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Description

[0001] The present invention relates to a household appliance having a heat-pump arrangement, in particular a do-
mestic laundry or dishes treatment machine, more preferably a drying machine, a washer dryer, a washing machine or
a dishwasher, and a method for operating such household appliance.

[0002] In household appliances having a heat pump arrangement, resonances may occur during an operation of the
heat pump. These resonances may lead to negative effects for the operation of the appliance and/or may be noise-
annoying for the user of the appliance.

[0003] It is therefore an object of the invention to provide a household appliance having a heat-pump arrangement
and a method for operating such a household appliance such that during an operation of the heat pump resonance
effects are reduced.

[0004] The invention is defined in independent claims, respectively. Particular embodiments are set out in the depend-
ent claims.

[0005] Accordingto claim 1, a household appliance having a heat-pump arrangement, in particular a domestic laundry
or dishes treatment machine, more preferably a drying machine (tumble dryer), a washer dryer, a washing machine or
a dishwasher, are provided. The household appliance comprises a cabinet housing, a heat pump having a variable
speed compressor (VSC), and a control and drive unit configured for operating the compressor at a given speed (Sg)
and/or a given power (Pg), wherein the control and drive unit is adapted to control the compressor in a speed range in
which at least one forbidden compressor speed range (FCSR) defining a compressor speed range where the compressor
is normally not to be operated is specified, and wherein the control and drive unit is adapted to control the compressor
such that its speed is at least temporally kept above or at an upper limit or to be at least temporally kept below or at a
lower limit of the forbidden compressor speed range (FCSR) and such that a period for increasing the speed from a
lower limit to an upper limit or for decreasing the speed from an upper limit to a lower limit of the forbidden compressor
speed range (FCSR) is reduced or minimized.

[0006] The ’at least temporally kept’ may mean that the speed is kept constant or substantially constant for a prede-
termined duration above or at the upper limit or below or at the lower limit.

[0007] The ’reducing or minimizing the period for increasing the speed from a lower limit to an upper limit or for
decreasing the speed from an upper limit to a lower limit of the FCSR’ means that the time required for crossing FSCR
is less (shorter) and/or the speed gradient when crossing the FSCR is higher than if no transition control for faster
crossing of the FSCR would be applied. The control and drive unit applies a speed profile for crossing the FSCR by
keeping the speed at a longer period at the upper and/or lower limit of the FSCR and additionally crossing the FSCR
with high speed. Herein the application of such speed profile at the FSCR can also be denoted as transition function.
The transition function replaces the otherwise applied compressor control function by this transition function which
becomes active for compressor speeds being at and within the FSCR. An otherwise applied compressor control function
may be a compressor power function, where the power of the compressor is kept constant or in a predefined range
under the control of the control and drive unit. Or the otherwise applied compressor control function is a refrigerant
temperature control where the refrigerant temperature is kept at a predetermined value or within a predetermined range
in that the compressor speed or power is controlled (examples described herein e.g. as refrigerant temperature control
mode). By the short time and/or high gradient for crossing the FCSR the building up of resonance vibrations is suppressed
resulting in lower noise and lower component’'s wear. As compared to otherwise applied compressor control functions,
the time for crossing the FSCR between the upper and lower limit (or vice versa) (i.e. not including the time the speed
is kept at the lower and/or upper limit) is at least reduced by a factor of 2, 4, 5, 7 or 10 and/or the speed gradient for
crossing is higher at least by a factor of 2, 4, 5, 7 or 10.

[0008] The 'given speed’ Sg could also be denoted as the set speed in view of control theory, i.e. a calculated speed.
The 'given power’ Pg could also be denoted as set power in view of control theory. The compressor is preferably operated
at the given speed Sg and/or power Pg. The 'given’ compressor speed Sg or power Pg may not be a constant speed
or power, but a speed or power that should be maintained under the control of the control and drive unit for a given
moment. |.e. the given speed/power may change over time.

[0009] In one example, the control theory of the compressor speed may be suspended at the upper (or lower limit) of
the FCSR and the compressor speed is at least temporally kept at the upper (or lower limit) of the FCSR. l.e. the
compressor speed at which the compressor is to be operated is not set to the theoretical/actual speed, but the compressor
speed is set to the upper (or lower) limit of the FSCR.

[0010] At a time when the control and drive unit detects that the theoretical/actual compressor speed of the control
theory has arrived at the lower (or upper) limit of the FCSR during a speed decrease (or increase), the normal control
theory of the compressor speed is re-activated. |.e. the compressor speed is kept at the upper (or lower) limit until the
control and drive unit detects that the theoretical compressor speed arrives at the lower (or upper) limit. At this time
when the theoretical compressor speed arrives at the lower (or upper) limit, the delta of theoretical/actual value and the
set value of compressor speed is very high resulting in a high change of the speed forced by the re-activated control
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theory. In this case a speed jump is the consequence of temporally suspending the normal control theory. This 'speed
jump’ in the control behavior is one example of the above ‘reducing or minimizing of the period for crossing the FCSR’.
As can be seen the period of the compressor speed being within the FCSR is reduced or minimized as compared to the
duration which would result if the compressor speed would have set to the theoretical/calculated given speed Sg.
[0011] During keeping the compressor speed at the upper (or lower limit) the temperature of the refrigerant arrives at
a higher (lower) value than if the normal control theory would be applied. For compensating the higher (lower) temperature
value, after reactivation of the normal control theory i.e. after the speed jump, the compressor speed may be set to a
value which is below the lower limit (above the upper limit) of the FCSR.

[0012] The FCSR may not be the speed range above the maximally allowed operation speed of the compressor (if
applicable) and not the speed range below the lowest allowed operation speed of the compressor (if applicable). The
FCSR may be a speed range which is between the maximally allowed operation speed and the lowest allowed operation
speed. The FCSR may be stored in the control unit, or may be determined, calculated or acquired by the control unit,
as well as used by the control unit to control the compressor.

[0013] Preferably, the control and drive unit has an appliance control unit which is adapted to control the operation of
the household appliance (including the compressor) and a compressor drive unit which is adapted to supply the power
to the compressor. The compressor drive unit (e.g. a compressor inverter) may itself control the speed of the compressor
dependent on the higher-level control by the appliance control unit.

[0014] Normally, resonance occurs not only at a single resonance frequency, but in a range above and below a central
resonance frequency. The resonance amplitude is preferably at its maximum at the ’central resonance frequency’ and
decreases above and below the central resonance frequency. The central frequency may be in the middle of the FCSR,
or may be closer to the upper or lower limit. The frequency ‘range’ as understood herein may be a range spanning
between a frequency above (upper limit) and below (lower limit) the central resonance frequency (see e.g. below pre-
determined speed interval Sinter). Preferably, the upper and lower limits are set such that the negative effects of the
resonance are not detrimental for the operation of the appliance and/or noise annoying for the user of the appliance.
[0015] The FCSR may be a range where - initiated by the compressor operation - one of the following components of
the household appliance has a resonance resulting from one or more of: a compressor resonance, a resonance of the
refrigerant in the heat pump loop (e.g. caused by the suction/compression pulses of refrigerant effected by the suction
and/or release by the compressor), a resonance of one or more components of the heat pump, a resonance of the
supporting structure of the household appliance coupled to one or more of the components of the heat pump.

[0016] The resonance that is preferably to be excluded by the FCSR is for example a vibrational and/or a sound
resonance.

[0017] Preferably, the heat pump comprises the variable speed compressor (VSC), an expansion device for the re-
frigerant, a first heat exchanger for cooling the refrigerant and for heating a medium (the medium is for example drying
air (e.g. in a dryer or washer dryer) or a liquid (e.g. a washing liquid in a washing machine or washer dryer)), a second
heat exchanger for heating the refrigerant and for cooling a medium (the medium is for example drying air (e.g. in a
dryer or washer dryer) or a liquid (e.g. a washing liquid in a washing machine or washer dryer)).

[0018] There may be more than one FCSR between the minimum and maximum allowable speed of the compressor.
Any of the transition control functions or behaviors disclosed herein may correspondingly be applied for the speed control
by the control and drive unit to each of the FCSR, such as e.qg. to the first, second, (third, fourth) FCSR. Different transition
control functions may be applied to each one of the FCSR, such as e.g. a first transition function to the first FCSR, a
second transition function to the second FCSR. If there are overlapping FCSR detected in the lab for the appliance, then
the two or more overlapping FCSR may be merged to a single FCSR with a single upper and lower limit. The FCSR at
higher speeds may be the first, second ... harmonic of a base speed where the fundamental resonance occurs.

[0019] Preferably, the control and drive unit is adapted to implement a transition control function in which at least one
speed control function for crossing the FCSR is specified which is used for calculating and/or retrieving a speed profile
for the compressor speed to be applied for crossing the FCSR between the upper and lower limit and/or between the
lower and upper limit of the FCSR.

[0020] The transition control function implemented by the control and drive unit for crossing the predefined forbidden
compressor speed range FCSR (e.g. a calculated or predefined speed profile of transition) may be the same, when the
FCSR is crossed from the upper to the lower limit or from the lower to the upper limit of the compressor. Alternatively
the transition control function is defined differently, a first transition control function for crossing the FCSR from the upper
to the lower limit and a second transition control function for crossing the FCSR from the lower to the upper limit.
[0021] The control and drive unit may be adapted to implement the transition control function causing the compressor
to change the speed from the upper limit to the lower limit and/or from the lower limit to the upper limit with a predefined
speed gradient, in particular with the highest speed gradient available for the compressor.

[0022] Due to physical constraints the gradient of the speed can not be infinite. Preferably, for crossing the FCSR, the
compressor speed is changed in the shortest possible time (i.e. with the highest speed gradient). The gradient from the
lower to the upper limit and the gradient from the upper to the lower limit may be different. Preferably, the predefined
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speed gradientis adjusted such that despite a resonance excitation during crossing of the FCSR, the resulting resonance
amplitude is kept low such that the negative effects of the resonance is not detrimental for the operation of the appliance
and/or there is no noise annoying for the user of the appliance.

[0023] Preferably, when the control and drive unit detects that the compressor speed has arrived at the lower limit of
the FCSR during a speed increase, the control and drive unit is adapted to temporally operate the compressor at the
speed corresponding to the lower limit or being close to the lower limit. Alternatively or additionally, when the control
and drive unit detects that the compressor speed has arrived at the upper limit of the FCSR during a speed decrease,
the control and drive unit may be adapted to temporally operate the compressor at the speed corresponding to the upper
limit or being close to the upper limit. The operating at lower limit or upper limit may mean operating at a speed which
is equal or substantially equal to the lower limit or upper limit of the FCSR.

[0024] The duration at which the control and drive unit temporally operates the compressor at the upper (or lower)
limit may depend on one or more of the following:

- the speed gradient by which the speed change has arrived at the upper (or lower) limit,
- the width of the FCSR,

- the location of the central resonance frequency in the FCSR,

- the temperature of the refrigerant and/or compressor,

- the pressure of the refrigerant,

- the power of the compressor at the upper (or lower) limit;

- optionally the moisture of laundry to be dried in the appliance.

[0025] Additionally or alternatively the duration may depend on one or more of the following parameters: the user-
selected operation program of the appliance (e.g. washing and/or drying program); the user-selected operation option
(e.g. fast operation, night operation, energy-saving operation); an ambient and/or start temperature of the appliance;
the duration of the running program.

[0026] The control and drive unit may be adapted to reduce the duration at which the control and drive unit temporally
operates the compressor at the upper limit or to immediately execute the transit to the lower limit, if the temperature of
the refrigerant and/or the pressure of the refrigerant and/or the temperature of the compressor and/or the power con-
sumption of the compressor is at a critical value.

[0027] A critical value may be e.g. an overpressure or over-temperature of the refrigerant or an excessive temperature
of the compressor or when the compressor arrives at a maximum power. The compressor protection control is preferably
prioritized over the control applying the transition function.

[0028] Preferably, the control and drive unit is adapted to determine the given speed (Sg) for the compressor, in
particular to determine the given speed (Sg) in a compressor power control mode or in a refrigerant temperature control
mode. When the determined given speed (Sg) is within the FCSR, the control and drive unit may be adapted to set the
corrected given speed (Sg’) at which the compressor is to be operated to the upper limit or to the lower limit of the FCSR.
The given speed Sg/corrected speed Sg’ is the speed at which the compressor (presently/momentarily) is to be operated.
[0029] Preferably, a predetermined interval speed (Sinter) is a speed within the FCSR above the lower limit and below
the upper limit, wherein the control and drive unit is adapted to determine the given speed (Sg) for the compressor.
When the determined given speed (Sg) is within the FCSR, the control and drive unit may be adapted to set the corrected
given speed (Sg’) to the upper limit, if the determined given speed is greater than (or equal to) the interval speed (Sinter),
and to the lower limit, if the determined given speed is smaller than (or equal to) the interval speed (Sinter). The prede-
termined interval speed (Sinter) may be any value between the upper and lower limit. Preferably, it is the center speed
of the FCSR, i.e. (lower limit + upper limit)/2.

[0030] Alternatively, the predetermined interval speed (Sinter) is a value in the upper half of the FCSR, preferably if
the speed approaches from above to the FCSR. This may effect a shorter duration at the upper limit and may avoid the
risk of excessive refrigerant pressure or operating the compressor at the maximum power limit.

[0031] Alternatively, the predetermined interval speed (Sinter) is a value in the lower half of the FCSR, preferably if
the speed approaches from below to the FCSR. This may effect a shorter duration at the lower limit and may accelerate
the temperature rise during a starting phase such that the refrigerant temperature faster arrives at a target temperature
or target temperature range.

[0032] Preferably, the given speed Sg within the FCSR is calculated or extrapolated as outlined in the following.
[0033] Preferably, the predetermined interval speed (Sinter) is a speed within the FCSR above the lower limit and
below the upper limit, wherein the control and drive unit is adapted to determine a gradient of the speed at the time when
a current speed (Sref) of the compressor arrives at the lower or upper limit of the FCSR from above or below, respectively.
The control and drive unit may be adapted to extrapolate the given speed (Sg) in the FCSR from the gradient of the
speed and to set the corrected given speed (Sg’) to the upper limit, if the extrapolated given speed is greater than (or
equal to) the interval speed (Sinter), and the lower limit, if the extrapolated given speed is smaller than (or equal to) the
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interval speed (Sinter). The current speed (Sref) of the compressor is the speed of the compressor that it actually has.
[0034] All what has been described for particular elements with respect to the above household appliance also pref-
erably applies to the following household appliance when applicable (individually or combined in a group of elements).
[0035] According to a further embodiment, a household appliance having a heat-pump arrangement, in particular a
domestic laundry or dishes treatment machine, more preferably a drying machine, a washer dryer, a washing machine
or a dishwasher, is provided. The household appliance comprises: a cabinet housing, a heat pump having a variable
speed compressor, a temperature sensor for detecting the refrigerant temperature and adapted to provide a temperature
signal (Tt), and a control and drive unit configured for operating the compressor at a given speed (Sg) or a given power
(Pt) and for receiving the temperature signal (Tt). The control and drive unit is adapted to control the given speed (Sg)
of the compressor such that the refrigerant temperature is maintained in a predefined temperature interval or at a
predetermined temperature.

[0036] The given speed (Sg) is the speed at which the compressor should be operated as determined by the control
and drive unit. Preferably, the given speed (Sg) is transmitted to the compressor drive unit (e.g. compressor inverter)
which is adapted to supply the power to the compressor.

[0037] Preferably, if the given speed Sq is different to the current speed Sref, Sref is changed towards the given speed
Sg (preferably under the control of the compressor drive unit after having received the given speed Sg from the appliance
control unit). Preferably the speed change from Sref to Sg is made with a predetermined gradient (e.g. the maximum
possible speed (change) gradient of the compressor).

[0038] The temperature interval preferably has a lower margin (T_low) and an upper margin (Ttarget).

[0039] The control and drive unit is preferably adapted to increase the compressor speed, if the temperature is de-
creasing and/or is approaching the lower margin of the temperature interval, and to decrease the compressor speed, if
the temperature is increasing and/or is approaching the upper margin of the temperature interval.

[0040] Preferably, the control and drive unitis adapted to control the given speed (Sg) of the compressor in dependency
of the current refrigerant temperature (Tref) and one or more or all of the following parameters:

- an upper margin (Ttarget) of the temperature interval,

- alower margin (T_low) of the temperature interval,

- the current speed (Sref) of the compressor,

- the minimum speed (Smin) of the compressor,

- optionally the refrigerant pressure detected by a pressure sensor arranged in the heat pump.

[0041] Preferably, the given speed (Sg) is determined using the parameters upper margin (Ttarget) of the temperature
interval, lower margin (T_low) of the temperature interval, current speed (Sref) of the compressor, and minimum speed
(Smin) of the compressor. More preferably the control and drive unitis adapted to determine the given speed Sg according
to the following formula:

Sg(t) = (Ttarget - Tref(t)) / (Ttarget -T_low) *(Sref - Smin) + Smin

[0042] Applying this formula:

*  When Tref reaches, or slightly exceeds T_low, the given speed Sg is close to the speed at which the compressor
was rotating during the power control phase.

* If Tref reaches the target temperature Ttarget, the given speed Sg is equal to the minimum speed.

* Given speed Sg always decreases if the current refrigerant temperature Tref increases. By reducing the current
speed Sref, the temperature Tref can be reduced.

* Since there is no integral part in the control and drive unit, the appliance could in some cases reach an equilibrium
point before reaching Ttarget (i.e. the compressor is not able to heat more).

[0043] The control and drive unit may be adapted to control the compressor such that the power consumption of the
compressor is maintained at a predetermined power consumption level, in particular at the maximum power consumption
of the compressor, or the speed of the compressor is maintained at a predetermined speed level, or the refrigerant
temperature or the compressor temperature is maintained at a predetermined temperature level or within a given tem-
perature range.

[0044] In the power control mode, the consumed power may be controlled by controlling the speed of the compressor
such that the predetermined power consumption level is maintained.

[0045] Preferably, the control and drive unit is adapted to control the compressor such that when the refrigerant
temperature (Tref) is below a or the lower predetermined temperature margin (T_low), the power consumption of the
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compressor is maintained at a predetermined power consumption level. When the refrigerant temperature (Tref) is at
or above the lower predetermined temperature margin (T_low), the speed of the compressor is preferably reduced in
dependency of the refrigerant temperature (Tref), wherein in particular the refrigerant temperature (Tref) is maintained
at a predetermined temperature level or within a given temperature range.

[0046] When the refrigerant temperature is at or above the lower predetermined temperature margin (T_low), the
control and drive unit may be adapted to control the compressor such that the speed of the compressor is reduced in
dependency of the refrigerant temperature (Tref), but not lower than the minimum allowable operation speed (Smin) of
the compressor.

[0047] Preferably, the appliance further comprises a temperature sensor for detecting the temperature (Tref) of the
refrigerant in the heat pump. Preferably the temperature sensor is arranged upstream of the compressor, more preferably
close to the refrigerant inlet at the compressor and/or between the compressor and the refrigerant inlet to the first heat
exchanger (e.g. condenser). Preferably the temperature sensor provides a refrigerant temperature signal (e.g. Tt) which
is transmitted to the control and drive unit.

[0048] According to a further embodiment, a method for operating a household appliance having a heat-pump ar-
rangement, in particular a household appliance as described above, is provided. The household appliance comprises:
acabinet housing, a heat pump having a variable speed compressor, a control and drive unit for operating the compressor
at a given speed (Sg) or a given power (Pg), wherein the control and drive unit implements a speed range in which at
least one forbidden compressor speed range (FCSR) defining a compressor speed range where the compressor is
normally not to be operated is specified. The method comprises: controlling, by means of the control and drive unit, the
compressor such that its speed is at least temporally kept above or at an upper limit or to be at least temporally kept
below or at a lower limit of the forbidden compressor speed range and such that a period for increasing the speed from
a lower limit to an upper limit or for decreasing the speed from an upper limit to a lower limit of the forbidden compressor
speed range (FCSR) is reduced or minimized.

[0049] Each individual feature of the household appliance can be combined with the method, or any sub-group of
features (e.g. any of the dependent claims) of the household appliance can be individually combined with the method.
Vice versa any individual (functional) feature or sub-group of (functional) features of the method can be combined with
the household appliance as a functional feature of the machine.

[0050] Any feature disclosed herein (for the above embodiments and/or configurations and from the below described
detailed embodiments and modifications) can be combined with the claimed subject individually or in any sub-combina-
tion. If herein the conjunction "and/or" is used, all logical elements and combinations (including any possible sub-com-
bination) are individually disclosed and thus may be claimed. E.g. a, b and/or c discloses the elements/combinations a,
b, c, ab, ac, bc as well as abc. The same applies, if herein the conjunction "one or more" is used.

[0051] Reference is made in detail to preferred embodiments of the invention, examples of which are illustrated in the
accompanying figures, which show:

Fig. 1  an exemplary outer appearance of a household appliance, which is a dryer in the depicted example,

Fig. 2 a schematic representation of the arrangement of components of the household appliance of Fig. 1 having a
heat pump system,

Fig. 3  aschematic diagram showing the compressor speed, power and the refrigeranttemperature during an operation
of a household appliance,

Fig. 4 aflow diagram representing the method steps of the operation of Fig. 3,

Fig. 5 aschematic diagram showing a first transition control function for avoiding a forbidden compressor speed range
during operation of the compressor,

Fig. 6 aflow diagram representing the method steps of the first transition control function of Fig. 5,

Fig. 7 a schematic diagram showing a second transition control function for avoiding a forbidden compressor speed
range during operation of the compressor,

Fig. 8 aflow diagram representing the method steps of the second transition control function of Fig. 7, and

Fig. 9  a schematic diagram showing another example for crossing a forbidden compressor speed range during op-
eration of the compressor.
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[0052] Fig. 1is a perspective view of the outer appearance of a -dryer 2 (in particular a heat pump tumble dryer) which
is an example for a household appliance. Preferably the dryer 2 is a tumbling dryer where the laundry tumbles when the
laundry storing chamber (e.g. drum) 58 is rotating at low speed. For that purpose the drum rotation axis may be horizontal
or inclined relative to the horizontal (without being vertically oriented). The dryer 2 described in detail is a heat pump
system dryer.

[0053] However the invention is also applicable in any household appliance having such a heat pump system, in
particular a domestic laundry or dishes treatment machine, more preferably a drying machine (tumble dryer), a washer
dryer, a washing machine or a dishwasher.

[0054] The dryer 2 has a cabinet 4 or housing defining the outer appearance. The cabinet 4 comprises two side walls
6, a front wall 8, a bottom 10 (plate or basement), a rear wall 12 (see also: Fig. 2) and a top wall 14. The top may be
formed by a top module which may be mounted on the cabinet 4 by fastener elements, e.g. by screws or snap-in elements.
The top wall 14 may be arranged on top of the dryer 2, in particular on top of the top module and is preferably forming
a work top.

[0055] At the front wall 8 a loading opening 16 which is closed by a door 18 is provided. The articles to be treated,
e.g. textiles, laundry 40, clothes, shoes or the like is loaded through the loading opening 16 which is a loading passage
between the front side of the front wall 8 of the cabinet 4 and a front opening of a drum 58 receiving the laundry 40.
[0056] The dryer 2 has a control panel 30 arranged at the upper region of the front wall 8, preferably at the middle
and/or right side of the upper region of the dryer front wall 8. Preferably, the dryer 2 comprises a condensate drawer 20
with a handle 22 in which the condensate collected from drying is stored until removal by the user.

[0057] In case the household appliance is a washer dryer or a washer, the upper region of the machine front face
comprises a detergent drawer with a handle which is preferably arranged at the left side of the upper region. The detergent
drawer 20 is used for storing and in particular for providing washing agents (e.g. detergent, softener, conditioner, auto
dosing or other treatment agents) during washing cycles. Optionally additional compartments or openings may be pro-
vided for receiving treatment agents for a drying and/or dry-cleaning process.

[0058] The control panel 30 of the dryer 2 (or of a washer dryer/washer) preferably comprises a display for displaying
information about the drying program (and/or the washing program) such as energy consumption, duration of the drying
or washing cycle and the like and an input device. In this case, the input device is a control knob provided for selecting
between different drying (and/or washing) programs. The knob is preferably arranged between the control panel 30 and
the condensate drawer 20.

[0059] The front wall 8 may comprise an air inlet opening (not shown) which may be arranged near the center. A cover
for service opening 22a may be provided at the front wall 8 e.g. on the right side of the lower region of the front wall 8.
The air inlet opening enables air entering the interior of the dryer 2. The air passing through the inlet opening may be
provided for cooling the compressor 46 (see Fig. 2) and further electronic components inside the dryer 2 with air.
[0060] Fig. 2 schematically shows an exemplary arrangement of components in the interior of the cabinet 4 of the
dryer 2 of Fig. 1 in side view. In this embodiment the drying function of the dryer is provided by a heat pump system 34
that has a refrigerant loop 36, preferably a closed refrigerant loop, for circulating the refrigerant as indicated by flow RF
using refrigerant lines between the components of system 34. In the refrigerant loop 36 serially arranged are a first heat
exchanger 42 (here an evaporator) for cooling the drying air and condensing the water taken from the laundry 40, a
compressor 46 circulating the refrigerant, a second heat exchanger (condenser) 44 for heating the drying air, and an
expansion device 48 for expanding the compressed refrigerant into the first heat exchanger 42.

[0061] The expansion device 48 is a controllable valve that operates under the control of a control unit 65 to adapt
the flow resistance for the refrigerant in dependency of operating states of the heat pump system 34. In alternative
embodiments the expansion device 48 can be a capillary tube, a valve with fixed expansion cross-section, a throttle
valve with variable cross section that automatically adapts the expansion cross-section in dependency of the refrigerant
pressure (e.g. by elastic or spring biasing), a semiautomatic throttle valve in which the expansion cross-section is adapted
in dependency of the temperature of the refrigerant (e.g. by actuation of a thermostat and/or where the temperature of
the refrigerant is taken at a predefined one of the components, in thermal contact with the refrigerant.

[0062] Inthe exemplary dryer 2 the components of the heat pump system 34 (as an example for drying air cooling/heat-
ing system) are arranged below the drum 58, but in other embodiments the drying air cooling/heating components may
be arranged or may be partially arranged above and/or laterally of the drum 58.

[0063] During the drying cycle, drying air is circulated within a drying air loop, wherein the drying air flow A is conveyed
by a blower 50 arranged in a drying air channel 52 in which also the first and second heat exchangers 42, 44 are arranged.
The drying air loop is formed by the drying air channel 52 and the drum 58, wherein the drying air channel guides the
drying air exhausted from the drum 58 through: an outlet 54 which is preferably the loading opening 17 of the drum 58,
an optional fluff filter 62, the first heat exchanger 42, the second heat exchanger 44, and back through a drying air inlet
56 into the drum 58. Within the cabinet 4, the drum 58 is arranged rotatably as a laundry chamber for receiving the
laundry 40.

[0064] The drum 58 is driven by a drum motor (not shown) which is powered and controlled by a drum motor inverter
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(which in turn may be controlled by a or the control unit 65 which is preferably arranged in the cabinet 4 of the dryer 2).
[0065] Atleast when the heat pump system 34 is operating in the normal operation mode (i.e. normal mode after the
warm-up period, i.e. after starting the heat pump system 34 from low refrigerant pressure and low temperature state),
the first heat exchanger 42 transfers heat from the process air A to the refrigerant. By cooling the process air to lower
temperatures, humidity from the process air condenses at the first heat exchanger 42, is collected there and the collected
condensate is drained to a condensate collector 35. The process air cooled and dehumidified when passing the first
heat exchanger passes then through the second heat exchanger 44 where heat is transferred from the refrigerant to the
process air. The process air is sucked from exchanger 44 by the blower 50 and is driven into the drum 58 where it heats
up the laundry 40 and receives the humidity therefrom. The process air exits the drum 58 and is guided in drying air
channel 52 back to the first heat exchanger 42.

[0066] The condensate collector 35 may be connected via a drain conduit, a drain pump and a drawer pipe to the
condensate drawer 20 (see: Fig. 1). l.e. the collected condensate can be pumped from the collector 35 to the drawer
20 which is arranged at an upper portion of the dryer 2 from where it can be comfortably withdrawn and emptied by a user.
[0067] A control and drive unit 65, 66 comprising the control unit 65 and a compressor drive unit (compressor inverter)
66 may be provided in the household appliance. The control unit 65 may be adapted to control the operation of the
household appliance (including the compressor) and the compressor drive unit 66 may be adapted to supply the power
to the compressor. The compressor drive unit 66 may itself control the speed of the compressor dependent on the higher-
level control by the appliance control unit 65. The compressor drive unit 66 may be integrated in or arranged at the
compressor 46.

[0068] Atemperature sensor67 for detecting the temperature (Tref) of the refrigerantin the heat pump may be provided.
As shown in Fig. 2, the temperature sensor 67 is arranged upstream of the compressor 46. More preferably, the sensor
67 is close to the refrigerant inlet at the compressor 46 and/or between the compressor 46 and the refrigerant inlet to
the first heat exchanger 42 (e.g. condenser). Preferably the temperature sensor 67 provides a refrigerant temperature
signal (e.g. Tt) which is transmitted to the control and drive unit 65, 66.

[0069] Fig. 3 is a schematic diagram showing the compressor speed, power and the refrigerant temperature during
an operation of a household appliance and in particular of the heat pump. At the beginning of a heat pump operation,
the refrigerant has to be heated up. Atfirst, the heat pump is operated in a power control mode 82 in which the consumed
power of the compressor may be controlled by controlling the speed of the compressor such that the predetermined
power consumption level is maintained. In particular, the power of the compressor is increased to a maximum power
78 by increasing the compressor speed 70 and maintained at the maximum power 78.

[0070] The compressor speed 70 may cross predetermined speed ranges in which it is not desired to operate the
compressor. In particular, a first FCSR 72 may be present. The first FCSR may comprise an upper limit 72a and a lower
limit 72b. The control and drive unit 65, 66 may be adapted to implement a transition control function in which at least
one speed control function for crossing the FCSR 72 is specified which is used for calculating and/or retrieving a speed
profile for the compressor speed to be applied for crossing the FCSR between the upper 72a and the lower limit 72b
and/or between the lower 72b and the upper limit 72a of the FCSR.

[0071] As shown in Fig. 3, in a first section 70a of the compressor speed, the compressor speed is maintained at the
upper limit 72a for a predetermined duration, then crosses the first FCSR and in a second section 70b, the compressor
speed 70 is then maintained at the lower limit 72b for a predetermined duration. Fig. 3 only shows an example in which
the duration of the first section 70a is less than the duration of the second section 70b. However, the durations may be
different or equal. The compressor speed is preferably changed from the upper limit 72a to the lower limit 72b as fast
as possible, i.e. with the highest possible gradient. In particular, the transition control function may cause the compressor
to change the speed from the upper limit 72a to the lower limit 72b or vice versa with a predefined speed gradient, in
particular with the highest speed gradient available for the compressor. Thus, the compressor is operated as short as
possible within the FCSR and thus the resulting resonances may be reduced to a minimum. By maintaining the speed
at the upper limit 72a, the compressor 46 is temporarily operated at a higher speed than without using the transition
function, which causes an increase of the refrigerant temperature. As shown in Fig. 3, during the time of keeping the
speed at the upper limit 72a, the gradient of the refrigerant temperature may be increased. By maintaining the speed at
the lower limit, the compressor 46 is temporarily operated at a lower speed than without using the transition function,
which causes the refrigerant to heat up less. As shown in Fig. 3, when keeping the speed at the lower limit 72b, the
gradient of the refrigerant temperature may be reduced compared to the gradient during keeping at the upper limit 72a.
Maintaining the speed at the lower limit 72b may compensate the increased heating of the refrigerant when the speed
is kept at the upper limit 72a.

[0072] The compressor speed may cross several FCSRs. As shown in Fig. 3, a second FCSR 74 is present at a lower
speed range comprising a lower limit 74a and an upper limit 74b. The speed range of the second FCSR 74 is lower than
the speed range of the first FCSR 72. The control and drive unit 65, 66 may be adapted to implement another transition
control function in which at least one speed control function for crossing the FCSR 74 is specified which is used for
calculating and/or retrieving a speed profile for the compressor speed to be applied for crossing the FCSR 74 between
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the upper 74a and the lower limit 74b and/or between the lower 72b and the upper limit 72a of the FCSR. As shown in
Fig. 3, in a third section 70c of the compressor speed, the compressor speed is maintained at the upper limit 74a for a
predetermined duration, then crosses the second FCSR 74 and in a fourth section 70d, the compressor speed 70 is
maintained at the lower limit 74b for a predetermined duration. As shown in Fig. 3, during the time of keeping the speed
at the upper limit 74a, the gradient of the refrigerant temperature may be increase due to operating the compressor at
a speed which is ’higher’ than it would be under the 'normal’ feed-back control operation. The second FCSR 74 is only
an example in which the duration of the third section 70c is less than the duration of the fourth section 70d. The transition
control function may cause the compressor to change the speed from the upper limit to the lower limit or vice versa with
a predefined speed gradient, in particular with the highest speed gradient available for the compressor.

[0073] Except the different speed ranges, in comparison to the first FCSR 72, the second FCSR 74 may have different
parameters such as e.g. width, gradient of the change between the upper limit and lower limit, durations at the lower or
upper limit. In the shown example, the second FCSR 74 has a wider width (i.e. difference between upper limit 72b and
lower limit 74b is higher), the gradient of the change between the upper limit 74a and lower limit 74b is less than of the
first FCSR 72. However, the second FCSR 74 is not limited to the shown example. Some of the parameters of the second
FCSR 74 may be different to the first FCSR 72 or may be equal. In an example, at a FCSR the compressor speed may
be changed from the upper limit to the lower limit (or from the lower limit to the upper limit) and may be maintained at
the lower limit (upper limit) without maintaining the speed at the upper limit (lower limit). The example shown in Fig. 3
only shows the first and second FCSR 72, 74 which are crossed from the upper limit 72a, 74a, to the lower limit 72b,
74b when the compressor speed is reduced. In some examples, a FCSR may be present which is crossed by the
compressor speed 70 from the lower limit 72b, 74b, to the upper limit 72a, 74a when the speed is increased. The
compressor speed 70 may cross more FCSR than the first and second FCSR.

[0074] Examples for crossing FCSRs, i.e. transition functions, in general and in particular the first and second FCSR
72, 74 as shown in Fig. 3 and the maintaining of the compressor speed at the upper or lower level will be described in
detail with respect to Figs. 5 to 8.

[0075] Asshownin Fig. 3, due to the increase of the compressor speed 70, the refrigerant temperature Tref increases.
Additionally or alternatively to the crossing of FCSR, when Tref reaches a lower refrigerant temperature margin T_low,
the control and drive unit 65, 66 may be adapted to switch from the power control mode 82 to a refrigerant temperature
(compressor speed) control mode 84, i.e. the refrigerant temperature is maintained in a predefined temperature interval
between T_low and an upper temperature margin Ttarget. By reducing the compressor speed 70 and/or power 76, Tref
may be maintained between T_low and Ttarget. As shown in Fig. 3, Tref may vary within the predefined temperature
interval (T_low, Ttarget). Alternatively, Tref may be maintained at a predetermined temperature (e.g. Ttarget).

[0076] Fig.4 is a flow diagram for the operation of Fig. 3. In step S1, a cycle (e.g. a drying or washing cycle) is selected
and started. In step S2, predefined parameters of the selected cycle are set such as e.g. a specific temperature, com-
pressor speed and/or power.

[0077] The following steps S3 to S6 may be applied in the power control mode section 82 of Fig. 3. Independent of
the mode, i.e. power or speed control mode (step S3), in step S4 a FCSR avoidance algorithm is applied. The FCSR
avoidance algorithm may include the transition function as mentioned before for efficiently crossing the FCSR. Details
of the FCSR avoidance algorithm are described in the following with respect to Figs. 5 to 8. The FCSR avoidance
algorithm determines if a given speed (which is the speed at which the compressor should be operated) is within the
FCSR or not and if the speed is within the FCSR, a corrected given speed Sg’ is determined. The compressor speed is
set to Sg’ if the given speed is within the FCSR or is set to the given speed Sg if the given speed is not within the FCSR
(step S5).

[0078] In step S6, it is determined if the refrigerant temperature Tref is below the lower margin T_low or not. As long
as Trefis below (or equal to) T_low, steps S3 to S6 may be repeated such that each FCSR, which the compressor speed
may cross, can be crossed efficiently by using the transition function.

[0079] Alternatively or additionally to the previous steps, in step S7, if Tref is above (or equal to) T_low, the control
and drive unit may adapted to switch from the operating mode (power control mode 82) to the refrigerant temperature
(speed) control mode 84 in which Tref is preferably maintained between T_low and Ttarget by varying the compressor
speed. The following steps S7 to S12 may be applied in the refrigerant temperature control mode 84 section of Fig. 3.
[0080] In step S8 the given speed Sg is calculated according to

Sg(t) = (Ttarget - Tref(t)) / (Ttarget -Tlow) *(Sref - Smin) + Smin

[0081] Due to the calculated given speed Sg which is preferably used for operating the compressor, the compressor
speed may be maintained at the same value/level, in particular such that Tref is maintained between T_low and Ttarget.
[0082] In step S9 a FCSR avoidance algorithm is applied. The FCSR avoidance algorithm of step S9 may be equal
or different to the FCSR avoidance algorithm of step S4. Details of the FCSR avoidance algorithm are described in the
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following with respect to Figs. 5 to 8. The FCSR avoidance algorithm determines if a given speed (which is the speed
at which the compressor should be operated) is within the FCSR or not and if the speed is within the FCSR, a corrected
given speed Sg’ is determined. The compressor speed is set to Sg’ if the given speed is within the FCSR or is set to the
given speed Sgq if the given speed is not within the FCSR (step S10).

[0083] In step S11, it is determined if the refrigerant temperature Tref is below (or equal to) the lower margin T_low
or not. If Tref is below (or equal to) the lower margin T_low, the previous compressor (VSC) operating mode may be
restored (see: steps S13, S3). If Tref is above (or equal to) the lower margin T_low, it is determined if Tref is below (or
equal to) or above (or equal to) Ttarget (see: step S12). If Tref is below (or equal to) Ttarget, given speed Sg is calculated
using the above formula of step S8. Steps S8 to S12 may be repeated as long as Tref is between T_low and Tref. If in
step S12, Tref is above (or equal to) Ttarget, the compressor speed may be reduced e.g. by 5 %, 10 % or 15% (see:
step S14). Then, the method may return back to step S9.

[0084] Asanexample, inthe following Figs. 5 to 6 afirst transition control function and in Figs. 7 to 8 a second transition
control function for crossing a FSCR in general, and in particular, the first and/or second FCSR 72, 74 of Fig. 3, are
shown. Figs. 6 and 8 are flow diagrams showing step S4 and/or S9 in more detail. Resonances resulting when crossing
the FCSR may have negative effects for the operation of the appliance and/or may be noise annoying for the user of
the appliance. Thus, the FCSR is crossed preferably as fast as possible while ensuring a reliable operation of the heat
pump system.

[0085] Fig. 5 is a schematic diagram showing a first transition control function for minimizing the time/duration in which
the compressor is driven in a forbidden compressor speed range (e.g. first or second FCSR 72, 74 of Fig. 3) during
operation of the compressor 46. Fig. 6 is a flow diagram representing the method steps of the first transition control
function of Fig. 5. The control and drive unit 65, 66 of the appliance 2 may be adapted to implement the first transition
control function in which at least one speed control function for crossing the FCSR is specified which is used for retrieving
a speed profile for the compressor speed to be applied for crossing the FCSR between the upper 72a and lower limit
72b and/or between the lower 72b and upper limit 72a of the FCSR.

[0086] The FCSR 72 may comprise a predetermined interval speed Sinter which is a speed within the FCSR 72 above
the lower limit 72b and below the upper limit 72a. In this case, Sinter is in the center between the upper and lower limit
72a, 72b. In other cases, Sinter may be in the upper half or the lower half of the FCSR 72.

[0087] The given compressor speed Sg is illustrated as a dotted line. The given compressor speed Sg may be a
calculated speed and/or can be seen as the set speed in view of control theory. In other words, the given speed Sg may
be the desired speed predetermined by the control and drive unit 65, 66, wherein the control and drive unit 65, 66 may
be adapted to set the given speed for operating the compressor.

[0088] A gradient of the compressor speed at the time when a current compressor speed Sref arrives at the lower
limit 72b or at the upper limit 72a is determined (see: step S16). Based on the gradient, the given speed Sg between
the upper and lower limit 72a, 72b is extrapolated (see: Step S17). In Fig. 5, the extrapolated given speed Sg, i.e. the
dotted line between the upper limit 72a and the lower limit 72b, is e.g. a straight line with a negative gradient. If the
extrapolated given speed Sg is above (or equal) to the predetermined interval speed Sinter, a corrected speed Sg is set
to the upper limit 72a (see: step S18, S20). If the extrapolated given speed Sg is below (or equal) to the predetermined
interval speed Sinter, the corrected speed Sg’ is set to the lower limit 72b (see: step S18, S19). The compressor speed
may be set to the corrected speed Sg’ when reaching the upper or lower limit 72a, 72b of the FCSR 72. The corrected
given speed Sg’ corresponds to the solid line between the upper and lower limit 72a, 72b. The corrected given speed
Sg’ may be maintained at the upper limit 72a for a duration C1 and may be maintained at the lower limit 72b for a duration
C2. The durations C1 and C2 are equal in Fig. 5, but may differ from each other. Duration C3 is the duration for changing
between the upper and limit lower 72a, 72b or vice versa. The speed from the upper limit 72a to the lower limit 72b
and/or from the lower limit 72b to the upper limit 72a is changed with a predefined speed gradient, in particular with the
highest speed gradient available for the compressor. Alternatively to example shown in Fig. 5, the given speed Sg may
be changed from the upper to the lower limit 72a, 72b without maintaining at the upper limit 72a and may be maintained
only at the lower limit 72b or the given speed Sg may be maintained only at the upper limit 72a before changing to the
lower limit 72b.

[0089] When the given speed Sg is within the FCSR (or equal to the upper or lower limit of the FCSR), the compressor
is preferably operated at the corrected given speed Sg’ (solid line in Fig. 5 between upper and lower limit 72a, 72b) and
when Sg is above or below the FCSR (or equal to the upper or lower limit of the FCSR), the compressor is preferably
operated at the given speed Sg (dotted line in Fig. 5 above and below limits 72a, 72b; see also: step S21).

[0090] In implementation, the control unit 65 of the home appliance calculates the transition function with the values
Sg’in the C1 and Cs (also C1’ and C2’ of Fig. 7) and at the moment when the given speed Sg’ changes from the upper
to the lower limit (or vice versa), transmits the lower limit (or upper limit) as speed Sg’ as set value to the compressor
inverter 66, which has an internal function for an abrupt speed change from the upper to the lower limit (or vice versa)
and applies the speed change with e.g. the maximum gradient.

[0091] Fig. 7 is a schematic diagram showing a second transition control function for avoiding a forbidden compressor
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speed range during operation of the compressor. Fig. 8 is a flow diagram representing the method steps of the second
transition control function of Fig. 7. The second transition control function is based on calculating the given speed Sg
within the FCSR, wherein the first transition function shown in Figs. 5 and 6 is based on extrapolation of the given speed
Sg within the FCSR.

[0092] The given compressor speed Sq is illustrated as a dotted line. The given speed Sg may be determined by the
control and drive unit 65, 66. The calculated given speed Sg, i.e. the dotted line between the upper limit 72a and the
lower limit 72b, may be a curved line.

[0093] If the determined given speed Sg is not within the FCSR 72 (i.e. above the upper limit 72a or below the lower
limit 72b; see: steps S22, S26), the compressor is preferably operated at the (predetermined) given speed Sg. If the
given speed Sg is within the FCSR 72, and is below (or equal) to the predetermined interval speed Sinter, the corrected
speed Sg’ is set to the lower limit 72b (see: steps S23, S24). If the given speed Sg is within the FCSR 72, and is above
(or equal) to the predetermined interval speed Sinter, the corrected speed Sg’ is set to the upper limit 72a (see: steps
S23, S25). The corrected given speed Sg’ corresponds to the solid line between the upper and lower limit 72a, 72b. The
corrected given speed Sg’ may be maintained at the upper limit 72a for a duration C1’ and may be maintained at the
lower limit 72b for a duration C2’. Compared to Fig. 5, the durations C1’ and C2’ are longer than C1 and C2. As shown
in Fig. 7, C1’is less than C2’, i.e. the compressor speed is maintained at the lower limit 72b for a longer time period than
at the upper limit 72a. Duration C3’ is also less than C3 of Fig. 5, i.e. the change of the speed from the upper limit 72a
to the lower limit 72b or vice versa has a higher speed gradient than compared to Fig. 5. When the given speed Sg is
within the FCSR 72 (or equal to the upper or lower limit of the FCSR 72), the compressor is preferably operated at the
corrected given speed Sg’ (solid line in Fig. 7 between upper and lower limit 72a, 72b) and when Sg is above or below
the FCSR (or equal to the upper or lower limit of the FCSR), the compressor is preferably operated at the given speed
Sg (dotted line in Fig. 7 above and below limits 72a, 72b). For example the dotted line for Sg is calculated by the above
formula

Sg(t) = (Ttarget - Tref(t)) / (Ttarget -Tlow) *(Sref - Smin) + Smin

[0094] As can be seen the transition functions applied in Figs. 5 and 7 result in a minimized duration of the compressor
speed being within the FCSR as compared to the duration which would result if the compressor speed would have
controlled with the otherwise applied compressor control function, which is the gradient with the lower value (as compared
to the transition) in Fig. 5 and which is the above formula for Sg(t) in Fig. 7.

[0095] Fig. 9 is a schematic diagram showing another example for crossing a forbidden compressor speed range
during operation of the compressor. The given compressor speed Sq is illustrated as a dotted line. The given speed Sg
may be determined by the control and drive unit 65, 66.

[0096] In this example, crossing the FCSR during a decrease of the compressor speed is shown. The compressor
speed is operated at the given speed Sg (which may be calculated by the above formula) above the upper limit 72a of
the FCSR 72. When the given speed is at the upper limit 72a the normal control theory of the compressor speed may
be suspended and the compressor speed is at least temporally kept at the upper limit 72a of the FCSR. Suspending the
normal control theory means that the compressor speed at which the compressor is to be operated is not set to the
calculated given speed Sg, but the corrected compressor speed Sg’ is set to the upper (or lower) limit of the FSCR. At
a time when the control and drive unit calculated that the ’extrapolated’ compressor speed Sg, which would have applied
if the feedback control would not be suspended, would have arrived at the lower limit 72b of the FCSR 72 during the
controlled speed decrease (or increase), the normal control theory (feed-back control) of the compressor speed is re-
activated (end of suspension). l.e. the compressor speed is kept at the upper (or lower) limit until the control and drive
unit detects that the theoretical (extrapolated) compressor speed arrives at the lower (or upper) limit. At this time when
the calculated (theoretical) compressor speed Sg arrives at the lower (or upper) limit 72b, the delta of calculated com-
pressor speed Sg and the set coreccetd compressor speed Sg’ is very high (due to the increased difference between
Ttarget and Tref(t) in the above formula for calculating Sg(t) in step S8) resulting in a high change of the speed forced
by the re-activated control theory (i.e. compressor speed is set to given speed Sg). In this case a speed jump is the
consequence of temporally suspending the normal control theory.

[0097] The jump is a result of the refrigerant temperature Tref(t) being high or closer to Ttarget than would have been
under the normal feedback-control. Namely during keeping the compressor speed at the upper (or lower limit) the
temperature of the refrigerant arrives at a higher (lower) value than if the normal control theory would be applied. For
compensating the higher (lower) temperature value, after reactivation of the normal control theory i.e. after the speed
jump, the compressor speed may be set to a value which is below the lower limit (above the upper limit) of the FCSR.
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Reference Numeral List

[0098]

22a
30
34
35
36
40
42
44
46
48
50
52
54
56
58
60
62
64
65
66
67
70
70a,b,c,d
72
72a
72b
74
74a
74b
76
78
82
84
A
RF
Tt
Tref
Ttarget
T low
Sref
Smin
Sg

dryer / household appliance
cabinet

side wall

front wall

bottom

rear wall

top wall

loading opening of front wall
loading opening of drum

door

condensate drawer

handle

cover for service opening
control panel

heat pump system

condensate collector
refrigerant loop

laundry

first heat exchanger (evaporator)
second heat exchanger (condenser)
compressor

expansion device

blower

drying air channel

outlet

inlet

drum (laundry storing chamber)
drum motor

fluff filter

motor inverter

control unit

compressor inverter (drive unit)
temperature sensor
compressor speed

first / second / third / fourth section of the compressor speed

first forbidden compressor speed range (FCSR)
upper limit of FCSR
lower limit of FCSR

second forbidden compressor speed range (FCSR)

upper limit of FCSR

lower limit of FCSR
compressor power

maximum compressor power
power control mode

refrigerant temperature (compressor speed) control mode

drying air flow

refrigerant flow

refrigerant temperature signal of sensor
refrigerant temperature

upper refrigerant temperature margin
lower refrigerant temperature margin
current compressor speed

minimum compressor speed

given compressor speed
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Sg’ corrected given compressor speed

Sinter predetermined interval speed

C1,C1’,C2,C2"  duration at upper/lower limit of FCSR

C3,C% duration for changing from upper to lower limit of FCSR
S1-S26 method steps

Claims

1. Household appliance having a heat-pump arrangement, in particular adomestic laundry or dishes treatment machine,
more preferably a drying machine, a washer dryer (2), a washing machine or a dishwasher, wherein the appliance
comprises:

a cabinet housing (4),

a heat pump (34) having a variable speed compressor (46), and

a control and drive unit (65, 66) configured for operating the compressor (46) at a given speed (Sg) and/or a
given power (Pg),

wherein the control and drive unit (65, 66) is adapted to control the compressor (46) in a speed range in which
at least one forbidden compressor speed range (FCSR)(72, 74) defining a compressor speed range where the
compressor (46) is normally not to be operated, is specified,

- such that its speed is at least temporally kept above or at an upper limit (72a, 74a) or that the speed is at
least temporally kept below or at a lower limit (72b, 74b) of the forbidden compressor speed range (FCSR)
(72, 74), and

- such that a period for increasing the speed from a lower limit (72b, 74b) to an upper limit (72a, 74a) or for
decreasing the speed from an upper limit (72a, 74a) to a lower limit (72b, 74b) of the forbidden compressor
speed range (FCSR) (72, 74) is reduced or minimized.

2. Appliance according to claim 1, wherein the control and drive unit (65, 66) is adapted to implement a transition
control function in which at least one speed control function for crossing the FCSR is specified which is used for
calculating and/or retrieving a speed profile for the compressor speed to be applied for crossing the FCSR between
the upper limit (72a, 74a) and lower limit (72b, 74b) and/or between the lower limit (72b, 74b) and upper limit (72a,
74a) of the FCSR.

3. Appliance according to claim 2, wherein the control and drive unit (65, 66) is adapted to implement the transition
control function causing the compressor (46) to change the speed from the upper limit (72a, 74a) to the lower limit
(72b, 74b) and/or from the lower limit (72b, 74b) to the upper limit (72a, 74a) with a predefined speed gradient, in
particular with the highest speed gradient available for the compressor (46).

4. Appliance according to any of the preceding claims,

wherein, when the control and drive unit (65, 66) detects that the compressor speed has arrived at the lower
limit (72b, 74b) of the FCSR during a speed increase, the control and drive unit (65, 66) is adapted to temporally
operate the compressor (46) at the speed corresponding to the lower limit (72b, 74b) or being close to the lower
limit (72b, 74b), and/or

wherein, when the control and drive unit (65, 66) detects that the compressor speed has arrived at the upper
limit (72a, 74a) of the FCSR during a speed decrease, the control and drive unit (65, 66) is adapted to temporally
operate the compressor (46) at the speed corresponding to the upper limit (72a, 74a) or being close to the upper
limit (72a, 74a).

5. Appliance according to claim 4, wherein the duration (C1, C2) at which the control and drive unit (65, 66) temporally
operates the compressor at the upper (or lower) limit (72a, 74a, 72b, 74b) depends on one or more of the following:

- the speed gradient by which the speed change has arrived at the upper (or lower) limit (72a, 74a, 72b, 74b),
- the width of the FCSR (72, 74),

- the location of the central resonance frequency in the FCSR,

- the temperature of the refrigerant (Tref) and/or compressor,

- the pressure of the refrigerant,
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- the power of the compressor at the upper (or lower) limit (72a, 74a, 72b, 74b);
- the moisture of laundry to be dried in the appliance (2).

6. Appliance according to any of the preceding claims, wherein the control and drive unit (65, 66) is adapted to reduce
the duration (C1) at which the control and drive unit (65, 66) temporally operates the compressor (46) at the upper
limit (72a, 74a) or to immediately execute the transit to the lower limit (72b, 74b), if the temperature of the refrigerant
(Tref) and/or the pressure of the refrigerant and/or the temperature of the compressor and/or the power consumption
of the compressor is at a critical value.

7. Appliance according to any of the preceding claims,

wherein the control and drive unit (65, 66) is adapted to determine the given speed (Sg) for the compressor
(46), in particular to determine the given speed (Sg) in a compressor power control mode (82) or in a refrigerant
temperature control mode (84), and

wherein, when the determined given speed (Sg) is within the FCSR (72, 74), the control and drive unit (65, 66)
is adapted to set the corrected given speed (Sg’) at which the compressor (46) is to be operated to the upper
limit (72a, 74a) or to the lower limit (72b, 74b) of the FCSR (72, 74).

8. Appliance according to any of the preceding claims,

wherein a predetermined interval speed (Sinter) is a speed within the FCSR (72, 74) above the lower limit (72b,
74b) and below the upper limit (72a, 74a),

wherein the control and drive unit (65, 66) is adapted to determine the given speed (Sg) for the compressor
(46), and

wherein, when the determined given speed (Sg) is within the FCSR (72, 74), the control and drive unit (65, 66)
is adapted to set the corrected given speed (Sg’), which is the set value for the compressor speed, to

- the upper limit (72a, 74a), if the determined given speed (Sg) is greater than (or equal to) the interval
speed (Sinter), and

- the lower limit (72b, 74b), if the determined given speed (Sg) is smaller than (or equal to) the interval
speed (Sinter).

9. Appliance according to any of claims 1to 7,

wherein a or the predetermined interval speed (Sinter) is a speed within the FCSR (72, 74) above the lower
limit (72b, 74b) and below the upper limit (72a, 74a),

wherein the control and drive unit (65, 66) is adapted to determine a gradient of the speed at the time when a
current speed (Sref) of the compressor (46) arrives at the lower (72b, 74b) or upper limit (72a, 74a) of the FCSR
(72, 74) from above or below, respectively,

wherein the control and drive unit (65, 66) is adapted to extrapolate the given speed (Sg) in the FCSR (72, 74)
from the gradient of the speed and to set the corrected given speed (Sg’) to

- the upper limit (72a, 74a), if the extrapolated given speed (Sg) is greater than (or equal to) the interval
speed (Sinter), and

- the lower limit (72b, 74b), if the extrapolated given speed (Sg) is smaller than (or equal to) the interval
speed (Sinter).

10. Household appliance having a heat-pump arrangement, in particular adomestic laundry or dishes treatment machine,
more preferably a drying machine, a washer dryer (2), a washing machine or a dishwasher, wherein the household
appliance comprises:

a cabinet housing (4),

a heat pump (34) having a variable speed compressor (46),

a temperature sensor (67) for detecting the refrigerant temperature (Tref) and adapted to provide a temperature
signal (Tt),

a control and drive unit (65, 66) configured for operating the compressor (46) at a given speed (Sg) or a given
power (Pt) and for receiving the temperature signal (Tt),

wherein the control and drive unit (65, 66) is adapted to control the given speed (Sg) of the compressor (46)
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such that the refrigerant temperature (Tref) is maintained in a predefined temperature interval (T_low, Ttarget)
or at a predetermined temperature.

Appliance according to claim 10, wherein the control and drive unit (65, 66) is adapted

to increase the compressor speed, if the temperature (Tref) is decreasing and/or is approaching the lower margin
of the temperature interval (T_low), and

to decrease the compressor speed, if the temperature (Tref) is increasing and/or is approaching the upper
margin of the temperature interval (Ttarget).

Appliance according to claim 10 or 11, wherein the control and drive unit (65, 66) is adapted to control the given
speed (Sg) of the compressor in dependency of the current refrigerant temperature (Tref) and one or more or all of
the following parameters:

- an upper margin (Ttarget) of the temperature interval,

- a lower margin (T_low) of the temperature interval,

- the current speed (Sref) of the compressor,

- the minimum speed (Smin) of the compressor,

- optionally the refrigerant pressure detected by a pressure sensor arranged in the heat pump.

Appliance according to any of the preceding claims, wherein the control and drive unit (65, 66) is adapted to control
the compressor (46) such that

- the power consumption of the compressor (46) is maintained at a predetermined power consumption level, in
particular at the maximum power consumption of the compressor (78), or

- the speed of the compressor is maintained at a predetermined speed level, or

- the refrigerant temperature (Tref) or the compressor temperature is maintained at a predetermined temperature
level or within a given temperature range.

Appliance according to any of the preceding claims wherein the control and drive unit (65, 66) is adapted to control
the compressor (46) such that

when the refrigerant temperature (Tref) is below a or the lower predetermined temperature margin (T_low), the
power consumption of the compressor is maintained at a predetermined power consumption level, and

when the refrigerant temperature (Tref) is at or above the lower predetermined temperature margin (T_low),
the speed of the compressor is reduced in dependency of the refrigerant temperature (Tref), wherein in particular
the refrigerant temperature (Tref) is maintained at a predetermined temperature level or within a given temper-
ature range (T_low, Ttarget).

Appliance according to any of the preceding claims, wherein, when the refrigerant temperature (Tref) is at or above
a or the lower predetermined temperature margin (T_low), the control and drive unit (65, 66) is adapted to control
the compressor (46) such that the speed of the compressor is reduced in dependency of the refrigerant temperature
(Tref), but not lower than the minimum allowable operation speed (Smin) of the compressor.

Appliance according to any of the preceding claims, wherein the appliance further comprises a temperature sensor
(67) for detecting the temperature (Tref) of the refrigerant in the heat pump (34).

Method for operating a household appliance having a heat-pump arrangement, in particular a household appliance
according to any of claims 1 to 9 or 13 to 16, wherein the household appliance comprises:

a cabinet housing (4),

a heat pump (34) having a variable speed compressor (46),

a control and drive unit (65, 66) for operating the compressor at a given speed (Sg) or a given power (Pg),
wherein the control and drive unit (65, 66) controls the compressor (46) in a speed range, in which at least one
forbidden compressor speed range (FCSR)(72, 74) defining a compressor speed range where the compressor
(46) is normally not to be operated, is specified,

wherein the method comprises:
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controlling, by means of the control and drive unit (65, 66), the compressor (46) such that its speed is at least
temporally kept above or at an upper limit (72a, 74a) or to be at least temporally kept below or at a lower limit (72b,
74b) of the forbidden compressor speed range (72, 74) and such that a period for increasing the speed from a lower
limit (72b, 74b) to an upper limit (72a, 74a) or for decreasing the speed from an upper limit (72a, 74a) to a lower
limit (72b, 74b) of the forbidden compressor speed range (72, 74) is reduced or minimized.
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