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(57) ABSTRACT

Embodiments of the present invention relate to methods and
systems for detecting and removing a clogging condition of a
filter in a dishwasher. According to one embodiment, the
method includes determining a normal water level or a nor-
mal rate of water level change for a wash cycle of the dish-
washer and monitoring a water level or a rate of water level
change during execution of the wash cycle. The method fur-
ther includes detecting the clogging condition of the filter by
detecting a deviation thereof. A current position of the wash
cycle being executed may then be determined. The method
further includes executing a remedial operation to facilitate
removal of the clogging condition and determining if the
clogging condition has been removed. Finally, the method
includes resuming operation of the dishwasher at a wash
cycle position based on the current position if the clogging
condition has been removed.
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METHOD AND SYSTEM FOR DETECTING
AND REMOVING A CLOGGING CONDITION
OF A FILTER IN A DISHWASHER

FIELD

[0001] Embodiments ofthe present invention relate to dish-
washers and, more particularly, to a method and an associated
system for detecting and removing a clogging condition of a
filter in a dishwasher.

BACKGROUND

[0002] Dishwashers have become an integral part of every-
day household use. Typical dishwashers use water pumped
into a tub to clean dishes and utensils during wash cycles.
Dishwasher tubs comprise a sump with a filter that separates
food soils from wash water. The soils exit the tub through the
drain and the wash water falls through the filter to a circula-
tion pump that re-circulates the water through the tub via
spray arms. Sometimes, however, the filter can become
clogged with soils, overwhelming the filter and preventing or
slowing the passing of wash water through the filter. In this
case, a lack of water below the filter causes the circulation
pump to suck in air, which may cause the circulation pump to
become starved (run dry), lose its prime, or stop pumping
altogether. These conditions may ultimately damage the cir-
culation pump if not treated quickly.

SUMMARY OF THE INVENTION

[0003] Inlight of the foregoing background, embodiments
of the present invention provide an effective method and
system for detecting and removing a clogging condition of a
filter in a dishwasher. In particular, some embodiments of the
present invention utilize logic along with a water level sensor
(e.g., apressure sensor) positioned above or below the filter to
detect and remove a clogging condition. Some embodiments
are configured to execute as a safety procedure during opera-
tion of the dishwasher and are configured to interrupt the
wash cycle operation of the dishwasher upon detection of a
clogging condition, attempt an appropriate remedial opera-
tion, and/or resume operation of the dishwasher upon
removal of the clogging condition.

[0004] One embodiment is directed to a method for detect-
ing and removing a clogging condition of a filter in a dish-
washer. The method includes determining at least one of a
normal water level for a wash cycle of the dishwasher or a
normal rate at which the water level changes. The method
further includes monitoring at least one of a water level during
execution of the wash cycle (e.g., with a pressure sensor) or a
rate at which the water level changes during execution of the
wash cycle. The method further includes detecting the clog-
ging condition of the filter. The clogging condition is indi-
cated by at least one of a deviation of the monitored water
level from the normal water level or a deviation of the moni-
tored rate at which the water level changes from the normal
rate at which the water level changes. The method further
includes determining a current position of the wash cycle
being executed. The method further includes executing a
remedial operation to facilitate removal of the clogging con-
dition from the filter. The method further includes determin-
ing if the clogging condition has been removed following
execution of the remedial operation. The method further
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includes resuming operation of the dishwasher based at least
on the current position in the wash table if the clogging
condition has been removed.

[0005] In some embodiments, the method further includes
executing the remedial operation by determining the remedial
operation based on a degree at which the filter is clogged. In
some embodiments, the method further includes executing
the remedial operation by determining the remedial operation
based predefined rules.

[0006] In some embodiments, the method further includes
executing the remedial operation by selecting the remedial
operation from a list of remedial operations. In such embodi-
ments, the list of remedial operations may define a hierarchy
of remedial operations that each corresponds to a degree at
which the filter is clogged. Additionally, in some embodi-
ments, the method further includes executing a second reme-
dial operation if the clogging condition has not been removed.
In such embodiments, the second remedial operation may be
ranked higher in degree than the first remedial operation in the
list of remedial operations. In some embodiments, the method
further includes executing the remedial operation by execut-
ing at least one of the following remedial operations: switch-
ing to lower spray arm operation or to other dedicated spray
jets to sweep the soils off the filter and into the drain, adding
water above the filter, adding water below the filter, operating
a circulation pump at a reduced speed, pulsing operation of
the circulation pump, or operating a drain pump.

[0007] In some embodiments, the method further includes
incrementing a counter indicating a number of attempts to
remove the clogging condition following execution of the
remedial operation if the clogging condition has not been
removed. Additionally, the method further includes ceasing
operation of the dishwasher when the counter is greater than
a threshold number.

[0008] According to one aspect, the method further
includes determining at least one of the normal water level or
the normal rate at which the water level changes by determin-
ing the normal rate at which the water level changes during
the wash cycle. The method further includes monitoring at
least one of the water level or the rate at which the water level
changes by monitoring the rate at which the water level
changes during the wash cycle. The clogging condition is
indicated by the deviation of the monitored rate of water level
change from the normal rate. Additionally, in some embodi-
ments, the method further includes executing the remedial
operation by determining the remedial operation based on a
degree of difference between the monitored rate at which the
water level changes and the normal rate at which the water
level changes. In some embodiments, the method further
includes monitoring the rate at which the water level changes
by monitoring the rate at which the water level changes with
at least one detection device positioned below the filter. In
some embodiments, the method further includes monitoring
the rate at which the water level changes by monitoring the
rate at which the water level changes with at least one detec-
tion device positioned above the filter.

[0009] In some embodiments, the method includes deter-
mining at least one of the normal water level or the normal
rate at which the water level changes by determining the
normal water level during the wash cycle. The method
includes monitoring at least one of the water level or the rate
atwhich the water level changes by monitoring the water level
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during the wash cycle. The clogging condition is indicated by
the deviation of the monitored water level from the normal
water level.

[0010] In some embodiments, the method includes resum-
ing operation of the dishwasher based at least on the current
position if the clogging condition has been removed by
resuming operation of the dishwasher at the current position.
[0011] Another embodiment of the present invention
includes a dishwasher configured to detect and remove a
clogging condition of a filter. The dishwasher comprises a
control device in communication with the at least one detec-
tion device and configured to determine at least one of a
normal water level for a wash cycle of the dishwasher or a
normal rate at which the water level changes for the wash
cycle. The control device is further configured to monitor at
least one of a water level during execution of the wash cycle
or a rate at which the water level changes during execution of
the wash cycle. The control device is further configured to
detect the clogging condition of the filter. The clogging con-
dition is indicated by at least one of a deviation of the moni-
tored water level from the normal water level or a deviation of
the monitored rate at which the water level changes from the
normal rate at which the water level changes. The control
device is further configured to determine a current position of
the wash cycle being executed. The control device is further
configured to execute a remedial operation to facilitate
removal of the clogging condition from the filter. The control
device is further configured to determine if the clogging con-
dition has been removed following execution of the remedial
operation. The control device is further configured to resume
operation of the dishwasher based at least on the current
position in the wash cycle if the clogging condition has been
removed.

[0012] According to one aspect, the control device is fur-
ther configured to execute the remedial operation by deter-
mining the remedial operation based on a degree at which the
filter is clogged. In some embodiments, the control device is
further configured to execute the remedial operation by deter-
mining the remedial operation based on predefined rules.
[0013] In some embodiments, the control device is further
configured to execute the remedial operation by selecting the
remedial operation from a list of remedial operations. The list
of remedial operations may define a hierarchy of remedial
operations that each corresponds to a degree at which the filter
is clogged. In some embodiments, the control device is fur-
ther configured to execute a second remedial operation if the
clogging condition has not been removed. The second reme-
dial operation may be ranked higher in degree than the first
remedial operation in the list of remedial operations.

[0014] In some embodiments, the control device is further
configured to increment a counter indicating a number of
attempts to remove the clogging condition following execu-
tion of the remedial operation if the clogging condition has
not been removed. Additionally, the control device is further
configured to cease operation of the dishwasher when the
counter is greater than a threshold number.

[0015] Insome embodiments, the control device is config-
ured to determine the normal rate at which the water level
changes and monitor the rate at which the water level
changes. The clogging condition is indicated by the deviation
of the monitored rate of water level change from the normal
rate. In some embodiments, the control device is further con-
figured to monitor the rate at which the water level changes by
monitoring the rate at which the water level changes with at
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least one detection device positioned below the filter. In some
embodiments, the control device is further configured to
monitor the rate at which the water level changes by moni-
toring the rate at which the water level changes with at least
one detection device positioned above the filter.

[0016] Insome embodiments, the control device is config-
ured to determine the normal water level and monitor the
water level. The clogging condition is indicated by the devia-
tion of the monitored water level from the normal water level.
In some embodiments, the detection device comprises at least
one pressure sensor.

[0017] In some embodiments, the control device is further
configured to resume operation of the dishwasher based at
least on the current position if the clogging condition has been
removed by resuming operation of the dishwasher at the
current position.

[0018] Other embodiments of the present invention include
a computer program product for detecting and removing a
clogging condition of a filter in a dishwasher. The computer
program product comprises a non-transitory computer read-
able medium having program code portions stored thereon,
the program code portions being a computer readable
medium and configured when said program product is run on
a control device, to perform the method comprising determin-
ing at least one of a normal water level for a wash cycle of the
dishwasher or a normal rate at which the water level changes
for the wash cycle. The method further includes monitoring at
least one of a water level during execution of the wash cycle
or a rate at which the water level changes during execution of
the wash cycle. The method further includes detecting the
clogging condition of the filter. The clogging condition is
indicated by at least one of a deviation of the monitored water
level from the normal water level or a deviation of the moni-
tored rate at which the water level changes from the normal
rate at which the water level changes. The method further
includes determining a current position of the wash cycle
being executed. The method further includes executing a
remedial operation to facilitate removal of the clogging con-
dition from the filter. The method also includes determining if
the clogging condition has been removed following execution
of the remedial operation. The method further includes
resuming operation of the dishwasher based at least on the
current position if the clogging condition has been removed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0019] Having thus described the invention in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:

[0020] FIG. 1 is a perspective view of a partially exposed
dishwasher, in accordance with some embodiments discussed
herein;

[0021] FIG. 2 is a cross-sectional front view of a dish-
washer during a wash cycle, in accordance with some
embodiments discussed herein;

[0022] FIG. 3 is a cross-sectional front view of a dish-
washer, wherein a clogging condition of a filter has occurred
in the dishwasher, in accordance with some embodiments
discussed herein;

[0023] FIG. 4 is a flowchart that illustrates a method for
detecting and removing a clogging condition of a filter in a
dishwasher, in accordance with some embodiments discussed
herein;
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[0024] FIG. 5A is a cross-sectional front view of the dish-
washer shown in FIG. 3, wherein a detection device is posi-
tioned below the filter, in accordance with some embodiments
discussed herein;

[0025] FIG. 5B is a cross-sectional front view of the dish-
washer shown in FIG. 3, wherein a detection device is posi-
tioned above the filter, in accordance with some embodiments
discussed herein;

[0026] FIG. 6A is a cross-sectional front view of the dish-
washer shown in FIG. 3 that illustrates a remedy for removing
the clogging condition of the filter, wherein the circulation
pump provides water through the lower spray arm or other
dedicated spray jets to remove the clogging condition of the
filter, in accordance with some embodiments discussed
herein;

[0027] FIG. 6B is a cross-sectional front view of the dish-
washer shown in FIG. 3 that illustrates another remedy for
removing the clogging condition of the filter, wherein water is
supplied directly to the circulation pump to remove the clog-
ging condition of the filter, in accordance with some embodi-
ments discussed herein;

[0028] FIG. 6C is a cross-sectional front view of the dish-
washer shown in FIG. 3 that illustrates another remedy for
removing the clogging condition of the filter, wherein water is
directed at the filter to remove the clogging condition of the
filter, in accordance with some embodiments discussed
herein;

[0029] FIG. 6D is a cross-sectional front view of the dish-
washer shown in FIG. 3 that illustrates another remedy for
removing the clogging condition of the filter, wherein water is
supplied to the tub to raise the water level to cause removal of
the clogging condition of the filter, in accordance with some
embodiments discussed herein;

[0030] FIG. 6E is a cross-sectional front view of the dish-
washer shown in FIG. 3 that illustrates another remedy for
removing the clogging condition of the filter, wherein water is
supplied to the tub to raise the water level above an inlet of a
chimney to enable water to flow to the volume below the filter,
in accordance with some embodiments discussed herein;
[0031] FIG.7 is a flowchart that illustrates another embodi-
ment of a method for detecting and removing a clogging
condition of a filter in a dishwasher, in accordance with some
embodiments discussed herein; and

[0032] FIG. 8 is a flowchart that illustrates an example
embodiment of a method for detecting a clogging condition
of a filter in a dishwasher and determining whether a remedial
operation is needed, in accordance with some embodiments
discussed herein.

DETAILED DESCRIPTION

[0033] Embodiments of the present invention now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which some, but not all embodiments of
the invention are shown. Indeed, these embodiments may take
many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisfy appli-
cable legal requirements. Like numbers refer to like elements
throughout.

[0034] FIG. 1 illustrates one example of a dishwasher 10
capable of implementing various embodiments of the present
invention. Such a dishwasher 10 typically includes a tub 12
(partly broken away in F1G. 1 to show internal details), having
a plurality of walls (e.g., side wall 13) for forming an enclo-
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sure in which dishes, utensils, and other dishware may be
placed for washing. As known in the art, the dishwasher 10
may also include slidable lower and upper racks (not shown)
for holding the dishes, utensils, and dishware. A door 18 may
be pivotably engaged with the tub 12 to selectively permit
access to the interior of the tub 12. The door 18 closes to cover
and seal the tub 12 when the dishwasher 10 is in operation.
[0035] The tub 12 may include a sump 14 in which wash
water or rinse water is collected, typically under the influence
of gravity. The wash/rinse water may be pumped by a circu-
lation pump (such as through circulation conduit 26) to one or
more spray arms (e.g., lower spray arm 20 and/or middle
spray arm 25) mounted in the interior of the tub 12 for spray-
ing the wash/rinse water, under pressure, onto the dishes,
utensils, and other dishware contained therein.

[0036] The sump 14 and spray arms 20, 25 may be in fluid
communication with various operational components of the
dishwasher 10. For example, a water valve (not shown) and a
drain pump 42 may each be in fluid communication with the
sump 14 and spray arms 20, 25. The water valve may be
configured to activate (e.g., open, turn ON, etc.) to direct
water from a fluid supply/source (e.g., shown as fluid conduit
71 in FIG. 5A) to the tub 12 of the dishwasher 10. The water
valve may also be configured to activate (e.g., close, turn OFF,
etc.) to stop directing water to the tub 12. The drain pump 42
may be configured to activate (e.g., turn ON) to remove water
from the sump 14 or tub 12. The drain pump 42 may also be
configured to deactivate (e.g., turn OFF) to stop removing
water from the sump 14 or tub 12. In some embodiments,
water and soil collected in the sump 14 can be pumped out of
the dishwasher 10 by the drain pump 42 through a drain hose
23. The drain hose 23 comprises a hose that extends from the
drain pump 42, or otherwise from the dishwasher 10, to a
typical home drain plumbing system and is configured to
remove water and soils from the dishwasher 10 to the home
drain plumbing. Thus, through selective activation of the
water valve/drain pump, water may be selectively added or
removed from the tub 12 of the dishwasher 10. The drain
pump and the water valve may be configured to be automati-
cally activated (i.e., electrically opened and closed), though
one skilled in the art will appreciate that such components
may be actuated in different ways such as, for example,
mechanically, hydraulically, and/or in other appropriate man-
ners.

[0037] In some embodiments, the particular operational
components of the dishwasher (e.g., water valve, drain pump
42, corresponding hoses and wires, etc.) may be housed,
disposed, or otherwise positioned within a base portion 22
positioned beneath the tub 12. In some instances, the base
portion 22 may be a separate component with respect to the
tub 12, such as, for example, a molded polymer component,
while in other instances the base portion 22 may be integral
with the tub 12 such that the side walls forming the tub 12 also
at least partially form the base portion 22.

[0038] Operation of the dishwasher 10 typically includes
execution of wash cycles having various parameters of the
dishwashing process. In particular, the dishwasher 10 may be
in an operating mode when undergoing these wash cycles.
Moreover, each wash cycle may have different positions that
correspond to current operations of the components of the
dishwasher (e.g., activating/deactivating the drain pump,
activating/deactivating the circulation pump, activating/deac-
tivating the water valve, activating/deactivating a heating ele-
ment, etc.).
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[0039] Along these lines, a control device (e.g., the control
device 40 shown in FIGS. 1, 2, and 3) can be used to com-
municate with certain components of the dishwasher 10. The
control device 40 may be housed inside the base portion 22 of
the tub 12 or other location so as to facilitate communication
with various components of the dishwasher 10. In the
depicted embodiment, the control device 40 is housed in the
base portion 22 of the tub 12 and is configured to communi-
cate with a circulation pump 50. Embodiments of the present
invention contemplate communication of the control device
with any of the components of the dishwasher (e.g., drain
pump, water valve, etc.). In this way, the control device 40 can
control activation/deactivation of any of the components of
the dishwasher. As described in greater detail herein, the
control device 40 may also be in communication with a detec-
tion device 70 (shown in FIGS. 5A and 5B) such that the
control device 40 may be configured to detect occurrence of
(including the onset of) a clogging condition. Furthermore, as
also described in greater detail herein, the control device 40
may be configured to communicate with the dishwasher 10 to
determine the current position of the wash cycle being
executed by the dishwasher 10. Additionally, the control
device 40 may be configured to control operation of the
dishwasher 10 so as to cease operation of the wash cycle of the
dishwasher. Likewise, the control device 40 may be config-
ured to return operation of the dishwasher to the current
position of the wash cycle or to a nearby position in the cycle
if that is more reasonable. The control device 40 may be any
type of device that can communicate with the components of
the dishwasher 10 (e.g., electronically, mechanically, or oth-
erwise). In the case of electronic communication, the control
device 40 may include a memory for storing of programming,
routines, and variables. In one embodiment, the control
device 40 is a microprocessor or other processor configured to
perform the functions described herein and may operate
under the control of software. In such a regard, the control
device 40 may be configured to execute any of the functions
described herein according to various embodiments of the
present invention.

[0040] Inother embodiments, the control device 40 may be
further configured to indicate or otherwise provide error mes-
sage signals by either storing them in the control device 40 for
later access by a user, signaling the dishwasher 10 to display
the error message to the user, or other indicating means (e.g.,
audible or visual). Thus, the control device 40 may be con-
figured to signal an overwhelming condition error in response
to the detection device 70 detecting an overwhelming condi-
tion of the filter.

[0041] During a typical wash cycle, for example, with ref-
erence to FIG. 2, a dishwasher 10 may provide water through
a circulation pump 50 to the spray arms 20, 25 to cause water
to spray into the tub 12. The water 62 that is sprayed into the
tub 12 falls (e.g., under the influence of gravity) to the sump
14 and interacts with a filter 30. The filter 30 separates the
water from soils or other substances (such as may be removed
from dishes and utensils). The water falls through the filter 30
(e.g., along arrow A) to a volume 34 below the filter 30 within
the sump 14. A circulation pump 50, such as through the
circulation pump inlet 51, causes water (e.g., shown by water
level 66) from the volume 34 below the filter 30 to re-circulate
back to the spray arms 20, 25 for continuation of the wash
cycle.

[0042] Though the filter 30 is depicted in FIG. 2 as covering
only a portion of the sump 14, some embodiments of the
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present invention contemplate any size or location of the
filter. For example, in some embodiments, the filter may cover
the majority of the sump 14. Along these lines, some embodi-
ments of the present invention contemplate any type of filter
(e.g., glass trap, soil filter, fine filter, etc.). Moreover, some
embodiments of the present invention contemplate any type
of orientation of the filter (e.g., horizontal, vertical, etc.). The
filter 30, however, is generally located above the sump 14 for
filtering particles from the water.

[0043] Insomeembodiments, one or more additional filters
may be provided. In some cases, the additional filters may
have different characteristics such that they facilitate filtering
of different sized particles (e.g., a fine filter vs. a soil filter).

[0044] In some embodiments, the filter 30 may be located
upstream of the circulation pump 50. In such a regard, the
circulation pump 50 does not directly pump wash water into
the filter 30 (e.g., the circulation pump 50 pumps water
through a circulation conduit 26 and a spray arm 20, 25 before
it interacts with the filter 30).

[0045] In some embodiments, a chimney 43 may be pro-
vided in sump 14. The chimney 43 may provide a fluid con-
nection between the volume 24 above the filter 30 and the
volume 34 below the filter 30. For example, the chimney 43
may provide a conduit that runs from an inlet located proxi-
mate the top of'the chimney 43 (e.g., above the filter 30) to an
outlet located proximate the bottom of the chimney 43 (e.g.,
below the filter 30), such as for preventing pressure imbal-
ances between the volumes 24, 34. In such a regard, as will be
described in greater detail herein, water may be provided to
the volume 34 below the filter 30 through the inlet of the
chimney 43. In some embodiments, the height of the inlet of
the chimney 43 may be below an alarm level that indicates the
occurrence of a flooding condition of the dishwasher. Addi-
tionally, in some embodiments, a chimney filter may be posi-
tioned over the inlet to prevent soils from falling into the
volume 34 below the filter 30 through the chimney.

[0046] Sometimes, during the wash cycle, soils (or other
particles) can become stuck on the filter causing a clogging
condition that prevents or slows water from passing through
the filter to the circulation pump. In such a situation, low
water level below the filter causes the circulation pump to
suck in air, which may make the circulation pump’s discharge
flow become intermittent or even to stop as the pump loses its
prime. In some cases, the filter may be fully clogged (e.g., an
overwhelming condition), such that no water can return to the
volume 34 below the filter, and the pumping stops and the
pump runs dry. These conditions may ultimately damage the
circulation pump if not addressed quickly. For example, with
reference to FIG. 3, particles 57 may build up on the filter 30,
preventing water from passing through to the volume 34
below the filter 30. Instead, the water (as illustrated by the
water level 64) may build up within the tub 12. In such a case,
the circulation pump 50 has no or little water to circulate to
the spray arms 20, 25 to continue the wash cycle.

[0047] Since damage to the circulation pump is unwanted
and efficiency of the wash cycle is desired, some embodi-
ments of the present invention seek to detect and remove a
clogging condition of a filter.

[0048] In such a regard, in some embodiments, the dish-
washer 10 may comprise at least one detection device 70 for
monitoring the water level and indirectly or directly detecting
a clogging condition of the filter 30. The detection device 70
may be any type of device that can detect a clogging condition
of'the filter (e.g., a pressure sensor) and can be located above
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or below the filter 30 to detect the respective water level. In
such a regard, as will be described in greater detail herein, by
monitoring the water level and/or rate of change of the water
level either above or below the filter, the detection device 70
may be configured to detect the occurrence of a clogging
condition. Likewise, the detection device 70 may be config-
ured to detect removal of the clogging condition. Addition-
ally, in some embodiments, the detection device 70 may be
configured to detect the degree of the clogging condition or
that an overwhelming condition is forming. Thus, a clogging
condition may be indicative of the onset of filter clogging,
partial filter clogging, or substantial/total filter clogging (i.e.,
anoverwhelming condition). In such a situation, the detection
device 70 may provide information for anticipating and/or
identifying a clogging condition. For example, a lower degree
of'a clogging condition may occur when only a portion of the
filter is clogged, whereas a higher degree of a clogging con-
dition may occur when the entire filter is clogged.

[0049] Although some embodiments describe detecting a
clogging condition with a detection device, other means of
detection are contemplated. For example, in some embodi-
ments, circulation pump parameters (e.g., current draw and
speed) may be monitored to detect a clogging condition.
Additionally, in some embodiments, a combination of detec-
tion means may be used to detect a clogging condition, such
as by monitoring the pump parameters and the water level
through a detection device.

[0050] Embodiments of the present invention seek to detect
and remove a clogging condition of a filter in a dishwasher.
FIG. 4 illustrates a flow chart of one embodiment of a method
for detecting and removing a clogging condition of a filter in
a dishwasher. The operations depicted in FIG. 4 may include
any embodiments described herein. The operations illustrated
in and described with respect to FIG. 4 may, for example, be
performed by, with the assistance of, and/or under the control
of'one or more components of the dishwasher 10 (e.g., control
device 40, detection device 70, drain pump 42, circulation
pump 50, water valve, etc.).

[0051] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 110, establishing a “nor-
mal” or expected water level. In order to help detect the
occurrence of a clogging condition, the detection device 70
may be configured to monitor a water level inside the tub 12
of'the dishwasher 10. In particular, a clogging condition may
be detected when the water level and/or rate of change of the
water level deviates from an expected water level and/or rate
of change of the water level at a particular time during the
wash cycle. In some embodiments, the dishwasher 10 may be
configured to determine a normal water level (e.g., the
expected water level). However, this normal water level may
vary depending on the current operation of the dishwasher. As
such, establishment of a normal water level may be difficult as
a dishwasher may execute a number of different cycles (or
segments within a wash cycle) during operation and each
cycle may require a different amount of water or may utilize
different hardware that may affect the water level. Moreover,
additional variations may be present based on the specific
type of dishwasher. Furthermore, water may be present in the
dishwasher, but unable to be detected by the water level
sensor (e.g., running through the hoses connecting to the
spray arms, caught in an overturned glass, etc.). These varia-
tions in the water level created by different cycles, hardware,
or circumstances may need to be accounted for when deter-
mining the “normal” or expected water level of each cycle
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location of the dishwasher. Thus, the dishwasher 10 may be
configured to determine a normal water level for a wash cycle
of the dishwasher (e.g., the current wash cycle of the dish-
washer).

[0052] As used herein, the term “wash cycle” is not meant
to be limiting, as the wash cycle may be a variety of wash
cycles and include one or more wash segments. For example,
the wash cycle could be a normal wash cycle, a china/crystal
wash cycle, an economy wash cycle, a speed wash cycle, an
automatic wash cycle, or the like. In addition, wash segments
may include, for instance, any portion of a wash cycle (e.g.,
pre-wash, main-wash, pre-rinse, final rinse, etc.), although
the wash cycle may include a single wash segment in some
embodiments. In one example, the wash segment is a portion
of'awash cycle that minimally starts with a fill, includes some
operation of the circulation pump, and ends with a drain.
[0053] As used herein, and as evidenced in the above
description, the normal water level may account for a number
of different variables. Along these lines, the normal water
level may also account for fluctuations that may occur in the
water level, such as due to water circulation through the
components of the dishwasher (e.g., circulation pump 50,
spray arms 20, 25, etc.). In this regard, the normal water level
may include a range of water levels that are considered nor-
mal for the current wash cycle or for particular times during
the wash cycle.

[0054] Similarly, in some embodiments, the dishwasher 10
may be configured to determine a normal rate at which the
water level changes. In such a regard, while the water level
may fluctuate through a wash cycle, a potential indicator of a
clogging condition may be a significant change in the rate of
water level change within a certain volume of the dishwasher.
For example, a rapid drop in the rate of change of the water
level (e.g., the water level remains stagnant) may indicate that
water is not properly circulating through the dishwasher com-
ponents. Along similar lines, a rapid increase in the rate of
change of the water level in a situation or volume in which the
water level should be dropping may indicate that a clogging
condition has occurred or currently is occurring. Thus, the
dishwasher 10 may be configured to determine a normal rate
at which the water level changes for a wash cycle of the
dishwasher (e.g., the current wash cycle of the dishwasher).
[0055] As used herein, and as evidenced in the above
description, the normal rate at which the water level changes
may account for a number of different variables. Along these
lines, the normal rate at which the water level changes may
also account for fluctuations that may occur in the rate at
which the water level changes. In this regard, the normal rate
at which the water level changes may include a range of rates
atwhich the water level changes that are considered “normal”
for the current wash cycle for particular times during the wash
cycle.

[0056] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 120, determining if the
water level has deviated from the normal water level. In some
embodiments, the dishwasher 10 may be configured to moni-
tor awater level during execution ofthe wash cycle. Similarly,
in some embodiments, the dishwasher 10 may be configured
to monitor the rate at which the water level changes during
execution of the wash cycle.

[0057] As such, in some embodiments, the dishwasher 10
may be configured to detect a clogging condition of a filter 30.
In particular, by monitoring the water level, the dishwasher 10
may be configured to compare the monitored water level to
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the normal water level to determine if a deviation has
occurred. In some embodiments, the clogging condition is
indicated by a deviation of the monitored water level from the
normal water level. In one embodiment, the detection device
70 may be configured to detect the water level and cooperate
with the control device 40 to determine if a clogging condi-
tion has occurred.

[0058] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 130, detecting a degree of
the clogging condition of the filter. In such an embodiment,
the dishwasher 10 may be configured to determine the
“degree” of the clogging condition. For example, the degree
of deviation between the monitored water level and the nor-
mal water level may indicate the degree of the clogging con-
dition. Moreover, in embodiments where the dishwasher 10 is
configured to determine a degree of the clogging condition,
the degree of deviation between the monitored rate at which
the water level changes and the normal rate at which the water
level changes may indicate the “degree” of the clogging con-
dition. As used herein, the “degree” of the clogging condition
may correspond to the severity of the clogging condition. For
example, the degree of the clogging condition may be indica-
tive ofthe severity of clogging of the filter (e.g., the amount of
soil on the filter). Thus, a low degree of a clogging condition
may allow some water to pass through the filter, whereas a
high degree of a clogging condition may allow no water or
almost no water to pass through the filter (i.e., an overwhelm-
ing condition).

[0059] Along these same lines, and using similar logic, the
dishwasher 10 may be configured to anticipate the occurrence
of an overwhelming condition, such that, as described in
greater detail herein, a remedy can be applied before the
overwhelming condition actually occurs.

[0060] The detection device 70 may be placed at various
positions in the dishwasher 10 to monitor the water level for
detection of the clogging condition of the filter 30. In particu-
lar, in some embodiments, with reference to FIG. 5A, the
detection device 70 may be placed adjacent to the sump 14
such that it may monitor the water level and/or rate of water
level change within the volume 34 below the filter 30. In such
a location, the detection device 70 may monitor the water
level 66 of the water immediately before entrance into the
circulation pump 50. In some embodiments, depending on the
determined normal water level, a drop in the water level 66
may indicate a clogging condition has occurred, as water may
be hindered from passing through the filter 30.

[0061] In some embodiments, with reference to FIG. 5B,
the detection device 70 may be placed adjacent to the bottom
of the tub 12 such that it may monitor the water level and/or
rate of water level change within the volume 24 above the
filter 30. In such a location, the detection device 70 may
monitor the water level 64 of the water above the filter 30. In
some embodiments, depending on the determined normal
water level, an increase in the water level 64 may indicate a
clogging condition has occurred, as water may not be able to
pass through the filter 30 and, thus, is accumulating above the
filter 30.

[0062] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 140, recording the current
position of the wash cycle. Once a clogging condition has
been identified, the dishwasher 10 may be configured to
determine a current position of the wash cycle being
executed. Additionally, the control device 40 may be config-
ured to store the current position of the wash cycle, such as in
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a memory. As noted above, different positions of the wash
cycle may require certain parameters, such as a specific
amount, temperature, and/or saturation level of water present
in the dishwasher. As described in greater detail herein,
recording the last wash cycle position enables the control
device 40 to return the dishwasher 10 to the parameters
required for continuation at or near the recorded cycle posi-
tion. Indeed, recording the wash cycle position of operation of
the dishwasher can be beneficial for efficiently returning
operation of the dishwasher to the proper configuration for
resuming and completing the wash cycle. As noted herein, the
“position” of the operation of the dishwasher may be at any
point during the wash cycle (or wash segment). The position
may be any point between the start and stop of a particular
wash cycle (or wash segment).

[0063] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 150, executing a remedial
operation. As noted above, some embodiments of the present
invention attempt to detect and remove a clogging condition
ofafilter. Along these lines, some embodiments of the present
invention attempt to prevent a full overwhelming condition of
a filter through early detection and removal of a clogging
condition. As such, the dishwasher 10 may be configured to
execute a remedial operation to facilitate removal of the clog-
ging condition from the filter 30. In particular, the dishwasher
10 may be configured to execute any of a number of different
remedial operations that may depend on the type of compo-
nents available, the current position of the wash cycle, the
degree of the clogging condition, or any number and combi-
nation of factors.

[0064] Some exemplary remedial operations are illustrated
in FIGS. 6A, 6B, 6C, 6D, and 6E. FIG. 6A illustrates a
remedial operation that includes dedicated operation of the
lower spray arm 20 in an effort to sweep soils off the filter 30.
As noted herein, some embodiments of the present invention
seek to recognize and, in some cases, anticipate an over-
whelming condition of the filter. In some situations, water
may be left within the volume 34 below the filter 30, such that
the circulation pump 50 may continue to operate. However,
the water supply may be minimal and, sometimes, less than
normal operation. As such, the circulation pump 50 may only
have enough water to operate (e.g., be primed) for a limited
duration. Along these same lines, water may be seeping
through the filter at a reduced rate due to the clogging condi-
tion, which may increase the time for a sufficient amount of
water to accumulate for the circulation pump to operate prop-
erly.

[0065] Insomeembodiments, the dishwasher 10 may com-
prise a lower spray arm 20 or other spray mechanism that is
configured to direct water toward the filter 30. In such a
manner, the water may help sweep soils off of the filter 30 to
prevent, or facilitate removal of, a clogging condition. Thus,
one possible remedial operation for removal of a clogging
condition may be to provide water to the lower spray arm 20
to be directed at the filter 30 to sweep away the soils on the
filter 30. Supplying fluid to a lower arm without jets directed
toward filter 30 may also accomplish the same result provided
the water is directed back to the filter with sufficient velocity.
However, as noted above, there may be a limited supply of
water for the circulation pump 50. As such, in some embodi-
ments, the dishwasher 10 may configured to execute a reme-
dial operation that includes pulsing the circulation pump 50 to
provide water to the lower spray arm 20. In particular, the
pulses, in some embodiments, may be configured to match
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the amount of water available for the circulation pump 50
while pauses between pump pulses may be configured to
allow an extended period for water to seep through the
clogged or clogging filter 30 back to the pump. An additional
advantage to operating the lower spray arm 20 is that the
distance the water is circulated is reduced because the dis-
tance from the circulation pump to the lower spray arm is less
than other spray arms (e.g., the middle or upper spray arm 25)
and so less volume is needed to be filled before spraying
occurs. Moreover, in some embodiments, the dishwasher 10
may be configured to not provide water to other spray arms so
that the water is conserved for operation of the lower spray
arm 20 only.

[0066] For example, with reference to FIG. 6A, there may
be a limited amount of water 66 in the volume 34 below the
filter 30. The circulation pump 50 may be operated (or, in
some cases, pulsed) to provide water through the circulation
conduit 26 to the lower spray arm 20. The water 62' may spray
directly onto the filter 30 to sweep away the soils 57 on the
filter 30 (e.g., some soils 58 have been removed from the filter
30). In such a manner, the clogging condition may be
removed and water may now pass through the filter 30 to
prime the circulation pump 50 for continuation of the wash
cycle.

[0067] FIG. 6B illustrates another remedial operation that
may be employed for a dishwasher that provides water
directly to the volume below the filter. In the depicted
embodiment, the remedial operation may include activating
the water valve to provide water 63, such as through the hose
71 or other water inlet, to the volume 34 below the filter 30. In
such a manner, water 66 may be available for operation of the
circulation pump 50. Along these lines, in some embodi-
ments, as illustrated in FIG. 6 A, the circulation pump 50 may
provide water to the lower spray arm 20 such that water 62
may spray directly onto the filter 30 to sweep away the soils
57 on the filter 30 (e.g., some soils 58 have been removed
from the filter 30), thereby removing the clogging condition.
[0068] FIG. 6C illustrates another remedial operation that
may be employed for a dishwasher that provides water to the
volume of the dishwasher above the filter. In the depicted
embodiment, the remedial operation may include activating
the water valve to provide water 63, such as through the hose
71, to the volume 24 above the filter 30. The water 63, in some
cases, may be directed toward the filter 30 (e.g., along arrow
B) to sweep away the soils 57 on the filter 30 (e.g., some soils
58 have been removed from the filter 30), thereby removing
the clogging condition.

[0069] FIG. 6D illustrates another remedial operation that
may be employed for a dishwasher that provides water to the
volume of the dishwasher above the filter. In the depicted
embodiment, the remedial operation may include activating
the water valve to provide water 63, such as through the hose
71 or other water inlet, to the volume 24 within the tub 12
abovethe filter 30. The water level 64 may rise and cause soils
with a specific gravity less than 1 (e.g., soils 58) to rise oft the
filter 30, thereby removing a portion of the clogging condi-
tion. In such a situation, some soils 58 may be light enough to
float on the surface of the water, thereby lifting off the filter 30
to allow some water to pass through the filter 30. In such a
manner, water 66 may be available for operation of the circu-
lation pump 50. Along these lines, in some embodiments, as
illustrated in FIG. 6A, the circulation pump 50 may provide
water to the lower spray arm 20 such that water 62' may spray
directly onto the filter 30 to sweep away the soils 57 on the
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filter 30 (e.g., some soils 58 have been removed from the filter
30), thereby removing the clogging condition.
[0070] FIG. 6E illustrates another remedial operation that
may be employed for a dishwasher that provides water to the
volume of the dishwasher above the filter and includes a
chimney. In the depicted embodiment, the remedial operation
may include activating the water valve to provide water 63,
such as through the hose 71 or other water inlet, to the volume
24 within the tub 12 above the filter 30. The water level 64'
may rise above an inlet for a chimney 43 that provides a fluid
connection between the tub 12 and the volume 34 below the
filter 30. In such a manner, water may pass through the chim-
ney 43 (e.g., along arrow GG) and into the volume 34 below the
filter 30. Thus, water 66 may be available for operation of the
circulation pump 50. Along these lines, in some embodi-
ments, as illustrated in FIG. 6 A, the circulation pump 50 may
provide water to the lower spray arm 20 such that water 62'
may spray directly onto the filter 30 to sweep away the soils
57 on the filter 30 (e.g., some soils 58 have been removed
from the filter 30), thereby removing the clogging condition.
[0071] Though the above described remedies are individu-
ally listed, some embodiments may provide a dishwasher 10
including a control device 40 configured to execute any num-
ber or combination of remedial operations. For example, in
some embodiments, the dishwasher 10 may be configured to
execute at least one of the following remedial operations:
adding water above the filter, adding water below the filter,
operating a circulation pump at a reduced speed, or pulsing
operation of the circulation pump.
[0072] The above examples are given for explanatory pur-
poses and, thus, embodiments of the present invention are not
meant to be limited to the described remedies, as there may be
many types of remedial operations that may be employed by
embodiments of the present invention. Along these lines,
other remedial operations may include: slowing the speed of
operation of the circulation pump to lower the water output
rate; pausing the circulation pump to allow time for water to
return for use in removing the soils on the filter; and activating
the drain pump to remove the dislodged soils from the dish-
washer. A specific example of a remedy that includes activa-
tion, pausing, and deactivation of a number of components of
the dishwasher (e.g., water valve, drain pump, and circulation
pump) is provided in the following sequence:

[0073] 10 second Fill of Water

[0074] 5 second Pause of the Circulation Pump, the

Drain Pump, and the Water Valve
[0075] 5 second Operation of the Circulation Pump, the
Drain Pump, and the Water Valve

[0076] 20 second Fill of Water and Activation of the
Drain Pump

[0077] 10 second Fill of Water

[0078] 20 second Fill of Water, Activation of the Circu-

lation Pump, and Activation of the Drain Pump

[0079] 40 second Activation of the Drain Pump
[0080] Fill of Water to the “Normal” Water Level
[0081] Activation of the Circulation Pump

[0082] Thereare many degrees of a clogging condition and,

thus, there are many types of remedial operations available
that may correspond to the appropriate severity level of the
clogging condition. As such, some embodiments of the
present invention may determine what remedy to attempt
based upon how severe of a deviation is sensed in the water
level. In particular, in some embodiments, the dishwasher 10
may be configured to determine the remedial operation to
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execute based on a degree at which the filter is clogged. Along
these lines, in some embodiments, the dishwasher 10 may be
configured to determine the remedial operation to execute
based on the degree of difference between the monitored
water level and the normal water level. Likewise, in some
embodiments, the dishwasher 10 may be configured to deter-
mine the remedial operation to execute based on the degree of
difference between the monitored rate at which the water
level changes and the normal rate at which the water level
changes.

[0083] In some embodiments, the dishwasher 10 may be
configured to determine the remedial operation to execute by
selecting the remedial operation from a list of remedial opera-
tions. In some cases, the list of remedial operations may
define a hierarchy of remedial operations that each operation
corresponds to a degree at which the filter is clogged. In such
a regard, the dishwasher 10 may be configured to select the
remedial operation to execute based on the determined sever-
ity of the clogging condition, which may be represented by
the degree at which the filter is clogged. In other embodi-
ments, the dishwasher 10 may be configured to begin with
execution of the first remedial operation on the list of reme-
dial operations, which in some cases, may correspond to the
least severe remedial operation. The dishwasher 10 could
then proceed in order through a list of remedial operations in
order of degree, with the last remedial operation configured to
facilitate removal of the highest degree (e.g., most severe) of
clogging condition.

[0084] In some embodiments, the dishwasher 10 may be
configured to determine the remedial operation to execute
based on a set of predefined rules. For example, such rules
may be based on current operating conditions of the dish-
washer, or its components (e.g., the circulation pump param-
eters). Additionally, in some cases, the set of predefined rules
may take into account the determined degree of clogging of
the filter. Along these same lines, the predefined rules may be
any set of rules that allows the dishwasher 10 to determine
what remedial operation to execute for removal of the clog-
ging condition.

[0085] An example embodiment of predefined rules for
determining the remedial operation is described below. How-
ever, embodiments of the present invention are not meant to
be limited to the below described example, as other pre-
defined rules are contemplated.

[0086] Insomeembodiments, the degree of deviationof'the
water level from the normal water level may be assigned a
value (e.g., L1, L.2, or L3). For example, L1 equates to a
deviation of a water level that is slightly low. In such a situ-
ation, the circulation pump may occasionally draw in air due
to a low water level at the circulation pump inlet. .2 may
equate to a deviation of a water level that is low enough so that
the circulation pump will periodically and repeatedly surge
and then starve. .3 may equate to a deviation of a water level
that is a very low level, thereby indicating that flow returning
to the circulation pump is very low or, in some cases, nonex-
istent (e.g., the filter is completely overwhelmed).

[0087] Additionally, three possible remedial operations
may be assigned a remedial operation value (e.g., RA1,RA2,
or RA3). For example, RA1 may indicate a remedial opera-
tion that includes adding about % of the volume first applied
for the wash segment while beginning to direct spray jets to
sweep soils off the filter into the drain, continuing to sweep
soils for a short time, then draining a small amount of fluid,
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and, finally, adding back fluid as needed to restore the water
level to the normal water level.

[0088] RA2 may indicate a remedial operation that
includes adding about %4 of the volume first applied for the
wash segment while beginning to direct spray jets to sweep
soils off the filter into the drain, continuing to sweep soils for
a short time, conducting a complete draining of the unit, and
restoring the fluid level to that applied at the beginning of the
wash segment.

[0089] RA3 may indicate a remedial operation that
includes adding about %5 of the volume first applied for the
wash segment, pausing the circulation pump for about 1
minute to allow the water to seep through, pulsing the circu-
lation pump (e.g., 1 second on, 20 seconds off) for about 1
minute while directing its effluent to spray jets for sweeping
soils off the filter into the drain. Then, RA3 may include
conducting a complete drain (e.g., removing all fluid from the
dishwasher tub) and restoring the fluid level to that applied at
the beginning of the wash segment.

[0090] Additionally, three possible return positions may be
assigned a return position value (e.g., R1, R2, or R3). For
example, R1 may indicate to resume the wash cycle at the
point where it was interrupted. R2 may indicate to resume the
wash cycle at the start of the current wash segment. R3 may
indicate to resume the wash cycle from the beginning of the
wash cycle.

[0091] Based on the above described examples, in some
embodiments, the predefined rules can be created to deter-
mine the appropriate remedial operation to perform. For
example, a deviation of L1 may be addressed with remedial
action RA1; a deviation of .2 may be addressed with reme-
dial action RA2; and a deviation of L3 may be addressed with
remedial action RA3.

[0092] Insome embodiments, upon completion of a reme-
dial operation, a counter may be incremented. Then the cir-
culation pump may be operated at a fixed speed while the
water level is monitored.

[0093] Ifthe water levelis still below the normal water level
(or significantly deviated therefrom), whether improved or
worsened, then the next (e.g., more robust) level of remedial
operation may be applied. For example, if the previous reme-
dial operation applied was RA3 and it did not clear the clog-
ging condition, then RA3 may be applied at least a second
time. If after applying RA3 twice or some predetermined
number in a wash segment, the water level is still below the
normal level then the wash cycle may end and the need for the
clogged filter to receive maintenance may be indicated.
[0094] Insomeembodiments, if after performing the reme-
dial operation a test of the level shows that the water level
deviation is within expected limits, then the wash cycle may
resume according to the following rules:

[0095] 1) Ifthe water level deviation was categorized as
L3 or if RA3 was invoked as part of the level restoration
then:

[0096] a. For washes (pre-wash or main wash seg-
ments) return to the cycle per R2.

[0097] b. For rinses (pre-rinse or final rinse segments)
return to the cycle per R3.

[0098] 2) If the highest level of deviation was catego-
rized as [.2 and/or if RA2 was necessary then:

[0099] a. For washes (pre-wash or main wash seg-
ments) follow R2.

[0100] b. For rinses (pre-rinse or final rinse segments)
follow R2.
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[0101] 3) If the highest level of deviation was catego-
rized as L1 and/or if only RA1 was necessary in order to
restore the level to its expected height then:

[0102] a. For washes (pre-wash or main wash seg-
ments) follow R1.

[0103] b. For rinses (pre-rinse or final rinse segments)
follow R1.
[0104] In some embodiments, the method 100 (shown in

FIG. 4) may comprise, at operation 160, determining if the
clogging condition has been removed. For example, in some
embodiments, the dishwasher 10 may be configured to deter-
mine if the clogging condition has been removed following
execution of the remedial operation. In particular, depending
on the type of remedial operation used and the severity of the
clogging condition, the remedial operation may or may not
have been successful in removal of the clogging condition of
the filter 30. As such, in some embodiments, the dishwasher
10 may be configured to check to determine whether the
clogging condition has been removed, such as by any of the
techniques described herein for detecting a clogging condi-
tion of the filter 30. For example, the dishwasher 10 may
detect the water level and compare it to the normal water
level. Likewise, the dishwasher 10 may detect the rate at
which the water level changes and compare it to the normal
rate at which the water level changes.

[0105] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 170, resuming operation
of the dishwasher based on the recorded position of the wash
cycle. For example, in an instance in which the clogging
condition has been removed, the dishwasher 10 may be con-
figured to resume operation of the dishwasher at a position of
the wash cycle based at least on the recorded position after
returning the water level to the “normal” or expected level. In
some embodiments, as described above, the current position
may have been recorded and, thus, it may be resumed accord-
ingly. In such a manner, the dishwasher may efficiently detect
and remove a clogging condition and resume operation at the
appropriate position in the wash cycle. Thus, it may be unnec-
essary to restart the wash cycle from the beginning of the
wash cycle.

[0106] In some cases, however, the dishwasher 10 may be
configured to determine an appropriate position of the wash
cycle to resume based on the current operating conditions
and/or recorded position of the dishwasher 10. For example,
if all the water has been removed from the dishwasher, it may
be beneficial to begin with a position of the wash cycle that
includes filling the tub with water. Thus, if the recorded
position is near the end of the wash segment and the clogging
condition has been removed, the dishwasher may proceed to
the next wash segment rather than restating the wash cycle.
[0107] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 180, incrementing a rem-
edy counter. For example, in some embodiments, in an
instance in which the clogging condition has not yet been
removed, the dishwasher 10 may be configured to increment
a counter indicating the number of attempts to remove the
clogging condition following execution of the remedial
operation. In such a manner, the dishwasher 10 may track the
number of attempts of executing each remedial operation. In
some embodiments, the type of remedial operation executed
may also be recorded. Additionally, there may be a set number
of attempts (e.g., pre-determined or user configurable) for
each remedial operation, such that if the maximum number of
attempts has not occurred, the dishwasher 10 may attempt the
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remedial operation again. Alternatively, if the maximum
number of attempts has occurred, then the dishwasher 10 may
execute a second remedial operation.

[0108] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 195, assigning a next
remedial action. For example, if the clogging condition has
not yet been removed, in some embodiments, the dishwasher
10 may be configured to execute the remedial operation to
repeat. Alternatively, in an instance in which the clogging
condition has not yet been removed, in some embodiments,
the dishwasher 10 may be configured to execute a second
remedial operation. In some embodiments, the dishwasher 10
may be configured to determine the second remedial opera-
tion based on the degree at which the filter is clogged after
execution of the first remedial operation.

[0109] Additionally or alternatively, in some cases, the sec-
ond remedial operation may be ranked higher in degree than
the first remedial operation in the list of remedial operations.
Such a situation may correspond to the dishwasher 10 execut-
ing aremedial operation that is designed to remove a clogging
condition that is more severe. In such a manner, the dish-
washer may continue to execute higher ranking remedial
operations in order until the clogging condition is removed.

[0110] However, in some embodiments, the dishwasher 10
may determine that a remedial operation that is ranked lower
in degree in the list of remedial operations is more appropriate
(e.g., the clogging condition has become less severe). Thus,
some embodiments of the assigned remedial action may
include a sequence of tiered remedial operations to remove a
clogging condition. Such embodiments may allow for an
intelligent and dynamic detection and removal of clogging
conditions of a filter.

[0111] In some embodiments, the method 100 (shown in
FIG. 4) may comprise, at operation 198, ceasing operation of
the dishwasher. For example, in some cases, if the maximum
number of attempts to remove the clogging condition has
been reached, then the dishwasher may further comprise
ceasing operation to avoid potential damage. In such a regard,
in some embodiments, the dishwasher 10 may be configured
to cease operation of the dishwasher in an instance in which
the counter is greater than a threshold number. Additionally,
in such a circumstance, in some embodiments, an error mes-
sage may be indicated to the user with possible instructions,
such as suggesting that the filter be cleaned.

[0112] FIG. 7 illustrates a flow chart showing another
embodiment 200 of a method for detecting and removing a
clogging condition of a filter in a dishwasher. As described
with respect to FIG. 7, certain features or events may also
reference specific steps in the flow chart of FIG. 4. The opera-
tions illustrated in and described with respect to FIG. 7 may,
for example, be performed by, with the assistance of, and/or
under the control of one or more components of the dish-
washer 10 (e.g., control device 40, detection device 70, drain
pump 42, circulation pump 50, water valve, etc.). Operation
201 may comprise determining a normal water level for a
wash cycle of the dishwasher. The control device 40 may, for
example, provide means for performing operation 201 as
discussed above. Operation 202 may comprise monitoring a
water level during execution of the wash cycle. The control
device 40 and/or detection device 70 may, for example, pro-
vide means for performing operation 202 as discussed above.
Operation 203 may comprise detecting the clogging condi-
tion of the filter, wherein the clogging condition is indicated
by a deviation of the monitored water level from the normal
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water level. The control device 40 may, for example, provide
means for performing operation 203 as discussed above.

[0113] Operation 204 may comprise determining a current
position of the wash cycle being executed. The control device
40 may, for example, provide means for performing operation
204 as discussed above. Operation 205 may comprise execut-
ing a remedial operation to facilitate removal of the clogging
condition from the filter. The control device 40, drain pump
42, circulation pump 50, and/or water valve may, for example,
provide means for performing operation 205 as discussed
above.

[0114] Operation 206 may comprise determining if the
clogging condition has been removed following execution of
the remedial operation. The control device 40 may, for
example, provide means for performing operation 206 as
discussed above. Operation 207 may comprise resuming
operation of the dishwasher at an appropriate position of the
wash cycle in an instance in which the clogging condition has
been removed. The control device 40, drain pump 42, circu-
lation pump 50, and/or water valve may, for example, provide
means for performing operation 207 as discussed above.

[0115] In some embodiments, the dishwasher 10 may be
configured to determine whether a remedial operation is war-
ranted. FIG. 8 illustrates a flow chart showing one embodi-
ment of a method 300 for detecting a clogging condition of a
filter in a dishwasher and determining whether a remedial
operation is warranted. The operations depicted in FIG. 8 may
include any embodiments described herein. The operations
illustrated in and described with respect to FIG. 8 may, for
example, be performed by, with the assistance of, and/or
under the control of one or more components of the dish-
washer 10 (e.g., control device 40, detection device 70, drain
pump 42, circulation pump 50, water valve, etc.).

[0116] In some embodiments, the method 300 may com-
prise, at operation 310, recording the current position of the
wash cycle. As noted above, the position in the wash cycle
may include a segment of the wash cycle (e.g., a wash seg-
ment). Then, at operation 320, the method 300 may comprise
determining the normal water level based on the current posi-
tion of the wash cycle.

[0117] In some embodiments, throughout the wash cycle,
the method 300 may include, at operation 330, recording the
average water level. Then, the method 300 at operation 340
may include determining if there is a significant deviation
between the average water level and the normal water level. If
there is not a significant deviation, the method 300 may
include, at operation 360, returning to the wash cycle (such as
at or near the current position of the wash cycle). If there is a
significant deviation, the method 300 may include, at opera-
tion 350, determining if the fill interval is complete.

[0118] If the fill interval is not complete, the method 300
may include, at operation 360, returning to the wash cycle. In
such situations, the filling of the water may not be complete
and, thus, the filling should be completed before determining
whether to apply a remedial operation. If the fill interval is
complete, the method 300 may include, at operation 370,
determining if a count is equal to zero.

[0119] If the count is equal to zero, then the method 300
may include, at operation 382, incrementing the counter to
“1” and, at operation 384, adding sufficient fluid to obtain the
normal water level (e.g., initiate a filling operation). Then, the
method may include, at operation 386, returning to the wash
cycle.
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[0120] If the count is not equal to zero, the method may
include, at operation 390, that a remedial operation is needed.
Such a remedial operation may be determined by any embodi-
ments described herein.

[0121] The method depicted in FIG. 4 and described above
represents only one possible method for detecting and remov-
ing a clogging condition. Similarly, the method depicted in
FIG. 7 and described above represents only one possible
alternative method for detecting and removing a clogging
condition. Along these lines, the method depicted in FIG. 8
and described above represent a method for detecting a clog-
ging condition and determining whether a remedial operation
is needed.

[0122] TItis understood that the illustrated steps in FIGS. 4,
7,and 8 may be performed in any desired order and should not
be limited to the illustrated embodiments. In some embodi-
ments, certain ones of the steps described above may be
modified, omitted, or further amplified. Furthermore, in some
embodiments, additional optional steps may be included.
Modifications, additions, omission, or amplifications to the
steps above may be performed in any order and in any com-
bination. The particular methods of detecting and removing a
clogging condition will depend on any number of consider-
ations, such as the degree of the clogging condition, the
position in the wash cycle, the number of attempts to remove
the clogging condition, and the type and degree of the reme-
dial actions executed.

[0123] FIGS. 4, 7, and 8 illustrate flowcharts of methods,
systems and program products according to various embodi-
ments of the present invention. It will be understood that each
block or step of the flowchart, and combinations of blocks in
the flowchart, can be implemented by computer program
instructions. These computer program instructions may be
loaded onto a computer, processor, or other programmable
apparatus to produce a machine, such that the instructions
which execute on the computer, processor, or other program-
mable apparatus create means for implementing the functions
specified in the flowchart block(s) or step(s). These computer
program instructions may also be stored in a computer-read-
able memory that can direct a computer, processor, or other
programmable apparatus to function in a particular manner,
such that the instructions stored in the computer-readable
memory produce an article of manufacture including instruc-
tion means which implement the function specified in the
flowchart block(s) or step(s). The computer program instruc-
tions may also be loaded onto a computer, processor, or other
programmable apparatus to cause a series of operational steps
to be performed on the computer, processor, or other pro-
grammable apparatus to produce a computer implemented
process such that the instructions which execute on the com-
puter, processor, or other programmable apparatus provide
steps for implementing the functions specified in the flow-
chart block(s) or step(s).

[0124] Accordingly, blocks or steps of the flowchart sup-
port combinations of means for performing the specified
functions, combinations of steps for performing the specified
functions and program instruction means for performing the
specified functions. It will also be understood that each block
or step of the flowchart, and combinations of blocks or steps
in the flowchart, can be implemented by special purpose
hardware-based computer systems which perform the speci-
fied functions or steps, or combinations of special purpose
hardware and computer instructions, such as through control
device 40.
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[0125] Embodiments of the present invention may provide
an effective means for detecting and removing a clogging
condition of a filter of a dishwasher. One exemplary advan-
tage of the present invention includes the ability of the dish-
washer to handle heavy soil loads with a reduced risk of
failure due to a clogging condition in the filter.

[0126] Additionally, in some embodiments, a further ben-
efitmay include optimization of wash cycles for soil removal.
For example, due to a desire to limit water usage, many
dishwashers are often configured to alternate pumping water
between the upper spray arm and lower spray arm. Since, as
noted above, the lower spray arm often includes jets that
sweep the filter, the wash cycle of the dishwasher may be
designed such that more time may be spent washing with the
lower spray arm at the beginning of the wash cycle because it
is often assumed that maximum soils are present at the begin-
ning of the wash cycle. Moreover, during operation of the
upper spray arm, water may not be circulated through the
lower spray arm for sweeping soils off the filter. Therefore,
the time that the upper spray arm may be operated can depend
upon the capacity of the filter, not on what may be optimal for
removing soils from dishware. In other words, there may be a
limit to how much soil can be removed from the dishware and
other utensils by the upper spray arm before the filter is
completely clogged with food, thereby preventing water from
reaching the circulation pump. By applying the methods
described in embodiments of the present invention, the wash
cycle may be designed to focus on optimal steps for soil
removal and can allow the wash cycle to automatically
modify itself for the heaviest soils when needed.

[0127] Another benefit of some embodiments ofthe present
invention may include that heavy soil loads can be handled
with reduced risk of failure due to a clogging condition of the
filter. Indeed, the dynamic operation of the dishwasher can
adapt to account for the onset of a clogging condition, thereby
anticipating that a clogging condition is going to occur.
[0128] Another potential advantage is that the duration of
dry operation of the circulation pump (e.g., operation without
sufficient levels of water) can be lowered or avoided and so
the risk of damage to the dishwasher and/or the circulation
pump may be lessened. In some embodiments, a low water
level may be recognized and, thus, operation of the circula-
tion pump may be avoided to prevent damage. By doing so,
the reliability of the circulation pump can be improved and
repair costs avoided.

[0129] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled in
the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included herein. Although specific terms are
employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.

1. A method for detecting and removing a clogging condi-
tion of a filter in a dishwasher, the method comprising:

determining at least one of a normal water level for a wash
cycle of the dishwasher or a normal rate at which the
water level changes during the wash cycle;

monitoring at least one of a water level during execution of
the wash cycle or a rate at which the water level changes
during execution of the wash cycle;
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detecting the clogging condition of the filter, wherein the
clogging condition is indicated by at least one of a devia-
tion of the monitored water level from the normal water
level or a deviation of the monitored rate of water level
change from the normal rate of water level change;

determining a current position of the wash cycle being
executed;

executing a remedial operation to facilitate removal of the

clogging condition from the filter;
determining if the clogging condition has been removed
following execution of the remedial operation; and

resuming operation of the dishwasher based at least on the
current position if the clogging condition has been
removed.

2. The method according to claim 1, wherein executing the
remedial operation comprises determining the remedial
operation based on a degree at which the filter is clogged.

3. The method according to claim 1, wherein executing the
remedial operation comprises selecting the remedial opera-
tion from a list of remedial operations, wherein the list of
remedial operations defines a hierarchy of remedial opera-
tions that each correspond to a degree at which the filter is
clogged.

4. The method according to claim 3 further comprising
executing a second remedial operation if the clogging condi-
tion has not been removed, wherein the second remedial
operation is ranked higher in degree than the first remedial
operation in the list of remedial operations.

5. The method according to claim 1, wherein executing the
remedial operation comprises determining the remedial
operation based on predefined rules.

6. The method according to claim 1, wherein executing the
remedial operation comprises executing at least one of the
following remedial operations: adding water above the filter,
adding water below the filter, operating a circulation pump at
areduced speed, pulsing operation of the circulation pump, or
operating a drain pump.

7. The method according to claim 1 further comprising:

incrementing a counter indicating a number of attempts to

remove the clogging condition following execution of
the remedial operation if the clogging condition has not
been removed; and

ceasing operation of the dishwasher when the counter is

greater than a threshold number.

8. The method according to claim 1, wherein determining
at least one of the normal water level or the normal rate at
which the water level changes comprises determining the
normal rate at which the water level changes during the wash
cycle, wherein monitoring at least one of the water level or the
rate at which the water level changes comprises monitoring
the rate at which the water level changes during the wash
cycle, and wherein the clogging condition is indicated by the
deviation of the monitored rate of water level change from the
normal rate.

9. The method according to claim 8, wherein executing the
remedial operation comprises determining the remedial
operation based on a degree of difference between the moni-
tored rate at which the water level changes and the normal rate
at which the water level changes.

10. The method according to claim 8, wherein monitoring
the rate at which the water level changes comprises monitor-
ing the rate at which the water level changes with at least one
detection device positioned below the filter.
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11. The method according to claim 8, wherein monitoring
the rate at which the water level changes comprises monitor-
ing the rate at which the water level changes with at least one
detection device positioned above the filter.

12. The method according to claim 1, wherein determining
at least one of the normal water level or the normal rate at
which the water level changes comprises determining the
normal water level during the wash cycle, wherein monitor-
ing at least one of the water level or the rate at which the water
level changes comprises monitoring the water level during the
wash cycle, and wherein the clogging condition is indicated
by the deviation of the monitored water level from the normal
water level.

13. The method according to claim 12, wherein monitoring
the water level comprises monitoring the water level with at
least one pressure sensor.

14. The method according to claim 1, wherein resuming
operation of the dishwasher based at least on the current
position if the clogging condition has been removed com-
prises resuming operation of the dishwasher at the current
position.

15. The method according to claim 1, further comprising,
prior to executing the remedial operation, determining
whether the remedial operation is warranted.

16. A dishwasher configured to detect and remove an clog-
ging condition of a filter, the dishwasher comprising a control
device in communication with the at least one detection
device and configured to:

determine at least one of a normal water level for a wash

cycle of the dishwasher or a normal rate at which the
water level changes for the wash cycle;

monitor at least one of a water level during execution of the

wash cycle or a rate at which the water level changes
during execution of the wash cycle;

detect the clogging condition of the filter, the clogging

condition indicated by at least one of a deviation of the
monitored water level from the normal water level or a
deviation of the monitored rate at which the water level
changes from the normal rate at which the water level
changes;

determine a current position of the wash cycle being

executed;

execute a remedial operation to facilitate removal of the

clogging condition from the filter;
determine if the clogging condition has been removed fol-
lowing execution of the remedial operation; and

resume operation of the dishwasher based at least on the
current position if the clogging condition has been
removed.

17. The dishwasher according to claim 16, wherein the
control device is further configured to execute the remedial
operation by determining the remedial operation based on a
degree at which the filter is clogged.

18. The dishwasher according to claim 16, wherein the
control device is further configured to execute the remedial
operation by selecting the remedial operation from a list of
remedial operations, wherein the list of remedial operations
defines a hierarchy of remedial operations that each corre-
spond to a degree at which the filter is clogged.

19. The dishwasher according to claim 18, wherein the
control device is further configured to execute a second reme-
dial operation ifthe clogging condition has not been removed,
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wherein the second remedial operation is ranked higher in
degree than the first remedial operation in the list of remedial
operations.

20. The dishwasher according to claim 16, wherein the
control device is further configured to execute the remedial
operation by determining the remedial operation based on
predefined rules.

21. The dishwasher according to claim 16, wherein the
control device is further configured to:

increment a counter indicating a number of attempts to

remove the clogging condition following execution of
the remedial operation if the clogging condition has not
been removed; and

cease operation of the dishwasher when the counter is

greater than a threshold number.

22. The dishwasher according to claim 16, wherein the
control device is configured to determine the normal rate at
which the water level changes and monitor the rate at which
the water level changes, and wherein the clogging condition is
indicated by the deviation of the monitored rate of water level
change from the normal rate.

23. The dishwasher according to claim 22, wherein the
control device is further configured to monitor the rate at
which the water level changes by monitoring the rate at which
the water level changes with at least one detection device
positioned below the filter.

24. The dishwasher according to claim 22, wherein the
control device is further configured to monitor the rate at
which the water level changes by monitoring the rate at which
the water level changes with at least one detection device
positioned above the filter.

25. The dishwasher according to claim 16, wherein the
control device is configured to determine the normal water
level and monitor the water level, and wherein the clogging
condition is indicated by the deviation of the monitored water
level from the normal water level.

26. The dishwasher according to claim 25, wherein the
detection device comprises at least one pressure sensor.

27. The dishwasher according to claim 16, wherein the
control device is further configured to resume operation of the
dishwasher at the current position.

28. A computer program product for detecting and remov-
ing a clogging condition of a filter in a dishwasher, wherein
the computer program product comprises a non-transitory
computer readable medium having program code portions
stored thereon, the program code portions being a computer
readable medium and configured when said program product
is run on a control device, to:

determine at least one of a normal water level for a wash

cycle of the dishwasher or a normal rate at which the
water level changes for the wash cycle;

monitor at least one of a water level during execution of the

wash cycle or a rate at which the water level changes
during execution of the wash cycle;

detect a clogging condition of the filter, the clogging con-

dition indicated by at least one of a deviation of the
monitored water level from the normal water level or a
deviation of the monitored rate at which the water level
changes from the normal rate at which the water level
changes;

determine a current position of the wash cycle being

executed;

execute a remedial operation to facilitate removal of the

clogging condition from the filter;
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determine if the clogging condition has been removed fol-
lowing execution of the remedial operation; and

resume operation of the dishwasher based at least on the
current position if the clogging condition has been
removed.



