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(54) Laundry treatment apparatus and method of operation

(57) Method of correcting an estimation of an appa-
ratus operation value for a laundry treatment apparatus
(2), in particular a laundry dryer or a washing machine
having a drying function, wherein the apparatus (2) com-
prises: a laundry treatment chamber (18) for treating
laundry, a heat pump system (4) comprising a first heat
exchanger (10) for heating a refrigerant, a second heat
exchanger (12) for cooling a refrigerant, an expansion
means (16) and a compressor (14) for circulating a re-
frigerant fluid (R) through a refrigerant loop (6) of the heat
pump system (4), a detector means for detecting at least
one operation parameter of the treatment apparatus (2),
a control unit (9) for controlling the operation of the treat-
ment apparatus (2), wherein the control unit (9) is adapt-
ed to determine an initial estimation of an apparatus op-
eration value based on at least one detected operation
parameter, and wherein the control unit is adapted to
execute an algorithm for correcting the initial estimation
of an apparatus operation value and/or for correcting a
current apparatus operation value based on at least one
detected operation parameter, a data storage means (34)
for storing an estimated operation value, wherein the
method comprises: estimate an initial operation value
and/or a current operation value, subsequently estimate
a present operation value by executing the algorithm dur-
ing an apparatus operation cycle, and correct the initial
operation value and/or a current operation value to or by
using the estimated present operation value.
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Description

[0001] The invention relates to a method of operating
a laundry treatment apparatus, in particular a laundry dry-
er or a washing machine having a drying function, and
relates to a laundry treatment apparatus.
[0002] US 6,941,674 B2 discloses a method for detect-
ing a residual drying time of a clothes dryer. When a user
starts a drying operation of the dryer, a preset clothes
drying time is displayed on a display and a countdown
of the preset time is started. After a predetermined time,
the residual humidity of the clothes is detected with a
humidity detector having two electrodes arranged in the
dryer drum. Additionally the temperature of process air
at the drum outlet is detected. A controller is adapted to
calculate a load of the dryer by using the detected mois-
ture and temperature values. An estimated drying time
is determined from a look-up table in dependency of the
calculated laundry load. The countdown of the preset dry-
ing time is replaced by a countdown of the estimated
drying time.
[0003] EP 2 679 718 A1 discloses a method for oper-
ating a laundry apparatus comprising a heat pump sys-
tem. A passive switching device comprising a thermo pro-
tector circuit is provided for a compressor of the heat
pump system. The thermo protector circuit is activated
or opened when a predetermined temperature, voltage
or current is exceeded, such that the compressor is
switched-off. The passive switching device is not control-
lable by a control unit of the laundry apparatus. A moni-
toring means is provided to detect whether the thermo
protector circuit is activated or open.
[0004] It is an object of the invention to provide an im-
proved method of operating a laundry treatment appara-
tus and an improved treatment apparatus adapted to ex-
ecute the method.
[0005] The invention is defined in claims 1 and 11, re-
spectively. Particular embodiments are set out in the de-
pendent claims.
[0006] According to claim 1, a method of correcting an
estimation of an apparatus operation value for a laundry
treatment apparatus, in particular a laundry dryer or a
washing machine having a drying function, is provided.
The treatment apparatus comprises a laundry treatment
chamber or drum for treating laundry, and a heat pump
system comprising a first heat exchanger for heating a
refrigerant, a second heat exchanger for cooling a refrig-
erant, an expansion means and a compressor for circu-
lating a refrigerant fluid through a refrigerant loop of the
heat pump system.
[0007] A detector means is provided to detect at least
one operation parameter of the treatment apparatus. For
example an operation parameter may be selected from:
a power consumption of the compressor motor, a motor
for rotating the treatment chamber, a fan motor and/or
the total power consumption of the treatment apparatus,
a driving torque of a motor for rotating the treatment
chamber, a temperature of drying air entering and/or

leaving the treatment chamber, a refrigerant tempera-
ture, motor speed, and an electrical parameter of a motor
such as current, voltage, phase, or parameters derived
therefrom, in particular a drum torque. With respect to
the term ’operation parameter’ it is pointed out that it re-
fers to actual parameters which change during the course
of an apparatus operation cycle (drying cycle). In partic-
ular a user selection, e.g. of a specific program cycle, is
not regarded as an operation parameter as described
above.
[0008] A control unit is provided to control the operation
of the treatment apparatus, wherein the control unit is
adapted to determine an initial estimation of an apparatus
operation value based on at least one detected operation
parameter. ’Initial’ refers to an estimation before, at or
immediately or in a short period (with respect to the total
drying time) after the beginning or start of a drying cycle.
Further, the control unit is adapted to execute an algo-
rithm for correcting the initial estimation of an apparatus
operation value based on at least one detected operation
parameter. The apparatus comprises a data storage
means or a data buffer for storing estimated operation
values.
[0009] The estimated operation value may be selected
from at least one of the following: an operation cycle time-
to-end value (TTE) or residual drying time value, a resid-
ual humidity value, a latent power, a laundry load and a
process airflow amount. Each of the apparatus operation
values may be derived from calculations depending on
one or more of the above mentioned operation parame-
ters. For example the estimation of an initial apparatus
operation value may be determined by executing the
above mentioned algorithm. Preferably, an estimated op-
eration value corresponds to a condition of a (running)
operation cycle or a condition of the laundry to be dried,
wherein the estimated apparatus operation value may
be used to determine whether a condition is satisfied for
considering a drying cycle to be completed, e.g. to de-
termine a residual drying time.
[0010] Latent power is the power necessary to evap-
orate the laundry water, i.e. to dry the laundry. Latent
power is directly proportional to a drying rate and can
therefore be used in place of the drying rate to determine
an end of a drying cycle. By estimating the latent power
in the dryer, the condition (i.e. the threshold) for ending
the drying cycle may be determined. In general, the latent
power can be estimated by computing a flow energy bal-
ance that considers all the energy flows across a closed
volume. In particular, the latent power of an apparatus
may be a function of air temperature at the drum inlet
and outlet, drum speed, drum torque, air fan speed and
it depends on the structure/operation of the appliance
(i.e. the geometry, the materials etc.). Alternatively the
latent power may be a function of air temperature at the
drum inlet and outlet, the compressor power consump-
tion during the system operation, air fan speed and it
depends on the structure/operation of the appliance (i.e.
the geometry, the materials etc.).
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[0011] Due to the specific architecture of some dryers
(for example in the washer-dryers), it becomes quite
complex/expensive to use a dedicated sensor (e.g. a hu-
midity sensor) to determine an operation parameter, e.g.
residual laundry humidity. In case of determining the re-
sidual humidity of the laundry, the residual humidity may
be estimated by monitoring other signals already avail-
able in the machine. For example the air temperatures
measured in some specific points of the drying circuit,
e.g. at the drum input or at the condenser input.
[0012] Additionally or alternatively the control unit is
adapted to determine a current operation value, i.e. an
actual operation value of the currently or presently run-
ning drying cycle. An initial operation value may be de-
termined differently to determining a current operation
value. For example a current operation value may be
determined from a look-up table which discloses the
progress (e.g. decrease) of a respective operation value
over time, starting from an estimated initial operation val-
ue. For example when a current residual humidity value
is to be determined as the current apparatus operation
value, the control unit may be adapted to determine the
current residual humidity from a look-up table which dis-
closes the decrease of the residual humidity over time
(starting from an estimated operation value as described
above), such that the respective current residual humidity
value may be determined by monitoring the elapsed time
and reading the corresponding humidity value from the
look-up table. Alternatively a current operation value may
be determined by executing the above algorithm.
[0013] The method of correcting an apparatus opera-
tion value comprises the steps: estimate an initial oper-
ation value and/or a current operation value as described
above, subsequently estimate a present operation value
by executing the algorithm during an apparatus operation
cycle, and correct or update the initial operation value
and/or the current operation value to the estimated
present operation value. The method provides two op-
tions for correcting:

(i) the estimated initial operation value (i.e. a value
at a starting point) may be corrected during a drying
cycle, and additionally or alternatively
(ii) a current operation value may be corrected.

[0014] With respect to the first option (i), for example
the value of the initial residual humidity (initial operation
value) is corrected, such that e.g. the control unit deter-
mines a present residual humidity based on a different
look-up table. With respect to option (ii), for example a
current operation value like the current residual drying
time (i.e. the actual value) is corrected to the estimated
present operation value, e.g. a residual drying time count-
down is reset to the estimated present residual drying
time.
[0015] The above described method provides that an
estimated (initial) operation value is corrected during an
apparatus operation cycle. In particular the correction of

an estimated apparatus operation value may be execut-
ed repeatedly during an operation cycle. Thus an esti-
mation of an apparatus operation parameter is (repeat-
edly) corrected during apparatus operation, such that an
apparatus operation value is determined more precisely,
for example an estimation of an operation cycle end or
the estimation of a condition which indicates an operation
cycle end (e.g. estimated residual humidity e.g. as se-
lected by a user) is determined more precisely. The
above method provides an improved method of operating
a treatment apparatus as it is prevented that a drying
process is stopped too early or too late, which would
cause the laundry mass to be still wet or even damaged
because of over-drying.
[0016] Preferably an estimation of a present operation
value and correction of the initial/current operation value
is executed continuously or repeatedly during an appa-
ratus operation cycle. For example an estimation of a
present operation value and correction of the initial/cur-
rent operation value is executed at least three times dur-
ing an apparatus operation cycle, e.g. every 1 to 5 min.
Thereby an estimated operation value is repeatedly
adapted to actual operating condition of the treatment
apparatus, which is represented by the at least one de-
tected operating parameter.
[0017] According to a preferred embodiment correct-
ing or updating of the initial/current operation value to the
present operation value is executed in incremental steps.
I.e. the initial/current operation value is gradually adapted
to the present operation value in small steps over time,
such that a ’jump’ of the initial/current operation value is
prevented. For example, when a first estimated present
operation value is higher than an estimated initial oper-
ation value, the initial operation value is increased over
time in small steps or increments to the first present op-
eration value. While the initial operation value is in-
creased in increments, a subsequent second estimation
of a present operation value may be executed. The sec-
ond estimated present operation value either verifies the
first present operation value, such that the initial value is
further increased in increments. Alternatively the second
estimation shows that the second present operation val-
ue is not as high as the previously determined first
present operation value, such that the incremental in-
crease of the initial operation value is stopped or correct-
ed towards the lower second present operation value.
[0018] In an embodiment the incremental correction of
the initial operation value and/or a current operation value
is made by adding a fraction of the difference between
the estimated present operation value and the initial op-
eration value and/or current operation value to the initial
operation value and/or current operation value as the in-
crement. For example, if the estimated current operation
value is An-1 (from previous correction algorithm run), the
estimated present operation value is B (from the running
correction algorithm) and the fraction is F, the corrected
current operation value An = An-1 + (B- An-1)/F; with n is
the number of times the correction algorithm is executed.
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The fraction F is > 1, for example F ≥ 5, 8, 10, 15 or 20.
[0019] Preferably the at least one detected operation
parameter depends on compressor switch-on-time. For
example when the compressor is switched-off, the refrig-
erant temperature decreases and the temperature of
process air entering/leaving the drum decreases, or the
latent power of the apparatus decreases, such that the
at least one detected operation parameter may be a re-
frigerant temperature, a process air temperature and/or
latent power of the apparatus or any other parameter
depending on compressor switch-on-time. The treatment
apparatus further comprises a compressor monitoring
means adapted to determine whether the compressor is
switched-on or switched-off. The method comprises car-
rying out at least one of the following steps when deter-
mining that the compressor is switched-off: stop estimat-
ing a present operation value, discard an estimated
present operation value, stop correcting the initial/current
operation value, and/or maintain a current operation val-
ue.
[0020] When the compressor is switched-off a drying
operation is interrupted, as the heat pump system does
not generate heat for drying the laundry. When trying to
determine or estimate a present operation value depend-
ing on operation parameters depending on compressor
switch-on time, this would lead to a wrong or incorrect
estimation of the operation value. To avoid an incorrect
estimation, the estimation of an operation value is
stopped, the correction of an initial/current operation val-
ue is stopped or an estimated present operation value is
discarded, when the compressor is switched-off.
[0021] Preferably the apparatus comprises at least one
passive switching device not controllable by the control
unit. The passive switching device includes a thermo pro-
tector circuit adapted to cut the power supply to the com-
pressor when a predetermined temperature threshold, a
voltage load threshold and/or a current threshold are/is
exceeded, For example a thermal overload protection is
provided for the compressor. The at least one passive
switching device prevents a damage of the compressor
due to too high current/voltage values and/or overheat-
ing. When the passive switching device is in an open
state the compressor is not powered or switched-off. The
at least one passive switching device has to be in a closed
state to provide that the compressor is powered or
switched-on (provided that any other (active) switching
device, which may be provided to controllable switch the
compressor on/off, is also switched-on or in a closed
state).
[0022] The apparatus comprises a monitoring means
to detect whether the thermo protector circuit is opened
or closed. When monitoring that the thermo protector cir-
cuit is opened at least one of the following steps is carried
out: stop estimating a present operation value, discard
an estimated present operation value, stop correcting the
initial/current operation value, and/or maintain current
operation value. This embodiment is directed to the case
where the compressor operation is interrupted due to an

activated or opened thermo protector circuit, e.g. a ther-
mo switch is opened due to an increase of refrigerant
temperature. To prevent incorrect estimation of an oper-
ation value, the estimation of a present operation value
may be stopped or estimated present operation values
may be discarded.
[0023] Preferably the monitoring means includes at
least one of the following: a system for monitoring the
temperature of the refrigerant; a sensing circuit to detect
a change of potential and/or current at an assembly com-
prising the compressor and the thermo protector circuit.
For example the following two different ways of detecting
the activation of the thermo protector circuit may be im-
plemented: the first one includes monitoring the temper-
ature of the refrigerant by means of temperature sensors;
the second one includes monitoring the electric assembly
comprising the compressor and the thermo protector cir-
cuit by means of dedicated sensing circuits. For example
the temperature may be measured at the outlet of the
second heat exchanger and/or at the inlet of the expan-
sion means.
[0024] Preferably, the system for monitoring the tem-
perature of the refrigerant comprises the control unit and
at least a sensor adapted to measure the temperature of
the refrigerant at a predetermined position of the heat
pump system and to convey the information to the control
unit. The control unit is able to recognize the opening of
the thermo protector circuit when the temperature of the
refrigerant reaches or decrease below a predetermined
value and an active switching device is switched-on for
the compressor. Preferred the system for monitoring the
temperature of the refrigerant is adapted to maintain in
a data storage a reference parameter for an expected
temperature measured in a predetermined position of the
heat pump system, monitor temperature values detected
by the sensor, responsive to an anomaly of the monitored
values with respect to the at least one reference param-
eter, and determining the activation of the thermo pro-
tector circuit.
[0025] The reference parameter may include a prede-
termined threshold in the variation in the gradient of a
curve representing the values of monitored temperature
over time, wherein the step of determining an anomaly
includes the steps of: building a curve with the detected
values of temperature over time; measuring the gradient
of the curve at regular time intervals; comparing succes-
sive measured gradients for determining if the difference
exceeds the predetermined threshold. Preferably, the
step of determining the existence of an anomaly includes
filtering the curve with a low-pass numeric filter.
[0026] Preferred, the sensing circuit comprises at least
an electrical detecting circuit connected to at least one
of the following: a connection point located between the
thermo protector circuit and the compressor; a connec-
tion point located between the thermo protector circuit
and the line or the neutral of the power mains to which
the compressor is connected; a connection point located
between the compressor and the line or the neutral of
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the power mains to which the compressor is connected.
[0027] Preferably, the compressor is connected in se-
ries with the thermo protector circuit, the assembly
formed by the compressor and the thermo protector cir-
cuit being connected to a power main, wherein the sens-
ing circuit comprises: the control unit, connected to the
at least first active switching device; at least a first elec-
trical detecting circuit connected to a connection point
between the thermo protector circuit and the compressor,
on one hand, and to the control unit, on the other hand;
the control unit evaluating the output of the at least first
electrical detecting circuit in accordance with the active
switching device being in deactivated (opened) or acti-
vated (closed) condition, in order to evaluate the status
of thermo protector circuit.
[0028] According to a preferred embodiment, the com-
pressor and/or the thermo protector circuit is electrically
connected to the active switching device, the control unit
detecting the output of the detecting circuit when the ac-
tive switching device is open and closed.
[0029] Preferably, the control unit is also connected to
a connection point located between the compressor and
the active switching device or located between the ther-
mo protector circuit and the active switching device,
through a second detecting circuit.
[0030] The compressor may be connected in series
with the thermo protector circuit, the assembly formed
by the compressor and the thermo protector circuit being
connected to a power main, and wherein the sensing
circuit comprises: the control unit connected to the active
switching device; a shunt evaluation electrical circuit,
connected to a shunt device, placed in series to the as-
sembly formed by the compressor and the thermo pro-
tector circuit, so as to monitor the current flowing in the
shunt device, the control unit evaluating the output of the
shunt evaluation electrical circuit, in accordance with the
active switching device being switched-on for the com-
pressor, in order to evaluate the status of the thermo
protector circuit. Preferably, the shunt device is placed
between at least one of the following: compressor and
line or neutral of the power mains; thermo protector circuit
and active switching device; compressor and active
switching device; thermo protector circuit and line or neu-
tral of the power mains; compressor and thermo protector
circuit.
[0031] Estimating a present operation value and cor-
recting an initial/current operation value may be (re)start-
ed when monitoring that the compressor is switched-on
and/or when monitoring that the thermo protector circuit
is closed. I.e. when the compressor is re-started, the in-
terrupted (normal or previous) operation cycle is contin-
ued, such that an estimation and correction of the oper-
ation value may be resumed.
[0032] According to a preferred embodiment a (re)start
of estimating a present operation value and correcting
an initial/current operation value is delayed for a prede-
termined time after monitoring that the compressor is
switched-on and/or after monitoring that the thermo pro-

tector circuit is closed. This is useful to avoid acquiring
operating parameters before a reasonable stabilization
of the compressor and the heat-pump system working
conditions are fully re-established. For example a delay
of 2 min. to 5 min. may be implemented. Preferably the
apparatus comprises a timer means for counting down
a residual drying time, wherein the estimated apparatus
operation value is a residual drying time or cycle time-to-
end (TTE). The method comprises the following steps:
estimate an initial residual drying time, store the estimat-
ed initial residual drying time, start countdown from the
initial residual drying time, detect the at least one oper-
ation parameter during an apparatus operation cycle and
execute the algorithm to determine a present residual
drying time and correct the countdown of the initial resid-
ual drying time to the present residual drying time. When
monitoring that the compressor is switched-off and/or the
thermo protector circuit is opened, as outlined above, at
least one of the following steps is carried out: stop count-
down of the residual drying time and store current resid-
ual drying time value, stop executing the algorithm, dis-
card the at least one detected operation parameter,
and/or discard the determined present residual drying
time.
[0033] In particular, a residual humidity value may be
measured indirectly from any of mentioned operation pa-
rameters. For example the higher a torque of the drum
motor the higher the laundry weight, i.e. the higher the
residual laundry humidity. Furthermore, a residual drying
time value may be derived from a determined or estimat-
ed residual humidity value. In particular an indirect meas-
urement or estimation of a residual humidity value is use-
ful for a washing machine having a dryer function (wash-
er-dryer). In this case a drum arranged in a tub is provid-
ed. A direct measurement of the laundry humidity via
electrodes which are arranged at the drum would be er-
ror-prone, as the electrodes are exposed to washing wa-
ter during a washing cycle. For example washing water
or detergent on the electrodes could deteriorate the hu-
midity detectors measuring accuracy.
[0034] According to a preferred embodiment a laundry
treatment apparatus is provided as described above,
wherein a control unit of the treatment apparatus is adapt-
ed to control the apparatus operation according to the
above described method. As described above the appa-
ratus comprises at least one passive switching device
which is not controllable by the control unit. The passive
switching device includes a thermo protector circuit
adapted to cut the power supply to the compressor when
a predetermined temperature threshold, a voltage load
threshold and/or a current threshold are/is exceeded,
wherein when the passive switching device is in an open
state the compressor is not powered. A monitoring
means is provided to detect whether the thermo protector
circuit is opened or closed, i.e. to detect whether the com-
pressor is powered or not powered. The compressor is
connected in series with the thermo protector circuit,
wherein an assembly formed by the compressor and the
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thermo protector circuit is connected to a power main.
The monitoring means comprises a sensing circuit to de-
tect a change of potential and/or current at the assembly,
wherein the sensing circuit comprises: (i) the control unit,
connected to the active switching device which is located
on the line or the neutral of the power mains to which the
compressor is connected; and (ii) an electrical detecting
circuit connected to a connection point located between
the thermo protector circuit and the active switching de-
vice, on the one hand, and to the control unit, on the other
hand.
[0035] With the above described monitoring circuit the
control unit is adapted to evaluate the output of the elec-
trical detecting circuit with the active switching device
being switched-off in order to evaluate the status of ther-
mo protector circuit.
[0036] In the following another inventive aspect is de-
scribed which can be combined with the above method
and apparatus for correcting (updating) an apparatus op-
eration value - or can be applied individually independent
thereof. Then the above aspects or features are applica-
ble in part or in any arbitrary combination with the follow-
ing another aspect. This aspect is represented in the fol-
lowing method, embodiments thereof, apparatus and
embodiments thereof which mutually can be combined
partially of in features with each other.
[0037] According to this aspect a method of determin-
ing or identifying the kind of operation problem occurring
during an operation of a laundry treatment apparatus is
provided. Unless otherwise mentioned, method steps
and apparatus features described below correspond to
above described method steps and apparatus features.
The treatment apparatus, in particular a laundry dryer or
a washing machine having a drying function, comprises:
a control unit controlling the operation of the treatment
apparatus, a laundry treatment chamber for treating laun-
dry, a heat pump system comprising a first heat exchang-
er for heating a refrigerant, a second heat exchanger for
cooling a refrigerant, an expansion means and a com-
pressor for circulating a refrigerant fluid through a refrig-
erant loop of the heat pump system, at least one active
switching device controllable by the control unit for se-
lectively switching on/off the compressor, at least one
passive switching device not controllable by the control
unit, the passive switching device including a thermo pro-
tector circuit adapted to cut the power supply to the com-
pressor when a predetermined temperature threshold, a
voltage load threshold and/or a current threshold are/is
exceeded, wherein when the passive switching device
is in an open state the compressor is not powered, and
a monitoring means to detect whether the thermo pro-
tector circuit is opened or closed, wherein the monitoring
means includes: a system for monitoring the temperature
of the refrigerant, and a sensing circuit to detect a change
of potential and/or current at an assembly comprising the
compressor and the thermo protector circuit.
[0038] The method of determining or identifying the
kind of operation problem occurring during an operation

of a laundry treatment apparatus comprises the following
steps:

(i) continuously or repeatedly monitor the refrigerant
temperature during a drying cycle,
(ii) when monitoring a decrease of refrigerant tem-
perature while the thermo protector circuit is closed
and/or while the sensing circuit detects a predeter-
mined operating voltage and/or current, open the at
least one active switching device,
(iii) when monitoring a decrease of refrigerant tem-
perature while the thermo protector circuit is open
and/or while the sensing circuit does not detect a
predetermined operating voltage and/or current,
open the at least one active switching device until:

(iiia) monitoring that the thermo protector circuit
is closed and/or the sensing circuit does detect
a predetermined operating voltage and/or cur-
rent, and/or
(iiib) a predetermined recovery time of the at
least one passive switching device is elapsed,
and

(iv) when monitoring that the thermo protector circuit
is opened and/or the sensing circuit does not detect
a predetermined operating voltage and/or current af-
ter elapse of the predetermined recovery time, stop
the apparatus operation cycle and/or deactivate the
treatment apparatus.

[0039] The monitoring means to detect whether the
thermo protector circuit is opened or closed may be any
of the above or below described circuits.
[0040] As outlined above, when monitoring a drop of
the refrigerant temperature, the control unit is adapted
to switch-off the at least one active switching device as
the temperature drop signals a possible operation prob-
lem. In particular, the switching-off of the active switching
device is a consequent act after the refrigerant drop has
been detected. When additionally the sensing circuit is
sensing a predetermined (i.e. correct) operating voltage,
that means that the compressor operates correct (thermo
protector circuit closed) and the drop of the capillary tem-
perature may be caused by a different reason, for exam-
ple by a leakage on the refrigeration circuit.
[0041] In the other case, when sensing a refrigerant
temperature decrease and additionally the sensing cir-
cuit returns or senses a null voltage, this means that a
fault on the compressor circuit has occurred. For example
the thermo protector circuit is open, a wiring is broken or
defect, or the compressor is defective (e.g. compressor
gripped).
[0042] When the thermo protector circuit has been ac-
tivated or opened, the thermo protector circuit is adapted
to recover its closed state after a predetermined recovery
time time, which may be about 10 to 20 min. As described
above when sensing that the thermo protector circuit is
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closed and/or when the sensing circuit detects a prede-
termined operating voltage and/or current, the at least
one active switching device is closed, such that the com-
pressor is powered.
[0043] When a permanent fault such as a broken elec-
trical motor wire occurs, the fault remains after the pre-
determined recovery time of the thermo protector circuit.
Thus when the predetermined recovery time elapses
without the sensing device sensing a predetermined op-
erating voltage/current, a wiring problem or a defective
compressor is identified.
[0044] Preferably the above method comprises addi-
tionally the following steps: when the sensing circuit de-
tects a predetermined operating voltage and/or current,
the at least one active switching device is switched-on,
and when the sensing circuit does not detect a predeter-
mined operating voltage and/or current after a predeter-
mined recovery time of the at least one passive switching
device is elapsed, the drying cycle is stopped and/or the
treatment apparatus is deactivated/switched-off.
[0045] Preferably the above method comprises addi-
tionally or alternatively the following steps: when the
sensing circuit does not detect a voltage/current after a
predetermined recovery time of the at least one passive
switching device is elapsed, or when monitoring that the
thermo protector circuit is opened after elapse of the pre-
determined recovery time, a corresponding error mes-
sage is memorized in a memory of the control unit and/or
displayed in a display of the treatment apparatus. With
this feature the kind of error or fault of the treatment ap-
paratus is conveniently identifiable for a user.
[0046] Preferably the above method of determining or
identifying the kind of operation problem occurring during
an operation of a laundry treatment apparatus comprises
additionally or alternatively the following steps: wherein
after the sensing circuit detects a predetermined operat-
ing voltage/current and the at least one active switching
device is switched-on (i.e. the switch is closed), the es-
timation to determine a present operation value and to
correct an initial/current operation value as described
above is restarted.
[0047] Reference is made in detail to preferred embod-
iments of the invention, examples of which are illustrated
in the accompanying figures, which show:

Fig. 1 a schematic view of a laundry treatment ap-
paratus having a heat pump system,

Fig. 2 a schematic block diagram of components of
the treatment apparatus of Fig. 1,

Fig. 3a a flow chart illustrating a method of correcting
an estimation of an apparatus operation value
for a laundry treatment apparatus,

Fig. 3b a flow chart illustrating an alternative method
of of correcting an estimation of an apparatus
operation value for a laundry treatment appa-

ratus,

Fig. 3c a schematic representation of a sensing circuit
adapted to detect the activation of a thermo
protector circuit, and

Fig. 4 a flow chart illustrating a method of identifying
the kind of operation problem occurring during
an operation of a laundry treatment apparatus.

[0048] Fig. 1 depicts in a schematic representation of
a laundry treatment apparatus 2 which in this embodi-
ment is a heat pump tumble dryer. Alternatively the laun-
dry treatment apparatus 2 may be a washing machine
having a drying function (washer-dryer) or other laundry
treatment apparatus. In case of a washer dryer, the laun-
dry treatment chamber or drum 18 is arranged in a tub.
In the exemplary laundry dryer the apparatus compo-
nents are arrange in an apparatus housing 3.
[0049] The tumble dryer 2 as shown in Fig. 1 comprises
a heat pump system 4, including in a closed refrigerant
loop 6 in this order of refrigerant flow B: a first heat ex-
changer 10 acting as evaporator for evaporating the re-
frigerant R and cooling process air A, a compressor 14,
a second heat exchanger 12 acting as condenser for
cooling the refrigerant R and heating the process air, and
an expansion device 16 from where the refrigerant R is
returned to the first heat exchanger 10. Together with the
refrigerant pipes connecting the components of the heat
pump system 4 in series, the heat pump system 4 forms
a refrigerant loop 6 through which the refrigerant R is
circulated by the compressor 14 as indicated by arrow
B. If the refrigerant R in the heat pump system 4 is op-
erated in the transcritical or totally supercritical state, the
first and second heat exchanger 10, 12 can act as gas
heater and gas cooler, respectively.
[0050] The process air flow A within the treatment ap-
paratus 2 is guided through a compartment 18 of the
treatment apparatus 2, i.e. through a compartment 18 for
receiving articles to be treated, e.g. a drum 18, which
may be rotated by means of a drum motor 17. The articles
to be treated are textiles, laundry 19, clothes, shoes or
the like. In the embodiments described here these are
preferably textiles, laundry or clothes. The process air
flow is indicated by arrows A in Fig. 1 and is driven by a
process air blower 8 or fan. The process air channel 20
guides the process air flow A outside the drum 18 and
includes different sections, including the section forming
the battery channel 20a in which the first and second
heat exchangers 10, 12 are arranged. The process air
exiting the second heat exchanger 12 flows into a rear
channel 20b in which the process air blower 8 is arranged.
The air conveyed by blower 8 is guided upward in a rising
channel 20c to the backside of the drum 18. The air exiting
the drum 18 through the drum outlet (which is the loading
opening of the drum) is filtered by a fluff filter 22 arranged
close to the drum outlet in or at the channel 20.
[0051] When the heat pump system 4 is operating, the

11 12 



EP 2 927 366 A1

8

5

10

15

20

25

30

35

40

45

50

55

first heat exchanger 10 transfers heat from process air
A to the refrigerant R. By cooling the process air to lower
temperatures, humidity from the process air condenses
at the first heat exchanger 10, is collected there and
drained to a condensate collector, which is preferably
arranged below the heat exchangers 10, 12. The process
air which is cooled and dehumidified after passing the
first heat exchanger 10 passes subsequently through the
second heat exchanger 12 where heat is transferred from
the refrigerant R to the process air. The process air is
sucked from exchanger 12 by the blower 8 and is driven
into the drum 18 where it heats up the laundry 19 and
receives the humidity therefrom. The process air exits
the drum 18 and is guided in front channel 20d back to
the first heat exchanger 10. The main components of the
heat pump system 4 are arranged in a base section 5 or
basement of the dryer 2.
[0052] Fig. 2 shows a simplified block diagram of the
control and controlled components of the laundry treat-
ment apparatus which is here exemplified by dryer 2.
Program selection, setting of program options and pro-
gram start are made by a user via input panel 7. A display
7a informs the user on the program status, operation sta-
tus and other - for example it indicates a time-to-end TTE.
[0053] As shown in Fig. 2, the dryer 2 comprises an
active switch or relay 26 controlled by the control unit 9
to selectively switch the compressor 14 on/off. Addition-
ally a passive switching device 28 is provided, in this
embodiment a thermo protector switch or circuit, which
is not controllable by the control unit 9. The passive
switching device 28 is adapted to cut the power supply
to the compressor 14 e.g. when a predetermined tem-
perature threshold, a voltage load threshold and/or a cur-
rent threshold are/is exceeded. Thus, when the passive
switching device 28 is open or activated, the compressor
14 is not powered (switched-off), and when the passive
switching device is closed or de-activated the compres-
sor is powered (switched-on). Additionally the active
switching device 26 has to be in a closed state to allow
the compressor being switched-on.
[0054] A detector means is provided to determine at
least one operation parameter of the treatment appara-
tus. The at least one operation parameter may be one or
more of the following parameter: a power consumption
of a motor (e.g. the compressor motor, the drum motor
17, a fan motor) and/or the total power consumption of
the treatment apparatus, a driving torque of the drum
motor 17, a temperature of drying air entering and/or leav-
ing the treatment chamber 18, a refrigerant temperature,
an electrical parameter of a motor such as current, volt-
age, phase, or parameters derived therefrom, in partic-
ular a drum torque, and motor speed.
[0055] The control unit 9 is adapted to determine an
estimation of an initial apparatus operation value based
on at least one of the detected operation parameters as
mentioned above. The estimated apparatus value may
be one or more of the following: an operation cycle time-
to-end value (TTE), a residual humidity value, a latent

power, a laundry load and a process airflow amount. For
example a laundry load may be derived from a detected
drum torque value. The detected operation parameter
and/or the estimated operation value(s) may be stored
in a data storage means or data buffer 34.
[0056] Further, the control unit 9 is adapted to execute
an algorithm based on the at least one detected operation
parameter for correcting the estimation of the initial ap-
paratus operation value and/or for correcting a current
apparatus operation value. An initial operation value is
an operation value estimated at a beginning of a drying
cycle. Preferably some minutes after starting the drying
operation (e.g. by starting drum agitation) or after the
heat pump system operates in a steady state. There are
two possible ways of correcting an operation value: (i)
an estimated initial value may be corrected, e.g. such
that depending on the initial operation value a respective
look-up table may be used to determine a residual hu-
midity or a TTE, or (ii) a current operation value may be
corrected, wherein the current operation value may be a
value which is determined e.g. from a countdown of an
initial operation value or from a look-up table which dis-
closes the process of the operation value over time (e.g.
decrease of residual humidity over time). As a correction
of an estimated operation value is repeatedly executed
during an operation cycle, a very precise estimation of
the operation value is possible up to the end of the op-
eration cycle.
[0057] Fig. 3a depicts a flow chart illustrating an exam-
ple for the method of correcting an estimation of an ap-
paratus operation value for a laundry treatment appara-
tus 2 as described above. The operation value estimated
based on at least one detected operation parameter may
be a residual laundry humidity value, wherein the oper-
ation cycle time-to-end (TTE), i.e. the residual drying
time, is corrected depending on the estimated residual
laundry humidity.
[0058] In this particular embodiment, the at least one
detected operation parameter is dependent on the com-
pressor switch-on time. Consequently the operation val-
ue which is estimated based on the at least one operation
parameter is also dependent on the compressor switch-
on time. The above mentioned correction algorithm
would lead to wrong estimations in case they use signals
detected during an off-status of the compressor 14 or in
an unknown status of the compressor 14. If this should
happen, the dryer 2 may stop the drying process too early
or too late causing the laundry mass to be still wet or
energy is wasted due to over-drying.
[0059] In order to get a correct estimation of the oper-
ation value (here: residual humidity), i.e. for avoiding in-
correct estimations, the control unit 9 is adapted to exe-
cute or implement the method as shown in Fig. 3a and
as described in the following.
[0060] During a drying operation cycle a monitoring
means of the dryer 2, which is adapted to determine
whether the compressor 14 is switched on or off, contin-
uously or repeatedly monitors whether the compressor

13 14 



EP 2 927 366 A1

9

5

10

15

20

25

30

35

40

45

50

55

14 is switched on/off. When the compressor 14 is
switched-on, the above described correction of an initial
operation value and/or current operation value is execut-
ed.
[0061] When the monitoring means determines that
the compressor 14 is switched-off, it is optionally deter-
mined whether the compressor switch-off is part of a nor-
mal dryer operation, i.e. whether the compressor 14 has
been switched-off intentionally. For example in case a
refrigerant is too hot, but still sufficient cooling/heating
capacity of the heat pump system is available for drying
(e.g. close to the end of a drying cycle), the update pro-
cedure must not be interrupted. In particular a TTE count-
down does not have to be stopped.
[0062] When determining that the compressor stop or
switch-off is unintentional, the last estimated operation
value or the current operation value is frozen or main-
tained in the data buffer 34. Estimation of a present op-
eration value may be stopped, an estimated present op-
eration value may be discarded, and/or a correction of
the initial/current operation value may be stopped. Op-
tionally the countdown of a cycle time-to-end may be
slowed down or a TTE counter may be stopped.
[0063] When the monitoring means detects that the
compressor 14 is restarted or switched-on, the above
described correction of the initial/current operation value
is restarted and the TTE is updated. A delay may be
provided between the determination of the re-establish-
ment of the compressor-on status and the moment in
time in which the algorithm or a correction of initial/current
operation values are re-activated. This is useful to avoid
acquiring parameters before a reasonable stabilization
of the compressor and the heat pump system working
conditions are fully re-established.
[0064] Fig. 3b shows a flow chart illustrating an alter-
native method of correcting an estimation of an apparatus
operation value for a dryer 2 as described above.
[0065] Unless otherwise mentioned the above de-
scribed method steps of Fig. 3a correspond to the the
method steps of Fig. 3b. In contrast to the method shown
in Fig. 3a, in the method as shown in Fig. 3b it is monitored
whether the active switch 26 is closed, i.e. switched-
on/off, such that the compressor 14 is powered/not pow-
ered. I.e. when the active switch 26 is switched-on, the
compressor is powered (switched-on), and when the ac-
tive switch 26 is switched-off (i.e. open) the compressor
14 is not powered (switched-off). Thus when determining
that the active switch 26 is closed the above described
correction of an initial/current operation value is execut-
ed. When determining that the active switch 26 is open
the above described interruption of an operation value
correction or estimation is provided.
[0066] The method shown in Fig. 3b may be imple-
mented by using the schematically depicted representa-
tion of a sensing circuit as shown in Fig. 3c. By means
of the depicted sensing circuit and the control unit 9, an
activation of the passive switching device 28 may be de-
tected while the active switch 28 is in an open state.

[0067] The sensing circuit has been designed in view
of providing a sensing circuit that is cost-efficient and that
can be easily adapted to an existing compressor control
circuit. The arrangement depicted in Fig. 3c requires that
the active switch 26 is open (i.e. the compressor 14 is
switched-off) to evaluate the status of the passive switch-
ing device 28. In particular, when the active switch 26 is
closed, an electrical detecting circuit 30 detects the neu-
tral potential of the neutral line N independently from the
status of the passive switching device 28.
[0068] As shown in Fig. 3c, the compressor 14 is con-
nected in series with the passive switching device 28
(e.g. a thermo protector circuit). The assembly formed
by the compressor 14 and passive switching device 28
is connected to a line L and a neutral N of a power main.
The control unit 9 is connected to the active switch 26
which is located on the neutral N to which the compressor
14 is connected. An electrical detecting circuit 30 is con-
nected via a sensing wire 32b to a connection point be-
tween the passive switching device 28 and the active
switch 26 on the one hand and via a sensing wire 32a to
the control unit 9 on the other hand.
[0069] For example, the active switch 26 is switched-
off or opened as soon as a decrease of refrigerant tem-
perature is detected, which may result from the compres-
sor 14 being switched-off (i.e. the passive switching de-
vice 28 may be opened). After opening the active switch
26, the detecting circuit 30 is no longer ’blind’ and the
status of the passive switching device 28 can be deter-
mined. I.e. when the detecting circuit 30 detects a (normal
or desired) operating voltage or current of the compres-
sor 14, the active switch 26 is closed. When the detecting
circuit 30 does not detect an operating voltage/current,
the active switch 26 remains open, and the correction
and estimation of operation values is suspended or
stopped as shown in Fig. 3b.
[0070] Fig. 4 depicts a flow chart of a method for iden-
tifying or specifying the kind of operation problem which
may occur during an operation of a laundry treatment
apparatus 2 as described above. For example the above
described sensing circuit of Fig. 3c may be used for im-
plementing the below described method.
[0071] The refrigerant temperature is monitored con-
tinuously or repeatedly during an operation cycle of the
apparatus 2. When a decrease of the refrigerant temper-
ature is detected the active switch 26 is opened and a
timer is started to measure the compressor switch-off
time.
[0072] When a sensing circuit (e.g. a sensing circuit
as described above) detects an operating voltage or cur-
rent, no electrical fault has occurred. For example a re-
frigerant leak may be the cause of the refrigerant tem-
perature drop. Subsequently the compressor 14 may be
switched-on, i.e. the active switch 26 may be closed and
an estimation and correction of an operation value may
be restarted as described above.
[0073] When a or the sensing circuit does not detect
an operating voltage/current after a predetermined re-
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covery time of the passive switching device 28 is elapsed
(e.g. 20 min), a wiring problem or a defect of the com-
pressor 14 is indicated. Subsequently the operation of
the treatment apparatus is stopped. A corresponding er-
ror message may be memorised or displayed for precise-
ly identifying the problem involving the machine.

Reference Numeral List

[0074]

2 heat pump tumble dryer
3 casing/ housing
4 heat pump system
5 base section
6 refrigerant loop
7 input panel
7a display
8 blower
9 control unit
10 first heat exchanger (evaporator)
12 second heat exchanger (condenser)
14 compressor
16 expansion device
17 drum motor
18 drum (laundry compartment)
19 laundry
20 process air channel
20a battery channel
20b rear channel
20c rising channel
20d front channel
22 fluff filter
26 active switch (relay RL)
28 passive switch / thermo switch
30 electrical detecting circuit (ECS1)
32a-b sensing wire (S1, UCS1)
34 data storage means / data buffer
L line of power mains
N neutral of power mains
A process air
B refrigerant flow
R refrigerant

Claims

1. Method of correcting an estimation of an apparatus
operation value for a laundry treatment apparatus
(2), in particular a laundry dryer or a washing ma-
chine having a drying function, wherein the appara-
tus (2) comprises:

a laundry treatment chamber (18) for treating
laundry,
a heat pump system (4) comprising a first heat
exchanger (10) for heating a refrigerant, a sec-
ond heat exchanger (12) for cooling a refriger-

ant, an expansion means (16) and a compressor
(14) for circulating a refrigerant fluid (R) through
a refrigerant loop (6) of the heat pump system
(4),
a detector means for detecting at least one op-
eration parameter of the treatment apparatus
(2),
a control unit (9) for controlling the operation of
the treatment apparatus (2), wherein the control
unit (9) is adapted to determine an initial estima-
tion of an apparatus operation value based on
at least one detected operation parameter, and
wherein the control unit is adapted to execute
an algorithm for correcting the initial estimation
of an apparatus operation value and/or for cor-
recting a current apparatus operation value
based on at least one detected operation pa-
rameter,
a data storage means (34) for storing an esti-
mated operation value, wherein the method
comprises:
estimating an initial operation value and/or a cur-
rent operation value,
subsequently estimating a present operation
value by executing the algorithm during an ap-
paratus operation cycle, and
correcting the initial operation value and/or a
current operation value to or by using the esti-
mated present operation value.

2. Method according to claim 1,
wherein estimation of a present operation value and
correction of the initial/current operation value is ex-
ecuted continuously or repeatedly during an appa-
ratus operation cycle, and/or
wherein estimation of a present operation value and
correction of the initial/current operation value is ex-
ecuted at least two times during an apparatus oper-
ation cycle.

3. Method according to claim 1 or 2,
wherein the estimated operation value is selected
from at least one of the following operation values:

an operation cycle time-to-end value (TTE),
a residual humidity value,
a latent power,
a laundry load, and
a process airflow amount, and

wherein the at least one detected operation param-
eter is selected from at least one of the following
operation parameters:

a power consumption of a compressor motor, a
motor for rotating the treatment chamber, a cool-
ing fan motor and/or the total power consump-
tion of the treatment apparatus,
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a driving torque of a motor for rotating the treat-
ment chamber,
a temperature of drying air entering and/or leav-
ing the treatment chamber,
a refrigerant temperature,
an electrical parameter of a motor of the treat-
ment apparatus, and
motor speed of a motor of the treatment appa-
ratus.

4. Method according to claim 1, 2 or 3, wherein correct-
ing of the initial/current operation value to the present
operation value is executed in incremental steps.

5. Method of claim 4, wherein the incremental correc-
tion of the initial operation value and/or a current op-
eration value is made by adding a fraction of the dif-
ference between the estimated present operation
value and the initial operation value and/or current
operation value to the initial operation value and/or
current operation value as the increment.

6. Method according to any of the previous claims,
wherein the at least one detected operation param-
eter depends on compressor switch-on-time,
wherein the apparatus (2) comprises a compressor
monitoring means adapted to determine whether the
compressor (14) is switched-on or switched-off, and
wherein when determining that the compressor (14)
is switched-off, carrying out at least one of the fol-
lowing:

stop estimating a present operation value,
discard an estimated present operation value,
stop correcting the initial/current operation val-
ue, and/or
maintain current operation value.

7. Method according to any of the previous claims,
wherein the apparatus (2) comprises
at least one passive switching device (28) not con-
trollable by the control unit (9), the passive switching
device (28) including a thermo protector circuit
adapted to cut the power supply to the compressor
(14) when a predetermined temperature threshold,
a voltage load threshold and/or a current threshold
are/is exceeded, wherein, when the passive switch-
ing device (28) is in an open state, the compressor
(14) is not powered, and
a monitoring means to detect whether the thermo
protector circuit is opened or closed,
wherein the method comprises:
when monitoring that the thermo protector circuit is
opened, carrying out at least one of the following:

stop estimating a present operation value,
discard an estimated present operation value,
stop correcting the initial/current operation val-

ue, and/or
maintain current operation value.

8. Method according to any of the previous claims,
comprising:

restart estimating a present operation value and
correcting initial/current operation value, when
monitoring that the compressor (14) is switched-
on and/or when monitoring that the thermo pro-
tector circuit is closed.

9. Method according to any of the previous claims,
comprising:

delay restart of estimating a present operation
value and correcting initial/current operation val-
ue for a predetermined time after monitoring that
the compressor (14) is switched-on and/or after
monitoring that the thermo protector circuit is
closed.

10. Method according to any of the previous claims,
wherein the apparatus comprises a timer means for
counting down a residual drying time,
wherein the method comprises:

determine an initial residual drying time,
store the determined initial residual drying time,
start countdown from the initial residual drying
time,
detect the at least one operation parameter dur-
ing an apparatus operation cycle and execute
the algorithm to determine a present residual
drying time, and
correct countdown of the initial residual drying
time to the present residual drying time,
wherein when monitoring that the compressor
(14) is switched-off and/or the thermo protector
circuit is opened, carry out at least one of the
following:

stop countdown of the residual drying time
and store current residual drying time value,
stop executing the algorithm,
discard the at least one detected operation
parameter, and/or
discard the determined present residual
drying time.

11. Laundry treatment apparatus (2), in particular a laun-
dry dryer or a washing machine having a drying func-
tion, wherein the apparatus (2) comprises a control
unit (9) for controlling the operation of the treatment
apparatus (2), wherein the control unit (9) is adapted
to carry out a method according to any claim 1 to 10.

12. Laundry treatment apparatus (2) according to claim
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11, in particular a laundry dryer or a washing machine
having a drying function, wherein the apparatus (2)
comprises:

a laundry treatment chamber (18) for treating
laundry,
a heat pump system (4) comprising a first heat
exchanger (10) for heating a refrigerant, a sec-
ond heat exchanger (12) for cooling a refriger-
ant, an expansion means (16) and a compressor
(14) for circulating a refrigerant fluid (R) through
a refrigerant loop (6) of the heat pump system
(4),
a detector means for detecting at least one op-
eration parameter of the treatment apparatus
(2),
a control unit (9) for controlling the operation of
the treatment apparatus (2),
wherein the control unit (9) is adapted to deter-
mine an initial estimation of an operation value
based on at least one detected operation pa-
rameter, and wherein the control unit (9) is
adapted to execute an algorithm for correcting
the initial estimation of an operation value and/or
for correcting a current operation value based
on at least one detected operation parameter,
a data storage means (34) for storing an esti-
mated operation value,
wherein the control unit (9) is adapted to control
the operation of the treatment apparatus by:

estimating an initial operation value,
subsequently estimating a present opera-
tion value by executing the algorithm during
an apparatus operation cycle, and
correcting the initial operation value and/or
a current operation value to or by using the
estimated present operation value.

13. Laundry treatment apparatus according to claim 12,
wherein the apparatus (2) comprises at least one
passive switching device (28) not controllable by the
control unit (9), the passive switching device (28)
including a thermo protector circuit adapted to cut
the power supply to the compressor (14) when a pre-
determined temperature threshold, a voltage load
threshold and/or a current threshold are/is exceed-
ed, wherein when the passive switching device (28)
is in an open state the compressor (14) is not pow-
ered, and
a monitoring means to detect whether the thermo
protector circuit is opened or closed,
wherein the compressor (14) is connected in series
with the thermo protector circuit, and an assembly
formed by the compressor (14) and the thermo pro-
tector circuit is connected to a power main,
wherein the monitoring means comprises a sensing
circuit to detect a change of potential and/or current

at the assembly, wherein the sensing circuit com-
prises:

the control unit (9), connected to the active
switching device (26) which is located on the line
(L) or the neutral (N) of the power mains to which
the compressor (14) is connected; and
an electrical detecting circuit (30) connected to
a connection point located between the thermo
protector circuit and the active switching device
(26), on the one hand, and to the control unit (9),
on the other hand; and

wherein the control unit (9) is adapted to evaluate
the output of the electrical detecting circuit with the
active switching device (26) being switched-off in or-
der to evaluate the status of thermo protector circuit.
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