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(54) An improved tumble dryer

(57)  The present invention relates to a household
tumble dryer, which comprises a rotatable drum (2) and
heating means (5) for heating an airflow passing through
said interior drying volume (200).

The household tumble dryer comprises sensor means
(6A,6B) and a control system (7), which comprises at
least a first control loop (51) and a second control loop
(52) that can cooperate for controlling the operation of
said heating means (5).
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Description

[0001] The present invention relates to a household
tumble dryer having improved performances in terms of
drying cycle efficiency, energy consumption and safety.
[0002] Household tumble dryers are quite popular
nowadays.

[0003] As widely known, these appliances generally
comprise a rotatable drum that defines an interior drying
volume for receiving a wash load to be dried.

[0004] The rotatable drum is actuated by an electric
motor to tumble the wash load during the drying cycle.
[0005] Dryers may be of the vented type, in which an
airflow is taken from the outside of the appliance during
the drying cycle. The airflow is heated by a heating ele-
ment and it is forced to pass through the drying volume
to remove humidity from the wash load. The humid ex-
haust air is then blown outside.

[0006] In dryers of the condensing type, instead, the
airflow follows a closed path that is fully inside the appli-
ance. After being heated, the airflow passes through the
drying volume and it is circulated to a condenser for de-
humidification. Then, the airflow is conveyed to the heat-
ing element for being heated again.

[0007] In both the described cases, the circulation of
the mentioned airflow is ensured by a fan.

[0008] Available dryers generally comprise a control
system, which regulates the dryer operation and manag-
es the drying cycle.

[0009] Typically, the control system regulates the flow
rate of the airflow passing though the drying volume and
the temperature of the heating means to achieve desired
temperature levels and ensure safety.

[0010] An example of these known control systems is
disclosed in US4231166.

[0011] Unfortunately, traditional control systems pro-
vide relatively poor performances in terms of drying and
energy consumption efficiency, since they are mainly fo-
cused on the achievement of certain predefined levels
of heating power or flow rate, which are established on
the base of the user’s settings.

[0012] Important environmental factors that influence
the drying cycle efficiency, such as the actual conditions
of the wash load, the operating conditions of the tumble
dryer (e.g. the possible presence of lint obstructions) et
cetera, are not properly taken into account.

[0013] Otherknown simpler control methods make use
of the hysteresis control, for which the heater is placed
in the air channel and therein controlled by means of a
temperature sensing element and it is switched on when
the feedback temperature is below a predefined thresh-
old and switched on when itis above a second predefined
threshold in order to not exceed the safety temperature
limit for the air channel. According to this control strategy,
the temperature within the air channel varies with a "saw-
teeth" profile. As a consequence, the average tempera-
ture within the air channel is higher than the average
temperature in the drying chamber and this last is further
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pushed down during the drying cycle by continuous en-
ergy interruptions of the heater.

[0014] This behaviour is particularly critical in the final
drying phase whenever the maximum power should be
provided to the laundry for obtaining high quality drying
performances.

[0015] It follows that the average temperature of the
drying chamber is not optimized because it is relatively
low and stays below a value that could be reached when
controlling the heater, in a more stable manner, near the
highest temperature limit allowed in the air channel (pref-
erably below a temperature safety threshold). Therefore,
this hysteresis control strategy results in inefficient ener-
gy consumption, which derives form a longer drying
(time) process executed at lower temperature, compared
to a drying cycle whenever the temperature of the heater
is kept closer the predetermined upper temperature limit
temperature (preferably below a temperature safety
threshold), without being controlled in an (predominant)
oscillating manner, as it happens with the on-off or hys-
teresis control.

[0016] Therefore, the main aimof the presentinvention
is to provide a household tumble dryer, which allows the
overcoming of the drawbacks mentioned above.

[0017] Within this aim, it is an object of the present
invention to provide a household tumble dryer, in which
the control system is capable of offering improved per-
formances in terms of drying cycle efficiency, drying time
reduction, energy consumption reduction and control ro-
bustness.

[0018] It is also an object of the present invention to
provide a household tumble dryer, which is easy to man-
ufacture at industrial level, at competitive costs.

[0019] Thus, the present invention provides a house-
hold tumble dryer according to the following claim 1.
[0020] In its more general definition, the household
tumble dryer according to the present invention compris-
es a control system that is provided at least with a first
control loop and a second control loop, which are capable
of cooperating in order to control the operation of said
heating means.

[0021] This dual loop control of the heating means of
the dryer guarantees the obtaining of adequate heating
power and safety levels and, at the same time, the
achievement of high drying cycle efficiency and remark-
able savings in terms of energy consumption.

[0022] Anotherobject of the presentinvention is to pro-
vide a tumble dryer wherein the heater is controlled by
means of a Pl control, causing the difference between
the average temperature of the air channel and the av-
erage temperature of the drying chamber (with or without
laundry inside) to be minimized.

[0023] Further features and advantages of the house-
hold tumble dryer according to the present invention will
become apparent from the following description of pre-
ferred embodiments, taken in conjunction with the draw-
ings, in which:
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- Fig. 1 represents a schematic diagram of the house-
hold tumble dryer according to the present invention
in a configuration of the vented type;

- Fig. 2 represents a schematic diagram of the house-
hold tumble dryer according to the present invention,
in a configuration of the condensing type;

- Fig. 3 represents a schematic diagram of a control
system in the household tumble dryer according to
the present invention, in a first embodiment; and

- Fig. 4 represents a schematic diagram of a control
system in the household tumble dryer, according to
the present invention, in a second embodiment.

[0024] Referring now to the drawings, the present in-
vention relates to a household tumble dryer 1, which com-
prises a rotatable drum 2 that is preferable actuated by
an electric motor 3.

[0025] The rotatable drum 2 defines an interior drying
volume 200 for receiving a wash load 100 for drying.
[0026] The drying volume 200 comprises an air inlet
portion 201, through which an airflow 20 can enter the
drying volume 200, and an air outlet portion 202, through
which the airflow 20 exits from the drying volume 200
after having passed through it.

[0027] In the embodiment of figure 1, the dryer 1 is
structured as a vented dryer. The airflow 20 is thus taken
directly from outside the dryer 1 and it is blown again in
the external environment, after having passed through
the drying volume 200. Before entering the drying volume
200, the airflow 20 is heated by heating means 5, such
as an electric heater.

[0028] As an alternative (figure 2), the dryer 1 may be
configured as a condensing dryer. In this case, the airflow
20 follows a substantially closed loop, which is interior
the dryer. After having passed through the drying volume
200, the airflow 20 is directed through condensing means
9 for dehumidification and then again to the heating
means 5.

[0029] The correct circulation of the airflow 20 is en-
sured by properly positioned air ducts (not shown) and
by a fan 8.

[0030] The dryer 1 comprises first sensor means 6A
and second sensor means 6B for detecting respectively
the temperature T, of the airflow 20 at the air inlet portion
201 and the temperature T, at the air outlet portion 202.
[0031] It should be noticed that the temperature Ty
substantially coincides with the temperature of the heat-
ing means 5 while the temperature T is substantially the
actual temperature of the wash load 100.

[0032] Preferably, the sensor means 6A-6B comprise
temperature sensors that are able to provide signals in-
dicative of the detected temperatures, e.g. thermocou-
ples. Of course, temperature sensors of different kind
may be used.

[0033] Thedryer1comprisesa controlsystem7, which
in general terms may be defined as the entire set of con-
trol arrangements used for controlling the dryer 1, in par-
ticular for managing the drying cycle of the dryer 1.
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[0034] In this respect, the term "drying cycle" means
the sequence of steps needed for performing drying op-
erations of the wash load 100.

[0035] The control system 7 preferably comprises a
control unit 70, which controls the operating drying cycle
of the dryer 1 by sending proper command signals 71 to
the heating means 5, the motor 3 and the fan 8 and which
receives from the sensor means 6A-6B signals 61 that
are indicative of the temperature of the airflow 20 respec-
tively at the air inlet and outlet portions 201, 202.
[0036] The control system 7 comprises also a plurality
of control loops, which preferably involve the control unit
70 in their physical implementation, as it will be more
apparent in the following.

[0037] In particular, the control system 7 comprises a
first control loop 51 (figures 3,4) for regulating the tem-
perature Ty of the airflow 20 at the air inlet portion 201
and a second control loop 52 for regulating the temper-
ature Ty of the airflow 20 at the air outlet portion 202.
[0038] The control loops 51 and 52 are configured, so
as to be capable of cooperating for controlling the oper-
ation of the heating means 5.

[0039] Preferably, the first control loop 51 receives in
input a first feedback signal Yy from the first sensor
means 6A, the signal Y1, being indicative of the temper-
ature Ty

[0040] The second control loop 52 instead preferably
receives in input a second feedback signal Y from the
second sensor means 6B, the signal Y1 being indicative
of the temperature T,.

[0041] In practice, the control system 7 controls the
operation of the heating means 5 by means of two con-
current loops 51 and 52, which work on the base of dif-
ferent feedback signals.

[0042] The control loop 51 works on the base of a first
feedback signal Y1y that is indicative of the temperature
Ty substantially coincident with the temperature of the
heating means 5. In its control action, the first control
loop 51 thus takes into account control parameters that
substantially depend on the operating conditions of the
heating means 5 and/or on related safety requirements.
[0043] The control loop 52 instead works on the base
of a second feedback signal Y, indicative of the tem-
perature T, that substantially coincides with the actual
temperature of the wash load 100. Its control action, the
second controlloop 52 is therefore influenced by different
control parameters that substantially depend on the ac-
tual status of the wash load 100 or other environmental
conditions, such as for example the actual level of lint
obstruction at the outlet portion 202.

[0044] The control loops 51 and 52 may be arranged
according to different configurations and may comprise
one or more logic blocks such as adders, controllers,
switches and the like.

[0045] Said logic blocks may be hardware implement-
ed as self standing devices or as circuits/boards of the
control unit 70.

[0046] As an alternative, these logic blocks may be
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implemented as software programmes, modules or rou-
tines that are executed by a suitable processing unit, for
example by a microprocessor (not shown) of the control
unit 70.

[0047] According to a first embodiment of the present
invention, which is shown in figure 3, the control loops
51 and 52 may be arranged according to a cascade con-
figuration, in which the control loop 51 is positioned down-
stream with respect to the control loop 52.

[0048] In this case, the control loops 51 and 52 are
mutually nested and they can mutually interact to control
the heating means 5.

[0049] According to this embodiment of the present
invention, the first control loop 51 receives in input a first
reference signal Y4 that is provided by the second con-
trol loop 52.

[0050] The reference signal Yg4 may be indicative of
the desired temperature for the heating means 5. For
example, the reference signal Y, may express the tem-
perature profile to be followed by the heating means 5
during a certain interval of the drying cycle.

[0051] The first loop 51 advantageously works as a
retroactive loop and it thus comprises a first controller
511 that receives in input a first error signal Yg obtained
from a first adder 512 that calculates the difference be-
tween the first reference signal Yg4 and the first feedback
signal Yqy.

[0052] The controller 511 provides in output a first con-
trol signal Y4 for regulating the operation of the heating
means 5, which (from a logic point of view) may be rep-
resented as a logic block receiving in input the control
signal Yy, and providing in output a temperature value
Ty, which is detected by the first sensor means 6A that
provide the feedback signal Y.

[0053] The wash load 100 may in turn be modelled as
a logic block that receives in input a temperature value
T and provides in output a temperature value Ty, which
is detected by the first sensor means 6B that provide the
feedback signal Y1,.

[0054] The second control loop 52 receives in input a
second reference signal Y, that may be indicative of a
desired temperature for the wash load 100. As an exam-
ple, the signal Yr, may be represented by a predefined
temperature profile for the wash load 100 that is selected
by the control unit 7 on the base of a manual selection
operated by the user or depending from other environ-
mental conditions, such as the presence of lint obstruc-
tions at the outlet portion 202.

[0055] The second control loop 52 preferably compris-
es a second controller 521 thatreceives ininput a second
error signal Yg, that is obtained from the difference be-
tween the second reference signal Y, and the second
feedback signal Y1, which difference is advantageously
calculated by means of an adder 522.

[0056] The second controller 521 generates in output
the first reference signal Yy, for the first control loop 51.
[0057] It has to be noted how the entire first control
loop 51 can be modelled as a logic block that receives
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ininput the first reference signal Yg4 and provides in out-
put a temperature value T, for the wash load 100.
[0058] Thanks tothe described cascade configuration,
the first control loop 51 retroactively regulates the oper-
ation of the heating means 5 on the base of the first ref-
erence signal Yg that is in turn generated by the second
control loop 52 on the base of a second reference signal
YR, that may be generated on the base of the wash load
conditions and/or environmental conditions.

[0059] In this manner, the regulation of the heating
means 5 can easily take into account additional external
factors that are not strictly linked to the functioning of the
heating means themselves or to safety reasons.

[0060] According to a further embodiment of the
present invention, which is shown in figure 4, the control
loops 51 and 52 may be arranged according to a parallel
configuration. In this case, each control loop 51 and 52
works in a substantially independent manner and it is
selectively activated on the base of signals that are in-
dicative of the operative status of the dryer 1.

[0061] For example, during the start-up of the drying
cycle the first control loop 51 may be activated in order
to rapidly bring the heating means to a full functioning
and quickly reach a certain temperature level T, at the
inlet portion 201.

[0062] Then, the second control loop 52 may be ena-
bled and the first control loop 51 may be excluded, so to
as to control the operation of the heating means 5 on the
base of the temperature T, of the wash load 100, i.e. on
the base of different factors such as the wash load con-
ditions and/or environmental conditions.

[0063] The first control loop 51 may be again enabled
if the operating conditions of the dryer 1 so requires, for
example in case the temperature T, overcomes prede-
fined safety levels.

[0064] According to this further embodiment of the
present invention, the first control loop 51 receives in
input a third reference signal Yg3, which may be advan-
tageously indicative of the desired profile temperature
for the heating means 5, when the first control loop 51 is
active.

[0065] The first control loop 51 comprises also a third
controller 513 that receives in input a third error signal
Y3, which is obtained from an adder 514 that calculates
the difference between the third reference signal Y5 and
the first feedback signal Y1 coming from the first sensor
means 6A.

[0066] The controller 513 generatesin outputa second
control signal Yy, for regulating the operation of the heat-
ing means 5.

[0067] The second control loop 52 receives in input a
fourth reference signal Yg4, which may instead be indic-
ative of the desired temperature for the wash load 100.
[0068] The second control loop 52 comprises advan-
tageously a fourth controller 523 that receives in input a
fourth error signal Yg,4, which is obtained from the adder
524 that calculates the difference between the reference
signal Y4 and the second feedback signal Y1, coming
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from the second sensor means 6B.

[0069] Also, the controller 523 generates in output a
third control signal Y5 for regulating the operation of the
heating means 5.

[0070] For the activation/exclusion of the control loops
51 and 52, switching means 555 are provided, which re-
ceive in input the control signals Y}, and Y5 and select
which control signal has to be enabled for controlling the
heating means 5.

[0071] As mentioned above, such a selectionis advan-
tageously operated on the base of signals Is that are
indicative of the operative status of the dryer 1. For ex-
ample, said signals Is may be alarm signals coming from
additional sensors (not shown) or from the sensor means
6A and/or 6B. Alternatively, the signals Is may be com-
mand signals generated by the control unit 70.

[0072] According to a preferred control method, when
the temperature at the inlet portion 201 (the air channel)
raises above a first predefined temperature threshold
Thr1, Which is above a temperature safety limit Tg, the
heater 5 is energized only if the fan 8 is energized (ro-
tated), in a synchronized manner.

[0073] Onsome drier constructions the fan 8 is mount-
ed on the shaft of the rotating drum, and is rotated to-
gether with drum motor 3. With these constructions and
under the described conditions, the heater is energized
in synchronism with the drum and with the fan 8.
[0074] In another case the heater 5 can be activated
also only when the airflow measurable (by means of
known measurement tools) at inlet portion 201 is above
a predetermined airflow threshold Ay. For instance, this
airflow threshold Aty corresponds to the reduced airflow
achieved when the rotational direction of the drum is re-
versed.

[0075] This control method avoids that the tempera-
ture in the air channel 201, especially around the heater
5, to rise above to the safety thresholds Tg, but it still
maintains the temperature atan acceptable level, without
sudden drops.

[0076] In other cases, when the temperature of the air
channelis above afirst predefined temperature threshold
Thr1, the power delivered by the heater can be controlled
in order to be reduced or temporarily discontinued, with
the aim to reduce the magnitude of the temperature os-
cillation in the air channel 20 and in order to reduce the
drying time, (by maintaining an higher temperature in the
air channel 20) and, as a consequence, to reduce the
energy consumption.

[0077] When the temperature is below the first prede-
termined temperature threshold, the synchronized acti-
vation is not required because the temperature of the air
channel is far enough from the temperature safety limit
and the safety of the machine is not at risk.

[0078] The tumble dryer 1 according to the present in-
vention fully allows the achievement of the intended aims
and objects.

[0079] Thanks to the presence of two concurrent con-
trol loops 51, the drying cycle can be managed taking
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into account also the actual wash load conditions and
other additional environmental conditions. The possibility
ofincurring in wash load over-drying or under-drying con-
ditions is thus dramatically reduced and the dryer 1 can
work in a more efficient manner, with a lower energy con-
sumption and a reduce drying time.

[0080] The adoption of retroactive control loops en-
sures noticeable control robustness, with high level of
safety.

[0081] Additionally, it has been shown how the control

loops 51 and 52 can work with the dryer 1 in a vented or
condensing configuration, without the need of additional
hardware/software resources.

[0082] The dryer 1 has a simple structure, which has
been proven to be easy to manufacture atindustrial level,
at competitive costs, since standard hardware compo-
nents may be used or relatively simple software proce-
dures may be adopted.

Claims
1. A household tumble dryer (1) comprising:

- a rotatable drum (2) having an interior drying
volume (200) for receiving a wash load (100) for
drying, said interior drying volume having an air
inlet portion (201), through which an airflow (20)
enters said internal drying volume, and an air
outlet portion (202), through which said airflow
exits from said internal drying volume;

- heating means (5) for heating said airflow be-
fore said airflow passes through said air inlet
portion;

- first sensor means (6A) for detecting the tem-
perature (Ty) of said airflow at said air inlet por-
tion; and

- second sensor means (6B) for detecting the
temperature (T,) of said airflow at said air outlet
portion; and

- a control system (7) for controlling the opera-
tion of the dryer (1);

characterised in that said control system compris-
es at least a first control loop (51) for regulating the
temperature (Ty) of said airflow at said air inlet por-
tion (201) and a second control loop (52) for regu-
lating the temperature (T,) of said airflow at said air
outlet portion (202), said first control loop and said
second control loop cooperating for controlling said
heating means (5).

2. A household tumble dryer, according to claim 1,
characterised in that said first control loop receives
in input a first feedback signal (Y1) indicative of the
temperature (Ty) of said airflow at said air inlet por-
tion, said first feedback signal being provided by said
first sensor means.
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A household tumble dryer, according to claims 1 or
2, characterised in that said second control loop
receives in input a second feedback signal (Y1,) in-
dicative of the temperature (T ») of said airflow at said
air outlet portion, said second feedback signal being
provided by said second sensor means.

A household tumble dryer, according to one or more
of the previous claims, characterised in that said
first control loop and said second control loop are
arranged according to a cascade configuration, said
first control loop being positioned downstream with
respect to said second control loop.

A household tumble dryer, according to claim 4,
characterised in that said first control loop receives
ininput a firstreference signal (Y,), said first control
loop comprising a first controller (511) that receives
in input a first error signal (Yg4), which is obtained
from the difference between said first reference sig-
nal (Yr4) and said first feedback signal (Y1), said
first controller generating in output a first control sig-
nal (Yy4) for controlling said heating means.

A household tumble dryer, according to claim 5,
characterised in that said second control loop re-
ceives in input a second reference signal (Yg,), said
second control loop comprising a second controller
(521) that receives in input a second error signal
(Ygo), which is obtained from the difference between
said second reference signal (Yr,) and said second
feedback signal (Yt,), said second controller gen-
erating in output said first reference signal (Yr4).

A household tumble dryer, according to one or more
of the claims from 1 to 3, characterised in that said
first control loop and said second control loop are
arranged according to a parallel configuration.

A household tumble dryer, according to claim 7,
characterised in that said first control loop or said
second control loop is selectively activated on the
base of signals (Is) that are indicative of the operative
status of said dryer.

A household tumble dryer, according to claim 8,
characterised in that said first control loop receives
in input a third reference signal (Yg3), said first con-
trol loop comprising a third controller (513) that re-
ceives in input a third error signal (Ygs), which is
obtained from the difference between said third ref-
erence signal (Yrs) and said first feedback signal
(Y1n), said third controller generating in output a sec-
ond control signal (Yy,) for controlling said heating
means.

A household tumble dryer, according to claims 8 or
9, characterised in that said second control loop
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11.

12.

13.

14.

15.

10

receives in input a fourth reference signal (Yg,), said
second control loop comprising a fourth controller
(523) that receives in input a fourth error signal (Yg,),
which is obtained from the difference between said
fourth reference signal (Yg,4) and said second feed-
back signal (Y1,), said second controller generating
in output a third control signal (Yy3) for controlling
said heating means.

A household tumble dryer, according to claims 9 and
10, characterised in that switching means (555)
receive in input said second control signal (Yy,) and
said third control signal (Y}3), said switching means
selecting said first control signal (Y1) or said second
control signal (Y},) for regulating the operation of
said heating means.

A household tumble dryer, according to claims 11,
characterised in that said switching means select
said second control signal (Y},) or said third control
signal (Yy3) on the base of signals (Is) that are in-
dicative of the operative status of said dryer.

A household tumble dryer, according to one or more
of the claims from 1 to 12, characterised in that it
is of the condensing type or of the vented type.

Method for controlling a household dryer according
to any of the preceding claims further comprising a
fan (8) wherein the heating means (5) are energized
only when the temperature atinlet portion (201) rises
above a first predefined temperature threshold

(Thr1)-

Method for controlling a household dryer according
to any of the preceding claims further comprising a
fan (8) wherein the heater (5) is energized only when
an airflow at the inlet portion (201) is above a pre-
determined airflow threshold (Ary).
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