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Description

[0001] The presentinvention relates to a method for filling a wash tub of a dishwasher with water, wherein said method
forms a part of a program cycle for the operation of the dishwasher.

[0002] A method for the operation of dishwashers is already known from DE 198 28 768 C2 wherein the wash tub of
the dishwasher is filled with fresh water until a minimum working level is reached inside a sump pot of the wash chamber
and said minimum is set such that the circulation the dishwashers does not suck air. The minimum working level is
measured by a level sensor that comprises an air trap and a pressure sensor. However, the accuracy of the level
measurement of the prior art is not sufficient for modern dishwashers that require filling methods which shall use less
water for ecological reasons.

[0003] Frequently, pressure switches having a single switch level have been used in the prior art for controlling the
filling of a dishwasher with water. Higher accuracy of the filling could in principle be reached in the prior art by using a
plurality of pressure switches, each detecting a different switch level, or by using an expensive pressure switch detecting
a plurality of pressure levels. However, the tolerances of the individual pressure switches work against each other, thus
increasing the tolerance between two levels. Further, the conventional pressure switches require a lot of space and
costs for components, also making the dishwasher too complex in production.

[0004] It is an object of the present invention to provide a method for filling a wash tub of a dishwasher with water,
wherein said method forms a part of a program cycle for the operation of the dishwasher, which method allows an
increased accuracy, and/or an increased water safety.

[0005] The object of the present invention is achieved by the method hob according to claim 1.

[0006] According to the present invention the method for filling a wash tub of a dishwasher with water, wherein the
wash tub comprises a water-collecting sump pot that is fixed to an opening in its bottom and said method forms part of
a program cycle for the operation of the dishwasher, comprises the subsequent steps of:

(i) opening a water inlet of the dishwasher and executing a static filling of the wash tub wherein a circulation pump
of the dishwasher is kept deactivated,

(i) detecting a predetermined lower water level inside the sump pot, and

(i) Starting to measure the time for the static filling when said lower water level is detected.

[0007] Further novel and inventive features of the present invention are set forth in the depended claims.

[0008] A first central proposal of the present invention is to use an analogue pressure sensor, such as is known per
se in the prior art and described for example in DE 20 2006 002 561 U1, for monitoring the pressure of the inlet water
during the filling of the wash tub of the dishwasher. The analogue pressure sensor is for example able to measure the
pressure over a range of about 0 mmWc to 150 mmWec. In contrast, the pressure switches used in the prior art can
detect individual water levels, but they cannot measure over a continuous pressure range when a higher accuracy is
required. Therefore, the accuracy of monitoring a water filling process in a wash tub requires the use of several pressure
switches of the prior art or the use of an expensive switch with several switch levels, so that more space and costs for
components are necessary and the dishwasher is more complex.

[0009] Ingeneral, the analogue pressure sensor is provided for detecting the pressure in the air or water. The pressure
range of the analogue pressure sensor is adapted to the appliance. For the dishwasher the pressure range of the
analogue pressure sensor 20 is preferably between 0 mmWc and about 200 mmWc (mm water column).

[0010] The output signal of the analogue pressure sensor corresponds with a detected pressure value. For example,
the output signal of the analogue pressure sensor can be defined by its voltage, current or frequency. The resolution of
the analogue pressure sensor can vary. In this it is particularly preferred that the resolution of the analogue pressure
sensor should be 1 mmWoc. Unlike a conventional pressure switch used in dishwashers the analogue pressure sensor
can recognize typically about 200 different water levels. In contrast, the conventional pressure switch triggers on only
one predetermined pressure value. According to the invention, the water filling method is controlled in that the output
signal of the analogue pressure sensor is treated and evaluated by an electronic control unit. Said electronic control unit
can control the behaviour of the dishwasher in dependence of the detected pressure value.

[0011] Animportantfurther advantage of the use of the analogue pressure sensor is that unlike conventional mechanical
pressure switches the analogue pressure sensor can be calibrated to reference levels, which are given by conditions
during the washing process or by other sensors. Thus, different influences as the temperature and the drift over the
lifetime are eliminated and the accuracy is improved. Any residual water cannot disturb the measuring of the pressure.
[0012] A first aspect of the present invention refers to a novel filling routine for the wash tub of the dishwasher with
water that provides a previously unknown accuracy and a correspondingly improved water saving and water safety. A
schematic flow chart of a method for filling the wash tub with water according to the present invention is shown in table I.
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[0013] In an initial state the wash tub and the sump pot are empty. In this state the dishwasher is clean and ready to
be started.

[0014] In a preliminary calibrating step the analogue pressure sensor and/or a connected electronic control circuit of
the dishwasher are preferably set to a basis value (offset calibration). A zero point of the analogue pressure sensor can
be newly determined, while a drain pump is running before the start of a new program cycle, preferably at the end of
the preceding program cycle. The corresponding pressure measurement can be executed during each program cycle.
Preferably, the measurement is executed in a predetermined time point of a first drain step, e.g. said predetermined
time point is at the end of the first drain step. A first and a second measurement can be taken for a plausibility test.
[0015] A further central proposal of the present invention is to measure the time for the static filling, i.e. while the
circulation pump of the dishwasher is kept switched off, with inlet water corresponding to a known volume between two
predetermined water levels, both of which are comprised within the sump pot. Advantageously, the analogue pressure
sensor is not only used to measure the pressure corresponding to the upper water level, which is preferably within the
sump pot. But the analogue pressure sensor can in addition detect already when the filling water reaches the lower level
in the bottom region of the sump pot, which thus can be used as the starting point of the initial static filling step. This is
novel, because in the prior art, the starting point for the filling with water was simply assumed to be zero, since the sump
pot was expected to be empty. This assumption however could lead to an inadequate volume of water inside the wash
tub, if water has remained in the sump pot in a previous wash cycle against the expectations. Typically, such a wrong
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filling results in a too high volume of water inside the wash tub if the filling involves opening of the water inlet for a
predetermined time or is based on measuring the volume of the filled-in water.

[0016] Referring to the method of the invention according to claim 1, during the step of static filling according to the
novel filling routine, the circulation pump of the dishwasher for generating pressurized water for spraying onto the wash
load is kept deactivated. At first water is filled into the lower portion of the sump pot, filling it to the predetermined lower
water level in the bottom region of the sump pot. With advantage, the predetermined lower water level can be set such
that it is higher than any level of residual water that remains inside the bottom region of the sump pot after a correct final
drainage step of a wash cycle.

[0017] In a preferred embodiment of the invention, an air trap is arranged inside the sump pot, wherein a connecting
tube of the pressure sensor, preferably of an analogous pressure sensor, branches of an upper portion of the air trap
and the lower edge of the air trap is arranged at a relatively small distance from the bottom of the sump pot as compared
to the overall height of the sump pot, in particular as compared to the height of the sump pot up to at least the predetermined
upper water level. Said small distance is preferably chosen such that it is not reached by any level of residual water that
remains inside the bottom region of the sump pot after a correctly executed final drainage step of a wash cycle. However,
the predetermined lower water level in the sump pot that is the starting level of the static filling is arranged somewhat
above the lower edge of the air trap. That arrangement has the advantage that said predetermined lower water level
will give a clearly different pressure signal as compared to an empty sump or to any level of residual water that remains
inside the bottom region of the sump pot after a correct final drainage step which both give a pressure signal that
corresponds to the atmospheric pressure.

[0018] Importantly, the static filling is monitored and it is detected when said predetermined lower level is reached.
When reaching the predetermined lower water level, a first time T1 is recorded as the start time of the static filling step.
A first lower pressure P1 of the filled water that corresponds to the start time T1 of the static filling can be detected at
said predetermined lower water level by the analogue pressure sensor.

[0019] Subsequently, the static filling is continued until a second higher water level or static filling level is detected
preferably inside the sump pot. A second upper pressure P2 of the filled water that corresponds to the end time T2 of
the static filling can be detected at said predetermined upper water level by the analogue pressure sensor.

[0020] In a next step of calculating, upon detecting said predetermined upper water level or static filling level the static
filling is stopped, (iv) a predetermined upper water level is detected inside the sump pot and the static filling is stopped,
and (v) the flow rate of the inlet water during the static filling is determined basing on the duration of the static filling and
on a known sump pot volume comprised between said upper water level and said lower water level of the sump pot.
[0021] The flow rate of the inlet water is calculated. At first the difference of the times T2 and T1 is calculated. Said
difference is the time for filling a volume between the predetermined lower water level and the predetermined upper
level or static fill level. Since the volume of the sump pot and in particular the volume between the predetermined lower
water level and the predetermined upper level static fill level is known, the flow rate can be calculated by dividing said
volume and the above difference of the times T2 and T1.

[0022] A maijor proposal of the present invention refers to the execution of the above-described static filling within the
sump pot. The lower portion of the sump pot, which includes the predetermined lower water and the predetermined
upper level or static fill level, has a relatively small cross-section as compared to the bottom region of the wash chamber
which is arranged on top of the sump pot. Thus, a change of the level in said lower portion of the sump pot corresponds
with a relative small change of the volume. The lower portion of the sump pot can have for example a cylindrical shape.
[0023] Since the detected pressure of the analogue pressure sensor corresponds with the level, the change of the
volume can be determined with high accuracy within said lower portion of the sump pot that has a relatively small cross-
section, i.e. at least between said predetermined lower water level and said predetermined upper water level of the static
filling step of the invention. In the bottom region of the wash tub or with some sump pots already in an upper portion of
the sump pot the cross-section becomes wider. Herein however it is intended that said predetermined upper level or
switch level of the static filling shall be arranged in a region of the sump pot that has an advantageous relatively small
cross-section. As has been said already, the volume between the predetermined lower water level and the predetermined
upper level or static fill level is known. It can be in an advantageous example - without any limitation to the invention or
its dependent future improvements - in the range of one liter.

[0024] The calculation of the flow rate between two different predetermined levels, namely the predetermined lower
water level and the predetermined upper or static fill level, prevents problems occurring in the prior art. For example
such a problem occurs, when the dishwasher of the prior art uses only one level for calculating the flow rate and said
dishwasher cannot by drained completely. The residual water from a last drain may disturb the calculation of the flow
rate in the prior art dishwasher. As described already above, according to the present invention the predetermined lower
water level and the predetermined upper or static fill level are both arranged in a suitable region of the sump pot, where
there is not any problem with residual water.

[0025] An alternative embodiment of the static filling step of the invention provides that if any of the predetermined
lower pressure P1 or the predetermined higher pressure P2 is exceeded already at the time T1, then a recorded value
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of the flow rate of the inlet water from a previous valid static filling can be set. That might be necessary if there is an
inadequately high volume of remaining water is in the sump pot, for example if the drainage step of the last program
cycle did not function correctly or if the program cycle has been stopped prematurely. Said recorded value can then be
used for the subsequent step of the percentaged filling according to the invention and for the feature fill-stop-timer of
the invention.

[0026] According to a preferred embodiment the filling method of the present invention comprises the further subse-
quent step of starting a percentaged filling of the wash tub. The percentaged filling comprises the further consecutive
step of: (vi) executing a percentaged filling of the wash tub after the upper water level of the static filling has been
reached. The circulation pump is kept deactivated during the percentaged filling and a predetermined percentaged water
volume is added to the wash tub by opening the water inlet for an open time corresponding to said percentaged water
volume. Said open time is calculated basing on said percentaged water volume and on the inlet water flow rate determined
during the static filling.

[0027] Further according to the above-described embodiment, the total water volume initially filled into the wash tub
consists of said sump pot volume plus said percentaged water volume. Said total volume is lower, preferably slightly
lower, or equal to a first operational water volume that is required for full load operation of the circulation pump at a first
pump speed.

[0028] The aim of the percentaged filling step of the invention is to fill the wash tub with water as close as possible
up to the operational level that is required when subsequently the circulation pump is switched on. The circulation pump
generates an undesirable high noise level when it is operated while the water volume in the wash tub is too low and as
a result the circulation pump sucks air. On the other hand it is undesirable for ecological reasons to fill more water into
the wash tub than is required for a full load run of the circulation pump.

[0029] However, since both the water volume required by circulation pump at a predetermined pump speed for full
load operation and the volume of the bottom region of the wash tub including in addition the sump pot are known with
only minor tolerances, the invention aims at filling the wash tub with a predetermined water volume approaching closely
the water volume required for full load operation before switching on the pump.

[0030] To solve that aim, the invention proposes to add a first predetermined partial water volume during the static
filling step and to determine at the same time accurately the flow rate of the inlet water. Subsequently the remaining
partial water volume is added as a percentaged water volume by opening the water inlet for a time basing on the calculated
inlet water flow rate, wherein the circulation pump is still kept switched on. When subsequently the circulation pump is
switched on during dynamic filling, only a small additional volume of water has to be filled in to achieve the more silent
full load operation. Hence the invention allows to shorten considerably the time of undesirable loud noise without filling
more water than needed.

[0031] Thus, the use of the calculated inlet water flow rate in percentaged filling allows to compensate tolerances in
water inlet, the water connection and the geometry of the dishwasher. The percentaged filling controlled by the flow rate
allows a shorter step of dynamic filling, which follows after the percentaged filling. Said shorter step of the dynamic filling
allows a more quiet operation of the dishwasher, since the dynamic filling is relative loud.

[0032] According to a preferred embodiment the filling method of the present invention comprises the further subse-
quent step of starting a dynamic filling of the dishwasher, comprising the further subsequent steps of (vii) switching on
the circulation pump and keeping it running at a first pump speed, (viii) detecting an insufficient operational water level
in the wash tub that is lower than a known first required operational water level that corresponds to full load operation
of the circulation pump at said first pump speed, and (ix) executing a dynamic filling of the wash tub while the circulation
pump is running by opening the water inlet until said first required operational water level is detected inside the wash
tub, preferably wherein both the insufficient operational water level and the first operational water level are detected by
an analogous pressure sensor.

[0033] The circulation pump is activated with a certain speed. The water level drops, since the circulation pump and
the pipes are filled. While the circulation pump is running a water inlet is opened until the analogue pressure sensor
indicates that the water level for a normal operation has been reached. Then the water inlet is closed again. At this stage
an initial filling routine has been finished, and the dishwasher operates with its standard parameters.

[0034] The dynamicfilling step can be executed by activating the circulation pump with a predetermined rotation speed
in order to simulate a certain mode of circulation. The amount of water in the dishwasher for a sufficient operation of the
circulation pump can deviate from the standard conditions. The deviation can be caused by wetting of the wash load or
filling of cavities of wash load, for example the cavities of cups that have been arranged in the wrong orientation inside
the wash tub or that tumble over during the wash cycle. During the simulation mode all supply tubes, pipes, hoses and
spray arms in the hydraulic circuit of the dishwasher are filled with water, so that the water level can be adjusted to a
typical level for the specific operation mode. If the water level is lower than the operational level or a given target level,
the water inlet will be activated in parallel until the required water level in the wash tub will be reached as monitored
preferably by the analogue pressure sensor. Then, the water inlet will be deactivated, and the circulation pump can leave
the simulation mode and change into the desired operational mode. Again, in the desired operational mode the required
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water level in the wash tub can be monitored, preferably by the analogue pressure sensor, and a dynamic refill step can
executed as will be described further below.

[0035] The water level in the dishwasher is preferably monitored throughout the complete program cycle. The water
level within the wash tub may be drop below an operational level due to several occurrences as already mentioned
above. For example, foam or bubbles or wash load cavities turning upside up within the wash tub during the program
cycle and collecting water. This lack of water can be corrected by a step of refilling.

[0036] The step of refilling generally is similar to the step of dynamic filling. Basically, the water inlet is opened as
soon as the required operational level that corresponds to the actual pump speed is under-run. The water inlet is
deactivated, when the water level has reached the required operational level again.

[0037] Preferably, the method for filling the wash tub comprises the further subsequent steps of (x) monitoring an
operational water level in the wash tub while the circulation pump is running at a predetermined pump speed, (xi) detecting
an operational level that is lower than a known required operational level that corresponds to said predetermined pump
speed, (xii) starting a dynamic refilling of the dishwasher by opening the water inlet, and (xiii) stopping the dynamic
refilling by closing the water inlet when said required operational water level is detected in the wash tub, preferably
wherein the operational water level is monitored and/or detected by an analogous pressure sensor. Preferably, a switch
level of the water in the dishwasher for the analogue pressure sensor is preset. This switch level is effectively a switch
back point and may be preset by software. At said switch level the step of dynamic refilling is started again until the
required operational level has been reached.

[0038] The switch back point of the dynamic filling and for the dynamic refilling can be set differently as compared to
a switch back point of the static filling, in order to avoid any multiple fillings or refillings during any later pulsed operations
of the circulation pump.

[0039] In further embodiments of the first aspect of the present invention the required operational water level in the
wash tub can be adjusted according to at least one predetermined further pump speed that is preferably used after the
steps of dynamic filling and/or dynamic refilling or according to at least one predetermined operating characteristic of
the circulation pump.

[0040] An operation characteristic can be for example the operation of the circulation pump at a constant pump speed
or a pulsed operation of the circulation pump. A pulsed operation typically comprises operation of the circulation pump
with at least two different pump speeds that alternate frequently at relatively short intervals during at least one stage of
the wash cycle, such as e.g. a soaking stage, a pre-rinse stage, a wash stage, an intermediate rinse stage, or a clear
rinse stage - all of which are known as such in the prior art, as is also the pulsed operation of the circulation pump.
[0041] The invention further provides that the required operational water level can be adjusted, in particular by dynamic
refilling but also by subsequent adaptation as described below, to different pump speed and/or to different operating
characteristics of the circulation pump. This is preferably executed by increasing the water level within the wash tub by
opening the water inlet as required by an increase in the pump speed, whereas a lower pump speed requires a lower
water level.

[0042] According to a further embodiment the method for filling the wash tub may comprise the further step of adapting
a fill level of the water in the dishwasher to different flow rates of the circulation pump, on the basis of the flow rate of
the inlet water as determined during static filling, wherein the analogue pressure sensor advantageously allows the
setting of different levels.

[0043] In this case the method may comprise the step of adapting the filled amount of water in the dishwasher to the
flow rate of the circulation pump, which can vary in the different steps of the program cycle. This step allows saving of
water, since the amount of filled water can be adapted. In some phases of the program cycle less water can run through
the dishwasher.

[0044] Further, the method comprises the further step of setting at least one switch level of the water in the dishwasher,
at which the filling is started again until the operational water level has been reached, by measuring a pressure corre-
sponding with one switch level by the analogue pressure sensor. The analogue pressure sensor allows different switch
levels, at which the filling is started again.

[0045] The method can comprise subsequently adapting the filled-in amount of water in the wash tub to at least one
further pump speed that can be higher or lower than a previous pump speed, in particular as compared to said first pump
speed, wherein the pump speeds can be different in at least two steps of the program cycle and/or within at least two
sub-steps of an individual step of the program cycle.

[0046] The further pump speed can be higher than said previous pump speed. Accordingly, the method can comprise
executing a dynamic filling as has been described above, in particular wherein an insufficient operational water level
can detected that is lower than a known required operational water level that corresponds to full load operation of the
circulation pump at said further pump speed. In addition, said dynamic filling can be executed while the circulation pump
is running by opening the water inlet until said required operational water level is detected.

[0047] The further pump speed can be lower than said previous and/or said higher pump speed, and the method can
involve a step of an at least partial drainage of the water comprised in the wash tub. A subsequent step of executing a
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dynamic filling as described above while the circulation pump is running can be executed by opening the water inlet until
a required operational water level that corresponds to said lower pump speed is detected.

[0048] A second aspect of the present invention refers to the use of the above-described novel filling routine of the
invention in order to enhance the water safety of the dishwasher and to prevent an undesirable overflow of the water
that is being filled into the wash tub.

[0049] To that end, the above-described filling method of the invention may comprise a further step of calculating a
maximum open time of the water inlet of the dishwasher, in particular of a water inlet valve of the dishwasher. Said
calculating step can in particular be executed after the water inlet has been closed in order to stop the above-described
static filling of the sump pot. The maximum open time can be calculated basing on the known volume of the sump pot
and the lower region of the wash tub and on the flow rate determined during the static filling step. The maximum open
time of the water inlet can be used to prevent an overflow of the dishwasher.

[0050] As an important advantage, the maximum open time can be calculated taking into account the volume of the
wash tub up that extends up to the lower edge of its frontal opening that can be closed by the frontal door. Thereby, the
invention allows to adapt the volume of the filling water with previously unknown accuracy to the level of the lower edge
of the door opening. This has the important consequences that a safety height of the lower edge of the door opening
can be reduced and that the bottom of the wash tub can be designed more flat as in the prior art and that consequently
the interior height of the wash tub and consequently the capacity of the wash tub can be importantly increased as
compared to the prior art.

[0051] A particularly preferred further embodiment of the second aspect of the invention regarding the filling method
that comprise the further step of calculating a maximum open time of the water inlet refers to the fill-stop-timer of the
invention that will be described in the following.

[0052] Accordingly, the method of the invention that comprises at least the above-described step corresponding to
the static filling comprises controlling an allowed maximum water level inside the wash tub that comprises the further
subsequent steps of: (xiv) recording the actual total open time of the water inlet during all water filling steps of the present
program cycle, (xv) calculating an allowed maximum total open time for the water inlet during a wash cycle basing on
a known allowed maximum water volume inside the wash tub and on the flow rate of the inlet water determined during
the static filling, and (xvi) calculating a remaining allowed maximum total open time for the water inlet (fill-stop-timer).
[0053] In addition, the method regarding the fill-stop-timer can comprise the further subsequent step of (xvii) closing
the water inlet when said allowed maximum total open time has been reached.

[0054] In alternative or still in addition, said method regarding the fill-stop-timer can comprise the further subsequent
steps of: (xviii) determining the actual water level in the wash tub, (xix) starting an at least partial drainage of the water
comprised in the wash tub by opening a drain valve or switching on a drain pump of the dishwasher, (xx) stopping the
drainage when a predetermined drainage water level is detected in the wash tub, (xxi) calculating the volume of the
drained water basing on the water levels before and after the drainage, preferably using an analogue pressure sensor,
(xxii) calculating a supplemental filling time corresponding to the volume of the drained water basing on the inlet water
flow rate determined during the static filing, and (xxiii) increasing the allowed maximum total open time for the water
inlet (fill-stop-timer) by said supplemental filling time (corresponding reset of the fill-stop-timer).

[0055] In addition, said method regarding the fill-stop-timer can comprise an additional subsequent step of: (xxiv)
adding a predetermined substitute volume of water by opening the water inlet for an open time that is calculated on the
basis of said predetermined substitute volume water volume (19) and on the inlet water flow rate determined during the
staticfilling, wherein said predetermined substitute volume of water is not allowed to be larger than the difference between
said allowed maximum water level inside the wash tub (12) and said drainage water level.

[0056] The method regarding the fill-stop timer allows to execute a plurality of at least two or more subsequent stages
of a program cycle, such as e.g. a soaking stage, a pre-rinse stage, a wash stage, an intermediate rinse stage, or a
clear rinse stage - all of which are known as such in the prior art, that are separated from each other by a drainage or
a partial drainage of the washing water and/or that require a different volume of water to be filled into the wash cycle
and/or that involve some step of a drainage or a partial drainage of the washing water, and wherein a later complete or
partial refill of the wash tub with inlet water is required. Irrespective of the aforementioned (partial) drainages and (partial)
refills, the fill-stop-timer of the invention enables an electronic control device of the dishwasher at any given moment of
a wash cycle to always accurately determine the actual volume of water inside the wash tub and to always reset the
remaining allowed maximum total open time for the water inlet (fill-stop-timer) and the corresponding water volume that
can still be filled safely.

[0057] The maximum open time of the water inlet can for example be activated, after the water inlet was closed or
after an open command from a control unit.

[0058] The determination of the safety level may be performed by a system with own tolerances independent from
the tolerances of the filling system. With the analogue pressure sensor the tolerances of the filling measurement and
the safety level comes from one sensor and are therefore lower.

[0059] A third aspect of the present invention refers to the use of the above-described novel filling routine of the
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invention for the automatic timing of a regeneration cycle of a dishwasher that shall be executed after a total volume of
water has been filled into the wash chamber that corresponds to a plurality of at least two or more subsequent wash cycles.
[0060] In the prior art execution of a corresponding number of wash cycles is usually monitored. However, this leads
to an inaccurate time point of executing the regeneration cycle in those cases wherein the necessity of the regeneration
cycle depends on the actual total amount of water that has been filled into the wash tub since the last regeneration cycle,
because individual program cycles require different total amounts of filled water and usually the same wash cycle is not
always used. As a result, water is wasted because for safety reasons the regeneration cycles in the prior art are more
often executed as actually required.

[0061] In the following the present aspect of the invention is described with short reference to the regeneration of a
water softening unit, which is itself well known in the prior art. However, the present invention relates to all regeneration
cycles, both presently known and future, that are required in a dishwasher and that can or need to be timed according
to the total volume of inlet water that has actually been filled into the wash tub since the last regeneration cycle.
[0062] The method comprises preferably at least the following subsequent steps: (xxv) recording the overall total open
time of the water inlet during all water filling steps of the present program cycle and during all previous program cycles
since a regeneration cycle of the dishwasher, in particular a regeneration cycle of a softener unit of the dishwasher, was
last executed, (xxvi) calculating the total water volume that has been filled into the wash tub since the last generation
cycle, basing on the flow rate of the inlet water determined during at least one static filling and on the recorded total
open time of the water inlet since the last regeneration cycle, (xxvii) monitoring since the last regeneration cycle whether
a predetermined regeneration-triggering volume of filling water has been filled into the wash tub (12), preferably using
an analogue pressure sensor, and (xxviii) initiating a regeneration cycle of the dishwasher, in particular a regeneration
cycle of a softener unit of the dishwasher, after said regeneration-triggering volume of filling water has been reached.
[0063] Additionally, the method may comprise the further step of calculating an amount of water which has passed
through the dishwasher over the last few cycles in order to determine, when an additive has to be regenerated, on the
basis of the flow rate in relation to the water volume between the upper water level and the lower water level in the
dishwasher. Such an amount can be that amount of water, when the additive has to be regenerated. This calculation is
performed at that moment, when the open time of the water inlet is counted. Possible uncertainties resulting from different
inlet water flow rates can be eliminated by taking into account the flow rate. For example, the additive is a softener resin.
[0064] A fourth aspect of the present invention refers to indicating, whether a water inlet is closed, wherein the corre-
sponding pressure is preferably detected by the analogue pressure sensor. For this purpose a timeout is set and starts
with the opening of the water inlet. If this time is over before a pressure switch responds, there is indicated that the water
tap is closed. The advantage of the analogue pressure sensor is that there be used another level, preferably the lowest
measurable level. Thus, the offset time and the time till the indication may be shorter, so that the message received the
user sooner.

[0065] Preferably,the method forfilling awash tub of a dishwasher with water, in particular according to any embodiment
of the above-described novel filling routine of the invention, comprises the subsequent steps of (xxix) starting a program
cycle of the dishwasher, (xxx) determining at the start of the program cycle whether a water inlet of the dishwasher could
be opened, and (xxxi) eventually indicating to a user of the dishwasher that the water inlet could not be opened, wherein
said determination involves executing a water level measurement in the bottom region of a water-collecting sump pot
of the dishwasher essentially at the time of starting the program cycle, and preferably by measuring the water pressure
using an analogue pressure sensor.

[0066] The failure to open the water inlet can be caused in principle by a user of the dishwasher that forgets to open
a mains inlet tap in his kitchen or by a failure to open an electromagnetic water inlet valve, in particular a mains water
inlet valve, of the dishwasher.

[0067] The above-mentioned method has the advantage over the prior art that the failure to open the water inlet can
be detected and signaled much earlier than in the prior art. As described initially, a dishwasher is known from DE 198
28 768 C2 wherein the wash tub is filled with fresh water up to a minimum working level inside a sump pot that however
is set such that the circulation the dishwashers does not suck air, wherein said minimum working level is measured by
alevel sensorthat comprises an airtrap and a pressure sensor. In such adishwasher of the prior art the initial determination
whether the water inlet could be opened or not bases on determining the first filled water level after a preset period of
time after the start of the wash cycle that is known to be sufficient for filling said first water level. Therefore, in the
dishwasher of the prior art a failure to open the water inlet cannot be detected and signaled to a user before the time
required to fill said entire minimum working level has passed.

[0068] Differently, the present invention allows to determine and signal a failure to open the water inlet almost imme-
diately after the start of a program cycle by executing a water level measurement in the bottom region of a water-collecting
sump pot of the dishwasher essentially at the time of starting the program cycle, and preferably by measuring the water
pressure using an analogue pressure sensor.

[0069] In a preferred embodiment as already described herein initially the first water level measured at the start of the
filling method of the invention is the predetermined lower water level in the sump pot that is the starting level of the static
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filling that is arranged somewhat above the lower edge of an air trap connected to the pressure sensor, wherein the
lower edge of the air trap is arranged at a small distance from the bottom of the sump pot arranged inside the sump pot.
Thus, the determination and signaling whether the water inlet could be opened can be done after a very short time after
the start of the program cycle corresponding to the time needed to fill the sump pot from its very bottom up to the
predetermined lower water level that is arranged somewhat above the lower edge of the air trap that is arranged at a
small distance from the bottom of the sump pot.

[0070] A fifth aspect of the present invention refers to a computer program product stored on a computer usable
medium, comprising computer readable program means for causing a computer to perform the method of the invention
of any of the above-described first to fourth aspect of the invention.

[0071] A sixth aspect of the present invention refers to a dishwasher 10, preferably comprising at least one analogue
pressure sensor 20, wherein the dishwasher is adapted to execute the method of the invention of any of the above-
described first to fourth aspect of the invention and/or to execute a the computer program product according to the
aforementioned fifth aspect of the invention, in particular a dishwasher comprising an electronic control unit that is
adapted to execute said method and/or said computer program product, preferably according to corresponding pressure
signals provided by at least one analogue pressure sensor 20.

[0072] The present invention will be described in further detail by example of a preferred embodiment with reference
to the accompanied drawings, in which

FIG 1 illustrates a schematic side view of a dishwasher according to a preferred embodiment of the present invention,
and

FIG2 s an enlarged sectional view of figure 1 with some added detail.

[0073] As shown in figure 1 the dishwasher 10 comprises a wash tub 12 for taking up wash load (not shown) that is
delimited by a back wall (to the left), two opposing side walls (not shown), a top wall (at the top), a bottom at its lower
end that has an opening that is fixed to a water-collecting sump pot 16, a frontal opening (to the right, not indicated) that
in figure 1 is closed by the frontal loading door 14. At least one dishwasher sprayer 18 is arranged inside the wash tub
12 for spraying pressurized washing water onto the wash load. The dishwasher sprayer receives pressurized washing
water from a circulation pump (not shown) of the dishwasher, wherein the circulation pump during operation sucks water
from a corresponding opening (not shown) in the sump pot.

[0074] An analogue pressure sensor 20 is arranged besides the sump pot 16 and hydraulically connected to the sump
pot by a connection pipe. The sump pot comprises an air trap 21 that shields the inlet of the connection pipe of the
analogue pressure sensor from direct contact with the wash water.

[0075] As canbe seen better infigure 2, the air trap has a lower free edge that is arranged at a relatively small distance
from the bottom of the sump pot as compared to the overall height of the sump pot up to at least the predetermined
upper water level. However, as can also be seen in figure 2 said distance is preferably large enough that a level of
residual water 29 that remains inside the bottom region of the sump pot after a correctly executed final drainage step of
a wash cycle does not reach the free lower edge of the air trap.

[0076] The predetermined lower water level 22 in the sump pot that is the starting level of the static filling is arranged
somewhat above the lower edge of the air trap 21. Consequently, the predetermined lower water level 22, that is detected
as a starting signal of the static filling step of the method of the invention of filling the wash (12) with water, gives a clearly
different pressure signal of the analogue pressure sensor 20 as compared to an empty sump or to any level of residual
water 29 that remains inside the bottom region of the sump pot after a correct final drainage step.

[0077] Within the sump pot 16 and within the lower portion of the wash tub 12, five different water levels 22, 24, 28’,
and 26 and 28, as well as an additional hypothetical water level 27, that however would only occur if the circulation pump
were stopped when running under full-load conditions, are indicated.

[0078] The already mentioned predetermined lower water level 22 inside the sump pot 16 is the lowest level detected
within the dishwasher 10 according to the invention. As already mentioned, the predetermined lower water level 22 is
defined marginally above the bottom of the sump pot 16.

[0079] The predetermined upper water level 24 or static fill/water level 24 is depicted above the predetermined lower
water level 22. The predetermined upper water level 24 is however preferably still within the lower region of the sump
pot that has a favourable, relatively small cross section as compared to the bottom region of the wash chamber which
is arranged on top of the sump pot that allows to determine with high accuracy the change of the volume between at
least said predetermined lower water level 24 and said predetermined upper water level 24 of the static filling step of
the invention, as has been described herein above.

[0080] As also shown in the figures, the lower portion of the sump pot 16, which includes the predetermined lower
water level 22 and the predetermined upper or static fill level 24, has a relative small cross-section. Thus, a change of
the level in said lower portion of the sump pot 16 corresponds with a relative small change of the volume. In the example
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shown, the lower portion of the sump pot 16 has a cylindrical shape.

[0081] Since the detected pressure of the analogue pressure sensor 20 corresponds with the level, the change of the
volume may be determined exactly. In a higher portion of the sump pot 16 and/or in the bottom region of the wash tub
12 that comprises an opening (not shown) to which the sump pot 16 is fixed the cross-section becomes wider. The
volume between the predetermined lower water level 22 and the predetermined upper or staticfill level 24 is predetermined
and therefore well known. For example, the volume can be one liter.

[0082] In a lower portion of the wash tub 12 are in addition indicated: a percentaged fill level 26 corresponding to the
total water level in the wash tub after both steps of static filling and of percentaged filling of the invention; a required
operational water level 28 that corresponds to the minimum water level required in the wash tub 12 during operation of
the circulation pump under full-load conditions at a predetermined pump speed; an insufficient operational level 28’ that
corresponds to an insufficient water volume in the wash tub 12 that does not allow a full-load operation of the circulation
pump at a predetermined pump speed.

[0083] During the filling method of the invention, at first the water inlet 13 is opened and the sump pot 16 is filled with
a small volume of water up to the predetermined lower water level 22 while the circulation pump is kept switched off.
The precise volume of that filled water varies to an unknown extent, because it is not known whether the sump pot 16
is completely empty or whether a small amount of residual water 29 from the previous program cycle is still in the bottom
region of the sump pot 16.

[0084] Subsequently, the lower predetermined water level 22 of the above-mentioned static filling is reached at the
time point T1 and detected by the analogue pressure sensor as the pressure P1, and the measurement of the time for
the static filling is started and the static filling begins by opening the water inlet 13, and wherein the circulation pump is
still kept inactivated. When subsequently the predetermined upper or static fill level 24 is reached at the time point T2
and detected by the analogue pressure sensor as the pressure P2, wherein the circulation pump is still kept switched
off, the static filling is stopped. Subsequently, the flow rate of the inlet water entering through the water inlet 13 is
calculated basing on the duration of the time span between T1 and T2 and on the known sump pot volume 17 between
the lower predetermined water level 22 and the predetermined upper or static fill level 24, which in the present example
is one liter.

[0085] Subsequently, the percentaged filling step of the filling method of the invention is executed, wherein the pre-
determined percentaged water volume 19 is filled into the wash tub 12 by opening the water inlet 13 for a time corre-
sponding to the predetermined percentaged water volume 1 and calculated basing on the flow rate of the inlet water
calculated in the static filling step. After executing the percentaged filling step and while the circulation pump is still kept
switched off, the wash tub 12 that communicates with the sump pot 16 has been filled up with water to the percentaged
fill level 26, comprising a water volume that consists essentially of the sump pot volume 17 and the percentaged water
volume 19.

[0086] The volume of water corresponding to the percentaged fill level 26 while the circulation pump is still switched
off is almost sufficient or under ideal conditions is already sufficient for the operation of the circulation pump at a first,
predetermined pump speed.

[0087] However, in most cases the dynamic water level within the wash tub 12 will subsequently drop from the per-
centaged fill level 26 to the insufficient operational level 28’ when the circulation pump is switched on at a predetermined
first pump speed and the wash water is sprayed through the at least one dish washer sprayer 18 and the entire wash
tub 12 and the wash load therein is wettened. This effect is itself known in the prior art, wherein the magnitude of the
dynamic water level drop is essentially proportional to the pump speed.

[0088] Subsequently, after switching on the circulation pump, the dynamic filling step of the filling method of the
invention is executed by opening the water inlet 13 in order to fill up from the insufficient operational water level 28’ to
a known required operational water level 28 that is sufficient for full load operation of the circulation pump at the prede-
termined first pump speed. During the dynamic filling the circulation pump is being operated at said first predetermined
pump speed. The dynamic filling step is again controlled using the analogue pressure sensor and the known operational
water level 28 that corresponds to the full load operation of the circulation pump at the predetermined first pump speed.
[0089] The operational water level 28 is indicated in the figures above the insufficient operational water level 28’. Both
refer to the dynamic conditions of operating of the circulation pump at the predetermined first pump speed. In contrast,
the percentaged fill level 26 refers to the still switched off circulation pump. In the figures, the percentaged fill level 26
is indicated above both, the required operational water level 28 and the insufficient operational water level 28’. However,
whereas the insufficient operational water level 28’ necessarily is below the percentaged fill level 26 because of the
dynamic water level drop upon switching on the circulation pump as described above, the operational water level 28 is
not necessarily below the percentaged fill level 26 and the figures just show one possible situation.

[0090] In the figures the hypothetical water level 27 is in addition indicated, that however would only occur if the
circulation pump were stopped while running under full-load conditions at said first predetermined pump speed. In the
example shown, the hypothetical water level 27 shall correspond schematically to the required operational water level
28 that refers however to the dynamic conditions of the operating circulation pump. The hypothetical water level 27 is
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only indicated to illustrate schematically the rise in the water level as compared to the percentaged fill level 26 (that
refers to the still switched-off circulation pump) that occurs during the dynamic filling.
[0091] Though the figures refer in an explicit way to an example of the filling routine according to the first aspect of
the invention they can be used by analogy also for the illustration of the second to sixth aspects of the invention.
[0092] In particular, the figures can be used by analogy also for the illustration of the second aspect of the invention
that refers to the use of the above-described novel filling routine in order to avoid an undesirable overflow of the water
that is being filled into the wash tub 12. In particular the lower edge of the door opening is clearly shown in the figures.
In addition, it is also readily understandable from the figures how the invention allows to design the bottom of the wash
tub more flat as in the prior art and consequently to increase the capacity of the wash tub 12.
[0093] The figures can be used by analogy also for the illustration of the fourth aspect of the invention that refers to
indicating whether the water inlet 13 is closed. In this regard figure 2 comprises a suitable schematic illustration of the
relative orientation of the bottom of the sump pot 16, a residual water level 29 from a previous program cycle, the lower
free edge of the air trap 21 and the predetermined lower water level 22 which corresponds to the lowest water level in
the sump pot thatis measured by the analogue pressure sensor 20 almost immediately after the start of the program cycle.
[0094] Although illustrative embodiments of the present invention have been described herein with reference to the
accompanying drawings, it is to be understood that the present invention is not limited to those precise embodiments,
and that various other changes and modifications may be affected therein by one skilled in the art without departing
from the scope or spirit of the invention. All such changes and modifications are intended to be included within the scope
of the invention as defined by the appended claims.
[0095] List of reference numerals
10 dish washer
12 wash tub
13  waterinlet
14 dish washer door
16 dish washer sump pot
17 sump pot volume
18  dish washer sprayer
19 percentaged water volume
20 analogue pressure sensor
21 air trap
22 lower water level
24 upper water level
26 percentaged fill level
27 hypothetical operational level (if circulation pump were stopped)
28 required operational level

28  insufficient operational level

29 residual water from a previous program cycle

11
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Claims

Method for filling a wash tub (12) of a dishwasher (10) with water, wherein the wash tub (12) comprises a water-
collecting sump pot (16) that is fixed to an opening in its bottom and said method forms part of a program cycle for
the operation of the dishwasher, said method comprising a step of:

(i) opening a water inlet (13) of the dishwasher and executing a static filling of the wash tub wherein a circulation
pump of the dishwasher is kept deactivated, characterized by the further subsequent steps of:

(i) detecting a predetermined lower water level (22) inside the sump pot (16), and

(iii) starting to measure the time for the static filling when said lower water level (22) is detected.

Method according to claim 1, comprising the further subsequent steps of:

(iv) detecting a predetermined upper water level (24) inside the sump pot (16) and stopping the static filling, and
(v) determining the flow rate of the inlet water during the static filling basing on the duration of the static filling
and on a known sump pot volume (17) comprised between said upper water level (24) and said lower water
level (22) of the sump pot (16).

The method according to claim 1 or 2, wherein at least one of the lower water level (22) and the upper water level
(24) in the sump pot (16) are detected by at least one sensor, preferably wherein at least one of a lower pressure
(P1) that corresponds to the lower water level (22) and a higher pressure (P2) that corresponds to the upper water
level (24) in the sump pot are measured by a pressure sensor, preferably by an analogue pressure sensor, still
preferably wherein both the lower pressure (P1) and the higher pressure (P2) are measured by an analogue pressure
Sensor.

The method according to claim 2 or 3, comprising the further consecutive step of:

(vi) executing a percentaged filling of the wash tub (12) after the upper water level (24) of the static filling has
been reached, wherein the circulation pump is kept deactivated and a predetermined percentaged water volume
(19) is added to the wash tub by opening the water inlet (13) for an open time corresponding to said percentaged
water volume (19), wherein said open time is calculated basing on said percentaged water volume (19) and on
the inlet water flow rate determined during the static filling.

The method according to claim 4, wherein the total water volume initially filled into the wash tub consists of said
sump pot volume (17) plus said percentaged water volume (19), said total volume being lower, preferably slightly
lower, or equal to a first operational water volume that is required for full load operation of the circulation pump at
a first pump speed.

The method according to claim 4 or 5, comprising the further subsequent steps of:

(vii) switching on the circulation pump and keeping it running at a first pump speed,

(viii) detecting an insufficient operational water level (28’) in the wash tub (12) that is lower than a known first
required operational water level (28) that corresponds to full load operation of the circulation pump at said first
pump speed, and

(ix) executing a dynamic filling of the wash tub (12) while the circulation pump is running by opening the water
inlet until said first required operational water level (28) is detected inside the wash tub (12), preferably wherein
both the insufficient operational water level (28’) and the first operational water level (28) are detected by an
analogous pressure sensor.

7. The method according to at least one of claims 1 to 6, that comprises the further steps of:

(x) monitoring an operational water level (28, 28’) in the wash tub while the circulation pump is running at a
predetermined pump speed,

(xi) detecting an operational level (28’) that is lower than a known required operational level (28) that corresponds
to said predetermined pump speed,

(xii) starting a dynamic refilling of the dishwasher (10) by opening the water inlet,

(xiii) stopping the dynamic refilling by closing the water inlet (13) when said required operational water level
(28) is detected in the wash tub, preferably wherein the operational water level (28, 28) is monitored and/or
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detected by an analogous pressure sensor.

The method according to claim 6 or 7, that comprises subsequently adapting the filled-in amount of water in the
wash tub to at least one further pump speed that is higher or lower than a previous pump speed, in particular as
compared to said first pump speed, wherein the pump speeds can be different in at least two steps of the program
cycle and/or within at least two sub-steps of an individual step of the program cycle.

The method according to claim 8, wherein the further pump speed is higher than said previous pump speed, said
method comprising executing a dynamic filling according to claim 6, wherein an insufficient operational water level
(28’) is detected that is lower than a known required operational water level (28) that corresponds to full load operation
of the circulation pump at said further pump speed, and said dynamic filling is executed while the circulation pump
is running by opening the water inlet until said required operational water level (28) is detected.

The method according to claim 8 or 9, wherein said further pump speed is lower than said previous and/or said
higher pump speed, involving a step of an at least partial drainage of the water comprised in the wash tub (12) and
a subsequent step of executing a dynamic filling according to claim 6 while the circulation pump is running by opening
the water inlet until a required operational water level (28) that corresponds to said lower pump speed is detected.

The method according to at least one of claims 2 to 10, that comprises controlling an allowed maximum water level
inside the wash tub and the subsequent steps of:

(xiv) recording the actual total open time of the water inlet (13) during all water filling steps of the present program
cycle,

(xv) calculating an allowed maximum total open time for the water inlet (13) during a wash cycle basing on a
known allowed maximum water volume inside the wash tub (12) and on the flow rate of the inlet water determined
during the static filling, and

(xvi) calculating a remaining allowed maximum total open time for the water inlet (fill-stop-timer).

The method according to claim 11 that comprises the further subsequent step of:
(xvii) closing the water inlet when said allowed maximum total open time has been reached.
The method according to claim 11 or 12, comprising the further subsequent steps of:

(xviii) determining the actual water level in the wash tub (12),

(xix) starting an at least partial drainage of the water comprised in the wash tub by opening a drain valve or
switching on a drain pump of the dishwasher,

(xx) stopping the drainage when a predetermined drainage water level is detected in the wash tub (12),

(xxi) calculating the volume of the drained water basing on the water levels before and after the drainage,
preferably using an analogue pressure sensor,

(xxii) calculating a supplemental filling time corresponding to the volume of the drained water basing on the inlet
water flow rate determined during the static filing, and

(xxiii) increasing the allowed maximum total open time for the water inlet (fill-stop-timer) by said supplemental
filling time (corresponding reset of the fill-stop-timer).

14. The method according to claim 13 that comprises an additional subsequent step of:

(xxiv) adding a predetermined substitute volume of water by opening the water inlet for an open time that is
calculated on the basis of said predetermined substitute volume water volume (19) and on the inlet water flow
rate determined during the static filling, wherein said predetermined substitute volume of water is not allowed
to be larger than the difference between said allowed maximum water level inside the wash tub (12) and said
drainage water level.

15. The method according to at least one claims 2 to 14, that comprises the subsequent steps of:

(xxv) recording the overall total open time of the water inlet (13) during all water filling steps of the present
program cycle and during all previous program cycles since a regeneration cycle of the dishwasher, in particular
a regeneration cycle of a softener unit of the dishwasher, was last executed,
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(xxvi) calculating the total water volume that has been filled into the wash tub (12) since the last generation
cycle, basing on the flow rate of the inlet water determined during at least one static filling and on the recorded
total open time of the water inlet since the last regeneration cycle,

(xxvii) monitoring since the last regeneration cycle whether a predetermined regeneration-triggering volume of
filling water has been filled into the wash tub (12), preferably using an analogue pressure sensor,

(xxviii) initiating a regeneration cycle of the dishwasher, in particular a regeneration cycle of a softener unit of
the dishwasher, after said regeneration-triggering volume of filling water has been reached.

The method according to at least one of claims 9 to 15, wherein an analogous pressure sensor is used, in particular
for detecting an operational water level (28’, 28) or a regeneration-triggering volume of filling water.

Method for filling a wash tub (12) of a dishwasher (10) with water, in particular according to any one of the preceding
claims, comprising the subsequent steps of:

(xxix) starting a program cycle of the dishwasher,
(xxx) determining at the start of the program cycle whether a water inlet of the dishwasher could be opened, and
(xxxi) eventually indicating to a user of the dishwasher that the water inlet could not be opened,

characterized in that said determination involves executing a water level measurement in the bottom region of a
water-collecting sump pot (16) of the dishwasher essentially at the time of starting the program cycle, and preferably
by measuring the water pressure using an analogue pressure sensor (20).

A computer program product stored on a computer usable medium, comprising computer readable program means
for causing a computer to perform the method according to anyone of the preceding claims 1 to 17.

Dishwasher (10), preferably comprising at least one analogue pressure sensor (20), wherein the dishwasher is
adapted to execute the method according to at least one of claims 1 to 17 and/or to execute a the computer program
product according to claim 18, in particular wherein the dishwasher (10) comprises an electronic control unit that is
adapted to execute said method and/or said computer program product, preferably according to corresponding
pressure signals provided by at least one analogue pressure sensor (20).
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-14, 16, 18, 19

A method for filling a wash tub of a dishwasher with water;
a computer program to perform said method; and a dishwasher
to execute said method and/or said computer program.

1.1. claims: 11-14, 16, 18, 19

A method for preventing an undesirable overflow of the water
that is being filled into the wash tub of a dishwasher; a
computer program to perform said method; and a dishwasher to
execute said method and/or said computer program.

2. claims: 15, 16, 18, 19

A method for the automatic timing of a regeneration cycle of
a dishwasher; a computer program to perform said method; and
a dishwasher to execute said method and/or said computer
program.

3. claims: 17-19

A method for indicating whether a water inlet of a
dishwasher is closed; a computer program to perform said
method; and a dishwasher to execute said method and/or said
computer program.

Please note that all inventions mentioned under item 1, although not
necessarily linked by a common inventive concept, could be searched
without effort justifying an additional fee.
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