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(54) METHOD AND APPARATUS FOR CONTROLLING DISHWASHER

(57) Disclosed is a method for controlling a dish-
washer, the method comprising: triggering a water-sof-
tening apparatus to be in a softening working state during
a water intake stage of a working stage during which soft
water is needed for washing, so as to introduce water
produced when the water-softening apparatus is in the
softening working state into a washing cavity of a dish-
washer; and after the water-softening apparatus is in the
softening working state during the working stage, if at
least one of the number of instances and duration of the
water-softening apparatus being in the softening working
state and the amount of water produced by the water-sof-
tening apparatus in the softening working state reaches
a corresponding preset value, the water-softening appa-
ratus being in a recycling working state before the water
intake stage of the next working stage during which the
soft water is needed for washing. The water-softening
apparatus comprises several first electrodes and several
second electrodes, which are arranged in a stacked man-
ner, wherein the first electrodes and the second elec-
trodes are arranged alternately, and the polarities thereof
are opposite. A water flow channel is formed between
the first electrode and the second electrode adjacent

thereto, wherein the side of one of the two electrodes
that faces the channel is provided with an adsorption lay-
er which is used for adsorbing target cations. The wa-
ter-softening apparatus implements the switching of a
softening function and a recycling function by means of
converting the polarity of the first electrode and the po-
larity of the second electrode.



EP 4 144 277 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 202010363845.2, titled "METHOD
AND APPARATUS FOR CONTROLLING DISHWASH-
ER", filed on April 30, 2020 with the China National In-
tellectual Property Administration, which is incorporated
herein by reference in its entirety.

FIELD

[0002] The present disclosure relates to the field of
household electrical appliances, and in particular, to a
method and an apparatus for controlling a dishwasher.

BACKGROUND

[0003] In conventional technology, a water softener of
a capacitive deionization type utilizes its electrode ma-
terial to adsorb metal cations, such as calcium ions and
magnesium ions in the water. In a case the metal cations
saturate the adsorption capability, the water softener
needs to regenerate, so as release the adsorbed calcium
ions and magnesium ions into the water and therefore
restore the adsorption capability. The water softeners of
such type are mainly applied to professional equipment
for large-scale water treatment. In a case that a dish-
washer utilizes the capacitive-deionization water soften-
er, an urgent problem to be solved is how to control the
capacitive-deionization water softener to perform soften-
ing and regeneration.

SUMMARY

[0004] A method for controlling a dishwasher is provid-
ed according to an embodiment of the present disclosure.
The dishwasher includes a water softener, where the wa-
ter softener includes multiple first electrodes and multiple
second electrodes that are alternately staked, water is
capable to flow through a channel, the channel is located
between each pair of a first electrode of the multiple first
electrodes and a second electrode of the multiple second
electrodes, the second electrode is adjacent to the first
electrode, and a surface of the first electrode facing the
channel is provided with an adsorption layer for adsorb-
ing target cations. A single washing cycle of the dish-
washer includes at least one operation stage, and each
operation stage includes a water-injection phase and a
washing phase. The method includes: controlling the wa-
ter softener to operate under a softening mode in the
water-injection phase of a first operation stage that re-
quires softened water, where water generated in the sof-
tening mode flows into a washing chamber of the dish-
washer, and where the first electrodes are connected to
a negative terminal of a power source and the second
electrodes are connected to a positive terminal of the
power source when the water softener is under the sof-
tening mode; determining whether to trigger a regener-

ation mode of the water softener; and in response to de-
termining to trigger the regeneration mode, controlling
the water softener to operate under the regeneration
mode before the water-injection phase of a second op-
eration stage, which is a next operation stage requiring
softened water, where the first electrode is connected to
the positive terminal of the power source and the second
electrode is connected to the negative terminal of the
power source when the water softener is under the re-
generation mode.
[0005] An apparatus for controlling a dishwasher is fur-
ther provided according to an embodiment of the present
disclosure. The dishwasher includes a water softener,
where the water softener includes multiple first elec-
trodes and multiple second electrodes that are alternately
staked, water is capable to flow through a channel, the
channel is located between each pair of a first electrode
of the multiple first electrodes and a second electrode of
the multiple second electrodes, the second electrode is
adjacent to the first electrode, and a surface of the first
electrode facing the channel is provided with an adsorp-
tion layer for adsorbing target cations. A single washing
cycle of the dishwasher includes at least one operation
stage, and each operation stage includes a water-injec-
tion phase and a washing phase. The apparatus in-
cludes: a softening control module, configured to control
the water softener to operate under softening mode in
the water-injection phase of a first operation stage that
requires softened water, where water generated in the
softening mode flows into a washing chamber of the dish-
washer, and where the first electrodes are connected to
a negative terminal of a power source and the second
electrodes are connected to a positive terminal of the
power source when the water softener is under the sof-
tening mode; a determination module, configured to de-
termine whether at least one of: a quantity of times of the
water softener operating under the softening mode
reaching a preset quantity, duration of the water softener
operating under the softening mode reaching a preset
duration, or a volume of water generated by the water
softener operating under the softening mode reaching a
preset volume, is true after the water softener finishes
operating under the softening mode in the first operation
stage; and a regeneration control module, configured to
control the water softener to operate under a regenera-
tion mode before the water-injection phase of a second
operation stage, which is a next operation stage requiring
softened water, in response the at least one being true,
where the first electrode is connected to the positive ter-
minal of the power source and the second electrode is
connected to the negative terminal of the power source
when the water softener is under the regeneration mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 is a schematic structural diagram of a water
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softener according to an embodiment of the present
disclosure.

Figure 2 is a cross-sectional view of a water softener
as shown in Figure 1.

Figure 3 is a flowchart of a method for controlling a
dishwasher according to an embodiment of the
present disclosure.

Figure 4 is a flowchart of a method for controlling a
dishwasher according to another embodiment of the
present disclosure.

Figure 5 is a flowchart of a method for controlling a
dishwasher according to another embodiment of the
present disclosure.

Figure 6 is a flowchart of a method for controlling a
dishwasher according to another embodiment of the
present disclosure.

Figure 7 is a flowchart of a method for controlling a
dishwasher according to another embodiment of the
present disclosure.

Figure 8 is a flowchart of a method for controlling a
dishwasher according to another embodiment of the
present disclosure.

Figure 9 is a schematic structural diagram of an ap-
paratus for controlling a dishwasher according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0007] Embodiments are described in detail herein,
and examples thereof are shown in the drawings. Unless
indicated otherwise, identical reference numerals in dif-
ferent drawings represent the same or similar elements
when following description makes references to the
drawings. Implementations described in following em-
bodiments do not represent all implementations that are
consistent with the present disclosure. Rather, they are
merely examples of apparatuses and methods that are
consistent with what is described in detail in the append-
ed claims and in some aspects of the present disclosure.
[0008] The terminology used in this specification is for
the purpose of describing particular embodiments only
and is not intended to limit the present disclosure. Unless
clearly indicated otherwise in the context, singular forms
such as "a", "the", and "such" in this specification and the
appended claims are intended to include plural forms as
well.
[0009] "First", "second", and similar terms used in the
description and claims of the present disclosure do not
indicate any order, quantity, or degree of importance, and
are only configured to distinguish different components.

Likewise, the terms such as "a(n)" or "one" do not indicate
a quantitative limitation, but rather indicate presence of
at least one. Similarly, terms such as "multiple" or "mul-
tiple layers of" indicates a quantity of two or more. Unless
otherwise indicated, terms such as "front", "rear", "lower,"
and "upper" are intended for facilitating description, rath-
er than being limited to a designated location or a des-
ignated spatial orientation. A term such as "include" or
"comprise" is intended to indicate that a subject previous
to such term encompasses an element, an item, or an
equivalent of the element or the item, which is listed sub-
sequent to such term, and is not intended to exclude an-
other element or another item.
[0010] Hereinafter embodiments of the present disclo-
sure are described in detail in conjunction with the draw-
ings. Features in following embodiments and implemen-
tations may be mutually complementary and may be
combined when there is no conflict.
[0011] A method for controlling a dishwasher accord-
ing to embodiments of the present disclosure is applica-
ble to a dishwasher having a capacitive-deionization wa-
ter softener. The dishwasher may include the water sof-
tener, a washing chamber, a drain pipe, a connecting
valve (such as a three-way valve), a switching valve, and
the like. Each of the water softener and the washing
chamber has a water inlet and a water outlet. The con-
necting valve may be a three-way valve having a first
port, a second port, and a third port, or may be a multi-
way valve having additional ports besides those of the
three-way valve. The first port of the connecting valve is
connected to the water outlet of the water softener, the
second port of the connecting valve is connected to the
water inlet of the washing chamber, and the third port of
the connecting valve is connected to the drain pipe. Con-
nections between the water softener and the washing
chamber and between the water softener and the drain
pipe are blocked or unblocked through closing or opening
different ports of the connecting valve. That is, the water
outlet of the water softener and the washing chamber of
the dishwasher communicate via the connecting valve in
some operating situations, while the water outlet of the
water softener and the water inlet of the water tank com-
municate via the connecting valve in other operating sit-
uations. The switching valve is connected between the
washing chamber and the drain pipe, and is configured
to block and unblock connection between the washing
chamber and the drain pipe.
[0012] The water softener may include a first electrode
and a second electrode connecting to opposite polarities.
The water softener swaps the polarities connected to the
first electrode and the second electrode, so as to switch
between a softening mode and a regeneration mode. The
dishwasher is provided with a controller, such as a control
circuit board. The controller is electrically connected to
the water softener, a washing apparatus, and other com-
ponents, so as to control operation of theses apparatuses
and components.
[0013] Reference is made to Figure 1 and Figure 2. In
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some embodiments, the capacitive-deionization water
softener 300 includes multiple first electrode sheets 1
and multiple second electrode sheets 2. The multiple first
electrode sheets 1 and the multiple second electrode
sheets 2 are stacked in an interleaved manner, and a
channel through which water is capable to flow is formed
between each pair of the first electrode sheet 1 and the
second electrode sheet 2 that are adjacent. Specifically,
the channel may be implemented by filling an insulating
filter or the like between the first electrode sheet 1 and
the second electrode sheet 2. The insulating filter may
have a mesh structure. After the first electrode sheets 1
and the second electrode sheets 2 are fixed under a cer-
tain pressure, the insulating filter is filled between the first
electrode sheet 1 and the second electrode sheet 2 that
are adjacent. Thereby, the channel through which water
is capable to flow is formed between the first electrode
sheet 1 and the second electrode sheet 2 is formed.
[0014] The first electrode sheets 1 and the second
electrode sheets 2 may be thin graphite electrode sheets,
or made of another conductive material. The first elec-
trode sheets 1 and the second electrode sheets 2 are
connected to positive and negative terminals of a power
source, so that an electric field can be formed among the
first electrode sheets 1 and the second electrode sheets
2.
[0015] The first electrode sheet 1 is provided with a
first adsorption layer (not depicted) for adsorbing target
cations (such as calcium ions and magnesium ions in
water). The second electrode sheet 2 may be provided
with a second adsorption layer (not depicted) for adsorb-
ing target anions.
[0016] When the water softener 300 is powered, the
first electrode sheets 1 are connected to a negative ter-
minal of the direct-current (DC) power source, and the
second electrode sheets 2 are connected to a positive
terminal of the DC power source. Thereby, when water
flows among the first electrode sheets 1 and the second
electrode sheets 2, cations in the water are adsorbed by
the first adsorption layer, anions in the water are ad-
sorbed by the second adsorption layer, and hence the
water is softened.
[0017] When the adsorption capacities of the first ad-
sorption layer and the second adsorption layer are sat-
urated, the first electrode sheet 1 and the second elec-
trode sheet 2 may swap their connections to the terminals
of the power source. That is, the first electrode sheet 1
is connected to the positive terminal of the DC power
source, and the second electrode sheet 2 is connected
to the negative terminal of the DC power source. In such
case, the first adsorption layer releases the cations ad-
sorbed on it under the electric field. Few cations are ad-
sorbed by the second adsorption layer because the sec-
ond adsorption layer has a poor capability of adsorbing
the cations. Therefore, the cations return to the water,
and the adsorption capability of the first adsorption layer
is restored. Similarly, the second adsorption layer releas-
es the anions adsorbed on it under the electric field, and

the adsorption capability of the second adsorption layer
is restored. Thereby, regeneration is implemented.
[0018] In some embodiments, a forward voltage ap-
plied between the first electrode and the second elec-
trode refers to that the first electrode sheets 1 are con-
nected to the negative terminal of the DC power source
while and the second electrode sheets 2 are connected
to the positive terminal of the DC power source. Corre-
spondingly, a backward voltage applied between the first
electrode and the second electrode refers to that the first
electrodes 1 are connected to the positive terminal of the
DC power source and the second electrodes 2 are con-
nected to the negative terminal of the DC power source.
[0019] Reference is made to Figure 3, in conjunction
with Figure 4 to Figure 5 when necessary. A method for
controlling a dishwasher according to an embodiment of
the present disclosure may include following steps S101
and S103.
[0020] In step S101, the water softener is controlled to
operate under a softening mode in a water-injection
phase of a first operation stage requiring softened water,
where water generated in the softening mode flows into
a washing chamber of the dishwasher.
[0021] In step S103, the water softener is controlled to
operate under a regeneration mode before the water-
injection phase of a second operation stage, which is a
next operation stage requiring softened water, in a case
that after the water softener finishes operating under the
softening mode in the first operation stage, a quantity of
times of the water softener operating under the softening
mode reaches a preset quantity, and/or duration of the
water softener operating under the softening mode
reaching a preset duration, and/or a volume of water gen-
erated by the water softener operating under the soften-
ing mode reaching a preset volume.
[0022] The second operation stage and the first oper-
ation stage may belong to a same washing cycle, and
the second operation stage is the next operation stage
which requires softened water after the first operation
stage. For example, in a washing cycle, the second op-
eration stage may be immediately after the first operation
stage, or there may be another operation stage after the
first operation stage and before the second operation
stage. Alternatively, the second operation stage and the
first operation stage may belong to different washing cy-
cles. For example, the first operation stage belongs to
the first full washing cycle, and the second operation
stage belongs to the second full washing cycle.
[0023] It may be preset in a program of the dishwasher,
or selected by a user based on an actual situation, wheth-
er softened water is required in a certain operation stage.
Washing with heated water is more apt to convert metal
cations into insoluble substances such as calcium car-
bonate, magnesium hydroxide, or the like, than washing
with unheated water, and hence is more apt to generate
lime scale. Therefore, in some embodiments, an opera-
tion stage requiring water heating may be determined as
the operation stage requiring softened water. Corre-
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spondingly, it may be first determined whether a certain
operation stage requires using heated water, and when
positive, such operation stage is determined to require
softened water.
[0024] A single washing cycle of the dishwasher in-
cludes at least one operation stage, and each operation
stage includes a water-injection phase and a washing
phase. Specifically, the operation stage of the dishwash-
er may include prewash, wash, rinse, or a combination
thereof. Correspondingly, the prewash includes a pre-
wash water-injection phase and a prewash washing
phase, the wash includes a wash water-injection phase
and a wash washing phase, and the rinse includes a rinse
water-injection phase and a rinse washing phase.
[0025] A full cycle of washing dishes includes only the
wash stage in some dishwashers, includes the wash
stage and then the rinse stage in some dishwashers,
while includes the prewash stage, then the wash stage,
and then the rinse stage in some dishwashers. A dish-
washer having two or more of the prewash, the wash,
and the rinse may provide multiple washing modes. For
example, a dishwasher having the prewash and the wash
may be controlled to operate under multiple selectable
washing modes. The full washing cycle may include only
the wash in one mode, include the wash and the rinse in
another mode, and include the prewash, the wash, and
the rinse in a third mode. Some dishwashers further have
a drying function after the washing cycle.
[0026] A detergent may or may not be used in each
washing phase of the dishwasher. Softened water may
or may not (for example, using tap water or water gen-
erated by the regenerating water softener) be used in
each washing phase of the dishwasher. Corresponding-
ly, heated water or unheated water may be used in each
operation stage of the dishwasher. For example, the rinse
may include a warm-rinse, in which dishes are washed
with heated water, or a cold-rinse, in which dishes are
washed with unheated water (such as tap water). In an
operation stage requiring water heating, the water is gen-
erally heated during the washing phase.
[0027] In some embodiments, it is taken as an example
that the operation stages in a washing cycle of the dish-
washer includes the wash and the rinse. In the wash,
heated water added with a detergent is used to wash
dishes. The rinse refers to the warm-rinse in which heated
water is used to wash dishes. In some scenarios, a bright-
ener or a rinse agent may be applied for washing the
dishes in the rinse. Correspondingly, the wash is a first
operation stage and the warm-rinse is a second operation
stage. The first operation stage and the second operation
stage belong to a same washing cycle. In another em-
bodiment, there is another operation stage requiring no
water heating between the wash and the warm-rinse. For
example, tap water is directly used to wash dishes in the
other operation stage.
[0028] In step S101, the first port and the second port
of the connecting valve may be opened, so that the water
outlet of the water softener and the water inlet of the

washing chamber communicate. Thereby, water gener-
ated by the water softener under the softening mode is
capable to flow into the washing chamber of the dish-
washer.
[0029] Reference is made to Figure 4. In an embodi-
ment, the method further includes S102 after the step
S101 and before step S103. In step S102, it is determined
whether at least one of: a quantity of times of the water
softener operating under the softening mode, duration of
the water softener operating under the softening mode,
or a volume of water generated by the water softener
operating under the softening mode, reaches a corre-
sponding preset threshold after the water softener finish-
es operating under the softening mode in the first oper-
ation stage. For example, it is determined whether the
quantity of times of the water softener operating under
the softening mode reaches a preset quantity, whether
the duration of the water softener operating under the
softening mode reaches a preset duration, or whether
the volume of water obtained by the water softener op-
erating under the softening mode reaches a preset vol-
ume.
[0030] Herein the quantity of times of the water soften-
er operating under the softening mode may be under-
stood as how many times the water softener has operated
under the softening mode since the softening capability
of the water softener is fully restored. In a specific em-
bodiment, the preset quantity may be preset based on a
specific condition, such as the softening capability of the
water softener or a volume of softened water required in
an operation stage of the dishwasher. The preset dura-
tion may be preset based on a specific condition such as
the softening capability of the water softener. Similarly,
the preset volume may be preset based on a specific
condition such as the softening capability of the water
softener.
[0031] In some embodiments, the preset quantity for
times of the water softener performing the softening (i.e.,
the preset quantity for the times of the water softener
operating under the softening mode) may be 1. Hence,
the preset quantity is reached as soon as the water sof-
tener finishes operating under the softening mode in the
first operation stage, and the water softener needs to
operate under the regeneration mode before a next op-
eration stage that requires softened water, i.e., before
the second operation stage. In other embodiments, the
preset quantity may have another value, such as 2 or 3,
which is not limited herein.
[0032] In some embodiments, the quantity of times of
the water softener operating under the softening mode
is increased by 1 when the water-injection phase of the
operation stage requiring softened water ends.
[0033] For example, the quantity of times of the water
softener operating under the softening mode is increased
by 1 when the water-injection phase of the first operation
stage ends. Correspondingly, the method may include a
following step in a case that the water softener needs to
operate under the regeneration mode before the water-
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injection phase of the second operation stage that re-
quires softened water. After the water softener is under
the regeneration mode, the quantity of times of the water
softener operating under the softening mode is reset to
zero. Hence, next time the water softener starts the sof-
tening, the quantity of times of the water softener oper-
ating under the softening mode would be counted from
zero.
[0034] In some embodiments, the volume of water gen-
erated by the water softener operating under the soften-
ing mode may be acquired through detecting a volume
of water in the washing chamber. In a case that the water
softener is capable to operate under the softening mode
for multiple times before regeneration (for example, the
preset quantity is two or more), since the water softener
operates under the water softening mode for the second
time, a volume of water in the washing chamber, which
is generated by the water softener operating under the
softening mode in the current operation stage, is added
to the a total volume of water generated by the water
soften operating under the softening mode before the
current operation stage. For example, the preset quantity
is 3. In such case, when the water softener is operating
under the softening mode for the second time, the volume
of water generated by the water softener operating under
the softening mode is equal to a sum of a volume of water
which has been generated by the water softener operat-
ing in the softening mode for the second time and a vol-
ume of water generated by the water softener operating
in the softening mode for the first time.
[0035] In an embodiment, the determination in the step
S102 may not be skipped, and the process proceeds to
the step S103 directly when one of: the quantity of times
of the water softener operating under the softening mode,
the duration of the water softener operating under the
softening mode, and the volume of water generated by
the water softener operating under the softening mode,
reaches the corresponding preset threshold.
[0036] In step S103, the water softener is controlled to
operate under the regeneration mode before the water-
injection phase of the second operation stage, which is
a next operation stage that requires softened water. In
an embodiment, the step S103 is implemented through
following step S1031.
[0037] In step S 1031, the water softener is controlled
to operate under the regeneration mode during at least
a part of the washing phase of the first operation stage.
[0038] During the washing, the step S 1031 is capable
to reduce duration in which the dishwasher operates, and
hence improves an operation efficiency of the dishwash-
er.
[0039] In an embodiment, the second operation stage
is immediately after the first operation stage, and the wa-
ter softener may be controlled to regenerate during the
washing phase of the first operation stage. For example,
the regeneration of the water softener may start when
the washing phase of the first operation stage starts. Ad-
ditionally or alternatively, the regeneration of the water

softener may stop when the washing phase of the first
operation stops. Additionally or alternatively, duration of
the regeneration of the water softener and the washing
phase of the first operation stage may overlap partially.
Specific configurations may be based on time consump-
tion of the regeneration of the water softener, time con-
sumption of the washing phase of the first operation
stage, or the like, which is not limited herein.
[0040] In an embodiment, the regeneration of the water
softener has not finished when the washing phase of the
first operation stage ends, and the method may further
include a following step. Water generated by the water
softener under the regeneration mode is controlled to be
drained through the drain pipe, such that operation after
the washing-injection phase of the first operation stage
is not affected.
[0041] In an embodiment, a water tank may be provid-
ed in the dishwasher, and is configured to store the ex-
cess water generated by the water softener in the regen-
eration mode. Hence, such water can be used in an op-
eration stage not requiring softened water, saving water
resources. Specifically, the water outlet of the water sof-
tener may be connected to the washing chamber of the
dishwasher and a water inlet of the water tank via a three-
way valve or another component. The water outlet of the
water softener and the washing chamber of the dish-
washer communicate via the three-way valve in some
operating situations, while the water outlet of the water
softener and the water inlet of the water tank communi-
cate via the three-way valve in other operating situations.
A water outlet of the water tank and the washing chamber
may communicate under control of a switching valve. The
water tank being capable to store the water generated
from the regeneration renders the regeneration of the
water softener more temporally flexible. Moreover, the
water tank may have an outlet flow rate greater than that
of the water softener, which can reduce time consumed
by filling the dishwasher with water. Hence, the fully
washing cycle of the dishwasher is shortened
[0042] In some embodiments, there is another opera-
tion stage between the first operation stage and the sec-
ond operation stage. The method may include step S 104
after the step S101 or after the step S102.
[0043] In step S104, the water softener is controlled to
operate under the regeneration mode in the water-injec-
tion phase of a third operation stage, where water gen-
erated under the regeneration mode is controlled to flow
into the washing chamber of the dishwasher.
[0044] The step S104 is capable to achieve effective
usage of hard water generated by the water softener un-
der the regeneration mode, which reduces a waste of
water resources.
[0045] Additionally or alternatively, in some embodi-
ments, the water generated by the water softener under
the regeneration mode is drained through the drain pipe.
In such case, water not processed by the water softener,
such as tap water, is used in the third operation stage.
[0046] In an embodiment, a water outlet of the water
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softener and the washing chamber may communicate
via a pipe, and the water outlet and the drain pipe may
communicate via another pipe. For example, valves may
be provided at a water inlet of the washing chamber and
a water inlet of the drain pipe, may be provided in the
pipes, or may be provided at the water outlet of the water
softener. Thereby, the pipe connecting the water outlet
of the water softener and the washing chamber and the
pipe connecting the water outlet of the water softener
and the drain pipe may be unblocked or blocked by open-
ing or closing corresponding valves. Correspondingly, in
a case that the operation stage which the dishwasher is
to enter is the prewash, the valves may be controlled to
unblock the pipe connecting the water outlet of the water
softener and the washing chamber, and block the pipe
connecting the water outlet of the water softener and the
drain pipe. Hence, the water generated by the water sof-
tener under the regeneration mode flows into the washing
chamber of the dishwasher. Water generated by the wa-
ter softener under the softening mode may be controlled
in a similar manner to flow into the washing chamber,
which is not described in detail herein.
[0047] In another embodiment, the water outlet of the
water softener, the washing chamber, and the drain pipe
communicate in series via pipes. That is, the water outlet
of the water softener and the drain pipe communicate via
the washing chamber. Valves may be provided at a water
inlet of the washing chamber and a water inlet of the drain
pipe, or may be provided in the pipes, or may be provided
at the water outlet of the water softener. Thereby, the
pipe connecting the water outlet of the water softener
and the washing chamber and the pipe connecting an
outlet of the washing chamber and the drain pipe may
be unblocked or blocked by opening or closing of the
corresponding valves. Correspondingly, in a case that
the operation stage which the dishwasher is to enter is
the prewash, the valves may be controlled to unblock the
pipe connecting the water outlet of the water softener
and the washing chamber, and block the pipe connecting
the water outlet of the washing chamber and the drain
pipe. Hence, the water generated by the water softener
under the regeneration mode flows into the washing
chamber of the dishwasher. When draining water, the
pipe connecting the water outlet of the washing chamber
and the drain pipe is unblocked, so that water in the wash-
ing chamber of the dishwasher is drained through the
drain pipe. Water generated by the water softener under
a softening mode may be controlled in a similar manner
to flow into the washing chamber, which is not described
in detail herein.
[0048] In some embodiments, the method may further
include step S105 before the step S104.
[0049] In step S105, it is determined whether there is
the third operation stage which does not requiring sof-
tened water between the first operation stage and the
second operation stage. The process proceeds to the
S104 in a case that the determination in the step S105
is positive. Otherwise, the process may proceed to the

step S103, for example, to the step S1031.
[0050] In some embodiments, the first operation stage
and the second operation stage belong to different wash-
ing cycles. For example, the first operation stage is the
final washing phase of a single washing cycle. In such
case, controlling the water softener to operate under the
regeneration mode before the water-injection phase of
the second operation stage that requires softened water
may include following steps S1035 and S1036.
[0051] In step S1035, the water softener is controlled
to not operate under the regeneration mode before a cur-
rent washing cycle ends.
[0052] In step S1036, in a case that a next washing
cycle is detected to start, the water softener is controlled
to operate under the regeneration mode before the water-
injection phase of the second operation stage, which is
the earliest operation stage that requires softened water
in the next washing cycle.
[0053] As an example, the washing cycle of the dish-
washer includes the prewash, the wash, and the rinse in
some embodiments. It is necessary to use softened water
in the wash and the rinse, while it is not necessary to use
softened in the prewash. Hence, after the water-injection
phase of the rinse, the water softener of the dishwasher
may be controlled to not operate under the regeneration
mode before the current washing cycle ends, in a case
that at least one of the quantity of times of the water
softener operating under the softening mode, the dura-
tion of the water softener operating under the softening
mode, or the volume of water generated by the water
softener operating under the softening mode reaches a
corresponding preset threshold. In a case that the next
washing cycle also includes the prewash, the wash, and
the rinse, the water softener of the dishwasher may be
controlled to operate under the regeneration mode before
or during the prewash of the next washing cycle. Before
the prewash, hard water generated under the regenera-
tion mode may be controlled to flow into the washing
chamber, such that the hard water can be used in the
prewash.
[0054] In some embodiments, each time the water sof-
tener performs the softening, a volume of the generated
softened water is only sufficient for a single washing
phase. Reference is made to Figure 6. The single wash-
ing cycle of the dishwasher includes the prewash, the
wash, and the rinse, and softened water is required in all
of the three stages. As shown in Figure 6, the water sof-
tener operates under the softening mode during the wa-
ter-injection phase of the prewash, the water-injection
phase of the wash, and the water-injection phase of the
rinse, and water generated under the softening mode
flows into the washing chamber. The water softener op-
erates under the regeneration mode during the washing
phase of the prewash, the washing phase of the wash,
and the washing phase of the rinse. Hence, a washing
efficiency of the dishwasher is effectively improved.
[0055] Reference is made to Figure 7 and Figure 8.
The single washing cycle of a dishwasher includes the
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prewash, the wash, and the rinse. Softened water is re-
quired in the wash and the rinse, and may be unneces-
sary in the prewash. Figure 7 and Figure 8 illustrate two
brief processes for controlling a dishwasher. In an em-
bodiment as shown in Figure 7, the water softener oper-
ates under the softening mode during the water-injection
phase of the wash and the water-injection phase of the
rinse, and operates under the regeneration mode during
the water-injection phase of the prewash and the washing
phase of the wash. In an embodiment as shown in Figure
8, the water softener under the softening mode during
the water-injection phase of the wash and the water-in-
jection phase of the rinse, and operates under the regen-
eration mode in the washing phase of the wash and the
washing phase of the rinse.
[0056] An apparatus for controlling a dishwasher is fur-
ther provided according to an embodiment of the present
disclosure. A single washing cycle of the dishwasher in-
cludes at least one operation stage, and each operation
stage includes a water-injection phase and a washing
phase. As shown in Figure 9, the apparatus includes a
softening control module 100, a determination module
200, and a regeneration control module 300.
[0057] The softening control module 100 is configured
to control the water softener to operate under a softening
mode in a water-injection phase of a first operation stage
that requires softened water. Water generated in the sof-
tening mode flows into a washing chamber of the dish-
washer.
[0058] The determination module 200 is configured to
determine whether a quantity of times of the water sof-
tener operating under the softening mode reaches a pre-
set quantity, and/or duration of the water softener oper-
ating under the softening mode reaches a preset dura-
tion, and/or a volume of water generated by the water
softener operating under the softening mode reaches a
preset volume, after the water softener finishes operating
under the softening mode in the first operation stage.
[0059] The regeneration control module 300 is config-
ured to control the water softener to operate under a re-
generation mode before the water-injection phase of a
second operation stage, which is a next operation stage
requiring softened water, in a case that to a result of the
determining of the determination module is positive.
[0060] The water softener includes multiple first elec-
trodes and multiple second electrodes that are alternately
stacked, and the first electrodes and the second elec-
trodes have opposite polarities. Water is capable to flow
through a channel formed between each pair of the first
electrode and the second electrode that are adjacent. A
surface of the first electrode facing the channel is provid-
ed with an adsorption layer for adsorbing target cations.
Polarities of the first electrode and the second electrode
are swapped such that the water softener can switch be-
tween a softening mode and a regeneration mode.
[0061] In embodiments of the present disclosure, the
water softener is controlled to operate under the soften-
ing mode in the water-injection phase of the first operation

stage requiring softened water, and the water generated
under the softening mode is controlled to flow into the
washing chamber of the dishwasher, so as to provide
water for washing in the first operation stage. After the
first operation stage, the water softener is controlled to
operate under the regeneration mode before the water-
injection phase of the second operation stage, which is
a next operation stage that requires softened water, in a
case that at least one of the quantity of times of the water
softener operating under the softening mode, duration of
the water softener operating under the softening mode,
or a volume of water generated by the water softener
operating under the softening mode reaches a corre-
sponding preset threshold. Thereby, the softening capa-
bility of the water softener can be restored in time and
effectively utilized.
[0062] A non-transitory computer-readable storage
medium is further provided according to an embodiment
of the present disclosure. The storage medium stores a
computer program, and the computer program when ex-
ecuted by a processor implements the method for con-
trolling the dishwasher provided according to embodi-
ments of the present disclosure.

Claims

1. A method for controlling a dishwasher, wherein:

the dishwasher comprises a water softener, the
water softener comprises a plurality of first elec-
trodes and a plurality of second electrodes, the
first electrodes and the second electrodes alter-
natively stacked, water is capable to flow
through a channel, the channel is located be-
tween each pair of a first electrode of the plurality
of first electrodes and a second electrode of the
plurality of second electrodes, the second elec-
trode is adjacent to the first electrode, and a sur-
face of the first electrode facing the channel is
provided with an adsorption layer for adsorbing
target cations;
a single washing cycle of the dishwasher com-
prises at least one operation stage, each of
which comprises a water-injection phase and a
washing phase; and
the method comprises:

controlling the water softener to operate un-
der a softening mode in the water-injection
phase of a first operation stage that requires
softened water, wherein water generated in
the softening mode flows into a washing
chamber of the dishwasher, and wherein
the first electrode is connected to a negative
terminal of a power source and the second
electrode is connected to a positive terminal
of the power source when the water softener
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is under the softening mode;
determining whether to trigger a regenera-
tion mode of the water softener; and
controlling the water softener to operate un-
der the regeneration mode before the wa-
ter-injection phase of a second operation
stage, which is a next operation stage re-
quiring softened water, in response to de-
termining to trigger the regeneration mode,
wherein the plurality of first electrodes is
connected to the positive terminal of the
power source and the plurality of second
electrodes is connected to the negative ter-
minal of the power source when the water
softener is under the regeneration mode.

2. The method according to claim 1, wherein determin-
ing whether to trigger the regeneration mode of the
water softener comprises:

determining whether at least one of:

a quantity of times of the water softener op-
erating under the softening mode reaching
a preset quantity,
duration of the water softener operating un-
der the softening mode reaching a preset
duration, or
a volume of water generated by the water
softener operating under the softening
mode reaching a preset volume,

is true after the water softener finishes operating
under the softening mode in the first operation
stage.

3. The method according to claim 1, wherein controlling
the water softener to operate under the regeneration
mode before the water-injection phase of the second
operation stage, comprises:
controlling the water softener to operate under the
regeneration mode in the water-injection phase of a
third operation stage not requiring softened water,
and controlling water generated in the regeneration
mode to flow into the washing chamber of the dish-
washer, in response to there being the third opera-
tion stage between the first operation stage and the
second operation stage.

4. The method according to claim 1, wherein controlling
the water softener to operate under the regeneration
mode before the water-injection phase of the second
operation stage, comprises:
controlling the water softener to operate under the
regeneration mode during at least a part of the wash-
ing phase of the first operation stage.

5. The method according to any one of claims 1 to 3,

wherein:

the dishwasher determines that the water sof-
tener is to operate under the regeneration mode
before the water-injection phase of the second
operation stage, in response to the quantity of
times of the water softener operating under the
regeneration mode reaching the preset quantity;
and
the preset quantity is 1.

6. The method according to claim 5, wherein the first
operation stage and the second operation stage be-
long to different washing cycles.

7. The method according to claim 6, wherein controlling
the water softener to operate under the regeneration
mode before the water-injection phase of the second
operation stage comprises:

controlling the water softener to not operate un-
der the regeneration mode before the current
washing cycle ends, in response to a washing
phase of the first operation stage a final washing
phase of a current washing cycle; and
controlling the water softener to operate under
the regeneration mode before the water-injec-
tion phase of the second operation stage, in re-
sponse to detecting that a next washing cycle
starts, wherein the second operation stage is an
earliest operation stage requiring softened wa-
ter in the next washing cycle.

8. The method according to any one of claims 1 to 3,
wherein:

the dishwasher determines that the water sof-
tener is to operate under the regeneration mode
before the water-injection phase of the second
operation stage, in response to the quantity of
times of the water softener operating under the
regeneration mode reaching the preset quantity;
and
after controlling the water softener to operate
under the softening mode in the water-injection
phase of the first operation stage, the method
further comprises:
increasing the quantity of times of the water sof-
tener operating under the softening mode by 1
after the water-injection phase of the first oper-
ation stage ends.

9. The method according to claim 8, wherein after con-
trolling the water softener to operate under the re-
generation mode before the water-injection phase
of the second operation stage, the method further
comprises:
resetting the quantity of times of the water softener
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operating under the softening mode to zero, after the
water softener is under the regeneration mode.

10. The method according to claim 1, wherein whether
an operation stage requires softened water is deter-
mined by:

determining whether the operation stage re-
quires water heating; and
determining that the operation stage requires
softened water in response to determining that
the operation stage requires water heating.

11. The method according to claim 4, wherein after con-
trolling the water softener to operate under the re-
generation mode during at least the part of the wash-
ing phase of the first operation stage, the method
further comprises:
draining, through a drain pipe, water generated by
the water softener under the regeneration mode.

12. The method according to claim 4, wherein the dish-
washer comprises a water tank, and after controlling
the water softener to operate under the regeneration
mode during at least the part of the washing phase
of the first operation stage, the method further com-
prises:
controlling water generated by the water softener un-
der the regeneration mode to flow into the water tank
for storage.

13. The method according to claim 12, wherein there is
a third operation stage not requiring softened water
between the first operation stage and the second
operation stage, and controlling the water softener
to operate under the regeneration mode before the
water-injection phase of the second operation stage
comprises:
controlling water stored in the water tank to flow into
the washing chamber of the dishwasher in the water-
injection phase of the third operation stage.

14. The method according to claim 1, wherein the single
washing cycle of the dishwasher comprises a pre-
wash, a wash, and a rinse, and the wash and the
rinse both require softened water.

15. An apparatus for controlling a dishwasher, wherein:

the dishwasher comprises a water softener, the
water softener comprises a plurality of first elec-
trodes and a plurality of second electrodes, the
first electrodes and the second electrodes are
alternately stacked, water is capable to flow
through a channel, the channel is located be-
tween each pair of a first electrode of the plurality
of first electrodes and a second electrode of the
plurality of second electrodes, the second elec-

trode is adjacent to the first electrode, and a sur-
face of the first electrode facing the channel is
provided with an adsorption layer for adsorbing
target cations;
a single washing cycle of the dishwasher com-
prises at least one operation stage, each of
which comprises a water-injection phase and a
washing phase; and
the apparatus comprises:

a softening control module, configured to
control the water softener to operate under
softening mode in the water-injection phase
of a first operation stage that requires sof-
tened water, wherein water generated in the
softening mode flows into a washing cham-
ber of the dishwasher, and wherein the plu-
rality of first electrodes is connected to a
negative terminal of a power source and the
plurality of second electrodes is connected
to a positive terminal of the power source
when the water softener is under the sof-
tening mode;
a determination module, configured to de-
termine whether at least one of:

a quantity of times of the water softener
operating under the softening mode
reaching a preset quantity,
duration of the water softener operating
under the softening mode reaching a
preset duration, or
a volume of water generated by the wa-
ter softener operating under the soften-
ing mode reaching a preset volume,

is true after the water softener finishes op-
erating under the softening mode in the first
operation stage; and
a regeneration control module, configured
to control the water softener to operate un-
der a regeneration mode before the water-
injection phase of a second operation stage,
which is a next operation stage requiring
softened water, in response the at least one
being true, wherein the plurality of first elec-
trodes is connected to the positive terminal
of the power source and the plurality of sec-
ond electrodes is connected to the negative
terminal of the power source when the water
softener is under the regeneration mode.
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