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Description

TECHNICAL FIELD

[0001] The disclosure relates to a home appliance
such as a washing machine and/or dryer with ball bal-
ancer and controller for determining the viscosity of a
fluid filled in the ball balancer and to a corresponding
method. The disclosure particularly relates to techniques
for determination of the actual viscosity by evaluating the
period length of the envelope curve of an oscillation signal
generated by the home appliance in operation.

BACKGROUND

[0002] Drum washing machines garments are usually
unevenly distributed in the drum, in particular when wet
garments are embedded in the drum. Thus, the rotating
garments in the drum are in unbalance condition, when
the drum is rotating at high speed around a horizontal
axis. Usually the rotational speed of the drum has a res-
onance point between the start and about 200 rpm to 400
rpm. Due to the generation vibrations, noise and an in-
crease in energy consumption caused by the vibrations,
the drum can hardly be applied at high rotation speed.
Therefore, the conventional drum washing machine in-
cludes a rotator control device, also referred to as the
ball balancer. If the rotation speed of the drum is higher
than a natural frequency of the drum, a ball in the ball
balancer moves into a reverse position with respect to a
movement of the laundry in the drum to eliminate the
unbalance caused by the laundry.

[0003] That is, the behavior of the ball in the ball bal-
ancer is controlled so that the ball is arranged on a correct
position with respect to the displacement of the laundry,
whereby the drum vibration caused by the unbalance
state is suppressed.

[0004] In addition to the ball a fluid such as silicone oil,
for example, is sealed brought in the ball balancer. This
allows the prevention of collision noise of the ball and
stabilization of the ball movement in the ball balancer.
[0005] An optimal control of the washing machine
hence depends on knowledge about the ball position in
the ball balancer and the position of the laundry in the
drum.

SUMMARY OF THE INVENTION

[0006] Itisthe object of the presentinvention to provide
a concept for an optimal control of ahome appliance such
as a washing machine and/or dryer using a ball balancer
as described above.

[0007] The foregoing and other objects are achieved
by the subject matter of the independent claims. Further
implementation forms are apparent from the dependent
claims, the description and the figures.

[0008] The disclosure is based on the idea that by de-
termining an actual viscosity and/or damping factor (cor-
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responding to a temperature) of the fluid, e.g. oil, in the
ball balancer, the following spin cycle of the respective
appliance can be adapted and thus the appliance can be
optimally controlled.

[0009] The idea is to determine the viscosity and/or
damping of the oil by evaluating the oscillation signals of
the oscillating system. These oscillations are caused by
unbalances in spinning which are always existing. In the
special case of a balancer appliance, the oscillation
caused by the laundry unbalance is overlayed by an un-
balance oscillation caused by the rotating balancer balls.
For a certain constant under-critical speed, the periodical
addition and subtraction of the laundry and ball unbal-
ance there is a so-called envelope curve in the observed
signal (e.g. motor current, speed, displacement, etc.).
[0010] This is resulting from the difference in circum-
ferential speed between the drum speed and the speed
of the balancer balls. The movement of the balls is influ-
enced by friction, the weight of the balls, damping of the
oil and so on, and is less than the drum speed. By de-
tecting the minima and maxima of the envelope curve,
the period length can be calculated. The resulting period
length is depending on mechanical properties (filling lev-
el, surface of the ring, distance between balls and race-
way, etc.), the nominal viscosity of the oil at room tem-
perature and the temperature behavior of itand the actual
temperature. All influences except the temperature are
fixed for certain appliances and the behavior can be de-
termined by experiments. So, the temperature and the
corresponding actual viscosity of the oil is proportional
to the period length of the envelope curve and can be
calculated by a predefined correlation. Based on this in-
formation, important decisions about the following spin
cycle can be made, e.g. a good starting pointand gradient
can be chosen for the resonance pass through.

[0011] The implementation of the above described
idea provides a novel mechanism and function to realize
a controlled resonance pass through in ball balancer ap-
pliances. Such a function facilitates the spinning of small
items and reduces the number of needed spin attempts.
The actual viscosity/damping is necessary as an input to
this function. Additionally, a temperature function may be
provided that can avoid the necessity of a direct meas-
urement of temperature, e.g. by using additional sensors.
[0012] The appliances and devices described herein-
after may be of various types. For example, program-
controlled domestic or home appliances may include
washing machines, clothes dryers, combined wash-
ing/drying machines, drying cabinets, etc. The individual
control elements described may be realized by hardware
or software components, for example electronic compo-
nents that can be manufactured by various technologies
and include, for example, semiconductor chips, ASICs,
microprocessors, digital signal processors, integrated
electrical circuits, electro-optical circuits and/or passive
components.

[0013] According to a first aspect the invention relates
to a home appliance, comprising: a rotary drum fillable
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with laundry; a ball balancer attached around the rotary
drum, wherein the ball balancer is at least partially filled
with a fluid embedding one or more free moving balancer
balls to balance a laundry unbalance of the rotary drum;
a sensor configured to sense an overlay signal generated
due to an overlay of the laundry unbalance with an un-
balance of the one or more balancer balls; and a control-
ler configured to determine a viscosity of the fluid based
on a predetermined correlation of the viscosity of the fluid
with the overlay signal.

[0014] Suchahome appliance and corresponding con-
troller provide a novel mechanism and function to realize
a controlled resonance pass through in ball balancer ap-
pliances. Spinning of small items is facilitated and the
number of needed spin attempts can be reduced thereby
increasing efficiency of the home appliance.

[0015] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the viscosity of the fluid based on a characteristic oscil-
lation of the overlay signal.

[0016] This provides the advantage that a known cor-
relation of the characteristic oscillation with the viscosity
of the fluid in the ball balancer can be exploited to simplify
the control of the home appliance.

[0017] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the viscosity of the fluid based on an envelope curve of
the overlay signal.

[0018] This provides the advantage that the envelope
curve of the overlay signal can be easily determined by
tracking the overlay signal. Thus, an efficient control of
the home appliance with low computational complexity
can be provided.

[0019] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the viscosity of the fluid based on a period length of the
envelope curve.

[0020] This provides the advantage that the period
length can be easily computed from the envelope curve
ofthe overlay signal. Thus an efficient control of the home
appliance with low computational complexity can be pro-
vided.

[0021] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the period length of the envelope curve based on detec-
tion of maxima and/or minima of the envelope curve.
[0022] This provides the advantage that the period
length of the envelope curve is easy to determine, thereby
providing efficient control of the home appliance.
[0023] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the viscosity of the fluid based on a predetermined pro-
portionality relation of the viscosity of the fluid with the
period length of the envelope curve.

[0024] This provides the advantage that the propor-
tionality relation of the viscosity of the fluid with the period
length of the envelope curve is known and can be for
example stored in a memory of the home appliance for
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realizing efficient and low complex control of the home
appliance.

[0025] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the period length of the envelope curve based on prede-
termined mechanical properties of the home appliance,
afilling level of the fluid within the ball balancer, a nominal
viscosity of the fluid at room temperature, a known tem-
perature behavior of the fluid and a temperature of the
fluid.

[0026] This provides the advantage that these param-
eters are known in advance and can be easily provided
to the controller.

[0027] In an exemplary implementation form of the
home appliance, the controller is further configured to
determine a temperature of the fluid based on a prede-
termined correlation of the fluid with the overlay signal.
[0028] This provides the advantage that the tempera-
ture of the fluid can be easily determined by tracking the
overlay signal. Hence, no temperature sensor is required
which simplifies the design of the home appliance.
[0029] In an exemplary implementation form of the
home appliance, the controller is configured to determine
the temperature of the fluid based on a predetermined
proportionality relation of the temperature of the fluid with
aperiod length of an envelope curve of the overlay signal.
[0030] This provides the advantage that the period
length can be easily computed from the envelope curve
of the overlay signal. Thus, an efficient detection of the
temperature of the fluid can be provided without the need
of expensive temperature sensors.

[0031] In an exemplary implementation form of the
home appliance, the sensor is configured to sense an
electrical drive signal of the rotary drum as the overlay
signal.

[0032] This provides the advantage that the electrical
drive signal can be efficiently sensed, e.g. by using cur-
rent sensor or voltage sensor or power sensor. The os-
cillations of the home appliance are mirrored in the elec-
trical drive signal.

[0033] In an exemplary implementation form of the
home appliance, the controller is configured to control an
electrical drive signal of the rotary drum based on the
determined viscosity of the fluid.

[0034] This provides the advantage that the drum can
be optimally controlled in order to reduce or even avoid
unbalance states at resonance frequencies of the home
appliance.

[0035] In an exemplary implementation form of the
home appliance, the controller is configured to control a
spin cycle of the rotary drum based on the determined
viscosity of the fluid.

[0036] This provides the advantage that the number of
needed spin attempts can be reduced thereby increasing
efficiency of the home appliance. In particular, spinning
of small laundry items can be facilitated.

[0037] In an exemplary implementation form of the
home appliance, the controller is configured to control a
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resonance pass through of the home appliance based
on the determined viscosity of the fluid.

[0038] This providesthe advantage thatthe resonance
pass through can be performed in minima of the oscilla-
tion signal thereby reducing the required energy and sav-
ing the home appliance against mechanical stress situ-
ations.

[0039] In an exemplary implementation form of the
home appliance, the controller is configured to determine
a starting point of the rotary drum and a gradient of an
electrical signal driving the rotary drum for the resonance
pass through of the home appliance.

[0040] This provides the advantage that the home ap-
pliance can be controlled to pass through system reso-
nances in minima of the oscillations which can reduce
the number of needed spin attempts and extend the life
span of the home appliance.

[0041] According to a second aspect, the invention re-
lates to a method for controlling a home appliance com-
prising a rotary drum fillable with laundry and a ball bal-
ancer attached around the rotary drum, wherein the ball
balancer is at least partially filled with a fluid embedding
one or more free moving balancer balls to balance a laun-
dry unbalance of the rotary drum, wherein the method
comprises: sensing an overlay signal generated due to
an overlay of the laundry unbalance with an unbalance
of the one or more balancer balls; determining a viscosity
of the fluid based on a predetermined correlation of the
viscosity of the fluid with the overlay signal; and control-
ling the home appliance based on the determined vis-
cosity of the fluid.

[0042] Such amethod for controlling a home appliance
provides a novel mechanism and function to realize a
controlled resonance pass through in ball balancer ap-
pliances. Spinning of small items is facilitated and the
number of needed spin attempts can be reduced thereby
increasing efficiency of the method.

[0043] Accordingtoathird aspect, the inventionrelates
to a controller for controlling a home appliance compris-
ing a rotary drum fillable with laundry and a ball balancer
attached around the rotary drum, wherein the ball bal-
ancer is at least partially filled with a fluid embedding one
or more free moving balancer balls to balance a laundry
unbalance of the rotary drum, wherein the controller com-
prises a circuitry for receiving an overlay signal from a
sensor which overlay signal is generated due to an over-
lay of the laundry unbalance with an unbalance of the
one or more balancer balls; a circuitry for determining a
viscosity of the fluid based on a predetermined correla-
tion of the viscosity of the fluid with the overlay signal;
and a circuitry for controlling the home appliance based
on the determined viscosity of the fluid.

[0044] Such acontroller fora home appliance provides
a novel mechanism and function to realize a controlled
resonance pass through in ball balancer appliances.
Spinning of small items is facilitated and the number of
needed spin attempts can be reduced thereby increasing
efficiency of the home appliance.
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[0045] According to a fourth aspect, the invention re-
lates to a computer readable non-transitory medium on
which computer instructions are stored which when ex-
ecuted by a computer cause the computer to perform the
method according to the second aspect.

[0046] Embodiments of the invention can be imple-
mented in hardware and/or software.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Further embodiments of the invention will be
described with respect to the following figures, wherein:

Fig. 1 shows a schematic diagramillustrating ahome
appliance 100 according to the disclosure;

Fig. 2 shows a schematic diagram illustrating an ex-
emplary oscillation signal 200 generated by a home
appliance when the appliance is in operation;

Fig. 3a shows exemplary correlations of the period
length of an oscillation signal generated by the home
appliance with the temperature for three different ro-
tation speeds of the drum;

Fig. 3b shows exemplary correlations of the period
length of the oscillation signal with the viscosity of
the oil within the ball balancer of the home appliance
for the three different rotation speeds of the drum;
and

Fig. 4 shows a schematic diagram illustrating an ex-
emplary method 400 for controlling a home appli-
ance 100 according to the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0048] In the following detailed description, reference
is made to the accompanying drawings, which form part
of the disclosure, and in which are shown, by way of
illustration, specific aspects in which the present inven-
tion may be placed. It is understood that other aspects
may be utilized and structural or logical changes may be
made without departing from the scope of the present
invention. The following detailed description, therefore,
is not to be taken in a limiting sense, as the scope of the
present invention is defined by the appended claims.
[0049] For instance, it is understood that a disclosure
in connection with a described method may also hold
true for a corresponding device or system configured to
perform the method and vice versa. For example, if a
specific method step is described, a corresponding de-
vice may include a unit to perform the described method
step, even if such unit is not explicitly described or illus-
trated in the figures. Further, it is understood that the
features of the various exemplary aspects described
herein may be combined with each other, unless specif-
ically noted otherwise.
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[0050] In the following, home or domestic appliances
are described such as washing machines, clothes dryers,
combined washing/drying machines, drying cabinets,
etc. which include a ball balancer.

[0051] Domesticorhome appliances are electrical/me-
chanical machines which accomplish some household
functions, such as cleaning or drying. Given a broad us-
age, the domestic application attached to "home appli-
ance" is tied to the definition of appliance as "an instru-
ment or device designed for a particular use or function".
More specifically, "home appliance" can be defined as:
"devices or machines, usually electrical, that are in your
home and which you use to do jobs such as cleaning or
drying". Home appliances with ball balancer usually in-
clude washing machines, dryers or combinations thereof.
[0052] Fig. 1 shows a schematic diagram illustrating a
home appliance 100 according to the disclosure. The
home appliance 100 may for example be a washing ma-
chine or dryer or a washing/drying combination. The
home appliance 100 comprises a rotary drum 101 fillable
with laundry 102, a ball balancer 103, a sensor 106, a
controller 108 and an electrical drive 110. The ball bal-
ancer 103 is attached around the rotary drum 101. The
ball balancer 103 is at least partially filled with a fluid 104,
e.g. oil, embedding one or more free moving balancer
balls 105 to balance a laundry 102 unbalance of the rotary
drum 101. The drum 101 may be a cylindrical metal sheet
in which mechanical recesses or openings may be
formed for attaching the balls 105. The balls 105 may for
example be included in a ring around the rotary drum 101
which is at least partially filled with the fluid 104, e.g. oil.
The ball balancer may be attached at the top or bottom
or along a circumference of the cylindrically shaped ro-
tary drum 101.

[0053] The sensor 106 is configured to sense an over-
lay signal 107 which is generated due to an overlay of
the laundry 102 unbalance with an unbalance of the one
or more balancer balls 105.

[0054] The controller 108 is configured to determine a
viscosity of the fluid 104 based on a predetermined cor-
relation of the viscosity of the fluid 104 with the overlay
signal 107, e.g. according to the exemplary curves de-
picted in Fig. 3b.

[0055] The controller 108 may determine the viscosity
of the fluid (104) based on a characteristic oscillation of
the overlay signal 107, e.g. a characteristic oscillation
200 as illustrated in Fig. 2. The controller 108 may de-
termine the viscosity of the fluid 104 based on an enve-
lope curve of the overlay signal 107, e.g. an envelope
curve 206 as illustrated in Fig. 2. The controller 108 may
determine the viscosity of the fluid 104 based on a period
length of the envelope curve 206, e.g. a period length
205 as shown in Fig. 2. The controller 108 may determine
the period length 205 of the envelope curve 206 for ex-
ample based on detection of maxima 202 and/or minima
201 of the envelope curve 206 as shown in Fig. 2.
[0056] The controller 108 may be configured to deter-
mine the viscosity of the fluid 104 based on a predeter-
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mined proportionality relation of the viscosity of the fluid
104 with the period length 205 of the envelope curve 206,
e.g. a proportionality relation as shown in Fig. 3b.
[0057] The controller 108 may be configured to deter-
mine the period length 205 of the envelope curve 206 for
example based on predetermined mechanical properties
of the home appliance 100, a filling level of the fluid 104
within the ball balancer 103, a nominal viscosity of the
fluid 104 at room temperature, a known temperature be-
havior of the fluid 104 and a temperature of the fluid 104.
[0058] The controller 108 may further be configured to
determine a temperature of the fluid 104 based on a pre-
determined correlation of the fluid 104 with the overlay
signal 107, e.g. a predetermined correlation as shown in
Fig. 3a. The controller 108 may be configured to deter-
mine the temperature of the fluid 104 based on a prede-
termined proportionality relation of the temperature of the
fluid 104 with a period length 205 of an envelope curve
206 of the overlay signal 107, e.g. as shown in Figs. 2
and 3a.

[0059] The sensor 106 may be configured to sense an
electrical drive signal 111 of the rotary drum 101 as the
overlay signal 107. The electrical drive signal 111 can be
generated by an electrical motor driving the rotary drum
101. This electrical drive signal 111 includes the oscilla-
tion property as shown in Fig. 2 and can be used to detect
the period length of the oscillation envelope.

[0060] Based on the determined viscosity of the fluid
104, the controller 108 can control the electrical drive
signal 111 of the rotary drum 101, e.g. such that an op-
timal control of the home appliance with respectto energy
efficiency can be achieved. In particular, the controller
108 may be configured to control a spin cycle of the rotary
drum 101 based on the determined viscosity of the fluid
104.

[0061] The controller 108 may be configured to control
a resonance pass through of the home appliance 100
based on the determined viscosity of the fluid 104. The
controller 108 may determine a starting point of the rotary
drum 101 and a gradient of an electrical signal 111 driving
the rotary drum 101 for the resonance pass through of
the home appliance 100. Such function of the controller
can guarantee an optimal control of the home appliance
100.

[0062] The implementation of the above home appli-
ance provides a novel mechanism and function to realize
a controlled resonance pass through in ball balancer ap-
pliances. Such a function facilitates the spinning of small
items and reduces the number of needed spin attempts.
The actual viscosity/damping is necessary as an input to
this function. Additionally, a temperature function may be
provided that can avoid the necessity of a direct meas-
urement of temperature, e.g. by using additional sensors.
[0063] Fig. 2 shows a schematic diagram illustrating
an exemplary oscillation signal 200 generated by ahome
appliance when the appliance is in operation. The oscil-
lation signal 200 may be a motor current, speed, dis-
placement, etc. The oscillation signal 200 depicted in Fig.
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2 illustrates the process how to determine the viscosity
and/or damping of the oil. Such an oscillation signal 200
may be caused by unbalances in spinning which are al-
ways existing. In the special case of a balancer appliance
as shown in Fig. 1, the oscillation caused by the laundry
102 unbalance is overlayed by an unbalance oscillation
caused by the rotating balancer balls 105. For a certain
constant under-critical speed, the periodical addition and
subtraction of the laundry 102 and ball 105 unbalance
there is a so-called envelope curve 206 in the observed
signal 200 as can be seen from Fig. 2. This is resulting
from the difference in circumferential speed between the
drum speed and the speed of the balancer balls 105. The
movement of the balls 105 is influenced by friction, the
weight of the balls 105, damping of the oil or fluid 104
and so on, and is less than the drum speed.

[0064] By detecting the minima 201 and maxima 202
of the envelope curve 206, the period length 205 can be
calculated. For example, by tracking the minima 201 of
the oscillation signal 200, e.g. the speed 203, the lower
envelope curve can be detected from which the ampli-
tude 204 can be calculated. Alternatively, by tracking the
maxima 202 of the oscillation signal 200, the upper en-
velope curve can be detected from which the amplitude
204 can be calculated. The distance in time between two
lower (or higher) amplitude values 204 corresponds to
the period length 205 as shown in Fig. 2.

[0065] The resulting period length 205 is depending on
mechanical properties (filling level, surface of the ring,
distance between balls 105 and raceway, etc.), the nom-
inal viscosity of the oil or fluid 104 at room temperature
and the temperature behavior of it and the actual tem-
perature. All influences except the temperature are fixed
for certain appliances and the behavior can be deter-
mined by experiments. So, the temperature and the cor-
responding actual viscosity of the oil or fluid 104 is pro-
portional to the period length 205 of the envelope curve
206 and can be calculated by a predefined correlation,
e.g. as shown in Fig. 3b. Based on this information, im-
portant decisions about the following spin cycle can be
made, e.g. a good starting point and gradient can be cho-
sen for the resonance pass through.

[0066] The balls 105 are arranged at the optimum po-
sition in the ball balancer 103 when a balanced state is
reached in which the balls 105 are arranged at the posi-
tion opposite of the unbalance condition of laundry 102.
Such a balanced state is reached at the minima of the
oscillation curve 200 depicted in Fig. 2. In contrast, at the
maxima of the oscillation curve 200, balancer balls 105
and laundry 102 are located at the same rotational posi-
tion which increases the system unbalance.

[0067] Fig. 3a shows exemplary correlations of the pe-
riod length of an oscillation signal generated by the home
appliance with the temperature for three different rotation
speeds of the drum. A first correlation curve 301 is meas-
ured at a speed of 100 rotations per minute (rpm). A sec-
ond correlation curve 302 is measured at a speed of 110
rpm and a third correlation curve 303 is measured at a
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speed of 120 rpm. The time axis indicates the period
length. For example, at a speed of 120 rpm, the third
correlation curve 303 indicates that a temperature of 50
°C is correlated with a period length of 15 seconds. For
example, at a speed of 110 rpm, the second correlation
curve 302 indicates that a temperature of 50 °C is corre-
lated with a period length of 10 seconds. Thus, determin-
ing the period length results in the corresponding tem-
perature when looking up the respective correlation
curves 301, 302, 303.

[0068] Fig. 3b shows exemplary correlations of the pe-
riod length of the oscillation signal with the viscosity of
the oil within the ball balancer of the home appliance for
the three different rotation speeds of the drum. A first
correlation curve 304 is measured at a speed of 100 ro-
tations per minute (rpm). A second correlation curve 305
is measured at a speed of 110 rpm and a third correlation
curve 306 is measured at a speed of 120 rpm. The time
axis indicates the period length. For example, at a speed
of 110 rpm, the second correlation curve 305 indicates
that a viscosity of about 155 square mm per second is
correlated with a period length of 15 seconds and a vis-
cosity of about 95 square mm per second is correlated
with a period length of 10 seconds. For example, at a
speed of 100 rpm, the first correlation curve 304 indicates
that a viscosity of about 80 square mm per second is
correlated with a period length of about 7,5 seconds.
Thus, determining the period length results in the corre-
sponding viscosity when looking up the respective cor-
relation curves 304, 305, 306.

[0069] InFigures 3aand 3b the correlation curves were
gathered with fluid 104 or oil filled in the ball balancer up
to a level of 50%.

[0070] Fig. 4 shows a schematic diagram illustrating
an exemplary method 400 for controlling a home appli-
ance 100 according to the disclosure. The method 400
may be applied for controlling a home appliance 100 as
shown in Fig. 1 comprising a rotary drum 101 fillable with
laundry 102 and a ball balancer 103 attached around the
rotary drum 101, wherein the ball balancer 103 is at least
partially filled with a fluid 104, e.g. oil, embedding one or
more free moving balancer balls 105 to balance alaundry
102 unbalance of the rotary drum 101.

[0071] The method 400 comprises sensing 401 an
overlay signal 107 generated due to an overlay of the
laundry 102 unbalance with an unbalance of the one or
more balancer balls 105.

[0072] The method 400 comprises determining 402 a
viscosity of the fluid 104 based on a predetermined cor-
relation of the viscosity of the fluid 104 with the overlay
signal 107, e.g. as shown in Figure 3b.

[0073] The method 400 comprises controlling 403 the
home appliance 100 based on the determined viscosity
of the fluid 104, e.g. as described above with respect to
Fig. 1.

[0074] Another aspect of the disclosure is related to a
computer program product comprising program code for
performing the methods and procedures or the function-
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alities described above, when executed on a computer
or a processor. The method may be implemented as pro-
gram code that may be stored on a non-transitory com-
puter medium. The computer program product may im-
plementthe techniques described above. Another aspect
of the disclosure is related to a computer readable non-
transitory medium on which computer instructions are
stored which when executed by a computer cause the
computer to perform the method 400 as described above.
[0075] While a particular feature or aspect of the dis-
closure may have been disclosed with respect to only
one of several implementations or embodiments, such
feature or aspect may be combined with one or more
other features or aspects of the other implementations
or embodiments as may be desired and advantageous
for any given or particular application. Furthermore, to
the extent that the terms "include", "have", "with", or other
variants thereof are used in either the detailed description
or the claims, such terms are intended to be inclusive in
a manner similar to the term "comprise". Also, the terms
"exemplary", "for example" and "e.g." are merely meant
as an example, rather than the best or optimal. The terms
"coupled" and "connected", along with derivatives may
have been used. It should be understood that these terms
may have been used to indicate that two elements co-
operate or interact with each other regardless whether
they are in direct physical or electrical contact, or they
are not in direct contact with each other.

[0076] Although specific aspects have beenillustrated
and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the
specific aspects shown and described without departing
from the scope of the present disclosure. This application
is intended to cover any adaptations or variations of the
specific aspects discussed herein.

[0077] Although the elements in the following claims
are recited in a particular sequence, unless the claim
recitations otherwise imply a particular sequence for im-
plementing some or all of those elements, those ele-
ments are not necessarily intended to be limited to being
implemented in that particular sequence.

[0078] Many alternatives, modifications, and varia-
tions will be apparent to those skilled in the art in light of
the above teachings. Of course, those skilled in the art
readily recognize that there are numerous applications
of the invention beyond those described herein. While
the presentinvention has been described with reference
to one or more particular embodiments, those skilled in
the art recognize that many changes may be made there-
to without departing from the scope of the present inven-
tion. Itis therefore to be understood that within the scope
of the appended claims and their equivalents, the inven-
tion may be practiced otherwise than as specifically de-
scribed herein.
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Claims

1.

A home appliance (100), comprising:

a rotary drum (101) fillable with laundry (102);
a ball balancer (103) attached around the rotary
drum (101), wherein the ball balancer (103) is
at least partially filled with a fluid (104) embed-
ding one or more free moving balancer balls
(105) to balance a laundry (102) unbalance of
the rotary drum (101);

a sensor (106) configured to sense an overlay
signal (107) generated due to an overlay of the
laundry (102) unbalance with an unbalance of
the one or more balancer balls (105); and

a controller (108) configured to determine a vis-
cosity of the fluid (104) based on a predeter-
mined correlation of the viscosity of the fluid
(104) with the overlay signal (107).

The home appliance (100) of claim 1,

wherein the controller (108) is configured to deter-
mine the viscosity of the fluid (104) based on a char-
acteristic oscillation (200) of the overlay signal (107).

The home appliance (100) of claim 1 or 2,

wherein the controller (108) is configured to deter-
mine the viscosity of the fluid (104) based on an en-
velope curve (206) of the overlay signal (107).

The home appliance (100) of claim 3,

wherein the controller (108) is configured to deter-
mine the viscosity of the fluid (104) based on a period
length (205) of the envelope curve (206).

The home appliance (100) of claim 4,

wherein the controller (108) is configured to deter-
mine the period length (205) of the envelope curve
(206) based on detection of maxima (202) and/or
minima (201) of the envelope curve (206).

The home appliance (100) of claim 4 or 5,

wherein the controller (108) is configured to deter-
mine the viscosity of the fluid (104) based on a pre-
determined proportionality relation of the viscosity of
the fluid (104) with the period length (205) of the en-
velope curve (206).

The home appliance (100) of one of claims 4 to 6,
wherein the controller (108) is configured to deter-
mine the period length (205) of the envelope curve
(206) based on predetermined mechanical proper-
ties of the home appliance (100), a filling level of the
fluid (104) within the ball balancer (103), a nominal
viscosity of the fluid (104) at room temperature, a
known temperature behavior of the fluid (104) and a
temperature of the fluid (104).
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14.

15.
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The home appliance (100) of one of the preceding
claims,

wherein the controller (108) is further configured to
determine a temperature of the fluid (104) based on
a predetermined correlation of the fluid (104) with
the overlay signal (107).

The home appliance (100) of claim 8,

wherein the controller (108) is configured to deter-
mine the temperature of the fluid (104) based on a
predetermined proportionality relation of the temper-
ature of the fluid (104) with a period length (205) of
an envelope curve (206) of the overlay signal (107).

The home appliance (100) of one of the preceding
claims,

wherein the sensor (106) is configured to sense an
electrical drive signal (111) of the rotary drum (101)
as the overlay signal (107).

The home appliance (100) of one of the preceding
claims,

wherein the controller (108) is configured to control
an electrical drive signal (111) of the rotary drum
(101) based on the determined viscosity of the fluid
(104).

The home appliance (100) of one of the preceding
claims,

wherein the controller (108) is configured to control
a spin cycle of the rotary drum (101) based on the
determined viscosity of the fluid (104).

The home appliance (100) of one of the preceding
claims,

wherein the controller (108) is configured to control
a resonance pass through of the home appliance
(100) based on the determined viscosity of the fluid
(104).

The home appliance (100) of claim 13,

wherein the controller (108) is configured to deter-
mine a starting point of the rotary drum (101) and a
gradientof an electrical signal (111) driving the rotary
drum (101)for the resonance pass through of the
home appliance (100).

A method (400) for controlling a home appliance
(100) comprising a rotary drum (101) fillable with
laundry (102) and a ball balancer (103) attached
around the rotary drum (101), wherein the ball bal-
ancer (103) is at least partially filled with a fluid (104)
embedding one or more free moving balancer balls
(105) to balance a laundry (102) unbalance of the
rotary drum (101), wherein the method (400) com-
prises:

sensing (401) an overlay signal (107) generated
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14

due to an overlay of the laundry (102) unbalance
with an unbalance of the one or more balancer
balls (105);

determining (402) a viscosity of the fluid (104)
based on a predetermined correlation of the vis-
cosity of the fluid (104) with the overlay signal
(107); and

controlling (403) the home appliance (100)
based on the determined viscosity of the fluid
(104).
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