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Description

[0001] The present invention relates to a method for
assessing the working conditions of a flow through
steamer used in domestic appliances, particularly for as-
sessing the ageing or clogging of the steamer due to
calcium deposits or the like.

[0002] Itis well known in the art of washing machines
provided with steamers that, as a result of the steam gen-
eration process, the flow-through (in-line) steamers gen-
erate deposits of soft and hard calcium carbonate as well
as other solids commonly found in tap water.

[0003] Soft deposits usually start to build up on the
steam chamber and become hard limestone (scale).
When limestone is not removed from the walls, it will re-
duce the heat transfer capability (efficiency of steam gen-
eration) as well as facilitate new deposits to continue to
stick on it until the whole chamber is clogged, so that
there is no steam coming out through the exhaust. This
condition is known as end of the life of the steamer.
[0004] When the steam is used in a washing process,
it is very important to detect when the steamer is getting
close to the end of its life so the machine can adapt other
parameters accordingly as well as letting the consumer
to know in advance when preventive maintenance is re-
quired.

[0005] Itis anobject of the presentinvention to provide
a method for solving the above technical problem, in or-
der to provide the user well in advance the steamer end
of life with a warning of the near clogging, and/or for
adapting automatically the washing machine to this new
conditions. It is a further object of the present invention
to provide a washing machine in which the above method
can be carried out.

[0006] The above objects are reached thanks to the
features listed in the appended claims.

[0007] According to the invention, it is provided an in-
novative method to detect and predict when the steam
chamber is getting clogged and the efficiency of the
steam unit is dropping.

[0008] A self controlled steamer can be used for car-
rying out the method, which uses an electromechanical
control to regulate the water and temperature needed to
produce steam. Of course other steamers, for instance
electronically controlled, can be used as well.

[0009] In the self controlled steamer, a control thermo-
stat located at the water inlet side, detects when the
steam chamber is pre-heated to switch the heating ele-
ment OFF and turn the electrical water supply valve ON,
so the water is introduced in the chamber to continue
with the steaming process.

[0010] Whenthefreshwaterintroduced inthe chamber
cools the steamer down, the control thermostat will switch
the water valve OFF and bring the steamer back ON to
continue to boil all water sitting in the chamber. When all
water is steamed out, the system will pre-heat again and
repeat the steaming cycle. This steaming cycle will con-
tinue to repeat as long as the steam generator is ener-
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gized.

[0011] Steaming cycle time willdepend on voltage, wa-
ter flow rate and mainly on the level of calcification in the
chamber. When the calcium deposits start to build up,
they become an insulation layer that will decrease the
capability of the steamer to transfer the heat to the water,
so the production of the steam and efficiency is affected.
Since the heat will not easily go to the water, it will con-
tinue to heat up the outside of the chamber, causing the
system to work at a higher temperature. The control ther-
mostat will then see a higher temperature and will cause
it to reach the set point temperature faster, so the steam
cycle will also get shorter. According to the invention, the
steamer will have a connection to the electronic board of
the appliance which will not be used only for energizing
or deenergizing the steamer in the appliance, but also
for supervising (monitoring) the cycling of the thermostat,
and particularly for measuring the duration of every ther-
mostat cycle (steaming cycle) as well as counting the
number of cycles through the life of the system or count-
ing the life time of the steaming system (addition of steam
time of every wash cycle). Knowing the cycle duration
and total number of steaming cycles, the control of the
appliance can predict the level of calcification in the unit.
[0012] Other features and advantages of the method
and of the washing machine according to the invention
will be clear from the following detailed description, pro-
vided by way of non limiting example, with reference to
the attached drawings in which:

- figure 1is a schematic view of the major components
of a washing machine according to the invention;

- figure 2 is a detailed cross sectional view of the
steamer used in the machine of figure 1;

- figure 3 is a wiring diagram of the steamer of figure 2;

- figure 4 is a performance curve of temperature vs.
time of the steamer at brand new condition and at
life end conditions;

- figure 5 is a curve similar to figure 4, and it shows
the steamer behavior under water inlet blocked or
water tab closed condition.

- figure 6 it a time to temperature curve showing the
temperature gain in the washing machine tub;

- figure 7 is a flow chart showing the end of life detec-
tion routine according to a first embodiment; and

- figure 8 is a flow chart showing the end of life detec-
tion routine according to a second embodiment.

[0013] With reference to the drawings, with T is indi-
cated a tub of a washing machine in which is mounted a
rotating drum D. The washing machine comprises a flow
through steamer 10 having a water inlet 15 controlled by
an electrical valve 16 (figures 2 and 3) and a water outlet
18 connected to the tub T.

[0014] The electrical circuit of the steamer 10 compris-
es also a control thermostat 24, a safety thermostat 26
and twofuses 20, 22 all connected in series with a heating
element 14 of the steamer. The control thermostat 24
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has a connection 25 to a control unit 27 of the washing
machine.

[0015] Withreference tofigure 4, every steaming cycle
lasts approximately 160 seconds when the steamer 10
is brand new (St1: steam cycle time measured from peak
to peak). In figures 4 and 5 temperatures T1 and T2 at
different positions along the steamer 10 are reported,
particularly temperature T1 of the metal tube near the
inlet of the steamer 10 (position A in figure 2) and tem-
perature T2 of the metal tube near the outlet of the steam-
er (position B in figure 2). Cycle time will drop approxi-
mately 40-50% to approx. 85 seconds when the steamer
is almost clogged (St2), as seen in figure 5, i.e. near the
"end of life" of the steamer 10.

[0016] Data can be saved as St1 time in the memory
of the control unit 27 and such unit continues to do peri-
odic actual time measurements to compare values
through the life of the system. This comparison can be
made with a fixed threshold value, or such value can be
also calculated by the electronic control unit of the wash-
ing machine on the basis of the initial St1 time.

[0017] Since the production of steam per minute in the
steam generator will drop through the life of the unit, the
efficiency to heat the system up will also decrease and
therefore the user has to be alerted when the steamer
heating cycle has reached a value which is indicative of
a near clogging of the steamer.

[0018] In addition the valve on time gives further infor-
mation about the behavior of the steamer. In normal op-
eration mode the valve on time is between 15 - 45s de-
pending on the steamer life. In case of a new steamer
the valve on time is short and due to calcification the
valve on time increases. In case of the valve on time <15s
the safety thermostat 26 is switching which indicates that
either no water is going inside the steamer (fig.5) or the
steamer is heavily calcified and running in a mode where
only a little steam quantity can be expected. In case of
no water is going inside the steamer there will follow a
too long valve on cycle to the too short one. In case of
several too long valve on cycles in a row, or sometimes
interrupted by one normal, the steamer is completely
blocked (Fig 4). Like the heater on time is measured in
the above mentioned paragraph also the valve on time
can be measured. The measured potential PSV (fig.4) is
in case of valve on high and in case of heater on low.
[0019] The steaming cycle time can be also correlated
with the temperature gain in the inside of the washing
machine, where the steam is being supplied.

[0020] Combining the steamer cycle time and the tem-
perature gain per minute, the system is able determine
in a more accurate way the level of calcification of the
steamer so the end of the life can de predicted more
accurately.

[0021] According to such embodiment, the system can
measure the temperature gain through a temperature
sensor 29 located inside the tub T where the steam is
being injected. When the steamer 10 is brand new, the
generation of steam per minute will get the system to
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gain for example 3°C per minute.

[0022] Close to or at the end of the life, the efficiency
drop on the steam generator will also drop the tempera-
ture gain in the system, for example to 0.5° C per minute.
[0023] When the steamer is completely calcified and
clogged the gain will drop to approximately 0° C since no
steam will be injected. The controls can then switch the
steam system OFF. In figure 6 it is reported an experi-
mental curve of the temperature gain in a washer tub.
According to another embodiment of the invention, it is
possible to use an additional alternative for malfunction
detection, when the steamer’s exhaust is completely
clogged. According to such embodiment, despite the
clogging of the steamer’s exhaust the system may also
continue to produce steam by releasing it through an
overflow hose 30 connected to the detergent dispensing
system 32in the appliance. A second temperature sensor
31 can be advantageously located in this hose 30 to de-
tect when steam and/or hot water are passing through.
This solution can be implemented on any kind of steam
generator.

[0024] Controls can also use this information to shoot
the steam system down and display error messages as
required.

[0025] In figure 7 it is shown a first routine used for
detecting a condition of "end of life" of the steamer 10.
[0026] In step 40, carried out when the washing ma-
chine is switched on the first time, a heating cycle time
St1 of the steamer is measured and stored in a memory
of the control unit (step 42). In step 44 it is measured and
recorded the temperature NTC1 reached by the tub T.
After a predetermined period "m" is elapsed, the temper-
ature NTC1 in the tub is measured again (step 46) and
after a predetermined number of steaming cycles the
heating cycle time is measured again (step 48), which
willbe St2, i.e. different from the cycle time St1 measured
and stored when the washing machine was brand new.
In the following step 50 a comparison is made between
the temperatures NTC1 inside the tub at two different
times; if the temperature gain is lower than a predeter-
mined value, then the steamer is shut down. If the tem-
perature gain is still at an acceptable level, then a com-
parison is made between the heating cycle time St1
stored in the control unit 27 and the actual cycle time St2
(step 52). If the ratio between St2 and St1 is equal or
below a certain threshold value "X", then the routine car-
ries out again the step 50 where the temperature gain is
compared to a threshold value. If the ratio St2/St1 is
above such threshold value, the steam routine can go on.
[0027] Infigure 8itis shown a second auxiliary routine
for assessing the "end of life" condition of the steamer 10.
[0028] In step 54 the temperature NTC2 in the bypass
conduit 30 (figure 1) is measured and in step 56 a com-
parison is made with a predetermined fix value AT. If the
temperature NTC2 is substantially below AT, then steam
routine is continued; if the temperature NTC2 is equal or
higher than AT, then steamer 10 is shut down. In general
temperature AT can be selected in a range of 70 - 95°C.
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AT gets to 100°C when the steamer outlet 18 is com-
pletely calcified or blocked because the practically pres-
sureless steam (100°C) goes through the overflow hose
30 and

[0029] NTC2 is sensing that. A temperature below
70°C for AT should be only selected if hot water should
be sensed as well.

Claims

1. Method for assessing the working conditions of a
steamer (10) used in domestic appliances, particu-
larly for assessing the ageing or clogging thereof due
to calcium deposits or the like, characterized in that
it comprises measuring at least one parameter as-
sociated to the heating cycle of the steamer (10),
comparing such measured value to a predetermined
one (St1) and providing a signal indicative of the ac-
tual working conditions of the steamer or a prediction
thereof.

2. Methodaccordingtoclaim 1, wherein said parameter
is the time (St2) of heating cycles of the steamer (10).

3. Method according to claim 1 or 2, wherein said pa-
rameter is the total number of heating cycles per-
formed by the steamer (10).

4. Method according to any of the preceding claims, in
which the steamer (10) is used in a washing machine
comprising a tub (T), wherein it further comprises
measuring the temperature gain inside the tub (T)
and comparing it to a predetermined value.

5. Method according to any of claims 1-3, in which the
steamer (10) is used in a washing machine compris-
ing a detergent dispenser (32), wherein it comprises
providing the steamer (10) with a bypass (30) to-
wards the detergent dispenser (32), measuring the
temperature (NTC2) is said bypass (30) or in the
detergent dispenser (32) and providing a signal in-
dicative of a clogged steamer (10) if the measured
temperature (NTC2) is higher than ambient temper-
ature (AT).

6. Methodaccordingto claim 1, wherein said parameter
is the time in which the supply valve (16) to the steam-
er (10) remains open, such time being further indic-
ative of malfunction due to a closed water tap or to
a failure of the water flow detection or to a blocked
outlet of the steamer (10).

7. Washing machine comprising a control unit (27), a
flow through steamer (10) with a heating element
(14), an electrical water supply valve (16) and a tem-
perature sensor (24) connected to the control unit
(27), the temperature sensor (24) being adapted to
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provide temperature signals to the control unit (27),
characterized in that the control unit (27) is adapted
to measure the cycle time (St1, St2) of the heating
element (14) and/or the total number of heating cy-
cles and/or the total time during which the water sup-
ply valve (16) is in an open configuration and to com-
pare such measured value to a predetermined
threshold value, the control unit (27) being adapted
to provide a signal indicative of the actual working
conditions of the steamer (10), particularly in con-
nection with its ageing and/or clogging due to calci-
um deposits or the like, or a prediction thereof.

Washing machine according to claim 7 comprising
a tub (T), wherein it further comprises an auxiliary
temperature sensor (29) located in the tub (T), the
control circuit (27) being adapted to assess the tem-
perature gain inside the tub (T) after the activation
of the steamer (10), such gain being adapted to be
compared by the control unit (27) with a predeter-
mined value for providing a further signal indicative
of the working conditions of the steamer (10).

Washing machine according to claim 7 or 8, com-
prising a detergent dispenser (32), wherein the
steamer (10) has a bypass conduit (30) connected
to the detergent dispenser (32), such dispenser (32)
being provided with a further auxiliary temperature
sensor (31), the control unit (27) being adapted to
detectanincrease oftemperature upstreamorinside
the detergent dispenser (32) above the ambient tem-
perature (AT) in order to provide a signal indicative
of a clogging condition of the steamer (10).
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