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(54) Dishwasher and method for detecting malfunctions thereof

(67)  The invention relates to a method for detecting
a malfunction situation of a dishwashing machine (1),

which comprises a recirculation pump (31) and a drain

pump (36) for a liquid contained in the tub (2).
The machine is also equipped with a control unit

Unita di controllo
Control Unit

(5,5’) capable of acquiring and processing, at predeter-
mined time intervals, at least one electromechanical
quantity related to the operation of the motors of the
pumps, so as to detect a malfunction situation, such as
foam presence in the tub (2), water leakage from the
drain and the like.
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Description

[0001] The present invention relates to a dishwashing
machine and to a method for controlling the general op-
eration thereof.

[0002] Itis known thatthe components of a dishwasher
(such as, for example, pressure switch, heating resistor,
hoses and the like) are subject to wear due to ageing
and/or corrosion. If a failure of one or more of these com-
ponents is not immediately detected, e.g. through the
use of automatic means, there is a high probability that
the dishwasher will cause a flooding of the place where
it is installed, with easily imaginable consequences.
[0003] In this regard, international patent application
WO 2011/128176 Al in the name of BSH et al. describes
a solution for checking that the quantity of water con-
tained in a tub of a dishwasher is correct. This solution
is based on measuring the electric power absorbed by
the motor of the recirculation pump, because the ab-
sorbed power value is a function of the quantity of water
supplied into the tub.

[0004] The drawback of this solution is that it is only
suitable for detecting an abnormal operating state of the
machine during the water supply step, not during the en-
tire wash cycle, when other abnormal states may arise
which should be identified, such as, for example, a sud-
den water leakage, an improperly positioned pot, foam
formation, clogged filters or the like.

[0005] Animprovementover this state of the art is rep-
resented by the dishwasher with pulse width modulation
(PWM) described in international patent application
PCT/1B2005/052291.

[0006] In this case, the dishwasher allows detecting
some malfunction situations, such as presence of exces-
sive foam in the tub, clogged filter or presence of upturned
pots or bowls, based on variations over time of electric
parameters (voltage and current) related to the motor
that drives the recirculation pump.

[0007] This dishwasher represents an improvement
with respectto the previous ones but, as is often the case,
improved performance gives rise to new drawbacks; in-
dead, the autonomous capability of diagnosing malfunc-
tions offered by the dishwasher of patent application
PCT/IB2005/052291 is accompanied by new problemat-
ic situations.

[0008] Forexample,the machine described in this prior
art appears to be not able to discern situations wherein
water circulation is prevented due to the presence of up-
turned pots or bowls or wherein there are leaks from the
tub.

[0009] The presentinvention aims at solving these and
other problems by providing a dishwasher having such
structural and functional features as to allow for quickly
and effectively checking its operating conditions.
[0010] This object is achieved through a dishwasher
having the features set out in the claims appended to the
present description; the invention also relates to a meth-
od for controlling a dishwasher, the steps of which are
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also set out in the appended claims. The idea underling
the present invention is to determine and/or estimate a
set of known operating variables of a dishwasher upon
activation of one or more motors comprised in said dish-
washer, including the motor associated with the drain
pump, thereby creating de facto a virtual sensor and de-
tecting in the shortest possible time, by means of said
virtual sensor, any malfunction and/or incorrect use of
the household appliance during the entire wash cycle.
[0011] The features of the present invention are set
forth in the appended claims.

[0012] These features as well as further advantages
of the present invention will become more apparent from
the following description of an embodiment thereof as
shown in the annexed drawings which are provided by
way of non-limiting example, wherein:

Fig. 1 shows a hydraulic diagram of a dishwasher
according to the invention;

Fig. 2 shows a flow chart of a treatment program
carried out by the dishwasher of Fig. 1;

Fig. 3 shows a state diagram relating to a finite-state
machine comprised in the dishwasher of Fig. 1;
Fig. 4 shows a flow chart of a method for controlling
the dishwasher of Fig. 1, used for determining a type
of malfunction;

Fig. 5 is a graph showing the trend of operating var-
iables of the dishwasher of Fig. 1 during a normal
loading step of a washing cycle;

Figs. 6-8 are graphs showing the trends of the op-
erating variables of the dishwasher of Fig. 1 in vari-
ous malfunction conditions;

Fig. 9 shows a state diagram relating to a second
finite-state machine comprised in a variant of the
dishwasher of Fig. 1;

Fig. 10 is a graph showing the trend of the operating
variables of the dishwasher of Fig. 1 during a liquid
drain step.

[0013] WithreferencetoFig. 1, adishwasher 1 accord-
ing to the invention comprises a tub 2 wherein dishes are
placed, which comprises one or more rotary sprayers 21
fed with a flow 22 running along a recirculation duct 24;
said flow consists of a wash or rinse liquid pumped by a
recirculation pump 31 and heated by a heater 32, both
of which are comprised in the recirculation duct 24. In
order to ensure a proper supply to the recirculation pump
31, said pump 31 comprises an intake duct in fluidic com-
munication with a sump 23 located on the bottom of the
tub 2 and capable of collecting the liquid. In addition, a
filter 34 located in the sump 23 prevents any dirt from
reaching the pump 31 and the heater 32. The delivery
duct of the recirculation pump 31 is connected to a se-
lection valve 33, which allows selecting the desired hy-
draulic circuit (in the case shown in Fig. 1, the selection
valve 33 allows to feed a lower sprayer only, an upper
sprayer only, or both sprayers simultaneously).

[0014] Thedrainduct 35, which extends from the sump
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23, isin fluidic communication with a sewage system (not
shown in the drawings), and comprises a drain pump 36
to pump the water away from the tub 2 and a non-return
valve 37, the latter advantageously preventing any liquid
or gaseous sewage backflow from getting into the dish-
washer 1, which might jeopardize the hygiene thereof.
[0015] In order to allow water to be supplied, the dish-
washer 1 comprises a supply duct 38 in fluidic commu-
nication with the inside of the tub 2 and with a water mains
(not shown in the drawings); said supply duct 38 com-
prises a valve 39 for allowing or preventing the water
from entering the tub 2, and a turbine flow meter 40 ca-
pable of measuring the quantity of water flowing into the
tub 2, preferably arranged between the valve 39 and the
tub 2.

[0016] The dishwasher 1 further comprises a control
unit 5, which controls the execution of wash cycles of the
dish treatment program.

[0017] Withreference also to Fig. 2, a typical treatment
cycle of the dishwasher 1 comprises a sequence of steps
(usually pre-wash, wash, cold rinse, hotrinse), each com-
prising in succession a water loading substep P1, a hold-
ing substep P2 and a drain substep P3. During the water
loading substep P1, the valve 39 is kept in the open po-
sition most of the time, thus causing a water flow 25 to
enter the tub 2.

[0018] During the holding substep P2, the valve 39 is
kept closed and the recirculation pump 31 stays on most
of the time, thereby causing the flow 22 to run along the
duct 24 and feed with a liquid (according to wash and
rinse requirements) the lower sprayer and/or the upper
sprayer, depending on the position of the selection valve
33.

[0019] During this step, detergent and/orrinse aid may
be added to the liquid, which mainly consists of water.
The liquid may be heated by turning on the heater 32, so
as to improve the cleaning action, in the case of a wash
liquid, or the drying action, in the case of a rinse liquid.
[0020] Duringthe drainsubstep P3, the valve 39 is kept
closed and the recirculation pump 31 is turned off, where-
as the drain pump 36 is turned on to generate a liquid
drain flow 26 towards the sewage system, thereby emp-
tying the tub 2.

[0021] After the drain substep P3, the dish treatment
program will carry out the next step of the cycle or it will
end, if said program has been completed.

[0022] Both pumps 31 and 36 are preferably driven by
variable-speed electric motors supplied by an electronic
power circuit (not shown in the drawings) comprised in
the dishwasher 1, more preferably by three-phase per-
manent-magnet brushless motors, the electronic power
circuit thereof comprises at least one inverter (not shown
in the drawings).

[0023] In the case of three-phase permanent-magnet
brushless motors supplied by an inverter, a significant
advantage is attained in that the motor can be controlled
through the control system in accordance with different
control laws: torque control, speed control, etc.
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[0024] In order to control the motor, a number of elec-
tromechanical quantities that characterize the operation
of the motor associated with the respective pump 31,36
are periodically monitored/measured; such electrome-
chanical quantities may comprise currents absorbed by
each phase, voltage on the DC-Bus of the inverter, me-
chanical revolution speed, direction of rotation of the mo-
tor, torque delivered by the motor, and other electrome-
chanical quantities. These electromechanical quantities
may be detected by means of suitable measuring circuits
or determined/estimated by processing measured phys-
ical quantities, e.g. absorbed current; based on such
electromechanical quantities, it is possible to determine
the state of a virtual sensor comprised in the dishwashing
machine 1, thereby estimating a set of operating varia-
bles of said dishwashing machine 1.

[0025] These operating variables comprise a head of
the wash orrinse liquid relative to the bottom of the sump
23.

[0026] Indeed the head of the liquid can be discrimi-
nated, preferably by associating it with a discrete set of
levels, based on the state of said virtual sensor.

[0027] In particular, the state of the virtual sensor al-
lows, among other things, to discriminate the presence
of a hydraulic head on the intake ducts of the pumps 31
and 36. In fact, the level of the liquid (hydraulic head)
affects the resistant torque and therefore the current ab-
sorbed by the motors of the pumps 31 and 36, which is
a function of the torque delivered by said motors.
[0028] The state of said virtual sensor also allows to
discriminate the quality of the wash liquid, e.g. the pres-
ence of dirt and/or foam.

[0029] In this embodiment, the control unit 5 advanta-
geously acquires and processes these electromechani-
cal quantities of the motors of the pumps 31 and 36, so
that said unit 5 can determine a set of states of the virtual
sensor associated with the dishwashing machine 1, de-
riving therefrom information about the operating state of
the dishwashing machine 1 to monitor the proper oper-
ation thereof, so as to detectin the shortest possible time
any anomalous situations, such as problems caused by
one or more failures or by incorrect use of the dishwasher
1, and/or to detect in the shortest possible time the pres-
ence of any dirt or foam.

[0030] In this respect, as shown in Fig. 3, the control
unit 5 comprises a state machine, the state transitions of
which are generated by the values of the electromechan-
ical quantities of the motor of the pump 31.

[0031] Therefore, determination of the presence of the
hydraulic head advantageously takes place without using
a dedicated physical sensor, such as, for example, a
pressure switch, but indirectly by monitoring the electro-
mechanical quantities of the motor of the pumps 31 or 36.
[0032] A method for controlling the dishwasher com-
prises the following steps:

a. calculating operating variables starting from
measured electromechanical quantities related to
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the operation of the motor;

b. determining a state of a virtual sensor associated
with the operation of the dishwashing machine;

c. identifying the occurrence of a set of anomalous
situations on the basis of the state of said sensor
and of the treatment substep/step being carried out
by the dishwashing machine;

d. taking appropriate measures on the dishwashing
machine, which may comprise signalling the anom-
alous situation(s) detected and/or taking corrective
measures to allow the dish treatment program to pro-
ceed normally.

[0033] The operating variables also include a mean
torque ME_Mean and a torque standard deviation
ME_DevStd, both of which are calculated starting from
measurements of the phase currents of the motor based
on well-known relations, of course by using the nominal
data of the controlled motor. As an alternative or in ad-
dition to such operating variables, it is possible to use a
combination of other electromechanical quantities (cur-
rents, voltages, back-emf, speed, power, etc.), manipu-
lated through one or more statistic operators (mean,
standard deviation, variance, rms, etc.), and/or the in-
stantaneous values of said electromechanical quantities.
[0034] It must be pointed out that these operating var-
iables can only be calculated when the motors of the
pumps 31 and 36 are in an operating condition, so that
the state of the state machine FSM1 is only valid when
said motors are on.

[0035] The state machine FSM1 preferably comprises
three states: a state SO (initial state) representing a sub-
stantially empty tub 2, a state S1 representing the tub 2
as containing a quantity of wash or rinse liquid corre-
sponding to the full level, i.e. sufficient for executing the
holding step P2, and, finally, a state S2 representing a
situation in which there are problems due to dirt deposited
in the filter 34 or foam formed inside the tub 2. The fol-
lowing will briefly describe the conditions that cause tran-
sitions from one state to another.

[0036] The transition to the initial state SO can occur
from the states S1 and S2 when the mean torque
ME_Mean is lowerthan athreshold value Me_Threshold,
preferably lower than 50Nmm, for a time interval t0, pref-
erably shorter than 10 seconds.

[0037] The transition to the state S1 can occur from
the states S0 and S2 when the mean torque ME_Mean
is preferably greater than the threshold value
Me_Threshold and the torque standard deviation ME_
DevStd is smaller than a lower threshold value Me_
DevStd_Low, preferably lower than 5Nmm, for at least a
time interval t1, preferably longer than 2 seconds.
[0038] The transition to the state S2 can occur from
any other state (S0,S1) when the torque standard devi-
ation ME_DevStd is greater than an upper threshold val-
ue Me_DevStd_High, preferably higher than 10 Nmm,
for at least a time interval t2, preferably six seconds.
[0039] Said threshold values depend on the sizing of
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the hydraulic circuit of said dishwasher and of the motor
comprised in said recirculation pump 31.

[0040] The recognition of the states SO and S1 occurs
within a maximum time equal to the higher value between
t0 and t1 (max(t0,t1)), so as to ensure that the activation
of the pump 31,36 for said maximum time will not pose
a risk for its integrity, even in the worst operating condi-
tions (vacuum or air inside). Likewise, said maximum
time is such as to ensure safe operation of the heating
resistor because, by immediately recognizing the switch-
ing to the state SO the heating resistor can be turned off
before it gets overheated; in said state SO, in fact, it is
not certain that the heating resistor is immersed in wash
or rinse liquid, and therefore it might be subject to over-
heating. Said maximum time is preferably shorter than
ten seconds.

[0041] The recognition of the state S2 advantageously
allows taking actions to improve the wash performance
and reduce the noisiness of the machine, as shown in
Fig. 4. When the dishwasher 1 is in the state S2 during
the step P2, it means that there is foam or a clogged filter.
In such a situation, corrective measures can be taken
which comprise the following steps:

e. reducing the revolution speed of the motor of the
pump 31 to a value preferably comprised between
90% and 70% of the initial value, for a time interval
preferably lasting sixty seconds;

f. reading the state of the state machine FSM1; if the
state is S1, it means that foam has formed inside the
tub 2; it is therefore possible to continue the cycle
step by turning on (again) the resistor 32 and keeping
the pump 31 on at areduced speed, since it is certain
that there is a hydraulic head on the intake duct of
the pump 31; if, on the contrary, the state machine
FSM1 remains in the state S2, it means that the filter
34 is clogged and that an alternative procedure must
be started, e.g. opening the valve 39 to supply water
into the tub 2.

[0042] When itis detected that the filter 34 is clogged,
the alternative procedure may comprise washing the filter
34 as described in Italian patent application
ITTO2010A1044 by the present Applicant.

[0043] It will be apparent to those skilled in the art that
the use of the state machine FSM1 can ensure a longer
operating life of the pump 31, by preventing it from rotat-
ing too long with no load or while sucking in air.

[0044] With reference to Fig. 5, the operating variables
of the dishwashing machine 1 sampled by the control
unit 5 also comprise a quantity of supplied water WQ,
which is measured by means of the turbine flow meter
40, and a number of revolutions per minute RPM of the
motor of the pump 31.

[0045] Theloadingsubstep P1comprisesthe following
additional microsteps: empty condition verification/defi-
nition microstep SP1, static load microstep SP2, full con-
dition verification microstep SP3, dynamic loading micro-
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step SP4, and wash start microstep SP5.

[0046] These microsteps are carried out orderly (SP1,
SP2, SP3, SP4, SP5), one after the other. During the
empty condition verification microstep SP1, itis checked
that the tub 2 contains no residual liquid left therein by
previous treatment cycles or released into the tub 2 from
a storage tank (not shown in Fig. 1) possibly present in
the dishwashing machine 1, or due to a malfunctioning
valve 37. For this purpose, the pump 31 is activated for
a short period of time, while the control unit 5 verifies that
the state machine FSM1 correctly stays in the state SO;
in fact, should said state machine FSM1 switch to the
state S1, it would mean that the tub 2 is not empty; should
it switch to the state S2, instead, it would mean that the
pump 31 is not operating correctly, i.e. it cannot stably
rotate at a constant speed. In the former case it will be
possible to take action, for example, by executing the
drain step P3, whereas in the latter case it will be possible
to warn the user that the recirculation pump 31 should
be cleaned, since it has probably been clogged by a for-
eign body that escaped the filter 34, which will have to
be checked as well. In both cases the drain pump 36 will
be activated in an attempt to remove the liquid from the
tub 2.

[0047] During the static load microstep SP2, the pump
31 is kept off, and therefore the state machine FSM1 will
remain in the state SO for the whole duration of this sub-
step, whereas the valve 39 is opened to cause water to
flow into the tub 2 and turn the turbine flow meter 40. If
the control unit 5 receives no signal from the flow meter
40, it means that either the meter 40 has failed or the
flow 25 is zero. In order to understand which one of these
two cases is taking place, the control unit 5 continues the
execution of the microstep SP2 for a predetermined pe-
riod of time, and then it switches to the microstep SP3
as predetermined.

[0048] During the full condition verification microstep
SP3, the pump 31 is activated and the control unit verifies
that the finite-state machine FSM1 correctly settles into
the state S1. If the finite-state machine FSM1 is in the
state S1 and the central unit 5 detected no signal from
the flow meter 40 in the previous microstep SP2, it means
that said meter 40 has failed; if the finite-state machine
FSM1 stays in the state SO it means that, with high prob-
ability, the flow 22 was practically equal to zero through-
out the static load microstep SP2.

[0049] Once the full condition verification microstep
has been completed (whether successfully or unsuc-
cessfully), the control unit 5 starts the dynamic loading
microstep SP4, during which the pump 31 is operating
throughout the whole microstep SP3 and the valve 39 is
left open to increase the quantity of water in the tub 2.
This substep ends when a predefined quantity of water
has been supplied, i.e. a quantity of water sufficient to
ensure a proper supply to the recirculation pump 31 as
required by a given load configuration. In fact, the load
configuration can affect the time required by the water to
fall onto the bottom of the tub 2 after it has been sprayed
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by the sprayers 21.

[0050] At the end of the dynamic loading microstep
SP4, the control unit 5 checks that the state machine
FSM1 has correctly entered into the state S1 and carries
out the wash start microstep SP5, wherein the valve 39
is closed and the pump 31 is brought to a normal-state
speed equal to the speed that will be held during the
holding substep P2.

[0051] If during the microsteps SP4 and SP5 the dish-
washer 1 is operating properly without any problem, then
the state machine FSM1 will remain in the state S1.
[0052] By using the information coming from the state
machine FSM1 together with the information about the
step/substep/microstep of the wash cycle being execut-
ed by the machine 1, it is advantageously possible to
identify a set of anomalous situations caused by malfunc-
tions and/or improper use of the machine 1 by the oper-
ator; such situations require the intervention of the user
of the machine 1, and therefore an accurate identification
of the problem will advantageously help the user solve it.
[0053] The set of anomalous situations comprises a
closed tap situation, a drain pipe leakage situation, an
upturned concave container situation, and a clogged fil-
ter/foam presence situation, the latter having already
been described above.

[0054] Fig. 6 shows thetrend of the operating variables
of the dishwashing machine 1 in the closed tap situation,
i.e. when the flow 25 is always zero and no water is flow-
ing into the tub 2. This situation can be identified by ob-
serving the state machine FSM1, which remains in the
state SO throughout the loading step P1; said step P1
must be fully completed for reasons that will be described
more in detail below.

[0055] With reference to Fig. 7, in the drain pipe leak-
age situation, i.e. when there is continuous leakage from
the bottom of the tub 2, the state machine FSM1 remains
in the state SO during the execution of the microsteps
SP1-SP4, to enter then into the state S2 shortly after the
beginning of the microstep SP5, following an increase in
the revolution speed of the motor of the pump 31. It can
also be seen that, in the course of the microstep SP5,
the control unit 5 outputs a state S2 more often than in
the same microstep during a normal cycle (see Fig. 5);
such a state is due to the presence of air and water en-
tering the pump 31, thereby not allowing the motor to run
in normal conditions, which are only obtained when there
is a hydraulic head on the intake duct of the pump.
[0056] Figure 8 shows the trend of the operating vari-
ables of the dishwashing machine 1 in a situation in which
a container has been improperly positioned with its con-
cavity turned upwards. In this situation, the container will
tend to accumulate liquid, thereby causing the state ma-
chine FSM1 to enter into the state S2, as opposed to the
state S1, during the wash start microstep SP5, thus mak-
ing this type of problem easily identifiable.

[0057] This also allows taking specific corrective
measures, such as, for example, supplying more wa-
ter/liquid into the tub by opening the valve 39.
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[0058] This behaviour of the state machine FSM1 is
due to the high torque standard deviation value
ME_DevStd of the motor of the pump 31.

[0059] Another variant of the invention is shown in Fig-
ures 9 and 10; for simplicity, the following description will
only highlight those parts which make this and the next
variants different from the above-described main embod-
iment; for the same reason, wherever possible the same
reference numerals, with the addition of one or more
apostrophes, will be used for indicating structurally or
functionally equivalent elements. Compared to the main
embodiment, a control unit 5’, similar to the control unit
5 of the main example, comprises also a second finite-
state machine FSM2, which comprises a state SO’ (initial
state) and a state S1’, similar to the states SO and S1,
respectively, of the state machine FSM1.

[0060] The second state machine FSM2 can estimate
a part of the state of the dishwasher 1 by using operating
variables calculated by starting from the electromechan-
ical quantities of the motor of the drain pump 36.
[0061] Such operating variables comprise the mean
torque ME_Mean’, calculated on the basis of the phase
currents measured by the inverter according to
well-known relations; this calculation is preferably made
every 32 mechanical revolutions of the motor of the pump
36, so as to obtain a higher resolution, and hence a faster
intervention, than required for the recirculation pump 31
(128 mechanical revolutions). This is necessary because
the drain step has a much faster dynamics than the re-
circulation step.

[0062] The following will briefly describe the conditions
that cause transitions of FSM2 from one state to another.
[0063] The transition to the initial state SO’ can occur
from the state S1’ when the mean torque ME_Mean’ is
lower than a threshold value Me_Threshold’, preferably
lowerthan 80Nmm, for atleastatime t0’, preferably short-
er than 10 seconds.

[0064] The transition to the state S1’ can occur from
the state SO’ as soon as the mean torque ME_Mean’
exceeds the threshold value Me_Threshold'.

[0065] The control unit 5’ uses the state of the second
state machine FSM2 during the drain step P3 (see Fig.
10).

[0066] The drain step P3 comprises a drain microstep

SP6 and a pause microstep SP7; such microsteps may
be repeated cyclically until the drain step is complete.
[0067] During the drain microstep SP6, the drain pump
36 is on and its motor preferably runs at a speed of 3,200
rpm, as long as the second state machine FSM2 remains
in the state S1°. As soon as the second state machine
FSM2 enters into the state SO’, the control unit 5’ will
start the pause microstep SP7.

[0068] During the microstep SP7, the drain pump 36
is stopped, so that the wash and rinse liquid can flow
down into the sump 23, and after a certain period of time
the control unit 5’ will start the drain microstep SP6 again.
[0069] If immediately after the start of the first drain
microstep SP6 the second state machine FSM2 stays in
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the state SO’, it means that during the previous substep
there some liquid was leaking and therefore a situation
of drain pipe leakage occurred, which must then be ap-
propriately signalled to the user of the dishwashing ma-
chine 1.

[0070] Instead, if immediately after the start the next
drain microsteps SP6 the second state machine FSM2
stays in the state SO’, the control unit 5’ will end the drain
step P3 and will continue the wash program, in that no
liquid will have remained in the tub 2.

[0071] The detection of the electromechanical operat-
ing parameters associated with the electric motor of the
drain pump 36, in addition to those of the pump 31, allows
to discern cases of dishwasher malfunction which in the
prior art could not be discerned as effectively or at all.
[0072] This is the case, for example, of drain leakage,
which sometimes may be mistaken for the presence of
upturned pots or bowls, since they both cause a lower
water level in the sump.

[0073] Of course, the example described herein may
be subject to further variations, which will nonetheless
still fall within the scope of the following claims.

Claims

1. A dishwashing machine (1) comprising a tub (2), a
recirculation pump (31) for recirculating a liquid con-
tainedinthe tub (2) and adrain pump (36) for draining
said liquid from the tub (2), electric motor means (31,
36) respectively associated with said pumps (31,36),
a control unit (5,5’) for acquiring and/or processing
at least one electromechanical parameter associat-
ed with at least one of said motor means (31, 36)
and controlling an operating cycle of the machine,
characterized in that
the control unit (5,5’) estimates, at predetermined
time intervals, said at least one electromechanical
parameter associated with at least one of said elec-
tric motor means in order to detect one or more of
the following malfunction situations:

- foam presence within the tub (2) exceeding a
preset level;

- presence in the tub (2) of a concave object
turned upwards, which at least partly prevents
circulation of the liquid in the tub;

- closed tap, which stops the flow of water into
the tub (2);

- liquid leakage from the dishwasher (1).

2. A dishwashing machine (1) according to claim 1,
wherein the set of operating variables comprises a
head (27) of the liquid with respect to a bottom of the
tub (2).

3. A dishwashing machine (1) according to any one of
the preceding claims, wherein the control unit (5,5’)
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continuously acquires said at least one electrome-
chanical parameter of the motor.

A dishwashing machine (1) according to any one of
the preceding claims, wherein said at least one elec-
tromechanical parameter comprises the current ab-
sorbed by each phase of an electric motor associat-
ed with a respective pump (31, 36).

A dishwashing machine (1) according to claim 4,
wherein the motor of the pump (31) is of the three-
phase permanent-magnet brushless type, and
wherein the motor means comprise an electronic
power circuit including an inverter.

A dishwashing machine (1) according to any one of
the preceding claims, wherein the control unit (5,5’)
performs, atregularintervals, a calculation of amean
value (ME_Mean,ME_Mean’) and/or of a standard
deviation value (ME_DevStd,ME_DevStd’) of the
torque delivered by the motor means associated with
the pumps (31,36).

A dishwashing machine (1) according to claim 6,
wherein the calculation of the mean value (ME_
Mean) of the torque delivered by the motor of the
recirculation pump (31) is performed after a number
of mechanical revolutions of said motor greater than
100, preferably every 128 revolutions.

A dishwashing machine (1) according to claim 6 or
7, wherein the calculation of the mean value (ME_
Mean’) of the torque delivered by the motor of the
drain pump (36) is performed for a number of me-
chanical revolutions of said motor smaller than that
of the motor associated with the recirculation pump
(31), preferably every thirty-two mechanical revolu-
tions of said motor of the drain pump.

A dishwashing machine (1) according to any one of
claims 6 to 8, wherein the liquid leakage is detected
when the mean value (ME_Mean) of the torque de-
livered by the motor of the recirculation pump (31)
stays below a first threshold value (Me_Threshold)
during most of a loading substep (P1) comprised in
the wash cycle.

A dishwashing machine (1) according to any one of
claims 6 to 9, wherein the situation of foam presence
is detected when the torque standard deviation value
(ME_DevStd) reaches and exceeds a threshold val-
ue (Me_DevStd_High).

A dishwashing machine (1) according to claim 10,
wherein the threshold value (Me_DevStd_High) is
higher than 10 Nmm.

A method for detecting a malfunction situation of a
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13.

14.

15.

dishwasher according to any one of claims 1 to 11,
characterized in that it comprises the steps of:

a. calculating a standard deviation value (ME_
DevStd) of a torque delivered by a motor asso-
ciated with a recirculation pump (31),
b. taking corrective measures, if the torque
standard deviation value (ME_DevStd) exceeds
a threshold value (Me_DevStd_High).

A method according to claim 12, wherein the situa-
tion of foam presence is identified during a holding
substep (P2) wherein the recirculation pump (31) is
activated.

A method according to claim 12 or 13, wherein the
detection of a liquid leakage from the dishwasher
further comprises the steps of

c. calculating a mean value (ME_Mean,ME_
Mean’) of the torque delivered by motors respec-
tively comprised in the recirculation pump (31)
and in the drain pump (36),

d. taking corrective measures in the event that

- the mean value (ME_Mean) of the torque
delivered by the motor of the recirculation
pump (31) stays below a first threshold val-
ue (Me_Threshold) during most of aloading
substep (P1) comprised in the treatment
program, or

- the mean value (ME_Mean’) of the torque
delivered by the motor of the drain pump
(36) stays below a second threshold value
(Me_Threshold’) just after the start of a first
drain microstep (SP6) comprised in the
treatment program.

A method according to any one of claims 10 and 11,
wherein the corrective measures taken at step (b)
comprise a reduction of a mechanical revolution
speed (RPM) of the motor of the pump (31) for a
certain time interval.
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