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(57) A washer/dryer has a drying circuit in which air
circulates between a wash tank and a condensing duct
(C) under the action of a fan (F), is heated by a resistor
(R) and the air temperature downstream from said resis-
tor (R) is detected by at least a first temperature sensor
(S3) prior to introducing it into said tank; such a machine
further includes a second temperature sensor suitable to
detect the air temperature in the tank and a third temper-
ature sensor (S2) suitable to detect the air temperature
at the outlet of the condensing duct (C), all three temper-
ature sensors being operatively connected to a control
unit that controls the operation of the resistor (R) and the
introduction of condensing fluid into the condensing duct
(C). These sensors allowto achieve afeedback operation
of the drying cycle thus maintaining the optimum temper-
ature conditions at the various points in the circuit, so as
to increase the condensing effectiveness and decrease
the drying time, with a subsequently lower consumption
of power and condensing fluid.

Washer/dryer and relevant operating cycle
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Description

[0001] The present invention relates to washers/dry-
ers, and in particular to awasher/dryer in which the drying
systemincludes a feedback loop that allows an operation
suitable to optimize time and consumptions of the laundry
drying phase at the end of the washing cycle.

[0002] It is known that in washing machines that also
perform the drying of the washed laundry there is provid-
ed acircuitto circulate air between the laundry-containing
drum and a condensing unit, in which the moisture re-
moved from the laundry is condensed and discharged
by means of the drain pump of the machine. Specific
reference will be made hereafter to a condensing unit
that consists of a simple condensing ductinto which water
is admitted through an electrovalve, but it is clear that
what is being said applies to a washer/dryer provided
with a condensing unit of any kind that can even use a
condensing fluid different from water.

[0003] During the drying step a fan creates an air
stream in the circuit and a resistor heats the air circulating
in said circuit. After this initial phase, an electrovalve is
opened to admit condensing water into a condensing
duct, where the condensing water is kept in suspension
by the suction created by the fan.

[0004] In this way, the vapor sucked in from the tank
encounters the suspended water and partially condens-
es toward the drain pump through a suitable drain pipe.
Therefore, the fan receives partially cooled and dried air
that is heated again by the resistor and returned to the
tank. The air heating resistor is turned off during the last
minutes of the drying cycle, whereas the fan keeps on
working so asto perform alaundry cooling step otherwise
the laundry would be too hot for the user to remove it
safely from the drum.

[0005] The most serious drawback of this known ar-
rangementis that the fluid used to condense the moisture
is continuously introduced into the condensing unitduring
the whole drying step without any feedback control. In
this way it is not possible to maintain the optimum drying
conditions, that are found only within a specific temper-
ature range.

[0006] In fact since the process of condensing the
moisture removed from the laundry is not monitored and
controlled as far as temperature is concerned, using too
much condensing fluid results in cooling down too much
the system that has then to be taken back to the correct
temperature with a waste of energy, whereas using too
little condensing fluid results in condensing little moisture
and therefore extending the drying time.

[0007] This results in a poor condensing effectiveness
and/or along drying time, with a subsequently high power
consumption due to the long operating period of the fan
and resistor and possibly even a waste of condensing
fluid.

[0008] Therefore the object of the present invention is
to provide a washer/dryer which overcomes said draw-
backs, and a relevant operating cycle. This object is

10

15

20

25

30

35

40

45

50

55

achieved by means of a washer/dryer including at least
three temperature sensors to detect the air temperature
respectively in the tank, at the outlet of the condensing
unit and downstream from the heating resistor. Other ad-
vantageous features of the present washer/dryer are dis-
closed in the dependent claims.

[0009] The main advantage of this washer/dryer is that
of carrying out the drying cycle while maintaining the op-
timum temperature conditions at the various points in the
circuit, so as to increase the condensing effectiveness
and decrease the drying time, with a subsequently lower
consumption of power and condensing fluid.

[0010] A second important advantage of the present
machine is that of optimizing the consumption of power
and condensing fluid by adapting it to the extent of the
laundry load to be dried.

[0011] Another significant advantage of this arrange-
ment comes from its structural simplicity that allows to
achieve the above-mentioned improvement in effective-
ness without affecting the overall size of the machine and
with only a minimum increase in manufacturing cost.
[0012] These and other advantages and characteris-
tics of the washer/dryer according to the present inven-
tion will be clear to those skilled in the art from the fol-
lowing detailed description of an embodiment thereof,
with reference to the annexed drawings wherein:

Fig.1 is a front perspective view showing the drying
circuit, where the wash tank is omitted for the sake
of clarity;

Fig.2 is atime/temperature chart showing the course
of the air temperature in the tank and at the outlet of
the condensing unit;

Fig.3is atime/temperature chart showing the course
of the air temperature downstream from the resistor;
and

Fig.4 is a flow chart showing the feedback operation
of the drying system.

[0013] ReferringtoFig.1,thereisseenthatinawasher/
dryer according to the present invention the drying circuit
conventionally includes a centrifugal fan F connected to
a condensing duct C where the stream of moist air, com-
ing from the tank through an air entrance AE, flows in a
direction opposite to the condensing water CW intro-
duced in duct C through a relevant water entrance WE.
The moisture condensed in duct C is conveyed to the
drain pump through a bottom drain D.

[0014] A resistor R, with a relevant safety thermostat
T, is arranged downstream from fan F in a return duct H
to heat air prior to returning it to the tank. The air tem-
perature downstream from fan F is detected by a tem-
perature sensor S3, in order to prevent the introduction
into the tank of excessively hot air.

[0015] The novel aspect of the present invention is the
presence of other two temperature sensors, namely a
sensor S1 (not shown) detecting the air temperature in
the tank and a sensor S2 arranged at the top of the con-
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densing duct C, i.e. at the outlet of the condensing unit
prior to the entrance of the air into fan F. Thanks to these
two sensors S1, S2 it is possible to achieve a feedback
loop that controls the operation of the condensing unit,
as it will be explained hereunder with reference to Figs.
2-4.

[0016] The first time/temperature chart illustrated in
Fig.2 shows the course of temperatures TS1 and TS2,
i.e. the temperatures detected by sensors S1 and S2
respectively, and indicates three temperature thresholds
Z0, W and Z1 at which different steps of the drying cycle
take place. There is also indicated a time tr at which there
is performed a preliminary "sensor reset" step required
to take into account the inevitable manufacturing toler-
ances of the sensors.

[0017] Infactsince sensors S1and S2 atthe beginning
of the cycle, or in any case prior to turning on the con-
densing unit, should detect the same temperature, attime
tr the difference between the temperatures detected by
the two sensors is read and stored by the control unit,
that will then use it as a correction factor for the temper-
atures detected during the condensing step.

[0018] In other words, the "sensor reset" step implies
that, called AT the difference detected at time tr, the val-
ues of TS1 and TS2 will be corrected by = AT/2 or one
of the two values will be used as a reference and the
other one will be corrected by = AT, the sign of the cor-
rection depending on which sensor detects the higher
temperature at time tr and/or is used as a reference.
[0019] It should be noted that said "sensor reset" step
could be performed even only once, as long as one of
the two sensors S1 or S2 is not replaced, since the de-
tected difference depends on the manufacturing toler-
ances. However, since the sensors may get dirty or de-
teriorate during the machine life, without having to be
replaced for this reason, in order to guarantee a correct
operation of the machine it is preferable to perform this
step at each operating cycle or at least periodically.
[0020] The second time/temperature chart illustrated
in Fig.3 shows the course of temperatures TS3 detected
by sensor S3 in the duct that introduces the air heated
by resistor R into the tank. Furthermore, there are indi-
cated the two temperature thresholds U3 and V3 repre-
senting respectively the maximum temperature at which
resistor R is turned off and the minimum temperature at
which the latter is turned back on.

[0021] With reference now also to the flow chart illus-
trated in Fig.4, there is described the simple and effective
operation of the washer/dryer according to the present
invention.

[0022] At the start of the operating cycle there is first
turned on fan F to create an air stream, and then the
"sensor reset" step is performed at time tr as explained
above. Whereatfter, resistor R is turned on for a period
of operation defined by sensor S3 that achieves a feed-
back loop such that temperature TS3 remains within the
U3-V3 range as previously mentioned.

[0023] Thehotairintroducedinthetankincreasestem-
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perature TS1 detected by sensor S1, which controls the
performing of a centrifugation that lasts a few minutes
upon reaching the first threshold Z0. It should be noted
that said centrifugation is present also in the conventional
drying cycle, but it is carried out at a fixed moment in the
cycle regardless of the laundry conditions. On the con-
trary, in the present machine this step is performed at
the precise time when the tank reaches a preset temper-
ature Z0, detected by S1, of maximumyyield for extracting
the residual moisture from the laundry. The feedback pro-
vided by sensor S1 therefore allows to control the time
of centrifugation in order to achieve the maximum power
and performance vyield.

[0024] The step following the centrifugation is that of
turning on the condensing unit, i.e. admitting the con-
densing water CW into duct C through entrance WE in
the case of the embodimentillustrated in Fig.1. Said turn-
ing on takes place only when sensor S1 detects that tem-
perature TS1 in the tank has reached a second threshold
Z1.

[0025] Subsequently, the time of turning off the con-
densing unit is determined by sensor S2 that detects
when temperature TS2 decreases below the tempera-
ture threshold W, in order to prevent an excessive de-
crease in temperature of the air reaching resistor R. In
this way, the feedback provided by the pair of sensors
S1, S2 allows to optimize both the consumption of con-
densing fluid in duct C and the power consumption by
resistor R.

[0026] The iterative operation of the resistor and con-
densing unit continues as illustrated in Fig.4 until the dry-
ing system determines that the laundry is dry, through a
moisture sensor and/or according to the operating time.
Whereafter, fan F continues to operate for some minutes
to perform the final laundry cooling step and finally the
drying cycle ends (these last cycle steps are omitted in
Fig.4).

[0027] It should be noted that the "sensor reset" step
not only allows to use as temperature sensors even in-
expensive components such as NTC thermistors rather
than other more expensive types of sensors, but it also
serves to prevent machine malfunctionings in case of
"converging" manufacturing tolerances of sensors S1
and S2. In fact, since the temperature thresholds W and
Z1 are very close it could happen that with a sensor S1
erring by excess and a sensor S2 erring by defect the
operation of the condensing unit is immediately stopped
because the tolerance ranges of sensors S1, S2 overlap.
[0028] The operating cycle ofthe washer/dryer accord-
ing to the present invention can therefore be summarized
in the following steps:

a) turning on fan F;

b) "resetting" the temperature sensors S1, S2;

C) turning on resistor R;

d) performing a centrifugation when temperature
TS1 detected by sensor S1 reaches a first temper-
ature threshold Z0;
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e) turning on the condensing unit when temperature
TS1 reaches a second temperature threshold Z1;
f) turning off the condensing unit when temperature
TS2 detected by sensor S2 reaches a third temper-
ature threshold W;

g) iterating steps e) and f);

h) turning off and turning back on resistor R so as to
maintain the temperature TS3 detected by sensor
S3 within a range U3-V3;

i) iterating steps g) and h) until the laundry is deemed
dry;

j) turning off resistor R and the condensing unit;

k) turning off fan F after a period of air circulation
suitable to cool the laundry.

[0029] It should be noted that the exact sequence of
steps f)-h) depends on the value of thresholds W, U3, V3
since the operating periods of the condensing unit and
resistor R depend respectively on the sensor pair S1, S2
and on sensor S3 that operate independently of each
other.

[0030] Itis clear that the above-described and illustrat-
ed embodiment of the washer/dryer according to the in-
vention is just an example susceptible of various modifi-
cations. In particular, the exact type and arrangement of
the temperature sensors can change according to spe-
cific manufacturing needs, and the "sensor reset" step
can take place even before turning on the fan or after the
centrifugation as long as it is set prior to turning on the
condensing unit.

Claims

1. Washer/dryer having a drying circuit in which air cir-
culates between a wash tank and a condensing unit
under the action of a fan (F), is heated by a resistor
(R) and the air temperature downstream from said
resistor (R) is detected by at least a first temperature
sensor (S3) prior to introducing it into said tank, char-
acterized in that it includes at least a second tem-
perature sensor (S1) suitable to detect the air tem-
perature in the tank and a third temperature sensor
(S2) suitable to detect the air temperature at the out-
let of said condensing unit, all three temperature sen-
sors (S1, S2, S3) being operatively connected to a
control unit that controls the operation of the resistor
(R) and of the condensing unit.

2. Washer/dryer according to claim 1, characterized
in that one or more temperature sensors (S1, S2,
S3) are NTC thermistors.

3. Washer/dryer according to claim 1 or 2, character-
ized in that it further includes a laundry moisture

sensor.

4. Washer/dryer according to one of the preceding
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claims, characterized in that the condensing unit
comprises a condensing duct (C) where the stream
of moist air coming from the tank through an air en-
trance (AE) flows in the opposite direction with re-
spect to condensing water (CW) introduced into said
condensing duct (C) through a relevant water en-
trance (WE), the moisture condensed in the duct (C)
being conveyed to a drain pump through a bottom
drain (D).

Operating cycle for a washer/dryer according to one
of the preceding claims, characterized in that it in-
cludes the following steps:

a) turning on the fan (F);

b) "resetting” the second (S1) and third (S2) tem-
perature sensors;

c) turning on the resistor (R);

d) performing a centrifugation when the temper-
ature (TS1) detected by the second sensor (S1)
reaches a first threshold (Z0);

e) turning on the condensing unitwhen said tem-
perature (TS1) reaches asecond threshold (Z1);
f) turning off the condensing unit when the tem-
perature (TS2) detected by the third sensor (S2)
reaches a third threshold (W);

g) iterating steps e) and f);

h) turning off and turning back on the resistor
(R) so as to maintain the temperature (TS3) de-
tected by the first sensor (S3) within a preset
range (U3-V3);

i) iterating steps g) and h) until the laundry is
deemed dry;

j) turning off the resistor (R) and stopping the
introduction of condensing fluid in the condens-
ing duct (C);

k) turning off the fan (F) after a period of air cir-
culation suitable to cool the laundry.

Operating cycle according to claim 5, characterized
in that in step i) the laundry is deemed dry according
to the moisture level detected by a suitable sensor.

Operating cycle according to claim 5 or 6, charac-
terized in that step b) can be performed at any time
prior to step e).

Operating cycle according to one of claims 5 to 7,
characterized in that step b) can be performed only
on the occasion of the first cycle or only periodically.
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