controller 9 can start the heater control after the
temperature of the washing water reaches the target
washing-water temperature, for example, 82°C. That is,
by controlling the temperature of the washing water on
atime basis, it is possible to control the variation in tem-
perature due to the power-supply voltage and the ambi-
enttemperature, whereby to bring the temperature closer
to a certain target washing-water temperature having a
small variation. As a result, the temperature of the wash-
ing water can be kept at temperatures equal to or higher
than 80°C, at which high sterilization effect can be ob-
tained.

[0070] Further, in the present exemplary embodiment,
there are two types of the time periods for turning on and
off the power of heater 8, which are the first set periods
of time and the second set periods of time as shown in
FIG. 6.

[0071] With the first set periods of time, under the con-
dition that the power-supply voltage, the ambient tem-
perature, and the like are normal, controller 9 can perform
a control so that the temperature is almost stable at the
target washing-water temperature of 82°C. In other
words, normally, when the temperature of the washing
water is kept high, the temperature of the washing water
is determined by the balance between a rate of temper-
ature increase (an amount of heat generation of heater
8) and a speed of heat dissipation from washing tub 2.
For this reason, when the temperature increasing time
is short, the time ratio of power-on to power-off is set low,
as in rank A shown in FIG. 6, compared to other ranks B
to D. To the contrary, when the temperature increasing
time is long, the time ratio of power-on to power-off is set
high, as in rank D shown in FIG. 6, compared to the other
ranks A to C. With this arrangement, regardless of the
variation of the power-supply voltage and the ambient
temperature, controller 9 can control the temperature of
the washing water to be kept in the vicinity of the target
washing-water temperature as shown in FIG. 3

[0072] However, it is difficult to keep, at all times, the
temperature of the washing water at a fixed temperature
of, for example, 82°C. Thus, depending on conditions of
varying power-supply voltage or varying ambient tem-
perature, the temperature of the washing water may
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gradually deviate from the target washing-water temper-
ature.

[0073] Therefore, in the washing machine of the
present exemplary embodiment, a more detailed heater
control including step S9 to step S16 is performed as
shown in FIG. 5.

[0074] In the following, operations and actions of the
more detailed heater control will be described with refer-
ence to FIG. 5.

[0075] As shown in FIG. 5, after the heater control is
started (step S8), controller 9 determines whether or not
detected temperature TS of the thermistor detected by
thermistor 10 is equal to or higher than fourth predeter-
mined temperature T4 (step S9). Fourth predetermined
temperature T4 is set higher by, for example, 2°C than
first predetermined temperatures T1, each of which is set
for each rank of the temperature increasing time.
[0076] At this time, if detected temperature TS of the
thermistor is less than fourth predetermined temperature
T4 (No in step S9), controller 9 determines whether or
not detected temperature TS of the thermistor is equal
to or higher than second predetermined temperature T2,
which is set higher by, for example, 1°C than first prede-
termined temperatures T1, each of which is set for each
rank of the temperature increasing time (step S11).
[0077] At this time, if detected temperature TS of the
thermistor is equal to or higher than second predeter-
mined temperature T2 (Yes in step S11), itis determined
thatthe temperature of the washing water is in a condition
to be easily increased. In this case, controller 9 operates
after making changes from the power-on/off time of heat-
er 8 defined by the first set periods of time shown in FIG.
6 to the power-on/off time of heater 8 defined by the sec-
ond set periods of time shown in FIG. 6, in which the time
ratio of power-on is set lower (step S12). With this ar-
rangement, the tableware can be washed while sup-
pressing the increase of the temperature of the washing
water and keeping the temperature of the washing water
stable in the vicinity of first predetermined temperature
T1 (the target washing-water temperature is 82°C).
[0078] Next, when detected temperature TS of the
thermistor is less than second predetermined tempera-
ture T2 (No in step S11) and after changes are made to
the second set periods of time, controller 9 determines
whether or not detected temperature TS of the thermistor
exceeds third predetermined temperature T3, which is
set lower by, for example, 1°C than first predetermined
temperatures T1, each of which is set for each rank of
the temperature increasing time (step S13).

[0079] At this time, when detected temperature TS of
the thermistor exceeds third predetermined temperature
T3 (Yesin step S13), controller 9 operates after changing
the heater control to first set periods of time shown in
FIG. 6 (step S14).

[0080] Next, while controller 9 is performing the heater
control with the first set periods of time (step S14) and if
detected temperature TS of the thermistor is equal to or
lower than third predetermined temperature T3 (No in
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step S13), it is determined whether or not detected tem-
perature TS of thermistor 10 is equal to or lower than
third predetermined temperature T3, which is set lower
by, for example, 1°C than first predetermined tempera-
ture T1 (step S15).

[0081] At this time, if detected temperature TS of the
thermistor is equal to or lower than third predetermined
temperature T3 (Yesin step S15), controller 9 determines
that the washing-water temperature is in a condition to
be easily decreased. Then, controller 9 once makes the
power of heater 8 to be continuously turned on (the pow-
er-off time is zero) and heats the washing water (step
S16). This operation makes the temperature of the wash-
ing water to bring closer to first predetermined tempera-
ture T1.

[0082] Next,itis determined whether or not the heating
of the washing water under the heater control has been
performed for a predetermined period of time (step S17).
If the predetermined period of time has elapsed (Yes in
step S17), step S18 and the subsequent steps shown in
FIG. 4 are executed.

[0083] If the predetermined period of time has not
elapsed (No in step S17), the flow goes back to step S9
to repeatedly perform the detailed heater control.
[0084] If thermistor 10 detects fourth predetermined
temperature T4 or higher temperatures which are higher
than second predetermined temperature T2 (Yes in step
S9) while the heater control is performed with the second
set periods of time (step S12) in the period when the
heater control shown in FIG. 5 is repeated for the prede-
termined period of time, controller 9 determines that the
washing-water temperature is in a condition to be more
easily increased. In that case, the power of heater 8 is
once continuously turned off (the power-on time is zero)
so that the temperature of the washing water is de-
creased (step S10). This operation makes the tempera-
ture of the washing water to bring closer to the target
washing-water temperature (82°C, for example) of first
predetermined temperature T1.

[0085] Thereafter, if the temperature of the washing
water returns to the vicinity of first predetermined tem-
perature T1 (step S13), step S13 is executed, and the
heater control is set back to the first set periods of time,
for example (step S14).

[0086] By the above-described heatercontrol, the tem-
perature of the washing water can be gradually returned
to the target washing-water temperature (82°C, for ex-
ample). As a result, the temperature of the washing water
can be kept in the vicinity of first predetermined temper-
ature T1 with the amplitude of fluctuation of the temper-
ature kept small. As a result, a washing machine having
higher energy saving performance can be realized.
[0087] Note thatthe target washing-water temperature
for the heater control, the set temperatures of thermistor
10 (first predetermined temperature T1, second prede-
termined temperature T2, third predetermined tempera-
ture T3, and fourth predetermined temperature T4), and
the set periods of time, which are described in the present
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exemplary embodiment are not limited to the above-de-
scribed set values. For example, it is obvious that those
values can be set for each type of device in view of an
amount of heat generation of heater 8 and a degree of
heat insulation from washing tub 2 to surrounding air.
[0088] In the present exemplary embodiment, the de-
scription has been made taking as an example the four
ranks and the two set periods of time, i.e., the first set
periods of time and the second set periods of time; how-
ever, the presentinvention is not limited thereto. For ex-
ample, it is obvious that the number of the ranks and the
number of the set periods of time can be arbitrarily set
depending on desired control accuracy.

[0089] Further, in the present exemplary embodiment,
the heater control in the heat-rinsing step has been de-
scribed in detail; however, itis obvious that a similar heat-
er control can also be performed in the washing step. A
similar effect can be obtained with this control.

[0090] Further, in the present exemplary embodiment,
the description has been made taking a dish washer as
an example of a washing machine; however, the present
invention is not limited thereto. For example, the present
invention can be applied to a washing apparatus for med-
ical instruments such as forceps to be used for surgery.
With this application, it is possible to wash medical in-
struments, for which high sterilization effect is required,
with washing water equal to or higher than 80°C.
[0091] As described above, with the present exempla-
ry embodiment, when the temperature of the washing
water is kept at high temperatures for a certain period of
time, it is possible to control the amplitude of fluctuation
of the temperature of the washing water to be small so
thatitis possible to prevent the washing water from being
heated too much. As a result, it is possible to realize a
washing machine which is more energy-saving and in
which the temperature of the washing water can be stably
kept high.

[0092] In addition, in the case of the conventional
washing machine in which the amplitude of fluctuation of
the temperature of the washing water is large, the max-
imum temperature of the washing water whose temper-
ature is kept at a high temperature of 80°C or more for
washing is as high as 85°C. Thus, the materials and the
components used for washing machine 1 are greatly
damaged by heat. Therefore, in the present exemplary
embodiment, even when the power-supply voltage or the
ambient temperature varies, the maximum temperature
of the washing water whose temperature is kept at high
temperatures can be lowered from 85°C to 82°C by finely
performing the heater control of the temperature of the
washing water. As a result, damage to the materials and
the components constituting washing machine 1 can be
reduced, whereby a highly reliable washing machine can
be realized.

[0093] As described above, a washing machine of the
present invention includes: a washing tub configured to
contain therein an object to be washed; a washing ap-
paratus which washes the objectto be washed with wash-
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ing water in the washing tub; a heater which heats the
washing water; a temperature sensor disposed on an
outer bottom surface of the washing tub, and configured
to detect a temperature of the washing water; and a con-
troller which controls a series of washing operations in-
cludingawashing step, arinsing step, a heat-rinsing step,
and a drying step. The controller has a configuration in
which, when the temperature sensor detects a first pre-
determined temperature in at least one of the washing
step and the heat-rinsing step, the controller performs,
until a predetermined period of time has elapsed, aheater
control in which power-on and power-off of the heater
are repeated based on preset periods of time.

[0094] With this arrangement, an amplitude of fluctu-
ation of the temperature of the washing water can be kept
small while the temperature is kept high, whereby it is
possible to prevent the washing water from being heated
too much. As a result, it is possible to realize a washing
machine in which the temperature of the washing water
can be stably kept high and which has higher energy
saving performance.

[0095] Further, according to the washing machine of
the presentinvention, the controller may measure, during
heating of the washing water, a time period from when a
temperature detected by the temperature sensor reach-
es a predetermined first increased temperature until
when the temperature reaches a predetermined second
increased temperature, and the controller may start the
heater control based on a measured result.

[0096] Further, according to the washing machine of
the presentinvention, the controller may measure, during
heating of the washing water, a time period from when a
temperature detected by the temperature sensor reach-
es a predetermined first increased temperature until
when the temperature reaches a predetermined second
increased temperature, and the controller may change,
based on the measured result, the set periods of time for
the power-on and the power-off of the heater.

[0097] With these arrangements, even when the pow-
er-supply voltage, the ambient temperature, or the like
varies, it is possible to control the actual temperature of
the washing water whose temperature is kept high not
to deviate from a desired temperature. As a result, the
object to be washed can be washed with the washing
water at a more constant temperature.

[0098] Further, according to the washing machine of
the present invention, when the controller detects that
the temperature detected by the temperature sensor de-
viates from the first predetermined temperature by a pre-
scribed temperature or more while the controller is per-
forming the heater control, the controller may change the
set periods of time for the power-on and the power-off of
the heater control to bring the temperature closer to the
first predetermined temperature.

[0099] With this arrangement, even when the power-
supply voltage, the ambient temperature, or the like var-
ies, it is possible to more surely control the actual tem-
perature of the washing water whose temperature is kept
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high not to deviate from a desired temperature.
INDUSTRIAL APPLICABILITY

[0100] The washing machine of the present invention
can control the amplitude of fluctuation of the heating
temperature of the washing water to be small. Thus, the
present invention is useful in the field of dish washers or
other fields in which it is required to prevent the washing
water from being heated too much so that tableware can
be washed while the temperature of the washing water
is stably kept high with less energy.

REFERENCE MARKS IN THE DRAWINGS

[0101]

1 washing machine
2 washing tub

3 drain outlet

4 washing motor

5 washing pump

6 washing nozzle

7 tableware

8 heater

9 controller

10  thermistor (temperature sensor)
11 dish basket

12 lid

13 drain pump

14  drain hose

15  water supply hose
16  water level detector
17  water supply valve
18  blower fan

19  exhaust port
Claims

1. A washing machine comprising:

a washing tub configured to contain an object to
be washed;

a washing apparatus which washes the object
to be washed with washing water in the washing
tub;

a heater which heats the washing water;
atemperature sensor disposed on an outer bot-
tom surface of the washing tub, and configured
to detect a temperature of the washing water;
and

a controller which controls a series of washing
operations including a washing step, a rinsing
step, a heat-rinsing step, and a drying step,
wherein, when the temperature sensor detects
afirst predetermined temperature in at least one
of the washing step and the heat-rinsing step,



15 EP 2901 909 A1

the controller performs, until a predetermined
period of time has elapsed, a heater control in
which power-on and power-off of the heater are
repeated based on preset periods of time.

The washing machine according to claim 1, wherein
the controller measures, during heating of the wash-
ing water, a time period from when a temperature
detected by the temperature sensor reaches a pre-
determined first increased temperature until when
the temperature detected by the temperature sensor
reaches a predetermined second increased temper-
ature, and

the controller changes, based on a measured result,
a setting of the first predetermined temperature at
which to start the heater control.

The washing machine according to claim 1, wherein
the controller measures, during heating of the wash-
ing water, a time period from when a temperature
detected by the temperature sensorreaches the pre-
determined first increased temperature until when
the temperature reaches a predetermined second
increased temperature, and

the controller changes, based on a measured result,
the set periods of time for the power-on and the pow-
er-off of the heater control.

The washing machine according to claim 1, wherein
when the controller detects that the temperature de-
tected by the temperature sensor deviates from the
first predetermined temperature by a prescribed
temperature or more while the heater control is per-
formed, the controller changes the set periods of time
for the power-on and the power-off of the heater con-
trol to bring the temperature closer to the first pre-
determined temperature.
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FIG. 3
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FIG. 4
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FIG. 5
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FIRST PREDETERMINED FIRSTSET | SECOND SET
TEMPERATURE T1
PERIODS OF | PERIODS OF
TEMPERATURE : .
RANK 1 \NCREASING TIME| ~ TARGET TARGET TIME: TIME:
THERMISTOR WASHING WATER POWER POWER
TEMPERATURE TEMPERATURE ON/fOFF ON/OFF
(ESTIMATED VALUE)
0 sec or more o o o
A less than 600 sec 76°C 82°C 25 secf35sec | 12 sec/48 sec
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less than 850 sec : © CIa0 5eC
C 850 sec o more to 78°C same as abo 35secl2bsec | 17 secf43
less than 1200 sec ve ECi%o SeC
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FIG. 7
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