(12) STANDARD PATENT (11) Application No. AU 2013346823 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)
(31)
(43)
(44)

(71)

(72)

(74)

(56)

Title

Heat pump laundry treatment apparatus and method of operating a heat pump laun-
dry treatment apparatus

International Patent Classification(s)
DOG6F 58/28 (2006.01)

Application No: 2013346823 (22) Date of Filing:  2013.11.14
WIPO No:  WO14/076159

Priority Data

Number (32) Date (33) Country
12192940.0 2012.11.16 EP
Publication Date: 2014.05.22

Accepted Journal Date: 2018.02.01

Applicant(s)
Electrolux Home Products Corporation N.V.

Inventor(s)
Cavarretta, Francesco;Ragogna, Roberto;Pasquotti, Maura;Zandona’,
Stefano;Pesavento, Elena;Montebello, Christian

Agent / Attorney
Halfords IP, Level 7 1 Market Street, Sydney, NSW, 2000, AU

Related Art
EP 2333149 A1




wo 2014/076159 A1 ]I ¥ 0O N O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/076159 A1l

22 May 2014 (22.05.2014) WIPO I PCT
(51) International Patent Classification: 33080 Porcia (PN) (IT). PESAVENTO, Elena; Electrolux
DO6F 58/28 (2006.01) Italia S.p.A., Corso Lino Zanussi 30, I-33080 Porcia (PN)
. . . (IT). MONTEBELLO, Christian; Flectrolux Italia
(21) International Application Number: . . _ .
PCT/EP2013/073778 S.p.A., Corso Lino Zanussi 30, I-33080 Porcia (PN) (IT).
. 1o (74) Agents: PETRUCCELLIL, Davide et al.; Electrolux Italia
(22) International Filing Date: A Lino 7 . 30. 1.33080 Porcia (PN (IT
14 November 2013 (14.11.2013) S.p-A., Corso Lino Zanussi 30, orcia (PN) (IT).
- . . (81) Designated States (uniess otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
L. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(30) Priority Data: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
12192940.0 16 November 2012 (161 12012) EP HN, HR, HU, ID, IL, H\I, IR, IS, JP, KE, KG, KN, KP, KR,
(71) Applicant: ELECTROLUX HOME PRODUCTS COR- KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME,
PORATION N.V. [BE/BE]; Raketstraat, 40, B-1130 Brus- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
sels (BE). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(72) Inventors: CAVARRETTA, Francesco; Electrolux Italia TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
S.p.A., Corso Lino Zanussi 30, I-33080 Porcia (PN) (IT). ZW.
RAGOGNA, Roberto; Electrolux Italia S.p.A., Corso
(84) Designated States (uniess otherwise indicated, for every

Lino Zanussi 30, I-33080 Porcia (PN) - Italy (IT).
PASQUOTTI, Maura; FElectrolux Italia S.p.A., Corso
Lino Zanussi 30, I-33080 Porcia (PN) (IT). ZANDONA',
Stefano; Electrolux Italia S.p.A., Corso Lino Zanussi 30, I-

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[Continued on next page]

(54) Title: HEAT PUMP LAUNDRY TREATMENT APPARATUS AND METHOD OF OPERATING A HEAT PUMP LAUN-
DRY TREATMENT APPARATUS

2 TN /
N
J 19 \JA
40

I
22\‘\‘2;./ «—

i

|
20\1 I\ < T 20c []50
20d —__| A L/

Fig. 1

(57) Abstract: The invention relates to a heat pump laundry
treatment apparatus, in patticular a heat pump laundry dryer
or a heat pump washing machine having drying tunction, and
to a method of operating such a heat pump laundry treatment
apparatus. The laundry treatment apparatus comprises a con-
trol unit (51) controlling the operation of the laundry treat-
ment apparatus, a laundry treatment chamber for treating
laundry using process air, a process air circuit for circulating
the process air, a heat pump system having a refrigerant loop
(6) in which the refrigerant fluid is circulated through a first
and a second heat exchanger, a compressor (14) for circulat-
ing the refrigerant fluid through the refrigerant loop (6), and
a cooling fan unit (53) for cooling the compressor (14). Dur-
ing the operation the conveyance capacity of the cooling fan
unit (53) is varied, and a detector unit (60) for detecting an
operation parameter indicates a state of an electronic board
(52). The method comprises operating the cooling fan unit
(53) in dependency of the electronic board operation para-
meter, and/or controlling the compressor operation output in
dependency of the electronic board operation parameter,
wherein the compressor (14) is a variable speed compressor.
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Heat pump laundry treatment apparatus and method of operating a heat pump

laundry treatment apparatus

Field of the invention

The invention relates to a heat pump laundry treatment apparatus, in particular a heat pump
dryer or a heat pump washing machine having a dryer function, comprising a heat pump
system and a cooling fan unit for cooling a compressor of the heat pump system.
Furthermore, the invention relates to a method of operating such a heat pump laundry

treatment apparatus.

Background of the invention

EP 2212 463 BI discloses a heat pump laundry dryer comprising an open loop cooling
channel for cooling the compressor of the heat pump system. The open loop cooling
channel contains a blower to be activated and controlled by a control unit according to the
signals of a temperature sensor. This temperature sensor is disposed adjacent to the

condenser section of the heat pump system’s refrigerant loop.

Any reference herein to known prior art does not, unless the contrary indication appears,
constitute an admission that such prior art is commonly known by those skilled in the art to

which the invention relates, at the priority date of this application.

Summary of the invention

It is an object of the invention to provide a heat pump laundry treatment apparatus and a
method of operating a heat pump laundry treatment apparatus in such a manner that its heat

pump system contributes to an economic drying performance.

According to the invention, a heat pump laundry treatment apparatus comprises a control
unit controlling the operation of the heat pump laundry treatment apparatus. The heat pump
laundry treatment apparatus — in the following description denoted in brief “apparatus” — is
in particular configured as a heat pump laundry dryer or a heat pump washing machine

having a drying function.
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Furthermore, the apparatus comprises a laundry treatment chamber for treating laundry
using process air. The process air is circulated in a process air circuit arranged within the
housing or cabinet of the apparatus. The apparatus also comprises a heat pump system
having a refrigerant loop, in which the refrigerant fluid is circulated through a first heat
exchanger and a second heat exchanger. A compressor circulates the refrigerant fluid
through the refrigerant loop and a cooling fan unit is arranged for cooling the compressor.
During the operation of the apparatus the conveyance capacity (which can also be denoted
as cooling capacity) of the cooling fan unit is varied. Additionally, the apparatus comprises
a detector unit for detecting an operation parameter indicating a state of an electronic
board.

The control unit is adapted to control the operation of the apparatus, wherein the operation
comprises at least one of the following method features a) and b):
a) operating the cooling fan unit in dependency of the electronic board operation
parameter,
b) controlling the compressor operation output in dependency of the electronic board

operation parameter, wherein the compressor is a compressor with variable speed.

Since the electronic board operation parameter — denotable in brief “operation parameter”
— is representing a state of an electronic board it is possible to consider such state in
operating the cooling fan unit. Thus, predefined safety conditions can be easily considered
for operating the cooling fan unit even if specific thermodynamic conditions (e.g.
refrigerant and air temperature levels) are not yet detected for triggering the cooling fan
unit. Furthermore, considering said operation parameter supports the compressor in
keeping a constant performance level and subsequently stable refrigerant temperature of

the refrigerant fluid.

The above mentioned method feature a) is applicable on compressor types with fixed
operation speed and on compressor types with variable operation speed. Method feature b)
is only applicable for a compressor having a variable speed. For example the operation or
driving speed of the compressor is preferably between 1800 rpm (rounds per minute) and
7000 rpm.

Preferably, the operation control of the cooling fan unit according to the claimed method is
prioritized in comparison to its general or basic control by the control unit. Thus, a
minimum cooling fan activation (and consequently a minimum conveyance capacity) can

be ensured dependent on at least one electronic board operation parameter independent
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from specific apparatus and/or ambient conditions and even when cooling the compressor
is not intended or not required according to some specific operation modes of the

apparatus.

Preferably, there is arranged at least one air inlet and at least one air outlet within the
apparatus cabinet. Thus, the cooling fan unit is able to convey air from said air inlet(s)
through the apparatus cabinet over the compressor to be cooled and through said outlet(s)
out of the apparatus cabinet. This conveyance can be achieved e.g. by sucking in at least a
portion of the conveyed cooling air through said air inlet(s) and by exhausting at least a

portion of the conveyed cooling air through said air outlet(s).

In particular, the air conveyance occurs within the cabinet without any specific air channel
such that the conveyed cooling air can at least partially freely circulate within the cabinet.
Thus, air circulation removes heat and/or humidity from the cabinet and prevents potential
overheating of electronic boards and/or other electronic parts like a control unit.
Furthermore, potential condensate on the electronic board and/or its potential malfunction

due to humidity is prevented.

In an embodiment, the cooling fan unit comprises at least one blower and at least one
motor for driving the blower. Thus, the cooling fan unit can be configured cost-saving by

standard parts.

Regarding the refrigerant fluid, this can be provided as a refrigerant gas or a refrigerant

fluid at standard conditions (room temperature/atmospheric pressure).

Preferably, the operation parameter is indicative of at least of the following parameters:
- atemperature of the electronic board,
- amotor temperature detected via the electronic board,
- acurrent delivered by the electronic board to a motor exceeding a threshold value
or exceeding a threshold averaged value.
In this regard, it is noted that the operation parameter is not the temperature of the
refrigerant or any temperature related to the refrigerant temperature like a temperature of a

refrigerant’s loop part (e.g. condenser, evaporator, compressor).

In an embodiment, a temperature sensor is part of the detector unit. Thus, a temperature of
the electronic board can detected which represents the operation parameter. Supporting

safe operating conditions of the electronic board, a logic comparison can be made between
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this detected operation parameter and a defined temperature threshold of the electronic

board. The cooling fan unit can be activated if said temperature threshold is exceeded.

In a preferred embodiment, there exist at least two electronic boards each comprising a
temperature sensor for detecting a board temperature as an electronic board temperature
representing an operation parameter. Considering electronic board temperatures of several
electronic boards, the cooling fan unit can be activated if a defined first temperature
threshold of a first electronic board is exceeded or if a defined temperature threshold of
another electronic board is exceeded. This activation can be made in dependency of a
predefined priority of each electronic board, i.e. relating to the specific cooling necessity of
each electronic board. Thus, an electronic board having higher need for cooling can be

prioritized supporting safe operating conditions of the apparatus.

As already mentioned the operation of the cooling fan unit is controlled. Preferably, this
control is or includes adapting the conveyance capacity of the cooling fan unit in
dependency of the electronic board operation parameter. In an embodiment the conveyance
capacity of the cooling fan unit is 'increased' or changed in response to the electronic board
operation parameter just by switching the blower of the cooling fan unit to operation (ON).
Alternatively or additionally, the conveyance capacity of the cooling fan unit is defined by
or can be adapted by adapting

- aduty cycle ratio of switching the cooling fan unit ON and OFF, and/or

- the conveyance rate of the cooling fan unit.
The duty cycle ratio can be represented e.g. by the ratio of two sums, wherein one sum is
the sum of the total ON-times (i.e. activation of the cooling fan unit) and the other sum is
the sum of the total OFF-times (i.e. cooling fan unit is switched OFF) within a predefined
time period. In this connection, it is not necessary to calculate the sum of OFF-times
separately. Rather, the sum of OFF-times can be automatically determined by the sum of

ON-times and the predefined time period.

The conveyance rate is preferably determined by the flow rate of the blowing cooling air
generated by the cooling fan unit. In an embodiment, the conveyance capacity or the
conveyance rate is modified (i.e. particularly increased) by a fan speed or a motor speed of

the cooling fan unit.

Switching On/Off the conveyance capacity or adjusting the conveyance capacity of the
cooling fan unit can be monitored by a flow meter that is arranged in the flow path of the

cooling air conveyed by the blower. Thereby it can be checked whether the intended air
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flow corresponds to the actual air flow and conveyance capacity adjustment can be
provided by the control unit. A deviation of flow rate may happen, if the user (partially)

blocks a cooling air inlet or outlet for example.

In an embodiment, the varying the conveyance capacity of the cooling fan unit occurs in
such a manner that the increase of the conveyance rate of the cooling fan unit is the higher
the more a board parameter exceeds a defined threshold value (e.g. temperature threshold).
Particularly, a difference between a detected electronic board temperature and a
temperature threshold is calculated and the higher the calculated difference the more the
conveyance capacity is increased. This increase is configured e.g. as an increase of the fan
speed of the cooling fan unit and/or the already mentioned duty cycle ratio (between ON-

times and OFF-times).

The electronic board is configured dependent on the desired technical application. In an
embodiment, the electronic board is able to execute several technical functions. Preferably,
the electronic board is configured to execute at least one of the following technical
functions:
- supplying controlled power to a drum motor for rotating a drum being the laundry
treatment chamber,
- supplying controlled power to a process air fan motor for circulating the process air
in the process air circuit,

- supplying controlled power to the compressor for operating the compressor.

Particularly, the drum motor and the process air fan motor are configured in a space-saving
manner as one sole motor. The drum motor and/or the process air fan motor can be

designed as a fixed speed motor or as a variable speed motor.

Using only one electronic board for executing several technical functions facilitates
mounting and space-saving arrangement of the parts in the apparatus cabinet. In a further

embodiment, several technical functions are executed each by a separate electronic board.

In a further embodiment, the electronic board is or comprises an inverter electronic
supplying controlled current to the dedicated motor (e.g. drum motor or compressor
motor). By using an inverter electronic, rotational speed of the drum or process air fan or

the compressor can be easily varied.
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The detected electronic board operation parameter is advantageously used for ensuring a
sufficient (minimum) cooling of an inverter electronic even when cooling of the driven
part (e.g. compressor) is not intended or not required according to some specific operation
modes of the apparatus. For example, cooling of the compressor’s inverter electronic
occurs usually automatically by the cooling flow of the cooling fan unit which is generated
for cooling the compressor according to the specific cooling requests in several operation
modes. However, in some operation modes it is not necessary to cool the compressor (e.g.
in a warm-up phase of the heat pump system) and consequently also the inverter electronic
is not cooled. However, a cooling of the inverter electronic could be desired even if the
compressor is not cooled. To realize such a desired cooling of inverter electronic, the
cooling fan unit is activated preferably in dependency of a state (e.g. temperature) of the

inverter electronic.

In order to support prevention of potential condensate on the electronic board and/or its
potential malfunction due to humidity or prevention of potential overheating of the
electronic board in a technical simple manner the cooling fan unit for cooling the
compressor is configured in preferred embodiments
- to blow at least a portion of the conveyed air flow into the apparatus cabinet
towards the electronic board, and/or
- to suck at least a portion of the conveyed air flow through the apparatus cabinet

over the electronic board.

Preferably, the method further comprises additionally varying the conveyance capacity of
the cooling fan unit depending on one or more input variables and at least one environment
parameter of the apparatus environment. In this regard, the method occurs in dependency
of at least one electronic board operation parameter as a kind of main controlling the
cooling fan unit and/or the compressor operation output. The at least one electronic board
operation parameter is prioritized over other parameters (e.g. the said input variables,
environment parameter), i.e. other operation parameters support a kind of secondary

control.

The input variables are particularly represented by one or more of the following:
- a previous operation time of the apparatus, and/or
- a user selectable input variable, and/or
- a working parameter of the laundry drum, and/or
- a working parameter of a process air fan, and/or

- a working parameter of an electric driving motor, and/or
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- a working parameter of the heat pump system, and/or

- a working parameter of the compressor, and/or

- a drying progress status parameter and/or a status parameter of the laundry to be dried,
and/or

- a machine alarm status parameter.

A previous operation time of the apparatus is a useful input variable since a long operation
time causes increasing waste heat from the components within the apparatus cabinet and
consequently the conveyance capacity value can be adapted reasonably to the expected

waste heat volume.

A user selectable input variable means a variable selected by the user of the apparatus. This
variable is preferably dependent on at least one of the following features: a selected cycle
or program, a selected cycle option (ECO, NIHGT, FAST), final humidity, laundry

amount, laundry type.

The working parameter of the laundry drum is preferably represented by the motor power

and/or motor speed of the drum motor.

The working parameter of the process air fan is constituted particularly by a fan speed

and/or fan flow rate.

The working parameter of the electric driving motor is e.g. the machine power supply

(particularly voltage and/or current) and/or a motor speed.

The electric driving motor itself is represented e.g. by a laundry drum motor, a blower

motor and/or a compressor motor.

The working parameter of the heat pump system is preferably a detected temperature of the

refrigerant.

The working parameter of the compressor is constituted e.g. by its compressor power, a

compressor speed and/or a status of the compressor motor.

Another input variable is represented by the power supply (particularly voltage and/or

current) supplied to the apparatus.
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The machine alarm status parameter is represented e.g. by an overheat alarm, an electric

failure alarm etc.

Preferably, the electronic board for controlling the compressor is arranged in proximity of
or close to the compressor or the cooling fan unit. Particularly, the electronic board is
arranged in proximity of both parts, the compressor and the cooling fan unit, thus
supporting a space-saving arrangement of the parts within the apparatus cabinet. In a
preferred embodiment, the proximity is configured as a distance with a range extending

from 10 cm to 20 cm.

Especially, the electronic board is not arranged in a top region of the apparatus cabinet but
it is arranged in a bottom region of the apparatus cabinet. This facilitates a close a
proximate arrangement of the electronic board and the compressor and/or cooling fan unit

which are arranged in many applications in the base section of the apparatus cabinet, too.

In an embodiment, the compressor is a variable speed compressor and the electronic board
operation parameter is the temperature detected on or at the electronic board. Preferably,
the output of the compressor, i.e. the compressor speed and/or power, is reduced in
response to an electronic board temperature increase. In particular the control unit
decreases or starts to decrease the compressor output, when the temperature of the
electronic board exceeds a predefined temperature threshold. By reducing the compressor
output, the refrigerant temperature is decreasing which in turn decreases the temperature in
the interior of the apparatus housing which in turn reduces the electronic board
temperature. In case the electronic board is the board supplying the compressor with power
(e.g. an inverter), a reduction in the power supplied to the compressor reduces the heat

deposited in the electronic board and thus its temperature.

In a preferred embodiment the motor output or compressor output of the variable speed
compressor is increased when the cooling fan unit is operated in dependency of the
electronic board operation parameter. Due to this relationship of operation it is possible to
compensate potential performance loss of the compressor (and subsequently also of the
heat pump system) because of its increased cooling by the operated cooling fan unit. Said
increased cooling is technical easily compensated by increasing the compressor output of
the variable speed compressor thus supplying a higher amount of electrical energy to the

compressor which is transformed to heat flowing into the heat pump system.
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In an embodiment, the explained compensation is executed in such a manner that the
additional electrical energy provided to increase the compressor output just compensates or
essentially compensates the heat dissipated from the compressor by the cooling fan unit
when this cooling fan unit is operated in dependency of the electronic board operation
parameter. This kind of compensation supports additionally operating of the compressor

and the heat pump system without performance loss.

Preferably, the cooling fan unit is operated to reach a minimum conveyance capacity value
(according to a prioritized control) even if the heat pump system does not require
compressor cooling (according to a normal or standard operation control). This operation
ensures a minimum amount for cooling the electronic board even if the compressor does
not need cooling according to the standard operation control. Such operation is given e.g.
in a low energy operation mode using e.g. a variable speed compressor operated at low
compressor output. Even if the temperature of the heat pump system’s refrigerant has not
reached its optimized operation temperature (so called “steady state”) the cooling fan unit
is operated to cool the compressor (although not necessary) and thereby to cool the

electronic board.

In an embodiment, if the electronic board parameter exceeds a predefined threshold, the
activation or increase of the cooling capacity of the cooling fan unit is delayed and instead
the output of the compressor, i.e. the compressor speed and/or power, is reduced.
Reduction of the compressor output can be made in one step, in a continuous way (e.g.
compressor output is reduced with increasing electronic board temperature or is reduced in
iterative incremental steps). By this delay, an “active” cooling by switching on the cooling
fan unit is not necessary. Rather, the cooling fan unit can be kept in its deactivated state or
changed into its deactivated state. In many applications, this is an energy-saving alternative
operation of the variable speed compressor and the cooling fan unit (if in an activated state
before this operation) to achieve sufficient cooling of the electronic board. Only if the
'cooling' by reducing the compressor output cannot lower or compensate an increase in the
monitored electronic board parameter, the cooling capacity of the cooling fan unit is

increased.

The above described and the below described method and apparatus features can be
combined in any arbitrary combination.

Therefore, the present invention provides a method of operating a heat pump laundry
treatment apparatus, in particular a heat pump laundry dryer or a heat pump washing

machine having drying function, wherein the laundry treatment apparatus comprises:
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a control unit controlling the operation of the laundry treatment apparatus and a
control unit electronic board of the control unit,

a laundry treatment chamber for treating laundry using process air,

a process air circuit for circulating the process air,

a heat pump system having a refrigerant loop in which the refrigerant fluid is
circulated through a first and a second heat exchanger,

a compressor for circulating the refrigerant fluid through the refrigerant loop and
having a compressor motor, and,

a cooling fan unit for cooling the compressor, wherein during the operation the
conveyance capacity of the cooling fan unit is varied,

a motor electronic board being at least one of the following motor electronic
boards:

a motor electronic board for supplying controlled power to a drum motor for
rotating a drum being the laundry treatment chamber,

a motor electronic board for supplying controlled power to a process air fan
motor for circulating the process air in the process air circuit, and

a motor electronic board for supplying controlled power to the compressor
motor;

a detector unit configured for detecting an operation parameter indicating a state of
the motor electronic board, wherein the motor electronic board operation parameter is
indicative of at least one of:

a motor electronic board temperature,

a drum or compressor motor temperature detected via the motor electronic
board, the motor temperature not being the temperature of the refrigerant fluid, and

a current delivered by the motor electronic board to a motor exceeding a
threshold value or exceeding a threshold averaged value; and

wherein the method comprises:

operating the cooling fan unit in dependency of the motor electronic board
operation parameter, and/or

controlling the compressor operation output in dependency of the motor
electronic board operation parameter, wherein the compressor motor is a variable

speed compressor motor.

The detector unit can comprise a temperature sensor for detecting the motor electronic

board temperature as a motor electronic board operation parameter.
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The laundry treatment apparatus can comprise a first motor electronic board and a second
motor electronic board, wherein each motor electronic board comprises a temperature

sensor for detecting a board temperature as a motor electronic board temperature.

Controlling the operation of the cooling fan unit can be or can include adapting the
conveyance capacity of the cooling fan unit in dependency of the motor electronic board
operation parameter, and
wherein the conveyance capacity of the cooling fan unit is defined by one or more of

a duty cycle ratio of switching the cooling fan unit ON and OFF, and

the conveyance rate of the cooling fan unit.

The conveyance rate of the cooling fan unit can be modified by modifying a motor speed

or fan speed of the cooling fan unit.

The increase of the conveyance rate of the cooling fan unit can be the higher the more a

motor electronic board operation parameter exceeds a threshold value.

The motor electronic board can be or can comprise an inverter electronic supplying

controlled current to the motor.

The cooling fan unit for cooling the compressor can blow at least a portion of the conveyed
air flow into the cabinet of the laundry treatment apparatus towards the motor electronic
board. Alternatively, the cooling fan unit for cooling the compressor can suck at least a
portion of the conveyed air flow through the cabinet of the laundry treatment apparatus

over the motor electronic board.

During the operation of the laundry treatment apparatus, the method can further comprise
additionally varying the conveyance capacity of the cooling fan unit in dependency of at
least one of the following input variables:

a previous operation time of the laundry treatment apparatus,

a user selectable input variable,

a working parameter of the laundry drum,

a working parameter of a process air fan,

a working parameter of an electric driving motor,

a working parameter of the heat pump system,

a working parameter of the compressor,

a drying progress status parameter or a status parameter of the laundry to be dried,
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a power supply status of the power supplied to the apparatus,
an environment parameter of the laundry treatment apparatus environment, and

a machine alarm status parameter.

The motor electronic board for controlling the compressor motor can be arranged in

proximity of the compressor or in proximity of the cooling fan unit.

The compressor motor can be a variable speed compressor motor, the motor electronic
board operation parameter is a temperature detected at the motor electronic board and the
compressor output is decreased in response an increase of the motor electronic board

temperature.

The compressor operation output can be reduced no less than down to a predefined lower

output value.

When the operation of the cooling fan unit is operated in dependency of the motor
electronic board operation parameter, the compressor operation output of the variable

speed compressor motor can be increased.

The additional electrical energy provided to increase the compressor operation output can
compensate or essentially compensate the heat dissipated from the compressor by the
cooling fan unit when operated in dependency of the motor electronic board operation

parameter.

The method can operate the cooling fan unit to reach a minimum conveyance capacity

value even if the heat pump system does not require compressor cooling.

The present invention also provides a heat pump laundry treatment apparatus, wherein the
laundry treatment apparatus comprises:

a control unit controlling the operation of the laundry treatment apparatus,

a control unit electronic board of the control unit,

a laundry treatment chamber for treating laundry using process air,

a process air circuit for circulating the process air,

a heat pump system having a refrigerant loop, in which the refrigerant fluid is
circulated through a first and a second heat exchanger,

a compressor for circulating the refrigerant fluid through the refrigerant loop and

having a compressor motor, and
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a cooling fan unit for cooling the compressor;
a motor electronic board being at least one of the following motor electronic
boards:

a motor electronic board for supplying controlled power to a drum motor for
rotating a drum being the laundry treatment chamber,

a motor electronic board for supplying controlled power to a process air fan
motor for circulating the process air in the process air circuit, and

a motor electronic board for supplying controlled power to the compressor
motor;
wherein the control unit is adapted to control the operation of the laundry treatment

apparatus according to a method as mentioned in the paragraphs above.

The heat pump laundry treatment apparatus can be a heat pump laundry dryer or a heat

pump washing machine having drying function.

Brief description of the drawings

Reference is made in detail to preferred embodiments of the invention, examples of which

are illustrated in the accompanying figures which show:

Fig. 1 a schematic view of a laundry treatment apparatus,

Fig. 2 a block diagram for the control of essential parts of the laundry treatment
apparatus,

Fig. 3 a flow diagram showing a control flow implemented by the control unit for

cooling the compressor and the electronic board, and

Fig. 4a-c temperature over time diagrams illustrating different operation and control

conditions.

Detailed description of the embodiment or embodiments

Fig. 1 shows a schematically depicted laundry treatment apparatus 2 which in this
embodiment is a heat pump tumble dryer. The tumble dryer 2 comprises a heat pump
system 4, including a closed refrigerant loop 6 which comprises in the following order of

refrigerant flow B: a first heat exchanger 10 acting as evaporator for evaporating the
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refrigerant and cooling process air, a compressor 14, a second heat exchanger 12 acting as
condenser for cooling the refrigerant and heating the process air, and an expansion device
16 from where the refrigerant is returned to the first heat exchanger 10. Together with the
refrigerant pipes connecting the components of the heat pump system 4 in series, the heat
pump system forms the refrigerant loop 6 through which the refrigerant is circulated by the

compressor 14 as indicated by arrow B.

The process air flow within the treatment apparatus 2 is guided through a compartment 18
of the home appliance 2, i.e. through a compartment for receiving articles to be treated, e.g.
a drum 18. The articles to be treated are textiles, laundry 19, clothes, shoes or the like. The
process air flow is indicated by arrows A in Fig. 1 and is driven by a process air blower 8.
The process air channel 20 guides the process air flow A outside the drum 18 and includes
different sections, including the section forming the battery channel 20a in which the first
and second heat exchangers 10, 12 are arranged. The process air exiting the second heat
exchanger 12 flows into a rear channel 20b in which the process air blower 8 is arranged.
The air conveyed by blower 8 is guided upward in a rising channel 20c to the backside of
the drum 18. The air exiting the drum 18 through the drum outlet (which is the loading
opening of the drum) is filtered by a fluff filter 22 arranged close to the drum outlet in or at
the channel 20. The optional fluff filter 22 is arranged in a front channel 20d forming
another section of channel 20 which is arranged behind and adjacent the front cover of the
dryer 2. The condensate formed at the first heat exchanger 10 is collected and guided to the

condensate collector 30.

The condensate collector 30 is connected via a drain pipe 46, a drain pump 36 and a drawer
pipe 50 to an extractable condensate drawer 40. I.e. the collected condensate can be
pumped from the collector 30 to the drawer 40 which is arranged at an upper portion of the

apparatus 2 from where it can be comfortably withdrawn and emptied by a user.

According to Fig. 2 a control unit 51 is disposed in the cabinet of the apparatus 2 to control
several parts in order to achieve efficient cooling of the compressor 14 and/or its electronic
board (i.e. an inverter board 52) containing amongst others an electronic inverter. In one

embodiment this control unit 51 also controls the above mentioned drain pump 36.

The control unit 51 controls a cooling fan unit 53. This cooling fan unit 53 comprises a
blower 54 and a motor 56 for activating the blower 54. The cooling fan unit 53 is arranged
for cooling the compressor 14 and for cooling its inverter board 52, particularly the

mentioned electronic inverter as part of the inverter board 52. Usually, cooling the inverter
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board 52, particularly of its inverter, occurs automatically by the cooling air flow C which
is generated for cooling the compressor 14 according to the specific cooling requests in
several operation modes. However, in some operation modes it is not necessary to cool the
compressor 14 and consequently also the inverter board 52 and particularly its inverter are
not cooled. However, a cooling of the inverter board 52 could be desired even if the
compressor 14 is not cooled. For implementing under the control of the control unit 51
such a desired cooling of the inverter board 52, the control unit 51 is able to control
accordingly the cooling fan unit 53 and/or a compressor motor 59 which interacts with the

inverter board 52 and is driving the compressor 14.

The cooling air C conveyed by the cooling air blower 54 is entering the cabinet or housing
3 of the dryer 2 through one or more ambient air inlet openings (not shown). For example a
cooling air inlet is provided at the lower bottom region at the base section of the housing 3.
One or more outlet openings (not shown) for discharging cooling air are provided at the
dryer housing 3, for example at the bottom of base section 5 and/or at an upper region of
the rear cover forming part of housing 3. The blower 54 directs the cooling air flow C
mainly towards the compressor 14, however a portion of the air flow and/or the air flow
that has passed the compressor circulates within the dryer housing 3 where it induces an air
exchange of internal air with ambient air sucked in by the blower. A portion of this air
exchange cooling cools electronic boards (like the electronic board of the control unit, the
power board for the drum and/or process air blower, and/or the inverter for powering the
compressor motor). In the embodiment of the variable speed compressor, the inverter 52
for powering the variable compressor output is arranged close to the compressor covering

shield and therefore is in the flow path of the cooling air C flown to the compressor.

Preferably the control unit 51 is at the same time the control unit for controlling and
monitoring the overall operation of the apparatus 2. For example and as shown in Fig. 2,
the control unit 51 receives a temperature signal from a temperature sensor 41 which is
arranged at the outlet of the second heat exchanger 12 (condenser) and which is indicative

of the refrigerant temperature T refrig at that position.

In normal operation the cooling fan unit 51 is operated or activated by the control unit 51
in response to the temperature signal T_refrig received from the temperature sensor 41.
When the cooling fan unit 51 is activated, which means that cooling air C is blown by the
blower 54 towards the compressor 14 and is thus circulated also in the cabinet of the
apparatus 2, the status of the fan unit 53 is set to “FAN ON”. The control procedure

implemented by the control unit 51 and dependent on the detected electronic board
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operation parameter (e.g. the below mentioned inverter temperature T inv of the inverter
board 52) is able to activate the fan unit 53 in (extended) periods in which the fan unit 53 is
not activated or is not sufficiently enough activated alone due to cooling needs indicated by
the temperature from sensor 41. This additional cooling can be named 'prioritized cooling'
being prioritized over the cooling requirement of the compressor (via sensor 41 signal).
This additional cooling ensures a minimum conveyance capacity value of the cooling fan

unit even if the heat pump system 4 does not require cooling of the compressor 14.

On the other hand, if the signal from temperature sensor 41 indicates cooling need for the
compressor 14 (which may depend additionally on other parameters than the temperature
signal alone), the activation of fan unit 53 is preferably prioritized over the activation by
the requirement for cooling the other components in the apparatus cabinet (e.g. the inverter
board 52). Thus a minimum cooling is guaranteed, whether the compressor 14 or the other

components need to be cooled by the blower activation.

Alternatively, the control procedure implemented by the control unit 51 executes a
'prioritized control’ of the cooling fan unit 53 such that dependent on the detected value of
an electronic board operation parameter (e.g. the inverter temperature T inv) and on the
existence of a compressor 14 having variable operation speed the cooling fan unit 53 can
be deactivated (state “FAN OFF”) and simultaneously the compressor operation output, i.e.

the compressor speed and/or power is reduced as described below.

It is noted that a board temperature sensor 60 is disposed at the inverter board 52 to
indicate the temperature state T_inv of the inverter board 52. The control unit 51 compares
the signals of this board temperature sensor 60 with a defined threshold value T inv_set.
The board temperature sensor 60 can be arranged in a suitable position at or in or on a

casing of the inverter board 52.

The functioning of control unit 51 for cooling the compressor 14 and/or the inverter board
52 will be explained by the flow diagram according to Fig. 3. The drying cycle is starting
(step S1) under a basic control mode. In this regard, the blower 54 is not activated, i.e. the
status of the blower 54 is “FAN OFF” and the drying cycle starts (S1a) at an operation
output OUT _comp of the compressor 14 which is equal to a defined standard output value
OUT std in case of a variable speed compressor type or starts alternatively at a fixed
operation output in case of a fixed speed compressor type. The compressor output may be

the compressor speed and/or power.
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The first condition to be verified is the end of the drying cycle (step S2). This verification
is preferably made by considering a laundry humidity level, time elapsed from apparatus
start, and/or an appropriate algorithm. If the end of the drying cycle is not detected a
comparison is made between the refrigerant temperature T refrig detected by the
temperature sensor 41 and a defined setpoint refrigerant temperature T refrig set (step
S3). If the detected refrigerant temperature T refrig is higher than the setpoint refrigerant
temperature T refrig_set, the blower 54 is activated (status “FAN ON”) and the
compressor 14 is driven furthermore at the standard output value OUT _std (in case of
variable speed compressor) or at the fixed output value (in case of fixed speed

compressor).

If the detected refrigerant temperature T_refrig is not higher than the setpoint refrigerant
temperature T refrig_set, the inverter temperature T _inv of the inverter board 52 is
compared with a defined setpoint inverter temperature T inv_set (step S4). If the detected
inverter temperature T_inv is not higher than the setpoint inverter temperature T inv_set,
the blower 54 will be deactivated or remains deactivated (status “FAN OFF”). However, if
the detected inverter temperature T inv is higher than the setpoint inverter temperature

T inv_set, the cooling fan unit 53 will be controlled depending on the used type of
compressor 14 (with fixed operation speed or variable operation speed). If the compressor
14 has a fixed/constant operation speed, the cooling fan unit 53 will be activated into its
state “FAN ON” (step S7). This alternative control is symbolized by a dashed line between
step S4 and step S7. If the compressor 14 has a variable operation speed, the compressor

output value OUT _comp is verified (step S5).

If at step S5 the actual compressor operation output OUT comp is not higher than a
defined lower limit output value OUT lo lim (i.e. the compressor output is operated at its
lowest allowable operational output OUT lo_lim), the blower 54 will be activated (status
“FAN ON” in step S7) and the compressor output is increased from OUT lo_lim to the
standard output value OUT _std (step S1a). However, if the actual compressor output value
OUT _comp is higher than the defined lower limit output value OUT lo_lim, the status of
the blower 54 is verified (step S6). If applicable, the status of the blower 54 is operated
into “FAN OFF”, i.e. the blower 54 will be deactivated. Additionally, the control unit 51
reduced the compressor operation output OUT comp (which is the currently applied
output current OUT_comp) by a predefined output increment value AOUT what can be

expressed as new OUT _comp = current OUT comp - AOUT in step S8.
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For ensuring the lifetime of the variable speed compressor 14 and/or the stability of proper
operation of the heat pump system 4, the compressor can not be (permanently) operated
below the predefined minimum value OUT lo_lim. Consequently in step S8 the
compressor output is set to OUT lo_lim, if the increment reduction would result in a lower

value.

As mentioned above, steps S5, S6 and S8 are for variable speed compressors only.
Summarizing this control branch, if the electronic board temperature T inv is above the
threshold T inv_set, it is first checked, whether the compressor already operates at the
lowest output limit OUT lo_lim. If the output is higher than OUT lo_lim, the output is
(further) reduced and the blower is (maintained) switched OFF (FAN OFF) which has a
cooling effect as less power is flowing through the inverter 52 and/or the power of the heat
pump system is lowering (thus lowering the internal temperature within the dryer housing
2). If however the compressor is already at its lowest allowable operation output

OUT lo_lim (S5), for cooling of the electronic board 52 the blower 54 is activated (S7).
The effect of reducing the compressor output preferably over starting the blower is that
energy consumption can be reduced (no exhaust of heat via the blower) and the cooling
effect of the blower for cooling the electronic board which also cools the refrigerant

(compare Fig. 4b) is avoided as far as possible.

Fig. 4a shows an example case for controlling the operation of the dryer when the
activation of the cooling fan unit 53 by the control unit 51 is made only in response of the
temperature detected with the temperature sensor 41 for detecting the refrigerant
temperature. The diagram in Fig. 4a (and the diagram of Figs. 4b and 4c) shows over time t
and in relative scale the electronic board temperature T inv (inverter temperature), the
refrigerant temperature T_refrig, the compressor power PWR and the compressor
rotational speed RPM_comp. Further the above mentioned temperature levels of the
setpoint refrigerant temperature T _refrig_set and the setpoint inverter temperature

T inv_set are indicated. Figs. 4a to 4c do not show an exact alignment and scaling of the
curves relative to each other. Generally it is to be understood that with switching ON of the
blower 54 the refrigerant and electronic board temperatures and the compressor power
decrease (possibly with some time delay); and conversely by switching OFF the blower 54
the refrigerant and electronic board temperatures and the compressor power increase

(possibly with some time delay).

In the case of Fig. 4a, the electronic board temperature T inv does not reach the setpoint

inverter temperature T_inv_set. The blower 54 is activated to provide the cooling air C to
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the compressor 14 due to the refrigerant temperature T refrig reaching the setpoint
refrigerant temperature T_refrig_set. After activating the blower 54, the compressor is
cooled and the refrigerant temperature T_refrig falls to a lower temperature threshold,
where the control unit 51 switches off the cooling fan unit 53. With the blower 54 off, the
refrigerant temperature T_refrig rises again until it again reaches the setpoint refrigerant

temperature T refrig_set, the limit where the blower 54 is switched on again.

In Fig. 4a the rotational speed RPM_comp of the compressor is increased after starting the
compressor at the beginning of a drying cycle to a constant value under such control
conditions (electronic board temperature T inv does not reach setpoint inverter
temperature T inv_set). Due to the constant rotational speed RPM_comp of the
compressor, the compressor power PWR varies with the temperature of refrigerant (higher
refrigerant temperature at the outlet of the condenser 12 also means higher pressure of the
refrigerant at the outlet of the compressor and thus higher energy consumption by the

compressor motor 59).

Fig. 4b shows a situation where the electronic board temperature T_inv reaches the
predefined setpoint inverter temperature T_inv_set repeatedly, while the refrigerant
temperature T _refrig does not reach its assigned predefined setpoint refrigerant
temperature T refrig set. Activation and deactivation of the cooling fan unit 53 is
provided by the control unit 51 exclusively due to the time dependency of the electronic
board temperature T inv which is here higher than in the case of Fig. 4a. For example in
the situation of Fig. 4b the ambient temperature (thus the temperature of cooling flow C) is
higher than in the case of Fig. 4a and the electronic board 52 (detected via sensor 60) heats

up more rapidly.

As in Fig. 4a, in Fig. 4b the rotational speed RPM_comp of the compressor is increased to
a constant value which is maintained over time. For implementing the control methods in
the situations of Figs. 4a and 4b a constant speed compressor may be used. After activation
at limit setpoint inverter temperature T inv_set, the blower 54 is switched OFF when the
electronic board temperature T_inv falls below a predefined value. By the cooling of the
compressor via the blower, the refrigerant temperature T refrig also decreases. When the
blower is switched OFF, the temperatures of the electronic board and the refrigerant rise
again until - in this example - the electronic board temperature T inv reaches again the
setpoint inverter temperature T _inv_set. In the specific situation shown, the cooling effect
for the refrigerant is higher than for the electronic board temperature T_inv such that due

to repeated activation/deactivation of the cooling fan unit 53, the refrigerant temperature
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T refrig falls over time. As mentioned above, the power consumption (compressor power
PWR) varies with the refrigerant temperature T refrig.

Fig. 4c provides a control method which compensates the decline of the refrigerant
temperature T refrig over time when the blower is activated due to the electronic board
temperature T inv as shown in Fig. 4b and which can be implemented when using a
variable-speed compressor. In Fig. 4¢, the compressor speed is the controlled compressor
output. In Fig. 4c again the blower 54 is switched ON and OFF by the control unit due to
the electronic board temperature T inv reaching the threshold setpoint inverter temperature
T inv_set or reaching a lower temperature limit thereafter, respectively. At the same time
points at which the blower is switched ON, the rotational speed RPM_comp of the
compressor is increased from the standard speed value RPM_std (as an example) to a
higher compressor speed value as shown by the step-like increase. At the time points when
the control unit switches OFF the blower, the compressor speed is decreased again from

the higher speed value to the standard speed value in a step-like decrease.

By increasing the compressor speed during the time periods in which the blower is
activated, the 'over-cooling' of the refrigerant can be compensated (remember: here the
blower was not activated for cooling the refrigerant/compressor, but for cooling the
electronic board). As shown, the increased speed can be selected such as to nearly
compensate the cooling effect of blower activation in the average over time (the temporal
and repeated cooling by the blower activity is still observed). Thereby the drying efficiency
of the dryer is maintained and the drying duration is not extended by the cooling activity
for cooling the electronic board. Thus Fig. 4c gives an example how the operation of the
dryer is controlled in dependency of the electronic board parameter (temperature) where at
the same time the blower activity is adapted and the compressor operational speed is

adapted.

In the terms of Fig. 3, the control behavior of Fig. 4a corresponds to cycling through steps
S2-S3-S7-S2, and the control behavior of Fig. 4b corresponds to cycling through steps S2-
S3-S4-S7-S2 (constant speed compressor). The control behavior of Fig. 4¢ is not

represented in Fig. 3.

Where ever it is used, the word “comprising” is to be understood in its “open” sense, that
is, in the sense of “including”, and thus not limited to its “closed” sense, that is the sense of
“consisting only of”. A corresponding meaning is to be attributed to the corresponding

9% 6

words “comprise”, “comprised” and “comprises” where they appear.
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While particular embodiments of this invention have been described, it will be evident to
those skilled in the art that the present invention may be embodied in other specific forms
without departing from the essential characteristics thereof. The present embodiments and
examples are therefore to be considered in all respects as illustrative and not restrictive,
and all modifications which would be obvious to those skilled in the art are therefore

intended to be embraced therein.
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Reference Numeral List

2 tumble dryer

3 housing / cabinet

4 heat pump system

6 refrigerant loop

8 blower

10 first heat exchanger
12 second heat exchanger
14 compressor

16 expansion device

18 drum

19 laundry

20 process air channel
20a battery channel

20b rear channel

20c rising channel

20d front channel

22 filter element

30 condensate collector
36 drain pump

40 condensate container
41 temperature sensor
46 drain pipe

50 drawer pipe

51 control unit

52 inverter board

53 cooling fan unit

54 blower

56 motor

22

40

45

50

58

60

59
60

A

B

C

FAN OFF
FAN ON
PWR

OUT_comp

RPM comp

OUT std
RPM std
OUT lo lim
AOUT

81 =87
T refrig
T refrig set

T inv

T inv_set

compressor motor

board temperature sensor

process air flow
refrigerant flow

cooling air flow

status of cooling fan unit
status of cooling fan unit
COMpressor power
consumption
compressor operation
output

compressor operation
speed

standard output value
standard speed value
lower limit output value
output reduction
increment

control steps

refrigerant temperature
setpoint refrigerant
temperature

inverter temperature
setpoint inverter

temperature
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Claims:

1. A method of operating a heat pump laundry treatment apparatus, in particular a heat
pump laundry dryer or a heat pump washing machine having drying function, wherein the
laundry treatment apparatus comprises:

a control unit controlling the operation of the laundry treatment apparatus and a
control unit electronic board of the control unit,

a laundry treatment chamber for treating laundry using process air,

a process air circuit for circulating the process air,

a heat pump system having a refrigerant loop in which the refrigerant fluid is
circulated through a first and a second heat exchanger,

a compressor for circulating the refrigerant fluid through the refrigerant loop and
having a compressor motor, and,

a cooling fan unit for cooling the compressor, wherein during the operation the
conveyance capacity of the cooling fan unit is varied, a motor electronic board being
at least one of the following motor electronic boards:

a motor electronic board for supplying controlled power to a drum motor for
rotating a drum being the laundry treatment chamber,

a motor electronic board for supplying controlled power to a process air fan
motor for circulating the process air in the process air circuit, and

a motor electronic board for supplying controlled power to the compressor
motor;

a detector unit configured for detecting an operation parameter indicating a state of
the motor electronic board, wherein the motor electronic board operation parameter is
indicative of at least one of:

a motor electronic board temperature,

a drum or compressor motor temperature detected via the motor electronic
board, the motor temperature not being the temperature of the refrigerant fluid, and

a current delivered by the motor electronic board to a motor exceeding a
threshold value or exceeding a threshold averaged value; and

wherein the method comprises:



10 Oct 2017

2013346823

P4S24AUQ0 24

operating the cooling fan unit in dependency of the motor electronic board
operation parameter, and/or

controlling the compressor operation output in dependency of the motor
electronic board operation parameter, wherein the compressor motor is a variable

speed compressor motor.

2. A method as claimed in claim 1, wherein the detector unit comprises a temperature
sensor for detecting the motor electronic board temperature as a motor electronic board

operation parameter.

3. A method as claimed in claim 1 or claim 2, wherein the laundry treatment apparatus
comprises a first motor electronic board and a second motor electronic board, wherein each
motor electronic board comprises a temperature sensor for detecting a board temperature as

a motor electronic board temperature.

4. A method as claimed in any one of the preceding claims,
wherein controlling the operation of the cooling fan unit is or includes adapting the
conveyance capacity of the cooling fan unit in dependency of the motor electronic board
operation parameter, and
wherein the conveyance capacity of the cooling fan unit is defined by one or more of

a duty cycle ratio of switching the cooling fan unit ON and OFF, and

the conveyance rate of the cooling fan unit.

5. A method as claimed in claim 4, wherein the conveyance rate of the cooling fan

unit is modified by modifying a motor speed or fan speed of the cooling fan unit.

6. A method as claimed in claim 4 or 5, wherein the increase of the conveyance rate of
the cooling fan unit is the higher the more a motor electronic board operation parameter

exceeds a threshold value.

7. A method as claimed in any one of the preceding claims, wherein the motor
electronic board is or comprises an inverter electronic supplying controlled current to the

motor.
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8. A method as claimed in any one of the preceding claims,

wherein the cooling fan unit for cooling the compressor blows at least a portion of
the conveyed air flow into the cabinet of the laundry treatment apparatus towards the motor
electronic board, or

wherein the cooling fan unit for cooling the compressor sucks at least a portion of
the conveyed air flow through the cabinet of the laundry treatment apparatus over the

motor electronic board.

9. A method as claimed in any one of the preceding claims, wherein during the
operation of the laundry treatment apparatus the method further comprises additionally
varying the conveyance capacity of the cooling fan unit in dependency of at least one of
the following input variables:

a previous operation time of the laundry treatment apparatus,

a user selectable input variable,

a working parameter of the laundry drum,

a working parameter of a process air fan,

a working parameter of an electric driving motor,

a working parameter of the heat pump system,

a working parameter of the compressor,

a drying progress status parameter or a status parameter of the laundry to be dried,

a power supply status of the power supplied to the apparatus,

an environment parameter of the laundry treatment apparatus environment, and

a machine alarm status parameter.

10. A method as claimed in any one of the preceding claims, wherein the motor
electronic board for controlling the compressor motor is arranged in proximity of the

compressor or in proximity of the cooling fan unit.

11. A method as claimed in any one of the preceding claims, wherein the compressor
motor is a variable speed compressor motor, the motor electronic board operation
parameter is a temperature detected at the motor electronic board and the compressor

output is decreased in response an increase of the motor electronic board temperature.

12. A method as claimed in claim 11, wherein the compressor operation output is

reduced no less than down to a predefined lower output value.
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13. A method as claimed in any one of the preceding claims, wherein, when the
operation of the cooling fan unit is operated in dependency of the motor electronic board
operation parameter, the compressor operation output of the variable speed compressor

motor is increased.

14, Method as claimed in claim 13, wherein the additional electrical energy provided to
increase the compressor operation output compensates or essentially compensates the heat
dissipated from the compressor by the cooling fan unit when operated in dependency of the

motor electronic board operation parameter.

15. A method as claimed in any one of the preceding claims, wherein the method
operates the cooling fan unit to reach a minimum conveyance capacity value even if the

heat pump system does not require compressor cooling.

16. A heat pump laundry treatment apparatus, wherein the laundry treatment apparatus
comprises:
a control unit controlling the operation of the laundry treatment apparatus,
a control unit electronic board of the control unit,
a laundry treatment chamber for treating laundry using process air,
a process air circuit for circulating the process air,
a heat pump system having a refrigerant loop, in which the refrigerant fluid is
circulated through a first and a second heat exchanger,
a compressor for circulating the refrigerant fluid through the refrigerant loop and
having a compressor motor, and
a cooling fan unit for cooling the compressor;
a motor electronic board being at least one of the following motor electronic
boards:
a motor electronic board for supplying controlled power to a drum motor for
rotating a drum being the laundry treatment chamber,
a motor electronic board for supplying controlled power to a process air fan
motor for circulating the process air in the process air circuit, and
a motor electronic board for supplying controlled power to the compressor
motor;
wherein the control unit is adapted to control the operation of the laundry treatment

apparatus according to a method as claimed in any one of claims 1 to 15.



10 Oct 2017

2013346823

P4S24AUQ0 27

17. A heat pump laundry treatment apparatus as claimed in claim 16, being a heat

pump laundry dryer or a heat pump washing machine having drying function.
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