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@ A laundry drying control device for a clothes drier.

®) A laundry drying control -device for a clothes
drier comprising an electrical heating element di-
vided into two portions (5, 6), portion (5) being
adapted to be short-circuited by a driver (18) con-
trolled by an electronic comparator (14) or by a
logical AND gate (15).

The device is adapted to conirol the run of
"acrylic" drying cycles by switching on the maxi-
mum power of only the portion (6) of the heating
element until the operating drying temperature is
reached, and then switching on a reduced heating
power via the two portions (5, 6) of the heating
element.

The device is adapted to control the run of

N "extra dry" drying cycles by switching on the maxi-
mum heating power and then the reduced heating
(o prower for a supplementary period after the end of
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A laundry drying control device for a clothes drier

The present invention relates to an electronic
control device for a clothes drier adapted to allow
for the run of drying cycles for drying the laundry
in a predetermined manner and for limited dura-
tions.

ltalian patent application no. 45702 A/88, filed
by the same applicant on Jan. 25, 1988, describes
a laundry drying control device for a ciothes drier
comprising a microprocessor containing encoded
information on the drying cycles to be selected and
adapted to control the run of the selected cycies;
first, second and third selector means adapted to
select drying cycles with nominal power and with
reduced power of a heating element with adjustable
power and adapted to keep the heating element
switched on for a supplementary period; and in-
tegrator means constituted by electrical capacitors
connected with two sensor electrodes disposed
within the drum of the machine and adapted to be
short-circuited by the damp laundry.

This control device further comprises an elec-
tronic comparator adapted to switch on and off the
heating element of the machine in accordance with
a comparison between the charging voltage level of
the integrator means and a predetermined refer-
ence voltage level and the microprocessor of the
device is designed to generate through one of its
outputs a continuous rectangular enabling signal
and to send this- signal to the microprocessor
through a corresponding input, making it pass
through the integrator circuit and the second and
third selector means.

The microprocessor is in particular in a position
to identify, at the output of the comparator, the
absence or presence of the enabling signal when
the drying cycles have been selected through the
first or second selector means, and an enabling
signal identical but complementary to the preced-
ing one when the drying cycles are selected
through the third selector means.

In accordance with the identified enabling sig-
nal, the microprocessor thus controls the run of the
drying cycles with nominal or reduced power of the
heating element or with supplementary switching
on of the element.

The control device thus constituted allows for a
correct run of the drying cycles for the laundry in
the machine, providing for the heating element to
be switched on with the fixed and invariable power
for the entire duration of each selected cycle. How-
ever, this does not allow for an adaptation of the
heating power effectively required for drying the
laundry during the run of the cycle, for a power
which is variable while the laundry is dried, result-
ing in higher consumption of electrical power.
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The invention is based on the problem of over-
coming the above -mentioned disadvantages and
limits by means of a laundry drying control device
for a clothes drier realized in such a way as to
effect the run of each drying cycle with optimal
consumption of electrical power and with a limited
duration of the cycle.

This control device is in particular adapted to
switch on the electrical heating element with the
maximum heating power during the initial phase of
each "acrylic" drying cycle for drying delicate syn-
thetic fabrics, the temperature of the fabrics being
slowly increased until the operating vaiue is
reached and the heating element being then
switched on with reduced power for the entire
duration of the cycle.

Similarly, this control device is in a position to
keep the electrical heating element switched on
with reduced heating power during the run of the
so-called "extra dry" drying cycles for completeiy
drying cotton and resistant synthetic fabrics, having
the heating element switched on for a supplemen-
tary time period.

This and other goals are achieved by the in-
ventive device specified in the claims at the end of
the patent.

The features of the invention will become more
evident from the following description, intended
solely as a nonrestrictive example, with reference
to the adjoined drawing showing the block diagram
of the inventive control device. )

Referring to this drawing, one can see an elec-
tronic laundry drying control device for a clothes
drier realized in substantially the same way as the
device described in lalian patent application no.
45702 A/88, filed by the same applicant on Jan. 25,
1988, and capable of controlling the automatic run
of cycles for drying laundry consisting of cotton
and resistant synthetic fabrics, the cycles being
performed with the maximum heating power until
the predetermined laundry drying level is reached,
or keeping the heating element with adjustabie
power of the machine switched on for a predeter-
mined supplementary period so as to effect com-
plete drying of the laundry (these drying cycles
being known as "extra dry cycles").

This device is also capable of controlling the
automatic run of cycles for drying faundry consist-
ing of delicate synthetic fabrics, the cycles being
performed with reduced heating power until the
predetermined laundry drying level is reached
(these drying cycles being known as "acrylic cy-
cles™).

In the present case the control device substan-
tially comprises first and second selector means 1
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and 2 constituted by conventional push-button
switches disposed in the conirol panel of the ma-
chine and adapted to be operated separately and
manually to select the aforesaid "acrylic" drying
cycle or the "exira dry" cycle with the heating
element of the machine being switched on for a
predetermined supplementary period, said device
also comprising, as in the case of patent applica-
tion no 45702 A/88, further selector means (not
shown) for selecting "extra dry" drying cycles with
the maximum heating power. These selector
means shall not be described here since they are
not relevant to the effects of the invention.

This conirol device further comprises at least
one electrical heating element 3 with adjustable
power and a moisture control means 4 both re-
alized in the way described bselow and adapted to
effect the heating of the laundry drying air and to
predetermine the drying level required for each
laundry load, respectively. .

In particular, electrical heating element 3 is
subdivided into at least a first and a second portion
5, 6 which are interconnected electrically, prefer-
ably in series, and supplied by conductors 7 and 8
of the electrical circuit of the machine through an
electrical contact 9 of the normally closed type and
provided for the purposes to be described below,
and through safety thermostats 10, 11 intercon-
nected in series and calibrated so as to switch off
the heating element portions in the presence of
elevated temperature within the machine.

Portions 5 and 6 of heating element 3 are
further dimensioned to supply a reduced heating
power so as to effect an adequate drying tempera-
ture for delicate synthetic fabrics when both these
portions are energized, and a maximum heating
power so as to effect a drying temperature more
elevated than the preceding one, although without
damage to the fabrics, when only portion 6 of the
heating element is energized, a state obtained by
short-circuiting the other portion 5 of the heating
element due to the closing of an electrical contact
12 on an electrical conductor 13 connected to the
heads of portion 5, the closing being performed in
the ways described below. '

In its turn, moisture conirol means 4 is con-
stituted by an integrator circuit equipped with a
plurality of electrical capacitors collscted with limit-
ing resistors, diodes and further electronic compo-
nents known as such, the circuit being adapted to
vary the time constant of the capacitors in accor-
dance with the drying level required by the laundry,
and by two sensor electrodes disposed within the
rotating drum of the machine (not shown) and
connected with the integrator circuit and with the
ground of the machine, the electrodes being adapt-
ed to be short-circuited by the damp laundry to be
dried.
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The integrator circuit and sensor electrodes,
which are not represented in the drawing, are iden-
tical to the corresponding electrical components
described in the above-mentioned lalian patent
application no. 45702 A/88 and therefore have the
same functions as these components.

To allow for contro! of the switching on and off
of portion 5 of the heating element in order to vary
the heating power for the purposes and in the ways
described below, the present device further com-
prises an electronic comparator 14 and a logical
AND gate 15 of the conventional type and a driver
16 or similar driving element controlled afternatively
by comparator 14 or by logical AND gate 15 for
moving electrical contact 12 associated with the
driver from the normal closed position to the open
position with respect to conductor 13, in which
states portion 5 is swiiched off and on, respec-
tively, with respect to other portion 6 of the heating
element.

In particular, comparator 14 is provided with
two inputs 17 and 18 respectively connected with a
first resistor 19 supplied by a predetermined con-
tinuous voltage Vcc, the resistor being adapted in
turn to be connected in parallel with a second
resistor 20 that is grounded, due to the closing of
contact 21 of first selector means 1, the contact
being connected with the second resistor, and with
a conventional electronic converter 22 adapted to
detect constantly the temperature levels of the dry-
ing air within the ciothes drier and to convert these
temperature levels into corresponding voltage lev-
els.

The comparator is further provided with an
output 23 connected to driver 16 whose logical
level is determined by comparison between a pre-
determined reference voltage Vger applied to input
17 of the comparator and generated by the closing
of contact 21 and a variable voltage generated by
converter 22 during the run of the drying cycle
selected through first selector means 1.

The level of reference voltage Vger is in par-
ticular selected so as to be identical to the voltage
level generated by converter 22 and applied to
input 18 of comparator 14 upon attainment of the
operating temperature during drying, at which tem-
perature delicate synthetic fabrics are dried in a
satisfactory manner without danger of overheating
or damage thereto.

In this operative state of comparator 14, given
that both voltages applied fo inputs 17 and 18 of
the comparator are equal, the logical level of com-
parator output 23 is thus switched from level 0 to
level 1, thereby energizing driver 16 which thus
opens contact 12, thereby connecting portions 5
and 6 of the heating element mutually in series.

Conversely, the reference voltage assumes a
level higher then the voitage level generated by
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converter 22 in accordance with the operating tem-
perature during drying when contact 21 of selector
means 1 is kept in the open position, in which state
only voltage Vcc is applied to input 17 of compara-
tor 14 through resistor 19.

In this operative state of comparator 14, given
that both voltages applied to inpuis 17 and 18 of
the comparator are different and cannot in any way
become identicai, since the operating temperature
of the machine and thus also the voltage generated
by converter 22 remain constant, the level of this
voltage being lower then that of the above-men-
tioned voltage Vcc, it follows that output 23 of the
comparator is always kept at logical level 0, in
which state driver 16 is not energized and keeps
contact 12 closed and portion 5 of the heating
element therefore short-circuited.

In its turn, logical AND gate 15 is provided with
two inputs 24 and 25 connected respectively to a
first resistor 26 connected electrically to a second
resistor 27 that is grounded and can be energized
by the above-described predetermined continuous
voltage Vcc due to the closing of contact 28 of
second selector means 2, the contact being con-
nected to both resistors 26 and 27, and with output
29 of moisture control means 4 specified above.

AND gate 15 1s further provided with an output
30 connected to driver 16 whose logical level is
determined by comparison between the voltage
levels applied respectively to inputs 24 and 25 of
the gate.

In particular, as soon as the drying cycle is
selected closing contact 28 of selector means 2,
input 24 of AND gate 15 is subjected to predeter-
mined voltage Vcc, while in its turn the other input
25 of the gate is not subjected to an identical
predetermined voltage which is drawn by output 29
of moisture control means 4, given that the latter
generates the voltage only upon attainment of the
predetermined drying level for the laundry.

In this operative state of AND gate 15, output
30 thereof thus remains at logical level 0 and
therefore driver 18 is not energized so that portion
5 of the heating element is kept shori-circuited, in
which state there is the maximum drying power of
the drying air.

Conversely, as soon as the predetermined dry-
ing level for the laundry is reached, input 25 of
AND gate 15 is also subjected to the predeter-
mined voltage generated by moisture conirol
means 4 and present at output 29 thereof, in which
state output 30 of the gate is switched to logical
level 1, thereby energizing driver 16 and thus con-
necting in series portions 5 and 6 of the heating
element, thereby obtaining a reduced heating pow-
er for the drying air. .

Finaily, the inventive control device further
comprises a timing element 31 or similar
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conventional-type element connected electrically to
output 29 of moisture conirol means 4 and me-
chanically to electrical contact 9 in order to allow
for closing or opening of the contact, thereby
switching heating element 3 on or off in accor-
dance with the absence or presence of the pre-
determined voltage at input 29 of the moisture
control means.

The modes of functioning of the present control
device during the run of the "acrylic" and "extra
dry" cycles to be triggered by selector means 1
and 2 will now be described.

The "acrylic" cycle is triggered by closing con-
tact 21 of selector means 1 and preparing moisture
control means 4 and timing element 31 to obtain
the desired drying level for the laundry.

In this way, reference voltage Vger with a pre-
determined fixed level and the voltage generated
by converter 22 and proportional to the drying
temperature are applied respectively to inputs 17
and 18 of comparator 14, the initial level of the
latter voltage being minimal and lower then that of
voltage Vger.

In these states, output 23 of comparator 14 is
at logical level 0 so that driver 16 remains deener-
gized, thereby maintaining portion § of the heating
element short-circuited. In its turn, timing element
31 remains deenergized, given that output 29 of
moisture control means 4 is not subjected to the
above-mentioned predetermined voltage, since the
drying level provided for the laundry has not yet
been reached.

Consequently, the timing elément keeps elec-
trical contact 8 closed so that only portion 6 of the
heating element is energized, in which state the run
of the drying cycle is effected with the maximum
heating power and thus with rapid heating of the
laundry and of the machine to the corresponding
operating temperature.

In this state one thus obtains a considerable
reduction of the duration of the total drying cycle
without any overheating or damage to the fabrics.

Thus, as soon as the operating temperature is
reached, in which state the voltage generated by
converter 22 has reached reference voltage level
Vger, output 23 of comparator 14 is switched to
logical level 1 so that driver 16 is energized and
opens contact 12, thereby interconnecting in series
portions 5 and 6 of the heating element. In this
state, the drying cycle is thus performed with a
reduced heating power until the drying level re-
quired by the laundry is reached. As soon as this
drying level is reached, the above-described pre-
determined voltage is applied to output 28 of mois-
ture control means 4, thereby energizing timing
element 31 which opens electrical contact 9, there-~
by switching off portions 5 and 6 of the heating
element.
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In this way, the drying cycle is ended and the
machine prepared for the run of the following cool-
ing phase, which is performed in the conventional
way and conirolled by further electrical compo-
nents (not shown) of the clothes drier.

in its turn, the "extra dry” cycle is triggered by
closing contact 28 of selector means 2 and prepar-
ing moisture control means 4 and timing element
31, as above, to obtain the desired drying level for
the laundry.

In this way, the predetermined voltage Vcc is
applied to input 24 of logical AND gate 15, while
the other input 25 of the gate is not live, given that
output 29 of moisture control means 4 is not live
either since the drying level provided for the laun-
dry has not yet been reached. In these staies,
output 30 of logical AND gate 15 is at logical level
0 so that driver 16 remains deenergized, thereby
keeping portion 5 of ‘the heating element short-
circuited. In its turn, timing element 31 also re
mains deenergized and thus effects the switching
on of portion 6 of the heating element only, in the
ways and for the purposes already described in the
corresponding phase of the "acrylic" drying cycle.

As soon as the drying level provided for the
faundry is reached, output 29 of moisture control
means 4 and thus input 25 of AND gate 15 are
subjected to the aforesaid predetermined voltage,
so that output 30 of the AND gate is swiiched to
logical level 1, thereby energizing driver 16 which
opens contact 12 and thus interconnects in series
portions 5 and 6 of the heating element.

At the same time, the presence of the pre-
determined voltage at output 29 of moisture control
means 4 energizes timing element 31 which there-
fore keeps electrical contact 9 closed and thus
portions 5 and 6 of the heating element switched
on for a period of time predetermined by the timing
element, during which a supplementary drying of
the laundry is performed with reduced heating
power, thereby avoiding undesirable overheating of
the laundry and the electrical components of the
machine.

At the end of this time period, timing element
31 automatically opens electrical contact 9, thereby
switching off portions 5 and 6 of the heating ele-
ment and preparing the machine for the run of the
subsequent cooling phase analogous to that of the
"acrylic" cycles.

The present control device can be advanta-
geously incorporated in a conventional micropro-
cessor adapted to control the run of all the oper-
ative functions of the clothes drier.

Claims

1. An electronic laundry drying conirol device

70

15

20

25

30

35

40

45

50

55

for a clothes drier comprising at least an electrical
heating element with adjustable power, first and
second selector means adapted to select drying
cycles with reduced power of the heating element
and to keep the element switched on for a pre-
dstermined supplementary period, respectively,
and further comprising moisture control means
adapted to effect the drying of the laundry at
predetermined drying levels in accordance with the
cycles respectively selected by means of the first
and second selector means, characterized in that
the heating element (3) is subdivided into at least a
first and a second portion (5, 6) interconnected
electrically, the first portion (5) being adapted to be
short-circuited selectively through first and second
comparator means (14, 15) associated respectively
with the first and second selecior means (1, 2)
upon attainment of the operating temperature and
of the drying level required during drying, respec-
tively, the control device further comprising switch-
ing means (31) adapted to be driven by the mois-
ture control means (4) and to switch on and off the
first and second portions (5, 6) of the heating
element during each drying cycle respectively se-
lected.

2. The control device of claim 1, characterized
in that the first comparator means comprise an
electronic comparator (14) whose inputs (17, 18)
are connected respectively with a predetermined
reference voltage (Vrer) to be applied through the
first selector means (1), and with a voltage level
that is variable in accordance with the drying tem-
perature and generated by an electronic converter
(22), the comparator (14) being connected at its
output (23) with a driver (16) or similar driving
element adapted to close or open an electric con-
tact {(12) with respect to a conductor (13) con-
nected to the heads of the first portion (5) of the
heating element.

3. The control device of claim 2, characterized
in that the second comparator means comprise a
logical AND gate (15) whose inputs (24, 25) are
connected respectively with a predetermined volt-
age (Vee) to be applied through the second selec-
tor means (2), and with a further predetermined
voltage identical to the preceding one and to be
applied through the output (29) of the moisture
control means (4), the logical AND gate (15) being
connected at its output (30) with the driver (16).

4. The control device of claim 3, characterized
in that the switching means comprise a timing
element (31) or similar element connected elec-
trically with the output (29) of the moisture control
means (4) and mechanically with an electrical con-
tact (9) of the normally closed type, in its turn
connected to the first and second portions (5, 6) of
the heating element, the electrical contact (9) being
adapted to be opened by the timing element (31)
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only at the end of the drying cycle respectively
selected.
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