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(54) METHOD OF OPERATION OF A HEAT PUMP DRYING AND/OR WASHING APPLIANCE AND
HEAT PUMP DRYING AND/OR WASHING APPLIANCE

(67)  The present invention relates to method to op-
erate a washing and/or drying appliance (1) including

* A treating chamber where items are introduced and
treated with a process medium;

» a heat pump (30) system having a refrigerant circuit
(38) in which arefrigerant can flow, said refrigerant circuit
(38) including a first heat exchanger (31) where the re-
frigerant is cooled off, a second heat exchanger (32)
where the refrigerant is heated up, a compressor (33) to
pressurize and circulate the refrigerant through the re-
frigerant circuit, said compressor (33) including an elec-
tric motor, and a pressure-lowering device (34); said first
and/or second heat exchanger being apt to perform heat
exchange between said refrigerant flowing in said refrig-
erant circuit (38) and said process medium;

said method comprising:

« storing a plurality (j) of data couples, a first element of
each data couple being function of a maximum current
value iyax; for the compressor electric motor current, and
the second element of the couple being a corresponding
function of a compressor maximum temperature value
Tmaxj associated to the maximum current value iyax; of
the first element, said plurality of data couples delimiting
a safety work space for said compressor;

* measuring substantially at the same time a temperature
value T, representative of the temperature of said com-
pressor and a current value iy, representative of the cur-
rent absorbed by said electric motor of said compressor

while said heat pump is in operation;

+ comparing said measured temperature value Ty, and
said measured current value iy, with said plurality of data
couples; and

« cutting power supply to said compressor if:

o there is a data couple (Tyax imax;-) in said plurality
forwhich [Ty axg - Tyl = ming(| Tag- Tagaxgl) @nd iy imaxg- or
othere is a data couple (Tyaxj imax;+) in said plurality for
which |iMAXJ-* - iyl = min/-(|iM - iMAle) and Ty = Tyax™
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Description
Technical field

[0001] The present invention relates to a method of
operation of a drying and/or washing appliance including
a heat pump. The method is directed to enhance safety
and reduce drying time in a heat pump appliance com-
pared to the appliances of the prior art. Further, the in-
vention relates to a drying and/or washing appliance hav-
ing a heat pump.

Technological background

[0002] Laundry dryers and washer/dryers including a
heat pump system are becoming more and more wide-
spread nowadays due to their efficiency and low energy
consumption. In a heat pump system, besides the heat
exchanger, also a compressor is present, which, as the
name says, is apt to compress the refrigerant circulating
within the heat pump system. The compressor, in order
to perform its task, includes an electrical motor.

[0003] Many compressors employ numerous protec-
tion features to provide for safe and reliable operation of
the compressor and the corresponding system, e.g. the
heat pump system, in which the compressor is incorpo-
rated. As an example of compressor protection features,
an internal overload protector may be included in the ap-
pliance to prevent the motor of the compressor from ex-
ceeding predetermined thermal limits during operation.
The incorporation and inclusion of these protection fea-
tures into a compressor can be very complex and costly
to design and implement.

[0004] Further, generally overload protectors (OLP) in-
clude a bimetallic switch. When the OLP switches due
to a too high temperature or current, a relatively long time
is generally necessary before it cools down and thus can
be switched back in the original position, allowing the re-
start of the heat pump. For this reason, the washing or
drying cycles become very long and inconvenient for the
user.

[0005] According to certain safety regulations and
laws, before a washing and/or drying appliance can be
introduced in the market, it has to pass several tests in
order to prove its safety. One of those, for a heat pump
appliance, includes operating the appliance under very
harsh conditions and one of the test requirements is that
the overload protector should not trip, that is, the current
flow onto the motor of the compressor should not be in-
terrupted. An accurate control of the temperature of the
compressor and of the current absorbed in the motor of
the same is thus required in order to avoid the tripping.

Summary of the invention

[0006] The present invention relates to a laundry ap-
pliance and a method of operation of a laundry appliance
to dry and/or wash clothes or any other goods including
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a heat pump. The control of the heat pump of the laundry
appliance of the invention is improved compared to prior
art laundry appliances and in particular a good control
over the temperature of the compressor and/or the cur-
rentabsorbed by the motor of the compressoris achieved
so that the laundry washing and/or drying appliance, and
in particular the heat pump, can always work under safety
conditions, without any risk, or only with minimal risk, of
overheat.

[0007] The laundry appliance of the invention can be
for example a laundry dryer, a washing machine or a
laundry washer dryer.

[0008] It is known that a heat pump includes a refrig-
erant, a fluid which is evaporating and condensing. The
heat pump compresses the refrigerant to make it hotter
on the side to be warmed, and releases the pressure at
the side where heat is absorbed.

[0009] The refrigerant, in its gaseous state, is pressu-
rized and circulated through the system by a compressor.
On the discharge side of the compressor, now hot and
highly pressurized vapor is cooled in a heat exchanger,
called a condenser, until it condenses into a high pres-
sure liquid. The condensed refrigerant then passes
through a pressure-lowering device which may be for ex-
ample an expansion valve or a capillary tube. The low
pressure liquid refrigerant then enters another heat ex-
changer, the evaporator, in which the fluid absorbs heat
and evaporates. The refrigerant then returns to the com-
pressor and the cycle is repeated.

[0010] The compressor can perform its function thanks
to the energy derivable by an electric motor which ab-
sorbs a given current, for example from the mains.
[0011] Preferably, the compressor and its motor are
housed in the same shell.

[0012] Itis known inthe artthat a compressor of a heat
pump, such as the heat pump presentin laundry washing
and/or drying appliances, can work under safety condi-
tionifitworks in a field of temperature and current values
which are both positioned below a curve having a shape
and trend as depicted for example in fig. 5. Each com-
pressor has its own specific curve delimiting its own safe-
ty working area which depends on the characteristics of
the compressor itself. The temperature values in the
graph of fig. 5 indicate the temperatures of the compres-
sor itself while the current values indicate the current ab-
sorbed by the motor of the compressor.

[0013] As mentioned in the prior art, the requirement
of working in such a safe field or working area is generally
assured by the presence of a passive switch which inter-
rupts the power supply to the heat pump compressor
when predetermined thresholds of heat or current (or
voltage load) are exceeded. The passive switch - or the
OLP - opens when a threshold temperature of the heat
pump compressor is reached or when a power load or
current through the passive switch is reached, because
also in this case a high current causes the bimetallic
switch to overheat and reach the switching temperature.
[0014] When normal functioning conditions are re-es-
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tablished, the passive switch (e.g. a thermo-protector
such asthe OLP) is adapted to go back to operative status
closing the circuit; however there is a considerable delay
before this happens. It is to be noted, in fact, that com-
pressor OLP has a big inertia for turning back to the
closed position, typically about 30 minutes.

[0015] In the prior art it has been proposed, in order to
avoid this very long delay, to set a threshold temperature
so that, when the temperature at the compressor ex-
ceeds this threshold temperature, the power to the com-
pressorisinterrupted. Applicant has realized that settings
such as a temperature control where, when the temper-
ature of the compressor raises above a limittemperature,
the heat pump is stopped, is not an optimal solution. From
the shape of the curve in fig. 5, it is clear that for some
current ranges absorbed by the compressor’s motor, the
limittemperature could be too low and thus the heat pump
is stopped in too many occasions, while for some other
current ranges absorbed by the compressor, the set limit
temperature could be too high and the OLP could trip
anyhow.

[0016] Therefore a need for a different control is
present, so that the heap pump can on one side always
work in the safety field, without any actuation of the ther-
mo- protector, and on the other hand the interruption of
power to the compressor does not take place an exces-
sive number of times.

[0017] The Applicant has realized that a control of both
the current and the temperature is needed in order to
solve the aforementioned problem.

[0018] According to a first aspect, the invention relates
to a method to operate a laundry washing and/or drying
appliance including

e Atreating chamber where laundry is introduced and
treated with a process medium;

* a heat pump system having a refrigerant circuit in
which a refrigerant can flow, said refrigerant circuit
including a firstheat exchanger where the refrigerant
is cooled off, a second heat exchanger where the
refrigerant is heated up, a compressor to pressurize
and circulate the

refrigerant through the refrigerant circuit, said compres-
sor including an electric motor, and a pressure-lowering
device; said first and/or second heat exchanger being
apt to perform heat exchange between said refrigerant
flowing in said refrigerant circuit and said process medi-
um;

said method comprising:

* storing a plurality (j) of data couples, a first element
of each data couple being function of a maximum
current value iyax; for the compressor electric motor
current, and the second element of the couple being
a corresponding function of a compressor maximum
temperature value Tyax; associated to the maximum
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current value iyax; of the first element, said plurality
of data couples delimiting a predetermined safety
work space for said compressor;

* measuring, substantially at the same time, a temper-
ature value T, representative of the temperature of
said compressor and a current value iy, representa-
tive of the current absorbed by said electric motor of
said compressor while said heat pump is in opera-
tion;

* comparing said measured temperature value Ty;and
said measured current value iy, with said plurality of
data couples; and

e limiting power supply to said compressor if:

there is a data couple (Tyaxj+: imax;) in said plu-
rality for which | Tyax;« - Tpgl = ming| Ty - Typaxgl)
and iy 2 imaxj- Or

there is a data couple (Tyaxj+ imax;) in said plu-
rality for which |iMAX/-* iyl = min/(|iM - iMAle) and
Ty 2 Tuaxj

[0019] According to a second aspect, the invention re-
lates to a laundry washing and/or drying appliance in-
cluding:

e Atreating chamber where laundry is introduced and
treated with a process medium;

* a heat pump system having a refrigerant circuit in
which a refrigerant can flow, said refrigerant circuit
including afirst heat exchanger where the refrigerant
is cooled off, a second heat exchanger where the
refrigerant is heated up, a compressor to pressurize
and circulate the refrigerant through the refrigerant
circuit, said compressor including an electric motor,
and a pressure-lowering device; said firstand/or sec-
ond heat exchanger being apt to perform heat ex-
change between said refrigerant flowing in said re-
frigerant circuit and said process medium;

* A memory storing a plurality (j) of data couples, a
first element of each data couple being function of a
maximum current value iyax; for the compressor
electric motor current, and the second element of
the couple being a corresponding function of a com-
pressor maximum temperature value Ty ax; associ-
ated to the maximum current value iyax; of the first
element, said plurality of data couples delimiting a
predetermined safety work space for said compres-
sor;

e Atemperature and a current sensor apt to measure
substantially at the same time a value indicative of
a temperature of said compressor and a value indic-
ative of an absorbed current of said compressor elec-
tric motor, respectively;

e A processing unit apt to receive a signal sent by said
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temperature sensor and a signal sent by current sen-
sor based on said measured values; said processing
unit being able to compare said signals based on
said measured temperature value Ty, and said ab-
sorbed current value iy, with said plurality of data;
and to limit power supply to said compressor if

= There is a data couple (Tyaxj imax;™) in said
plurality for which |Tyax - Tyl = ming(| Ty -
Taxil) and iy = ipax;- or

= There is a data couple (Tyaxj imax;) in said
plurality for which |ipjaxi« - i = minglip - ipgaxl)
and Ty > Tyaxg-

[0020] The appliance of the invention may be prefera-
bly a laundry dryer, a laundry washer dryer or a washing
machine.

[0021] A heat pump appliance includes a treating
chamber, such as a drum, in which the load of laundry,
e.g., clothes, or other items to be washed and/or dried
are placed. The treating chamber is part of a process
circuit, in particular for example a closed-loop air circuit
in case of a condensed dryer or an open air circuitin case
of a vented dryer, which in both cases includes an air
duct for channelling a stream of air to dry the load. The
process air circuit is connected with its two opposite ends
to the treating chamber. For example, in the case of a
dryer, hot dehumidified air is fed into the treating cham-
ber, flowing over the laundry, and the resulting humid
cool air exits the same. The humid air stream rich in water
vapor is thenfedinto an evaporatorof aheat pump, where
the moist warm process air is cooled and the humidity
present therein condenses. The resulting cool dehumid-
ified air is then either vented outside the appliance in the
ambient where the latter is located or it continues in the
closed-loop circuit. In this second case, the dehumidified
air in the process air circuit is then heated up before en-
tering again in the drying chamber by means of a con-
denser of the heat pump, and the whole loop is repeated
till the end of the drying cycle. Alternatively, ambient air
enters into the drum from the ambient via an inlet duct
and it is heated up by the condenser of the heat pump
before entering the drying chamber. Different circuits are
known in the art in case of a washing machine or a wash-
er-dryer.

[0022] The heat pump of the laundry appliance in-
cludes a refrigerant circuit in which a refrigerant can flow
and which connects via piping a first heat exchanger or
condenser, a second heat exchanger or evaporator, a
compressor and a pressure-lowering device. The refrig-
erant is pressurized and circulated through the system
by the compressor. On the discharge side of the com-
pressor, the hot and highly pressurized vapor is cooled
in the first heat exchanger, called the condenser, until it
condenses into a high pressure, moderate temperature
liquid, heating up the process air before the latter is in-
troduced into the drying chamber. The condensed refrig-
erant then passes through the pressure-lowering device
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such as an expansion device, e.g., a choke, a valve or a
capillary tube. The low pressure liquid refrigerant then
enters the second heat exchanger, the evaporator, in
which the fluid absorbs heat and evaporates due to the
heat exchange with the warm process air exiting the dry-
ing chamber. The refrigerant then returns to the com-
pressor and the cycle is repeated.

[0023] In order to compress the refrigerant, the com-
pressor includes an electric motor which is commonly
powered by a current, for example a current coming from
the mains.

[0024] The compressor, in order to work in safety con-
ditions, should not overheat, that is, there is a field of
working conditions, function of the temperature of the
compressor and of the absorbed current of the electric
motor of the compressor, in which the compressor can
work without overheating. The field of safe working con-
ditions for the compressor is generally delimited by a
compressor curve such the one depicted in fig. 5. In the
following the curve which delimits the "real" safety field
of the compressor as given by the compressor manufac-
turer (or as obtained by field tests) is called "compressor
curve".

[0025] In many appliances in which an overload pro-
tector OLP is present, this curve may represent a tripping
curve of the OLP, that is, the curve of fig. 5 represents
the temperature vs. current curve above which the OLP
interrupts the supply of current to the compressor. The
tripping curve of the OLP is generally provided, in a cur-
rent-Temperature graph, as a triplet of curves having an
"average" central curve comprised between two curves
representing a minimum curve and a maximum curve.
The area comprised between the minimum and the max-
imum curves indicates combinations of current and tem-
peratures values that may cause tripping of OLP, i.e. and
area where the OLP tripping may be possible, but not
ensured. The central curve is the "average" curve for OLP
tripping. The area beyond the maximum curve indicates
that for points in such an area the OLP certainly trips,
while the area below the minimum curve indicates that
for points in such an area the OLP does not trip. In the
following, for conciseness reasons, the triplet of curves
will be called simply the "OLP curve". The safety field
curve of the compressor (compressor curve) and the trip-
ping curve of the OLP may not coincide, however the
OLP tripping curve is generally below or equal the com-
pressor curve, so that the compressor having an OLP
can always work under safety conditions. This curve, al-
though as said could be represented as a "strip" of values
comprised between a maximum and a minimum curve,
marks the boundary above which the OLP trips and it is
called in the following "OLP tripping strip".

[0026] According to the present invention, in order to
be sure that the compressor always works in the above
mentioned safety field, that is, in the range of tempera-
tures and absorbed currents by the motor which is not
causing overheat, a control of the temperature and of the
current has been implemented in the laundry appliance.
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[0027] First of all, a predetermined safety field area or
space is selected, in terms of temperature of the com-
pressor and current to the compressor motor, in which it
is desired that the compressor works. The control of the
invention assures that the compressor is substantially
only working in this predetermined safety field.

[0028] According to a first step of the method of the
invention or according to an element of the laundry ap-
pliance, a plurality of data couples which delimits the pre-
determined safety work field space is obtained and
stored, for example in a memory inside the laundry ap-
pliance. Such plurality of data couples could be a plurality
of discrete couples, such as in a look up table, or a con-
tinuous curve. Each couple of the plurality (either contin-
uous or discrete) includes a first element which is a value
function of the maximum acceptable temperature by the
compressor and a second element which is a value func-
tion of the maximum acceptable current absorbed by the
compressor electric motor for the value of the tempera-
ture defined in the first element. Each couple therefore
sets a "boundary-point" of the predetermined safety work
field space of the compressor, thatis, for values of current
and/or temperature above such a point, the compressor
is not working in the chosen predetermined safety field.
Each data couple could be considered for example as a
point belonging to the curve offig. 5. Itis to be understood
that the predetermined safety field space could be differ-
ent from the safety field space of the compressor as cer-
tified by the manufacturer, as detailed below.

[0029] In case of a look up table, where j (j=1....,Iast)
couples are stored, the various couples could be for ex-
ample stored as

Tvaxt: imaxi

Tvaxz: imax2

Tuaxj IMaxj

TMAXiast: IMAXIast
[0030] Each data couple of the table depicted above

has the following meaning:

Tyuaxi is the j-th value function of the maximum tem-
perature which is considered to be safe for the com-
pressor atan absorbed currentequalto iyx;, or vice-
versa the couple can be seen as the maximum ab-
sorbed current iyax; which is considered to be safe
for the compressor at a temperature of the compres-
sorequal to Tyax;. Givenatemperature value, there-
fore, from the look up table, the maximum current
which can be absorbed by the compressor at such
a temperature value can be checked and, in the
same way, given a current value, from the look up
table, the maximum working temperature at which
the compressor can work when its motor absorbs
such a current can be checked as well.

[0031] Each couple thusincludes afirst element, inthe
depicted table the temperature of the compressor, and
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an associated second element, the current absorbed by
the electric motor of the compressor. The temperature
and current values could also be swopped for each cou-
ple, so that the current is the first element and the tem-
perature the second element.

[0032] Alternatively, a continuous curve, which can be
considered as made of aninfinite number of data couples,
instead of a look up table (which is defined as a finite
number of data couples) can be stored inside the laundry
appliance. Such a curve, called in the following "stored
curve", can have any shape as long as it is below or it
coincides with the curve of fig. 5 taken for a specific com-
pressor. In the following a continuous curve is considered
as a plurality of data couples, where the plurality is equal
to infinity, so that the wording "a plurality of data couples”
indicates both the look up table and the continuous curve.
[0033] In this embodiment in which a curve is stored,
this curve can be stored as

imax(T) = f(T) where iy ax @and T are forming infinite data
couples representing the maximum current as a function
of the compressor temperature, or

Tuax(i) = g(i) where Ty ax and i are forming infinite data
couples representing the maximum temperature as a
function of the currentabsorbed by the compressor's mo-
tor.

[0034] Alternatively, both the above curves can be
stored, for example in a memory of the laundry appliance.
In an embodiment, these curves or look up tables can be
stored in a control unit of the appliance.

[0035] The curve is made of an infinite number of cou-
ples, i.e. j is infinite, where the first element is the tem-
perature (or the current) and the second element the de-
rived (from the equation) corresponding current (or tem-
perature).

[0036] The data couples in the look-up table or the
stored continuous curve are in each point always below
or equal to the safety curve known for a given compres-
sor, that is, the stored curve or the couples in the look-
up table are always below the compressor curve. In ad-
dition, such a curve or look-up table couples can be also
below or equal to the OLP tripping strip for which the OLP
trips. In addition, the stored curve orlook up table couples
could be below both the compressor curve and the OLP
tripping strip without intersecting them in any point. Also
the trend of the curve or of the couples in the look-up
table stored in the laundry appliance can be arbitrary,
they can form for example a step curve.

[0037] Among others, three different embodiments re-
garding the curve orlook - up table are therefore foreseen
in the present invention.

a. As mentioned above, the data couples of the look-
up table or the stored curve can include points lying
on the compressor curve or be the compressor curve
itself. In this case, the look-up table couples or the
stored curve represent the real boundary of the safe-
ty field for the compressor (predetermined safety
field = real safety field of the compressor). The data
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to create the look-up table or the stored curve are
obtained from the compressor specifications and
they are generally provided with the compressor it-
self from the manufacturer.

b. Alternatively, the couples in the look up table or
the stored curve can include points lying on the OLP
tripping curve or be the OLP curve itself, OLP curve
for which the OLP trips and which is defined for each
given OLP. The couples in the look up table or the
stored curve can be representative of the minimum
and/or maximum curve enveloping the OLP tripping
strip. The curve of the OLP is always below or equal
the compressor curve defining the boundary of the
safety field for the compressor. Therefore, in this em-
bodiment, the couples in the look-up table or the
stored curve, representing the OLP curve, are locat-
ed below or at the safety field curve of the compres-
sor (used in embodiment a.).

c. In a different embodiment, each of the couples in
the look-up table or the stored curve are always lying
below the compressor curve, or the minimum curve
which envelops the OLP tripping strip, that is to say,
all values of the couples or the whole stored curve
are located in the "safety field" defined below the
compressor curve or the OLP tripping strip, curves
that are specific for a given compressor or OLP re-
spectively. The couples in the look-up table or the
continuous stored curve are shifted to lower values
of temperature and/or current with respect to the
compressor curve or the OLP tripping strip, so the
couples of the look-up table or the stored curve are
well within the safety field area for the compressor,
or well within the OLP intervention. Therefore, in this
embodiment, a further safety is implemented, so that
the real boundary of the safety field of the compres-
sor, or the OLP activation are substantially never
reached.

[0038] The look-up table or stored continuous curve is
specific for a given compressor If a different compressor
is used, preferably a different look-up table or curve is
used as well.

[0039] In order to check that the compressor of the
heat pump works during the laundry appliance cycles
within the predefined safety field area, two measure-
ments are performed according to the invention. A first
measurement, for example by means of a temperature
sensor, is performed so as to acquire a value which is
indicative of the temperature of the compressor. The tem-
perature value measured does not have to be the tem-
perature of the compressor, butit can be the temperature
of another element, as long as itis possible to derive from
it the temperature of the compressor.

[0040] Further, a second measurement is performed
of a value indicative of the current absorbed by the motor
of the compressor. The absorbed current can be meas-
ured in different ways. However, also a different value
can be measured, and not directly the absorbed current
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of the motor, as long as the absorbed current can be
derived from it. A voltage measurement could be per-
formed as well.

[0041] Thetwomeasurements are performed substan-
tially at the same time t.

[0042] Theresults ofthe measurements are two values
representing - or function of - the temperature of the com-
pressor at the time t, Ty,, and of the current absorbed by
the electric motor of the compressor at time t, iy;.
[0043] The measured values are then compared, for
example by means of the control unit, to the stored data
couples, either in form of look up tables or curves.
[0044] Two ways to compare the results can be used.
In a first embodiment, in case look up tables are used,
the measured temperature is compared with the first el-
ements (in this first embodiment, just by way of example,
it is considered that the temperature is the first element
and the current the second element of each stored cou-
ple) of the j stored couples. A specific couple is found for
which the measured Ty, is closest in value to the stored
Tmax; thatis, a couple (Tyax;- imax;) is searched in the
lookup table for which | Tyax - Tpgl = ming| Ty - Tppaxl)-
[0045] Itis selected among all j couples the one which
has the first element having the smallest distance dj =
|Tas - Timaxgl to the measured value Ty For example, all
dj can be calculated for all couples with j from 1 to last
and the couple having the minimum d; - called dj - is
selected. Preferably, the minimum distance dj* between
the measured temperature and the closest value found
among the couples, that is TMAXJ-*, is equal to or below
0.5°C. The fact that there is not a precise match between
the first element of the closest stored couples and the
measured value is due to the discrete nature of the look-
up table, however it is preferred that there are enough
couples in the look-up table that the predetermined
boundary field is sampled each 0.5 °C at least. To the
found first element Tyax;- @ given iyaxj as a second
element is associated in the same couple, that is the
Tuaxj for which [Tyaxy - Tyl = ming| Ty - Tpaxgl) is the
first element of a couple and the second element of the
couple is a given iyaxj+ This second element iyax;- is
then compared to the measured value of the current, that
is, the second element of the couple is compared to iy.
If the measured current is above the maximum allowed
current for the given temperature, then the compressor
at time t is working outside the safety field area. This
happens if

Iv 2 Tyax.

[0046] If instead of a look up table, a curve is stored in
the control unit of the appliance, there is a perfect match,
that is, the value T, is the value of the selected point in
the stored curve. The maximum current (second element
of the couple, the first element is Tyax = Ty) is first
calculated using the measured temperature value T, via
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the function

iMAXj* = f(TM)

and then this iyaxj- is compared with the measured iy as
above. Again, if the measured current is above the max-
imum allowed current for the given temperature, then the
compressor at time t is working outside the predeter-
mined safety field area. This happens if

Im 2 Imaxj*.

[0047] Inasecond embodiment, in case look up tables
are used, the measured current is compared with the
second elements (in this second embodiment it is also
considered that the temperature is the first element and
the current the second element of each stored couple)
of the stored couples. A specific couple (Tyaxj imax;)
is found for which the measured iy, is closest in value to
the stored iMAXJ-*, that is, a couple is searched in the
lookup table for which |igsax; - ipl = ming(ling - ipgaxgl)-
[0048] Itis selected among all j couples the one which
has the first element having the smallest distance d; = iy
- ipaxjl to the measured value iy,. For example, all d; can
be calculated for all couples with j from 1 to last and the
couple having the minimum d; - called dj- - is selected. It
is selected among all j couples the one which has the
first element having the smallest distance d; = |iy - iyax;]
to the measured value iy;. For example, all dj can be cal-
culated for all couples with j from 1 to last and the couple
having the minimum dj -called dj* -is selected. Preferably,
the minimum distance d;- between the measured current
and the closest value found among the couples, that is
imaxj+ is equal to or below 0.1 A. The fact that there is
not a precise match between the second element of the
closest stored couples and the measured value is due to
the discrete nature of the look-up table, however it is pre-
ferred that there are enough couples in the look-up table
that the predetermined boundary field is sampled each
0.1 A at least. To the found iyax;- @ given Tyax;- is as-
sociated, that is the iyax;- for which |iyaxg - iyl = mingiy
- imaxjl) is the second element of a couple and the first
element of the couple is a given Ty« This first element
Tmax; is then compared to the measured value of the
temperature, that is, the second element is compared to
Ty If the measured current is above the maximum al-
lowed temperature for the given current, then the com-
pressor at time t is working outside the safety field area.
This happens if

T 2 Twmax.
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[0049] If instead of a look up table a curve is stored in
the control unit of the appliance, there is a perfect match,
that is, the value iy, is the value of the selected point in
the stored curve. The maximum temperature (first ele-
ment of the couple, the first element is iy axj« = i) is first
calculated via the function

Tmax = glim)

and then this Tyax; is compared with the measured Ty
as above. If the measured currentis above the maximum
allowed temperature for the given current, then the com-
pressor at time t is working outside the safety field area.
This happens if

T 2 Twaxg.

[0050] If the value of the measured current and/or the
measured temperature are outside the safety field area,
then the compressor receives a limitation in the power
supply, which may include a power reduction or a com-
plete power cut.

[0051] The step of limiting the power supply to the com-
pressor could include to supply the compressor with a
reduced power or with no power atall, thatis, forexample
the power to the motor of the compressor is cut off, be-
cause the compressor is not working in the prescribed
temperature/current field. The decision whether the pow-
er is reduced or cut off completely depends, among oth-
ers, onthe choice of the predetermined safety field, which
in turn imply the choice of the stored curve or of the cou-
ples of the look-up table. In case for example the prede-
termined safety field coincides - as in the embodiment a.
- with the real boundary for a safe functioning of the com-
pressor (the compressor curve), when such a safety field
is exceeded, it is preferred to cut the power supply com-
pletely. Alternatively, in a case like embodiment c. where
although the couples in the look-up table or the curve are
exceeded by the measured values, the real safety field
probably is not exceeded yet, thus the power to the com-
pressor could be reduced, because there is a "buffer" of
safety field area before reaching the real boundary of the
safety field of the compressor.

[0052] Therefore, according to the invention, as soon
as the boundary imposed by the stored curve or the look-
up table of the predetermined safety field are exceeded,
the power to the compressor is limited because there is
the risk that the compressor may overheat or the OLP
may trip.

[0053] Thus, in particular in embodiment b. and c., if
the laundry appliance of the invention includes an OLP,
the control of the invention prevents the OLP from tripping
because it interrupts or limit the flow of current to the
compressor electric motor even before the activation of
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the OLP, being all the data couples or stored curve below
the tripping curve of the OLP. In particular, all the data
couples or stored curve are below the minimum curve
which envelops the OLP tripping strip. In this way, the
compressor can be cooled and restarted in a much quick-
er way than in cases in which the OLP interrupts the
current flows. Further, in case the laundry appliance in-
cludesan OLP, the method and appliance ofthe invention
act as a "double security", so that in case of a double
failure of two components in a control circuitin the laundry
appliance, the compressor still will not overheat, being
shut down or having a more limited power either by the
OLP or by the control of the invention.

[0054] On the other hand, also when the OLP is not
present, the control of the invention forces the compres-
sor to work always in the predetermined safety field of
operation, because otherwise - outside such a field - the
current to the compressor is cut off or reduced.

[0055] It is to be understood that the inclusion of an
OLP is only one of the possible embodiments of the in-
vention. The laundry appliance of the invention and/or
operating according to the method of the invention could
also be "OLP-free", that is the control of the invention
allows removing the OLP from the laundry appliance and
at the same time guaranteeing the same safety level. In
that case, the data couples of the look-up table or the
stored curve can include points lying on the compressor
curve or be the compressor curve itself (embodiment a.).
[0056] The invention, according to the first or second
aspect, may include in combination or alternatively any
of the following characteristics.

[0057] Preferably, limiting power supply to the com-
pressor includes:

= switching OFF said compressor electric motor; or
= adjusting a rotational speed of the compressor
electric motor.

[0058] In order to limit the power supply to the com-
pressor, a first possibility is to stop the electric motor of
the compressor, switching it off. In this case a complete
power cut is obtained. Alternatively, a second possibility
is to change, such as to reduce, the rotational speed of
the motor of the compressor. In this way the limitation of
the power supply is obtained.

[0059] The choice whether to cut power completely or
only to reduce it depends on the selected embodiment,
that is, on the selected predetermined safety field.
[0060] Preferably, the method of the invention further
comprises:

e  Providing a compressor cooling fan in proximity of
said compressor; and, if said power to said compres-
sor has been cut, one or more of:

= Switching ON said compressor cooling fan;
= adjusting an upper threshold temperature of
the refrigerant for driving the switching ON of
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said compressor cooling fan;

= adjusting a lower threshold temperature of
the refrigerant for driving the switching OFF of
said compressor cooling fan;

= adjusting a rotational speed of said compres-
sor cooling fan;

= adjusting an ON/OFF ratio of said compres-
sor cooling fan.

[0061] As soon as it has been found out that the com-
pressor was working outside the safety field area and
thus the current has been cut off, one or more possible
corrective actions can take place in order to modify the
compressor status so that it can be moved as soon as
possible back into the safe working field, so that the cycle
is not interrupted for a very long time. Such corrective
actions, in case a compressor fan is present to blow air
onto the compressor, can be: immediately switch on the
compressor cooling fan to decrease the time needed by
compressor to cool. This action is useful when a current
absorption peak is present, since when the power cut off
is due to excessive heat it is likely that the fan is already
on. Alternatively orin addition, the control unit may modify
an upper threshold temperature of the refrigerant which
drives the switching on of the compressor cooling fan
and/or modify a lower threshold temperature of the re-
frigerant which drives the switching off of the compressor
cooling fan to ensure better compressor cooling. For ex-
ample, the upper threshold temperature of the refrigerant
at which the fan is switched on can be decreased. Addi-
tionally or alternatively, the lower threshold temperature
of the refrigerant at which the fan is switched off could
be decreased. A further alternative could be to modify
the rotational speed of the fan, e.g. above a predeter-
mined refrigerant temperature, to improve the cooling of
the compressor, particularly increasing the rotational
speed of the fan. Alternatively, due to the fact that often
the compressor cooling fan is not a variable speed fan
for costs reasons, the ON/OFF ratio of the compressor
cooling fan is changed, and preferably increased.

[0062] Preferably, the method, when said process me-
dium is drying air flowing in a process drying air circuit
and said apparatus is apt to dry items, comprises:

*  Providing a process fan to move air within said proc-
ess air drying circuit; and, if said power to said com-
pressor has been cut, one or more of:

= Switching ON, or keeping switched ON said
process fan;

= adjusting a rotational speed of said process
fan.

[0063] Also modifications to the process fan motor pa-
rameters may be applied to try to ensure better cycle
conditions. An option could be to modify, in particular to
increase, the motor speed of the process fan to ensure
higher air flow. Alternatively, another solution could be
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to increase motor speed during motor rotation direction
inversion phase to increase the available drying air flow
during this phase.

[0064] Advantageously,the method further comprises:

= adjusting the rotational speed and/or the clock-
wise/counterclockwise rotation ratio of a motor
adapted to drive into rotation the treating chamber.

[0065] Also modifications to the treating chamber,
such as the drum, can be applied to try to ensure better
cycle conditions: a first possibility is to modify drum motor
reversing behavior, this is relevant when a single motor
drives both the process fan and the treating chamber.
During motor reversing phase, the rotation direction of
the motor is changed to better tumble the laundry, how-
ever the process fan provides only a part of the nominal
flow rate available when the process fan rotates in the
main direction and the decrease of dying air flow can
worsen compressor working condition. To try to improve
this aspect, itis possible to reduce motor stop time and/or
reduce the time interval of the motor rotation direction
inversion phase; or to reduce reversing frequency in-
cludes the chance to completely avoid any reversing for
the remaining duration of the cycle; or to increase motor
speed during motor rotation direction inversion phase to
increase the available drying air flow during this phase.
Alternatively, the laundry could be stuck in a given posi-
tion within the treating chamber and could block the flow
of process air, overheating the compressor. Therefore,
changing the rotation speed or the rotation direction of
the treating chamber could re-position the laundry and
allow the process air to flow again.

[0066] In a preferred embodiment, the method com-
prises:

*  Setting a threshold safety value igfety;

And wherein comparing said measured temperature val-
ue Ty, and said measured current value iy, with said plu-
rality of data couples includes:

* Comparing said measured temperature value Ty,
with said plurality of data couples;

*  Determining a data couple (Tax; imax;*) for which
[ Thaxg = Taal = ming| Ty - Tagax);

* comparing a maximum current value iyay; of said
data couple corresponding to the determined closest
maximum temperature value Tyax; to the measured
current value iy;

e limiting power supply to said compressor if |iMAX/-* -
iMl < isafety-

[0067] As mentioned, the curve or the lookup table
stored in the appliance could delimit the safety working
field area of the compressor, obtained for example from
test studies on the compressor, from the manufacturer,
etc. (embodiment a.), or could be similar to a character-
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istic strip of the OLP which might be present in the ap-
pliance (embodiment b.), or could be positioned below
both the OLP tripping strip and the compressor curve
(embodiment c.) depending on the chosen predeter-
mined safety field. In any case, in order to even further
assure that the compressor is always working in the pre-
determined safety field, in this preferred embodiment a
further constraint is set: the measured current absorbed
by the motor of the compressor at a given measured tem-
perature should be not only lower than the point in the
curve or value in the lookup table at about the same tem-
perature, but also lower than that value plus at least an
extra "safety addition”, which is called safety value igyget, -
[0068] Thus, given a measured value Ty, the couple
having the closest value of the first element to this meas-
ured value is selected. This couple (Tyax; imaxj) is de-
termined by calculating the Tyaxj» among all Tya;
j=1...last for which | Tyyax;- - Tyl = min(| Ty - Typaxil)- The
second element of the couple iy ax;- is then compared to
the measured value iy and it is checked whether [iyax;«
- iMl < isafety-

[0069] Ifthisisthe case, thatis, if the measured current
at a given measured temperature is closer to the curve
or the look-up table second element value at about the
same temperature of less than the safety value igafetys
the power to the compressoris limited. In the embodiment
c. where the stored curve or stored look-up table is al-
ready below the compressor safety field boundary curve,
preferably the power to the compressor, because this
safety value g4z, is an additional safety on top of the
already existing safety shift of the stored curve or look-
up table with respect to the real boundary of the com-
pressor safety field. In the embodiments a. or b., prefer-
ably the power to the compressor is reduced if iy <iyax;,
otherwise the compressor is switched off.

[0070] Advantageously, the method comprises:

*  Setting a threshold safety value Tgagety;

[0071] Andwherein comparing said measured temper-
ature value Ty, and said measured current value iy, with
said plurality of data couples includes:

» Comparing said measured current value iy, with said
plurality of data couples;

*  Determining a data couple (Tyaxj+ imax;*) for which
linsaxgs = il = mingling - ipgaxgl);

* comparing a maximum temperature value Tyax;- of
said data couple corresponding to the determined
closest maximum current value iyax;- to the meas-
ured temperature value Ty;

e limiting power supply to said compressor if |TMAX/-*-
TMl < Tsafety.

[0072] This is a preferred embodiment analogous to

the one described above, reversing the checking order

of the measured values of current and temperature with
the plurality of stored couples.
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[0073] Preferably, the method includes:

*  Switching ON again said compressor after a prede-
termined time is elapsed from a switching OFF of
the compressor motor;

* Restore the compressor power supply as it was be-
fore the power limitation was made; or

e Supplying said compressor with a power which de-
pends on a selected drying cycle when said meas-
ured temperature value T\, is below a predetermined
threshold.

[0074] Anyofthe possible corrective actions above dis-
cussed, or others, may lead to a cooling down of the
compressor in arather quick time frame, in general quick-
er than the cooling down of an OLP. The compressor can
be thus switched on again after a predetermined time
has elapsed, or the power supply can come back to "nor-
mal", if the temperature of the compressor (which could
be the temperature of the refrigerant) has become sta-
bilized below a given threshold. The "normal" power sup-
ply depends generally on the drying cycle, or, in general,
the laundry treatment cycle, selected by a user and it is
stored, for example, in a control unit of the laundry dryer.
In this way, if the compressor has been switched off, it
can be switched on again relatively rapidly. For example,
an additional feedback on the temperature can be
present, thatis, the compressor can be switched on again
after the predetermined time has elapsed only if also the
compressor temperature is below a given threshold. If
the power has been only reduced, then such power can
also go back to the value it had before the power limitation
was made, depending on the temperature of the com-
pressor. Also in this case for example an additional feed-
back loop can be present, so that in addition of being
below a threshold, a given time has to elapse before the
compressor can be supplied at a predetermined power.
[0075] Advantageously, the method comprises:

* Repeating the step of measuring substantially at the
same time a temperature value T\, of said compres-
sorand a current value iy, of said compressor electric
motor while said motor is in operation at a given elec-
trical frequency.

[0076] The measurements of the current absorbed by
the compressor and the compressor temperature are
preferably performed continuously during the cycle of
washing and/or drying to continuously check the working
conditions of the compressor.

[0077] Preferably, in case an OLP is present in the
laundry appliance, then the measurements of currentand
temperature are taken only after a transient regime in
which the heatpump "warms up". Alternatively, the meas-
urements can be taken only after the temperature of re-
frigerant or of the compressor has reached a lower
threshold. In case there is no OLP in the laundry appli-
ance, preferably the temperature and current measure-
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ments are taken immediately after the drying cycle has
started because the risk of anomalous current peaks is
present and the OLP is not available to switch OFF the
power supply.

[0078] Preferably, the method includes:

e Storing afirst curve in the form iy x5 = f(Tyy) and T is
continuous; and

» Storing a second curve in the form T4 = g(iy,) and
i is continuous.

[0079] A preferred method is thus storing curves in a
continuous form, i.e. without solution of continuity, for
example in the control unit of the appliance.

[0080] The temperature sensor can be for example a
NTC or PCT thermistor.

[0081] Advantageously, said temperature sensor is lo-
cated, in the drying appliance, at a refrigerant outlet pro-
vided on said compressor or on a part of a housing shell
of said compressor.

[0082] The temperature sensor is located in a position
where it can best determined the temperature of the com-
pressor. With temperature of the compressor also the
temperature of the refrigerant flowing in the compressor
can be meant. In order to measure such temperature,
the sensor is either located at the refrigerant outlet to
measure the temperature of the refrigerant, or within the
housing shell of the compressor, in particular at a part of
such shell which is more subject to heat. The housing
shell of the compressor houses the compressor, its elec-
tric motor and the compression devices to compress the
refrigerant.

[0083] Preferably, the drying appliance includes an
overload protector, said plurality of data or continuous
curve being a characteristic curve of said overload pro-
tector. Said characteristic curve may be either the mini-
mum curve or the maximum curve which envelop the
OLP tripping strip. Alternatively, the laundry appliance
includes a compressor which is free from an overload
protector.

[0084] As already mentioned, the control on the tem-
perature of the compressor and current absorbed by the
compressor electric motor may be a further safety in ad-
dition to the OLP or a substitute to the OLP itself. In the
first case, the OLP tripping is prevented and further in
case of a malfunctioning of the control, the OLP inter-
venes; in the second case the removal of a component
in the appliance is achieved, reducing costs and com-
plexity of assembly.

[0085] Advantageously, said laundry appliance com-
prises a further electric motor to drive into rotation said
treating chamber and/or a blower, or, in general, a pump-
ing device, propelling said process medium.

[0086] Commonly, adryerwithout washing capabilities
includes a single motor driving both the process air fan
or blower and the treating chamber. On the other hand,
preferably washer-dryer includes two different motors,
one bringing into rotation the treating chamber, and the
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other one for commanding the blower of the process air
or process medium.

[0087] Preferably,the drying appliance includes an ac-
tive switch commanded by said processing unit to cut off
power to said compressor.

[0088] Preferably, the laundry appliance includes a
variable speed compressor.

[0089] Active switch and/or variable speed compres-
sor are possible means used to limit the power supply to
the compressor itself. A complete cut off of the power is
obtained by the activation of the switch, while a power
reduction is obtained reducing the speed of the compres-
SOr.

Brief description of the drawings

[0090] The present invention will now be described
with reference to the accompanying drawings that illus-
trate nonlimiting embodiments thereof, wherein:

* Figure 1 is a perspective view of a laundry dryer ac-
cording to the invention;

*  Figure 2 shows a perspective view with a portion of
the casing removed of the laundry dryer of Figure 1;

* Figure 3 is a perspective view, with parts removed,
of the basement of the laundry dryer of Figure 1
showing in detail the closed-circuit, heat-pump type
hot-air generator of the laundry dryer;

* Figure 4is aschematic representation of the working
principle of a heat-pump dryer according to the in-
vention;

*  Figure 5 is a graph of the compressor temperatures
vs. absorbed current below which the compressor
works under safety conditions;

* Figure 6 is a flow chart of a method of operation of
the dryer of the invention; and

*  Figure 7 is a portion of a flow chart of a variant of the
method of operation of the dryer of the invention.

Detailed description of one or more embodiments of the
invention

[0091] With initial reference to Figs. 1 and 2, a laundry
dryer realized according to the present invention is glo-
bally indicated with 1.

[0092] Although the presentdescription refers to a dry-
er, the laundry appliance of the invention could comprise
a dryer, a washer-dryer or a washing machine.

[0093] Laundry dryer 1 comprises an outer box or cas-
ing 2, preferably but not necessarily parallelepiped-
shaped, and a treating chamber, such as a drum 3, for
example having the shape of a hollow cylinder, for hous-
ing the laundry and in general the clothes and garments
to be dried. The drum 3 is preferably rotatably fixed to
the casing 2, so that it can rotate around a preferably
horizontal axis R (in alternative embodiments, rotation
axis may be tilted). Access to the drum 3 is achieved for
example viaadoor 4, preferably hinged to casing 2, which
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1"

can open and close an opening 4arealized on the casing
itself.

[0094] More in detail, casing 2 generally includes a
front wall 20, a rear wall 21 and two lateral walls 25, all
mounted on a basement 24. Preferably, the basement
24 isrealized in polymeric material. Preferably, basement
24 is molded via an injection molding process. Preferably,
on the front wall 20, the door 4 is hinged so as to access
the drum. The casing, with its walls, defines the volume
of the laundry dryer 1. Advantageously, basement 24 in-
cludes anupper and alower shell portion 24a, 24b (visible
in Figure 3 detailed below).

[0095] Thedryer 1, and in particular basement 24, de-
fines an horizontal plane (X,Y) which is substantially the
plane of the ground on which the dryer 1 is situated, thus
it is considered to be substantially horizontal, and a ver-
tical direction Z perpendicular to the plane (X,Y).

[0096] Laundry dryer 1 also preferably comprises an
electrical motor assembly 50 for rotating, on command,
revolving drum 3 along its axis inside casing 2. Motor 50
includes a shaft 51 which defines a motor axis of rotation
M (see figure 3).

[0097] Further, laundry dryer 1 may include an elec-
tronic control unit 100 (visible in figure 4) which controls
both the electrical motor assembly 50 and other compo-
nents of the dryer 1 to perform, on command, one of the
user-selectable drying cycles preferably stored in the
same control unit. The programs as well other parame-
ters of the laundry dryer 1, or alarm and warning functions
can be set and/or visualized in a control panel 11, pref-
erably realized in a top portion of the dryer 1, such as
above door 4. The control unit 100 may comprise one or
more printed control boards.

[0098] With reference to Figure 2, the rotatable drum
3includes a mantle, having preferably a substantially cy-
lindrical, tubular body, which is preferably made of metal
or polymeric material and is arranged inside the casing
2 and apt to rotate around the general rotational axis R
which can be - as said - horizontal, i.e. parallel to the (X,
Y) plane, or tilted with respect to the latter.

[0099] Drum 3 may be an open drum, i.e. with both
ends are open, or it may include a back wall (not shown
in the appended drawings) fixedly connected to the man-
tle and rotating with the latter.

[0100] In order to rotate, support elements for the ro-
tation of the drum are provided as well in the laundry of
the invention. Such support elements might include roll-
ers at the front and/or at the back of the drum, as well as
or alternatively a shaft connected to the rear end of the
drum (shaft is not depicted in the appended drawings).
In Fig. 2, for example, a roller 10 connected to the base-
ment via a boss 101 is depicted. Any support element
for the rotation of the drum around axis R is encompassed
by the present invention.

[0101] Dryer1additionallyincludes a process air circuit
which comprises the drum 3 and an air process conduit
18, depicted as a plurality of arrows showing the path
flow of a process air stream through the dryer 1 (see
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Figures 3 and 4). In the basement 24, a portion of the air
process conduit 18 is formed by the connection of the
upper shell 24a and the lower shell 24b. Air process con-
duit 18 is preferably connected with its opposite ends to
the two opposite sides of drum 3, i.e. first and second
endof mantle. Process air circuit also includes a fan or
blower 12 (shown in Figs. 3 and 4).

[0102] A dedicated motor can be coupled to the fan
12, but in a possible simpler implementation the same
motor can operate the fan 12 and the drum 3 (in other
words only one of the two motors can be present, such
as motor 50).

[0103] With now reference to figs. 3 and 4, the dryer 1
of the invention additionally comprises a process air gen-
erator, in the depicted embodiment a heat pump system
30 including a first heat exchanger (called also condens-
er) 31 and a second heat exchanger (called also evap-
orator) 32. Heat pump 30 also includes a refrigerant
closed circuit (partly depicted) in which a refrigerant fluid
flows, when the dryer 1 is in operation, cools off and may
condense in correspondence of the condenser 31, re-
leasing heat, and warms up, in correspondence of the
second heat exchanger (evaporator) 32, absorbing heat.
A compressor receives refrigerant in a gaseous state
from the evaporator 32 and supplies the condenser 31,
thereby closing the refrigerant cycle. In the following the
heat exchangers are named either condenser and evap-
orator or first and second heat exchanger, respectively.
More in detail, the heat pump circuit connects via piping
35 (see Fig. 3) the second heat exchanger (evaporator)
32 via a compressor 33 to the condenser 31. The outlet
of condenser 31is connected to theinletof the evaporator
32 via an expansion device 103, such as achoke, a valve
or a capillary tube.

[0104] Compressor 33 is driven by an electric motor
(not visible in the figures), preferably integrated with the
compressor in the same housing. Preferably, the com-
pressor is a variable speed compressor so that the com-
pressing velocity can be modified.

[0105] Preferably, in correspondence of evaporator
32, the laundry dryer 1 of the invention may include a
condensed-water canister (also not visible) which col-
lects the condensed water produced, when the dryer 1
is in operation, inside evaporator 32 by condensation of
the surplus moisture in the process air stream arriving
from the drying chamber (i.e. drum) 3. The canister is
located at the bottom of the evaporator 32. Preferably,
through a connecting pipe and a pump (not shown in the
drawings), the collected water is sent in a reservoir lo-
cated in correspondence of the highest portion of the
dryer 1 so as to facilitate a comfortable manual discharge
of the water by the user of the dryer 1.

[0106] The condenser 31 and the evaporator 32 of the
heat pump 30 are located in correspondence of the proc-
ess air conduit 18 formed in the basement 24.

[0107] In case of a condense-type dryer - as depicted
in the appended figures - where the air process circuit is
a closed loop circuit, the condenser 31 is located down-
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stream of the evaporator 32. The air exiting the drum 3
enters the conduit 18 and reaches the evaporator 32
which cools down and dehumidifies the process air. The
dry cool process air continues to flow through the conduit
18 till it enters the condenser 31, where it is warmed up
by the heat pump 30 before re-entering the drum 3.
[0108] It is to be understood that in the dryer 1 of the
invention, an air heater, such as an electrical heater, can
also be present, in addition to the heat pump 30. In this
case, heat pump 30 and heater can also work together
to speed up the heating process (and thus reducing the
drying cycle time).

[0109] Preferably, a cooling fan 38 is provided to cool
down the compressor 33 (the cooling fan is schematically
depicted in fig. 4). The cooling fan 38 may for example
draw air from the outside of the casing 2 and blow it to-
wards the compressor 33.

[0110] The control unit 100 preferably operates the
compressor cooling fan 38 and the process fan 12. Fur-
ther, control unit 100 preferably receives information by
amonitoring system for monitoring the status of the com-
pressor. For example, the control unit 100 can be elec-
trically connected to a sensor 39 to detect the tempera-
ture of the refrigerant or of the compressor and/or to a
sensing circuit 37 to detect a value and/or a change of
potential and/or current absorbed by the compressor’s
electric motor. The sensing circuit 37 is for example in-
tegrated in the compressor 33 or in the control unit 100
itself.

[0111] Further, the temperature sensor 39, also con-
nected to the control unit 100, is used to measure the
value of the temperature of the compressor, which can
be also the temperature of the flowing refrigerant. In par-
ticularan NTC thermistor is placed in such away to meas-
ure the compressor temperature at the refrigerant outlet
from the compressor, or within the same compressor
housing where also the compressor electric motor is in-
cluded. Additionally oralternatively, the temperature sen-
sor 39 can be arranged at different location of the heat
pump system.

[0112] Therefore, a signal having a value from which
the temperature of the compressor can be derived and
a signal having a value from which a value of the current
absorbed by the motor of the compressor can be derived
are sent to the control unit 100 by the temperature sensor
38 and the sensing circuit 37, respectively.

[0113] This values are used according to the method
of the invention as depicted in figure 6.

[0114] The control unit 100 includes one or more mem-
ories (not shown), including a curve delimiting a safety
area for the compressor, that is a curve which delimits
the safety working field for the compressor. This curve
is parametrized by

imax(T) = f(T) where iy ax and T are forming couples of
continuous values representing the maximum current
which the compressor electric motor can absorb as a
function of the compressor temperature, or

Tuax(i) = g(i) where Ty ax and i are forming couples of
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continuous value representing the maximum tempera-
ture reachable by the compressor as a function of the
current absorbed by the compressor’s motor.

[0115] The storing of such a curve represent the step
1F of the method depicted in fig. 6.

[0116] Preferably, the control unit 100 monitors the sta-
tus of the compressor 33 monitoring the temperature and
current values coming from the aforementioned sensors
37 and 39. Each appliance 1 has a curve such the one
above written stored in the memory of the control unit
100, and which depends on compressor 33 and on a
selected predetermined safety field for the compressor.
The curve can have a shape such the one depicted in
figure 5, however any shape and trend is possible as long
as the compressor is within the predetermined safety
working area when working below this delimiting curve.
[0117] According to a preferred embodiment of the
present invention, the measured temperature and cur-
rent values obtained in a step 2F of the method, or the
values from which the temperature of the compressor
and the absorbed current of the motor of the compressor
can be derived, are compared with the stored curve, as
depicted in step 3F of figure 6.

[0118] If the temperature and current measurements
identify a point in the (i.T) space above such a stored
curve (see step 4F), then the power to the compressor
(in particular to its motor) is limited because it means that
the compressor is overheated (step 5F). If not, that is, if
the point of the measured values (T, iy,) identify a point
below such a stored curve, then the compressor in work-
ing under safe conditions and the cycle of the laundry
appliance can continue and the measurement of the cur-
rent and the temperature of the compressor can continue
in order to keep the checking of the compressor’s status.
[0119] The limitation of the power supply can be a com-
plete cut off of the power to the compressor, for example,
by means of a switch (not depicted in the drawings) or a
reduction of the speed of the electric motor of the com-
pressor.

[0120] According to a variant of the embodiment of the
invention, the method replaces step 4F as modified ac-
cording to figure 7, where step 4aF is depicted. The re-
maining steps of the method remains unchanged and are
those of figure 6. In variant step 4aF, the check between
the stored curve and the measured values of temperature
and current is performed with respect to a "shifted" stored
curve, that is, the limitation of the power supply to the
compressor is made if the measured point (Ty, iy) ex-
ceeds a shifted curve defined by:

point of the shifted curve (Tgpifteds Ishifteq)= POINt Of
stored curve (T, i) - (Tsafety, isafety)

which is below the stored curve.
Tsafety: Isafety @re constant. In this embodiment a further
safety is introduced.
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Claims

1. Amethod to operate a laundry washing and/or drying
appliance (1) including

* Atreating chamberwhere laundry is introduced
and treated with a process medium;

+ a heat pump system (30) having a refrigerant
circuit (38) in which a refrigerant can flow, said
refrigerant circuit (38) including a first heat ex-
changer (31) where the refrigerant is cooled off,
a second heat exchanger (32) where the refrig-
erant is heated up, a compressor (33) to pres-
surize and circulate the refrigerant through the
refrigerant circuit, said compressor (33) includ-
ing an electric motor, and a pressure-lowering
device (34); said first and/or second heat ex-
changer being apt to perform heat exchange be-
tween said refrigerant flowing in said refrigerant
circuit (38) and said process medium;

said method comprising:

« storing a plurality (j) of data couples, a first
element of each data couple being function of a
maximum current value iyax; for the compressor
electric motor current, and the second element
of the couple being a corresponding function of
a compressor maximum temperature value
Tuax; associated to the maximum current value
imax; of the first element, said plurality of data
couples delimiting a predetermined safety work
space for said compressor;

* measuring substantially at the same time a
temperature value T, representative of the tem-
perature of said compressor and a current value
iy representative of the current absorbed by said
electric motor of said compressor while said heat
pump is in operation;

» comparing said measured temperature value
Ty1 and said measured current value iy, with said
plurality of data couples; and

* limiting power supply to said compressor if:

o there is a data couple (Tyaxj imax;) in
said plurality for which [Tyax - Tyl =
mMin{| Ty - Tpaxil) @nd iy = igax;e or

o there is a data couple (Tyaxj imax;) i
said plurality for which [iysax;« - ipgl = minjliy
- imaxl) and Ty = Tyaxj-

2. Method according to claim 1, wherein limiting power
supply to said compressor comprises:

« switching OFF the compressor electric motor;
or

« adjusting a rotational speed of the compressor
electric motor.
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Method according to claim 1 or 2, further comprising:

* Providing a compressor cooling fan in proximity
of said compressor; and, if said power to said
compressor has been cut, one or more of:

= Switching ON said compressor cooling
fan;

= adjusting an upper threshold tempera-
ture of the refrigerant for driving the switch-
ing ON of said compressor cooling fan;

= adjusting a lower threshold temperature
of the refrigerant for driving the switching
OFF of said compressor cooling fan;

= adjusting a rotational speed of a com-
pressor cooling fan;

= adjusting an ON/OFF ratio of said com-
pressor cooling fan.

Method according to one or more of the preceding
claims, wherein said process medium is drying air
flowing in a process drying air circuit and said appa-
ratus is apt to dry items, comprising:

* Providing a process fan to move air within said
process air drying circuit; and, if said power to
said compressor has been cut, one or more of:

= Switching ON, or keeping switched ON
said process fan;

= adjusting a rotational speed of said proc-
ess fan.

Method according to one or more of the preceding
claims, further comprising:

adjusting a rotational speed and/or a clock-
wise/counterclockwise rotation ratio of a motor
adapted to drive into rotation the treating cham-
ber.

Method according to one or more of the preceding
claims, comprising:

* Setting a threshold safety value igagety;

And wherein comparing said measured temper-
ature value T, and said measured current value
ipy With said plurality of data couples includes:

» Comparing said measured temperature value
Ty with said plurality of data couples;

+ Determining a data couple (Tyax; imax;") for
which [ Tyax;= = Tpgl = ming| Ty - Tapaxil);

* comparing a maximum current value iyax;- of
said data couple corresponding to the deter-
mined closest maximum temperature value
Tmax;j- to the measured current value iy;

« limiting power supply to said compressor if

limaxgs = il < isafety.
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Method according to one or more of the preceding
claims, comprising:

* Setting a threshold safety value Tgyteyy;

And wherein comparing said measured temper-
ature value Ty, and said measured current value
iy with said plurality of data couples includes:

» Comparing said measured current value iy, with
said plurality of data couples;

* Determining a data couple (Tyax; imax;”) for
which |iMAX/-* - gl = ming(Jiy, - iMAX/-|);

+ comparing a maximum temperature value
Tuax;+ of said data couple corresponding to the
determined closest maximum current value
imax; to the measured temperature value Ty;

* limiting power supply to said compressor if

|TMAX/'* - TMl < Tsafety.

Method according to one or more of the preceding
claims, including any of:

» Switching ON again said compressor after a
predetermined time is elapsed from the switch-
ing OFF of the compressor motor;

* Restore the compressor power supply as itwas
before the power supply limitation was made; or
* Supplying said compressor with a power which
depends on a selected drying cycle when said
measured temperature value T\, is below a pre-
determined threshold.

Method according to one or more of the preceding
claims, comprising:

* Repeating the step of measuring substantially
at the same time a temperature value T, of said
compressor and a current value iy, of the com-
pressor electric motor while said motor is in op-
eration at a given electrical frequency.

Method according to one or more of the preceding
claims, wherein storing a plurality (j) of data couples,
a first element of each data couple being function of
a maximum current value iyax; for the compressor
electric motor current, and the second element of
the couple being a corresponding function of a com-
pressor maximum temperature value Ty ax; associ-
ated to the maximum current value iyay; of the first
element, said plurality of data couples delimiting a
safety working space for said compressor; includes:

Storing a first curve in the form iy,4y = f(T,,) and
Ty is continuous; and

Storing a second curve in the form T4y = g(iy))
and iy, is continuous.

Alaundry washing and/or drying appliance including:
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+ Atreating chamberwhere laundry is introduced
and treated with a process medium;

* A heat pump system (30) having a refrigerant
circuit (38) in which a refrigerant can flow, said
refrigerant circuit (38) including a first heat ex-
changer (31) where the refrigerant is cooled off,
a second heat exchanger (32) where the refrig-
erant is heated up, a compressor (33) to pres-
surize and circulate the refrigerant through the
refrigerant circuit, said compressor (33) includ-
ing an electric motor, and a pressure-lowering
device (34); said first and/or second heat ex-
changer being apt to perform heat exchange be-
tween said refrigerant flowing in said refrigerant
circuit (38) and said process medium;

* Amemory storing a plurality (j) of data couples,
a first element of each data couple being func-
tion ofamaximum currentvalue iyzx;foranelec-
tric motor current, and the second element of
the couple being a corresponding function of a
compressor maximum temperature value Tyax;
associated to the maximum current value iyax;
of the first element, said plurality of data couples
delimiting a predetermined safety work space
for said compressor;

+ A temperature sensor and a current sensor apt
to measure substantially at the same time a val-
ue indicative of a temperature of said compres-
sor and a value indicative of an absorbed current
of said compressor electric motor, respectively;
* A processing unit (40) apt to receive a signal
sent by said temperature sensor and a signal
sent by current sensor (39) based on said meas-
ured values; said processing unit (40) being able
to compare said signals based on said meas-
ured temperature value Ty, and said absorbed
current value iy, with said plurality of data; and
to limit power supply to said compressor if There
is a data couple (Tyaxj imax;») in said plurality
for which | Tyax- - Tyl = miny(| Ty, - Tpaxl) and
iMZimaxj* OF

There is a data couple (Tyaxj« imax;) in said
plurality for which |ipgaxg« - ipgl = ming(lipg - ipgaxgl)
and Ty = Tyax-

The laundry appliance (1) of claim 11, wherein said
temperature sensor is located at a refrigerant outlet
provided on said compressor or on a part of a hous-
ing shell of said compressor (33).

The laundry appliance (1) of claim 11 or 12, including
an overload protector, said plurality of data or con-
tinuous curve being a characteristic curve of said
overload protector.

The laundry appliance of any of claims 11 - 13, in-
cluding an active switch commanded by said
processing unit to cut off power to said compressor
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(33).

The laundry appliance (1) of claim 11 or 12, wherein
said compressor (33) is free from an overload pro-
tector.

The laundry appliance (1) of any of claims 11 - 15,
wherein said apparatus comprises a further electric
motor to drive into rotation said treating chamber
and/or a pumping device propelling said process me-
dium.

The laundry appliance (1) according to any of claims
11 - 16, including a variable speed compressor (33).
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