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balance is detected and located exactly. By letting water
out of one or more of the protrusions in defined manner,
the unbalance can be reduced or even eliminated.

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 353 891 A1 2

Description
Field of application and prior art

[0001] The invention relates to a method for operating
awashing machine and also to such a washing machine.

Problem and solution

[0002] Itis an object of the invention to provide a meth-
od for operating a washing machine as well as to provide
a washing machine adapted to apply this method, with
which method and washing machine problems of the pri-
or art can be solved and, in particular, it is possible to
realize an advantageous way of balancing the drum of
the washing machine so that only minimum or no vibra-
tion is caused by an uneven distribution of laundry in the
drum.

[0003] This problem is solved by a method for operat-
ing a washing machine having the features of claim 1
and also by a washing machine having the features of
claim 14. Advantageous and preferred embodiments of
the invention are the subject-matter of the further claims
and will be explained in more detail below. In so doing,
some of the features will be explained only for the method
or only for the washing machine. However, irrespective
of this, they are intended to be able to be applied both to
the method and also to the washing machine on their
own and independently of one another. The wording of
the claims is incorporated into the description by express
reference.

[0004] The washing machine comprises a drum for
washing laundry therein and a drive motor for the drum,
wherein preferably this drive motor is formed as a direct
drive, being directly connected to the drum without any
drive belt or the like. Even more preferably, the drive mo-
tor is digitally controlled, in particular a DC or a BLDC
brushless motor. A drum receiving container is provided
in which the drum is arranged rotatably about an axis of
rotation, preferably being a horizontal axis. The washing
machine further has a water guide comprising a water
inlet from an external water supply pipe or supply con-
nection into the washing machine, water pipes and
valves, a water outlet out of the washing machine, an
inlet device for letting water into the drum, and a container
outlet at the drum receiving container. A pump is provid-
ed, this pump being connected by means of water pipes
on the one hand to the container outlet and on the other
hand to the inlet device. On the inside of the circumfer-
ential wall of the drum receiving container, protrusions
are provided, preferably being longitudinally extended
parallel to the axis of rotation. Each protrusion has a clos-
able inside space, which inside space can be accessed
and closed by means of openings, the openings being
openable and closable by means of controllable closing
means, such that water can flow into the inside spaces
of the protrusions or flow out of them. A washing machine
control is provided being connected with the pump and
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with a drive motor control for the drive motor of the drum.
The washing machine control is adapted to monitor op-
erational parameters of the drive motor, in particular the
drive motor current, and to determine if an unbalance
occurs in the drum during the rotation of the drum, where-
in this unbalance is visible in these operational parame-
ters of the drive motor. The washing machine control is
also connected to the controllable closing means for the
protrusions for controlling the same, so they can be
opened or closed on demand by the washing machine
control. In particular, they can be opened to let out water
stored therein.

[0005] For reducing or eliminating the above-men-
tioned unbalance, the washing machine control controls
the closing means according to one of two options de-
scribed in the following. In a first option, a part of the
water that has been stored in the inside spaces of the
protrusions is let out by selectively and at least partially
opening the closing means until the unbalance has been
reduced below a previously determined unbalance
threshold, or until the unbalance has been eliminated. In
a second option, water is let into the inside spaces of the
protrusions by selectively and at least partially opening
the closing means until the unbalance has been reduced
below a previously determined unbalance threshold, or
until the unbalance has been eliminated. In a further third
option, both the first and the second option can be com-
bined such that water is let out of one or two protrusions,
and at the same time water is let into one or two protru-
sions. This third option allows for a wider range of total
unbalanced weight to be compensated for. The advan-
tage of the invention lies not only in providing a method
for operating a washing machine as well as such a wash-
ing machine that provides for any option to reduce an
unbalance in the drum, but also to do this during turning
the drum, even with high rotational speed. There is no
need to slow down the drum orto even stopitto rearrange
the laundry inside the drum, which often cannot be
achieved in a satisfying manner, and also takes consid-
erable amount of time and energy to slow down the drum
and to speed it up again after having tried to rearrange
the laundry.

[0006] Inan embodiment of the invention, the washing
machine control knows from the motor control the exact
rotational position of the drum and thus the position of
each protrusion and compares it with indications of an
unbalance in the operating parameters or, more specif-
ically, inthe motor current of the drive motor. The washing
machine control determines therefrom out of which pro-
trusion water must be let out and/or into which protrusion
water must be letin to reduce orto remove the unbalance.
[0007] In a further embodiment of the invention, the
washing machine control determines the unbalance as
a concrete weight indication, in particular as a number
together with a weight indication in grams.

[0008] Itcan further be determined, preferably by mon-
itoring the motor current and the position of the drum as
mentioned before, where this unbalance exists or in
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which exact position of the drum the unbalance is
present. This serves to determine therefrom out of which
protrusion water must be let out and/or into which pro-
trusion water must be let in to eliminate this unbalance.
[0009] In a further embodiment of the invention an ex-
ternal position sensor is provided on the drum or on the
drive motor of the drum to know the exact position of the
drum, preferably the rotational position. From the rota-
tional position of the drive motor the rotational position
of the drum can be derived due to their mechanical con-
nection, so the easier way of providing the sensor on the
drive motor can be chosen. Such a sensor can for exam-
ple be an incremental encoder, which can easily be in-
tegrated into the drive motor, for example onto the motor
shaft or onto the rotor. The position sensor can be con-
nected either to the washing machine control or to the
motor control, wherein in the end this position information
is given to the washing machine control.

[0010] In a refined embodiment of the invention a cal-
ibration of the drum rotational position is made via the
motor control, in particular the calibration is made by turn-
ing the drum slowly for two to four turns and then cali-
brating a zero position of the drum. This zero position is
then passed on to the washing machine control for use
of this zero position to determine the drum position.
[0011] Inafurtherembodimentofthe invention the pro-
trusions are designed in such a way that the openings
with the closing means either point into the interior of the
drum or point outwards into an intermediate space be-
tween the drum and the drum receiving container. This
can serve for a different way in which water is let into
them and let out of them. Furthermore, when the closing
means point into the interior of the drum, water let out of
the protrusions can be dispensed onto the laundry below
them simply by gravity, which allows for a selective or
directed wetting of laundry with water. Of course this can
only be made when the drum does not rotate very fast
or, even better, when it stands still. With high rotational
speed of the drum, water will not leave the protrusions
through such closing means even if they are fully open
due to the centrifugal force. But, when the closing means
point outwards into an intermediate space between the
drum and the drum receiving container, the water can be
let out when the drum rotates so fast that the centrifugal
force throws the water out or when the closing means
are in arotational position so low that the water will simply
flow out and drop downwards by gravity.

[0012] Itis possible that the protrusions are designed
separate as separate parts from the drum. Preferably,
they are detachably arranged on the inside of the drum
such that they can be removed for repair or cleaning pur-
poses.

[0013] In a further embodiment of the invention, the
closing means and the protrusions are designed in such
a way that a closing means closes or opens all openings
on one single protrusion simultaneously and in the same
way and/or to the same degree. This may facilitate the
construction and assembly of the protrusion. Preferably,
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all the protrusions are of the same type and/or are iden-
tical.

[0014] It may be provided that the closing means can
be actuated magnetically, an activation magnet for the
closing means preferably being arranged on the outside
of the drum receiving container in such a way that it in-
teracts with the magnetically actuable closing means
when the magnetically actuable closing means moves
past the activation magnet during rotation of the drum.
The activation magnet should be mounted in a fixed po-
sition in the washing machine close to the drum, prefer-
ably on the drum receiving container or on its outside.
The activation magnet can be an electro-magnet for bet-
ter control of it, so the closing means can be actuated
exactly when they are passing the activation magnet. As
in practice only one or at most two closing means should
be actuated to let out water, the magnetic activation
should be quickly started and quickly stopped again.
[0015] In an advantageous embodiment of the inven-
tion it may be provided, before the start of reducing or
eliminating an unbalance by opening any of the closing
means, that all the protrusions are filled with water, pref-
erably filled to the maximum. In this case, in particular
for reducing or eliminating the unbalance, water is only
let out of any one of the protrusions, and none is let in.
[0016] In afurther embodiment of the invention the fill-
ing of the protrusions with water takes place in such a
way that water is present in the lower region of the drum
receiving container, and one protrusion is moved into this
water. Then the closing means open the openings and
water flows into the inside spaces of the protrusions. This
is made such that the protrusions are successively
brought into the lower region of the drum receiving con-
tainer by rotation of the drum. This may preferably be
done successively for all protrusions, wherein in partic-
ular the drum and the protrusion are not moved when the
water is let into each protrusion.

[0017] In an embodiment of the invention, the protru-
sions may be filled with water from the outside through
water lines which form distribution lines and which extend
into each of the protrusions. In similarmanner, such water
lines which form distribution lines and which extend into
each of the protrusions may be used to let water out of
a protrusion or out of all the protrusions. The distribution
lines may be provided with valves that can be controlled
by the washing machine control to open or to close and,
in this way, to assist in letting water in or out. Preferably
a further water line is running to the distribution lines
through a rotary shaft of the drum, which rotary shaft
serves for bearing the drum in the drum receiving con-
tainer. Such a construction may in fact make some me-
chanical effort, but it allows for a direct, controlled and
very exact way of filling or emptying the protrusions.
[0018] In an embodiment of the invention water is in-
troduced into the interior of the drum via the protrusions
or through the protrusions and their openings into the
interior of the drum for a washing process. In this case,
the protrusions may form at least a part of or comprise
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the inlet device. This can be especially be made with the
distribution lines and the further water line described be-
fore. It is also possible to let in water which is already
mixed with washing substances. This may mean that two
ways for letting water into the drum are provided.
[0019] Inapossible embodimentofthe invention either
the drum is rotated at a rotational speed of less than 20
rpm or less than 10 rpm, wherein a protrusion is moved
into the upper region or into the uppermost region of the
drum receiving container. Alternatively, the drum may
stand still with a protrusion in the upper region or in the
uppermost region of the drum receiving container. Then
water may be discharged from out of the protrusion onto
the laundry located thereunder in the drum, wherein the
water simply falls down by gravity. This may be repeated
several times with one protrusion after the other, wherein
in particular the inside spaces of the protrusions are filled
with water by rotating the drum in such a way that, when
a protrusion is in the lower region or lowermost region of
the drum receiving container, water being present there
enters the inside space of the protrusion to fill the protru-
sion.

[0020] In another possible embodiment of the inven-
tion at least three similar or identical protrusions are ar-
ranged on the inside of the drum. Preferably, no more
than four protrusions are provided.

[0021] These and further features may be gathered
from the claims and also from the description and the
drawings, with the individual features being capable of
being implemented in each case by themselves or sev-
erally in the form of sub-combinations in an embodiment
of the invention and in other fields and being capable of
constituting advantageous and independently patenta-
ble versions for which protection is claimed here. The
subdivision of the application into individual sections and
intermediate headings does not restrict the general va-
lidity of the statements made under these.

Brief description of the drawings
[0022] Exemplary embodiments of the invention are

schematically illustrated in the drawings and will be ex-
plained in more detail below. In the drawings show:

Fig. 1 a schematic side view of a washing machine
according to the invention with basic construc-
tion,

Fig. 2 a detailed side view on the washing machine
of Fig. 1,

Fig. 3 a side view onto a protrusion mounted to the
inside of the drum, the protrusion having water
holes and closure arms,

Fig. 4 a front view onto the protrusion of Fig. 3,

Fig. 5 a side view of a closure arm of Fig. 3,
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Fig. 6 a front view onto the drum with three protru-
sions,

Fig. 7 a detailed side view on the washing machine
similar to Fig. 2 showing an alternative of pro-
viding the protrusions with water,

Fig. 8 a front view onto the drum of Fig. 7,

Fig. 9 another front view onto the drum similar to Fig.
6 with an unbalance due to a piece of laundry,

Fig. 10  adiagram of the current of the drive motor, and

Fig. 11 a part diagram of Fig. 10 with explanation to

the course of the current due to an unbalance.
Detailed description of the embodiments

[0023] InFig.1awashing machine 11 according to the
invention is shown in a schematic side view. The washing
machine 11 has a housing 12, in which a drum receiving
container 14 is arranged. The drum receiving container
14 has a container outlet 15 with a water pipe L4 at its
lowest region as is known in the art. A valve V3 is ar-
ranged shortly beneath and after this container outlet 15
in the water pipe L3. Valve V3 serves to let out water of
the drum receiving container 14 via container outlet 15
and water pipe L3 or not, depending on the washing proc-
ess.

[0024] Afilter 17 is arranged after valve V3, being con-
nected with an inlet. Another inlet of the filter 17 is con-
nected via a water pipe L5 to an inlet valve V1 which is
connected to a fresh water inlet 19 into the washing ma-
chine 11. An outlet of thefilter 17 is connected via a water
pipe L4 to a pump 21. The pump 21 is connected via a
water pipe L2 to a three-way valve V2. One outlet of the
valve V2 is connected to a wastewater outlet 23 for letting
water out of the washing machine 11. Another outlet of
the valve V2 goes via a water pipe L1 to a water inlet
device 25 that serves to bring or spray water into the
drum receiving container 14 or, more specifically, into a
drum 28 being arranged inside the drum receiving con-
tainer 14 in well-known manner. Specific embodiments
of the water inlet device 25 are basically also known in
the art. The water inlet device 25 may for example be a
kind of spray device. Access to the drum 28 is possible
via a conventional door, which is not shown here.
[0025] In Fig. 1, the drum 28 is schematically shown
with a door 27. The drum 28 is driven by a drive motor,
which in this embodiment not shown but could be a so-
called direct drive motor. A washing machine control 40
is also shown in Fig. 1, which is connected to the pump
21 and to the drive motor. Furthermore, the control 40 is
of course connected to all the valves in the washing ma-
chine 11 as well as to the water inlet device 25.

[0026] The more detailed drawing of Fig. 2 shows in
more detail on the one hand the drum 28 inside the drum
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receiving container 14. The drum 28 is shown with its
rotary shaft 29, on which in this embodiment a pulley 33
is mounted. The pulley 33 is driven via a belt 34, which
again is driven by a drive motor 30. In this case, the drum
28 is not driven via a direct drive as is also optional here,
but via a so-called belt drive. The drive motor 30 is pow-
ered by a motor control 31, which is also connected with
the washing machine control 40. In the view of Fig. 2,
most of the water pipes and the valves are left aside for
better and easier understanding.

[0027] Asdescribed before, position sensors whichare
not shown here are either provided in the drive motor 30
as integrated position sensors, which is basically known
in the art. Alternatively, such position sensors could be
provided together with the drum 28, for example by pro-
viding permanent magnets on the outside of drum 28
and, with a little distance to them, Hall sensors or other
magnetic sensors on the drum receiving container 14.
These magnetic sensors can sense when the permanent
magnets pass them by with the drum 28 rotating.
[0028] The drum 28 is provided with drum holes 36 for
letting water out of the drum 28 and into the drum receiv-
ing container 14, where it may be let out via the container
outlet 15 and the water pipe L3. Furthermore, protrusions
42 are shown being mounted to the inside of the drum
28. These protrusions 42 will be shown in more detail
hereinafter in the following figures. Basically, such pro-
trusions 42 are known in the art and are provided in most
washing machines. They serve to mechanically move
and also to divide pieces of laundry in the drum 28 when
the drum 28 is rotated. As has been described before,
the protrusions 42 in this case are provided with more
functionalities. For this reason, Fig. 3 is a more detailed
view of one such protrusion 42. The protrusion 42 is
mounted to the inside of the drum 28, for example
screwed to it, wherein the drum 28 has for this purpose
a cutout with a certain shape. On the one hand, the pro-
trusion 42 is hollow and thus has a specific inner volume
in its inside space 43. As can be seen from the front view
of Fig. 4 onto the protrusion 42, its shape is a kind of
truncated pyramid. This shape could of course also be
different, and mainly as is being viewed advantageous
for the above-mentioned mechanical function of the pro-
trusion 42 in the washing process. A number of openings
45 arranged along two rows are provided on each lateral
side of each protrusion 42. These openings 45 connect
the inside space 43 to the outside or, respectively, water
can flow through these openings 45 into the inside space
43 or out of it. This shows that the inside space 43 is
basically accessible via the openings 45.

[0029] Itiseasily recognized thatvarious ways to close
and open the openings 45 are conceivable. One option
would be a radio control with a battery actuated actor or
valve, respectively, being provided on or in the protru-
sions. In the embodiment shown here, a slide 47 is pro-
vided, which is mounted in a guided manner for a linear
movement on the outside of the drum 28. On top of slide
47, a number of closing arms 48 is provided, which arms
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are pointing into the drum 28. The closing arms 48 are
arranged such that in one position according to Fig. 3
they do not block the openings 45, such that the inside
space 43 is kind of open to the outside. Water may freely
flow in or flow out. If the slide 47 according to Fig. 3 is
moved linearly to the left, the closing arms 48 move from
their position shown in dashed lines to the left to cover
and consequently close the openings 45 from and to the
inside. In this scenario, the inside space 43 of the pro-
trusion 42 is closed and water may neitherleave nor enter
this inside space 43.

[0030] An actuation of the slide 47 may be effected in
various ways again, for example with an electromagnet
or with a motor. In this example, it is made with the help
of a magnet 50, which is a permanent magnet in this
case. When attracting the magnet 50 from the left, the
slide 47 moves to the left for the closing arms 48 to close
the openings 45. If the magnet 50 is repelled, the slide
47 moves back again to the right into the position accord-
ing to Fig. 3, and the closing arms 48 open the openings
45 again. Of course, other ways of moving the slide 47
or opening and closing the openings 45 can be easily
found by a person skilled in the art. It is also possible to
provide a spring means pulling the slide 47 into the open
position of Fig. 3, such that only when the slide 47 is
pulled to the left via the magnet 50 the openings 45 are
closed. This of course could also easily be reversed, such
that a spring serves to hold the closing arms 48 basically
in a closing position for the openings 45 and a force is
needed for opening them.

[0031] Fig. 5 shows the slide 47 with the closing arms
48 in isolated form. The magnet 50 is fixed to its left end,
which also points to the left in Fig. 2. The sectional view
of Fig. 4 shows that the closing arms 48 are arranged
directly on the inside of the openings 45. They must pro-
trude through the drum 28, for which reason the drum 28
may have respective cutouts or slits. They must be wa-
tertight to the outside such that water may not enter or
leave the inside space 43 other than through the open-
ings 45.

[0032] As will be explained later on, the openings 45
according to Fig. 3 point inside the drum 28, such that
water leaving the inside space 43 of the protrusion 42
will fall down onto any laundry being present in the drum
28 beneath it. This may be used, as has been explained
before, specifically to bring water onto the laundry in a
very targeted or defined way. On the other hand, it does
not allow letting water out of the protrusion 42 without
wetting the laundry, which especially for a dry spinning
process of the washing machine would be rather nega-
tive. Furthermore, if water shall be let out of the protru-
sions 42 to reduce or eliminate an unbalance due to un-
evenly distributed laundry inside the drum 28, the cen-
trifugal force will most probably not allow for water to
leave at least through the upper row of openings 45. So,
when looking at Fig. 2, only a part of all the water inside
the protrusion 42 can be left out, which would limit the
function of this reduction of an unbalance. In this regard,
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any openings into the inside space 43 should be on a
radial outside location of protrusion 42, for example as
an opening in the drum 28. Such an opening could also
be closed or opened via a slide 47 similar to the one
shown in Figs. 3 to 5, forming a kind of linear valve.
[0033] From Fig. 2 a way of actuating the slide 47 can
be taken. On the drum receiving container 14, two actu-
ation magnets 52 are located which are situated as close
to the point where the slides 47 with the respective mag-
nets 50 will pass them with the rotating drum 28 in a
direction parallel to the rotary shaft 29. The upper actu-
ating magnet 52a serves mainly for opening or closing
the openings 45 to let out water in a controlled way to
reduce or eliminate any unbalance of the drum 28. Of
course, the actuating magnet 52a can also serve to let
water out of the protrusion 42 if the drum stands still or
moves only very slowly to bring this water onto laundry
located underneath it in a defined way. This is less for
the purpose of reducing any unbalance, but for a way to
specifically wet the laundry inside the drum 28.

[0034] The lower actuation magnet 52b can also open
or close the openings 54. When the drum 28 is rotating
fast, it can of course also be used to let out water in a
controlled way to reduce any unbalance. Furthermore, it
may be used when the drum 28 stands still or is rotating
very slowly to open the openings 45 and to fill the inside
space 43 with water that is present in the lower region of
the drum receiving container 14, for example 3cm to 8
cm high. For this reason, the valve V3 in the water pipe
L3 can be closed. It is for example possible to slowly
move each of the protrusions 42 into the lowermost po-
sition and then to open the openings via the actuating
magnet 52b. After some seconds, if the protrusions 42
are fully submersed and filled with water, they can be
moved on. This is an easy way to fill them rather quickly.
Before rotating the drum 28 further, the actuating magnet
52b will close the openings 45 via the movable slide 47
with the arms 48, and the drum 28 is rotated somewhat
for the next protrusion 42 that has to be filled to come
into the lowermostregion. Such afilling of the protrusions
42 with water can be done before a spinning process is
started, wherein of course the water present in the lower
region of the drum receiving container 14 should be let
out via the container outlet 15.

[0035] The magnets 50 of the slides 47 may also for
example serve as the above-mentioned magnets for po-
sition sensors for determining the exact rotational posi-
tion of the drum 28.

[0036] In Fig. 6, a front view onto the drum receiving
container 14 with the drum 28 inside it is shown. The
drum 28 is mounted inside the drum receiving container
14 via the rotary shaft 29. The drum receiving container
14 is fixed inside the housing 12 of the washing machine
11 by two springs 16a in its upper region. Furthermore,
two dampers 16b are provided in the lower region, which
serve to dampen the movement of the drum receiving
container 15 with the drum 28 inside it. This is known in
the art.
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[0037] The position of the drum 28 with the three pro-
trusions 42a, 42b and 42c is such that the protrusion 42¢c
is in the lowermost region of the drum receiving container
14. This position may be used to let water inside the pro-
trusion 42c, preferably as has been explained before.
The drum 28 may then be rotated for 120° for the next
protrusion to be in this position to also be filled with water.
[0038] Itcan also be taken from Fig. 6 how water being
left out of the openings 45 of the protrusions 42a or 42b
would fall down on any laundry being positioned below
them. This may be used according to what has been ex-
plained before, or avoided, alternatively.

[0039] From the side view of Fig. 7, which is similar to
the one of Fig. 2, another option to bring water into the
protrusions 142 or to let it out is shown. In this embodi-
ment of a washing machine 111, a further water pipe L6
from an outlet of the filter 131 with a valve V4 leads to
the rotary shaft 129 of the drum 128, which in this case
is hollow. The water pipe L6 goes through this hollow
rotary shaft 129 and inside the drum 128. It is therein
connected to three distribution pipes 154a, 154b and
154c with radial direction. Each of these distribution pipes
leads into the inside space 143 of each of the protrusions
142 in a manner not shown here, which is easily realized
by the person skilled in the art. These distribution pipes
may be used to fill the inside spaces 143 of the protru-
sions 142 with water. This can be made at any time, such
thatthe dipping process described in connection with Fig.
6isnotnecessary. Sowatercan be letinto the protrusions
142 even when the drum 128 is rotating. Apart from this,
the protrusions 142 can be of the same type as described
before, in particular according to Figs. 3 to 5 with the
openings that can be slidably closed.

[0040] In an alternative embodiment, another valve
may be situated inside the hollow rotary shaft 129 or at
the point where the three distribution pipes 154a to 154¢
are connected to the water pipe L6. This may serve for
the purpose of better control of letting water inside any
of the protrusions 142.

[0041] In the embodiment of Fig. 7, the distribution
pipes 154 are situated inside the drum 128. They can of
course also be arranged on the outside of the drum 128
and could be connected with the insides spaces 143 of
the protrusions 142 all the while.

[0042] InFig.9aschematicview similarto Fig. 6 shows
how one piece of laundry 38 is placed close to one pro-
trusion 42a. Fig. 9 is a view during a spinning process,
for example with a speed of 400 or 600 rpm. This piece
of laundry 38 is still wet and full of water, and accordingly
has a significant weight. In reality, of course more laundry
would be distributed on the inside of drum 28, and any
distribution of this laundry may lead to any unbalance.
The view of Fig. 9 shall simplify this for easier under-
standing.

[0043] The piece of laundry 38 situated according to
Fig. 9, when all the protrusions 42 are filled with water or
would be empty, instead, would lead to an obvious un-
balance of the drum 28. This is negative or even detri-
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mental during a spinning process with high rotational
speed. Such an unbalance can, for example, be detected
via various methods known in the art. One such method
is shown in Fig. 10, where the current | of the drive motor
30 is monitored. The thin line is the motor current phase,
and the motor current envelope is shown in a thicker line.
This is a clear sign that the drum and, consequently, also
the drive motor 30 rotate unbalanced. The turn time is
aslo shown here.

[0044] In Fig. 11, an explanation is indicated why the
course of the current | of the motor varies. As a help, the
rotating position of the drum 28 with a piece of laundry
38 is also shown. One point with the peak of the motor
current envelope is connected to the piece of laundry 38
being at the highest point and now beginning to move
downward. The movement downward needs less power
from the drive motor, so the motor current envelope be-
comes less. The other point with the bottom of the motor
current envelope is when the piece of laundry 38 starts
to be moved upwards again, so more power from the
drive motor is needed and the motor current envelope
starts to rise again. The turn time is also indicated.
[0045] Other methods could include vibration sensors
on the drum receiving container 14, for example. The
advantage of monitoring the motor current phase is that
the motor control 31 together with a position sensor being
present in the drive motor 30 can relate the unbalance
exactly to a certain rotating position or a certain position
inside the drum, respectively. This is due to the fact that,
when the drum 28 during its rotation is in such a rotational
position that the laundry 38 is being lifted from a lower-
most position upwards, additional effort is needed for this
lifting up. In this case, the drive motor 30 must have more
than average power for this additional effort. If again,
after a rotation of about 180°, the laundry 38 starts to
move downwards, the drive motor 30 needs less than
average power. This can be taken from the motor current
according to Fig. 10 and 11, and the motor control 31
can relate this to the rotational position of the drive motor
30, which again is in fixed and known relation to the ro-
tational position of the drum 28. This allows the motor
control 31 and/or the washing machine control 40 to ex-
actly locate the laundry 38 or the location of any unbal-
ance inside the drum. In this case, the laundry 38 has
been located close to the protrusion 42a. For this reason,
water is let out of the inside space 43 of the protrusion
42a. In one embodiment of the invention, the motor con-
trol 31 and/or the washing machine control 40 may de-
termine a weight of the unbalance, for example in gram.
Connected with the rotational speed of the drum 28, the
washing machine control 40 can actuate the slide 47 of
protrusion 42a such that a known volume of water with
a known mass can be let out. This cannot be done in one
single instance, for it can only be done when the protru-
sion 42a passes by the actuation magnet 52 or any ac-
tuating magnet 52. So several turns are necessary, which
does not pose a problem.

[0046] In an alternative method, only the location of
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the unbalance needs to be determined and the protrusion
next to it or, alternatively, the two protrusions out of which
water should be let to reduce or eliminate the unbalance.
Thisis then being done also slowly and with a little amount
of water during each rotation of the drum. The unbalance
is continuously being monitored and measured, and
should be reduced continuously by letting water out. If
the unbalance would not be reduced or maybe should
even increase, water should be let out of other combina-
tions of protrusions. If, in the way wanted, the unbalance
is being reduced, water is let out until no more unbalance
can be detected. After this, the spinning process can con-
tinue. Alternatively, the spinning process could be con-
tinued with a higher rotational speed. As the unbalance
has been reduced for the lower rotational speed, it should
also be reduced or eliminated for a higher rotational
speed. If, however, when performing the rotation with
higher rotational speeds, the unbalance should start to
be detectable again, the same process as described be-
fore should be used to reduce or eliminate the unbalance
again. This can be repeated several times, at least until
one of the protrusions is empty, from which water should
be let out. In this case, either the drum has to be slowed
down to fill the protrusion again with water or the embod-
iment with the distribution pipes of Fig. 8 could be used.

Claims

1. A method for operating a washing machine, the
washing machine comprising:

- a drum for washing laundry therein,

- a drive motor for the drum, preferably formed
as a direct drive,

- a drum receiving container in which the drum
is arranged rotatably about an axis of rotation,
- a water guide comprising:

- awater inlet from an external water supply
pipe into the washing machine,

- water pipes and valves,

- a water outlet out of the washing machine,
an inlet device for letting water into the
drum, a container outlet at the drum receiv-
ing container,

- a pump being connected by means of water
pipes on the one hand to the container outlet
and on the other hand to the inlet device,

- protrusions on the inside of the circumferential
wall of the drum receiving container, each pro-
trusion having a closable inside space which is
accessible and closable by means of openings,
the openings being openable and closable by
means of controllable closing means,

- a washing machine control being connected
with the pump,
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- a drive motor control for the drive motor of the
drum, wherein the washing machine control is
connected with the drive motor control and is
adapted to monitor operational parameters of
the drive motor, in particular the drive motor cur-
rent, and to determine if an unbalance occurs in
the drum during the rotation of the drum and this
unbalance is visible in the operational parame-
ters of the drive motor,

- wherein the washing machine control is con-
nected to the controllable closing means for the
protrusions for controlling the same, wherein for
reducing or eliminating the unbalance the wash-
ing machine control controls the closing means
according to one of two options, wherein:

-in afirst option, a part of the water present
in the inside spaces of the protrusions is let
out by selectively and atleast partially open-
ing the closing means until the unbalance
has been reduced below a previously de-
termined unbalance threshold or has been
eliminated,

- in a second option, water is let into the
inside spaces of the protrusions by selec-
tively and at least partially opening the clos-
ing means until the unbalance has been re-
duced below a previously determined un-
balance threshold or has been eliminated.

Method according to claim 1, wherein the washing
machine control knows from the motor control the
position of the drum and thus the position of each
protrusion and compares it with indications of an un-
balance in the operating parameters or in the motor
current of the drive motor and determines therefrom
out of which protrusion water must be let out and/or
into which protrusion water must be let in.

Method according to claim 1 or 2, wherein the wash-
ing machine control determines the unbalance as a
concrete weight indication, in particular in grams,
and further determines, preferably by monitoring the
motor current and the position of the drum, where
this unbalance exists in order to determine therefrom
out of which protrusion water must be let out and/or
into which protrusion water must be letin to eliminate
this unbalance.

Method according to one of the preceding claims,
wherein an external position sensor is provided on
the drum or on the drive motor of the drum to know
the exact position of the drum, preferably the rota-
tional position, wherein this position information is
given to the washing machine control.

Method according to one of the preceding claims,
wherein a calibration of the drum rotational position
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10.

1.

is made via the motor control, in particular by running
the drum slowly for two to four turns and then cali-
brating a zero position of the drum, wherein this zero
position is passed on to the washing machine control
for use of this zero position to determine the drum
position.

Method according to one of the preceding claims,
wherein the openings with the closing means point
into the interior of the drum or point outwards into an
intermediate space between the drum and the drum
receiving container.

Method according to one of the preceding claims,
wherein the closing means and the protrusions are
designed in such a way that a closing means closes
or opens all openings on the protrusion simultane-
ously and in the same way and/or to the same de-
gree.

Method according to one of the preceding claims,
wherein the closing means are adapted to be mag-
netically actuable, an activation magnet for the clos-
ing means preferably being arranged on the outside
of the drum receiving container in such a way that it
interacts with the magnetically actuable closing
means when the magnetically actuable closing
means moves past the activation magnet during ro-
tation of the drum.

Method according to one of the preceding claims,
wherein, before the start of reducing or eliminating
an unbalance by opening the closing means, all the
protrusions are filled with water, preferably filled to
the maximum, in which case, in particular for reduc-
ing or eliminating the unbalance, only water is let out
of at least one of the protrusions.

Method according to one of the preceding claims,
wherein the filling of the protrusions with water takes
place in such a way that the closing means open the
openings and water being presentin the lower region
of the drum receiving container flows into the inside
spaces of the protrusions, wherein the protrusions
are successively brought into the lower region of the
drum receiving container by rotation of the drum, this
preferably being done successively for all protru-
sions, wherein in particular during the letting of the
waterinto the protrusion, the drum and the protrusion
are not moved.

Method according to one of the preceding claims,
wherein, for filling the protrusions with water, water
is fed into the protrusions from the outside through
water lines which form distribution lines and which
extend into each of the protrusions, wherein prefer-
ably a water line to the distribution lines is running
through a rotary shaft of the drum for bearing the
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drum in the drum receiving container.

Method according to one of the preceding claims,
wherein, for a washing process, water is introduced
into the interior of the drum via the protrusions or
through the protrusions and their openings into the
interior of the drum, wherein the protrusions form or
comprise the inlet device, wherein in particular also
water is introduced which is mixed with washing sub-
stances.

Method according to one of the preceding claims,
wherein either the drum is rotated at a rotational
speed of less than 20 rpm or less than 10 rpm and
a protrusion is moved into the upper region or into
the uppermost region, or that the drum stands still
with a protrusion in the upper region or in the upper-
most region, and then water is discharged from the
interior of the protrusion onto the laundry located
thereunder in the drum, wherein preferably this is
repeated several times with one protrusion after the
other, wherein in particular the inside spaces of the
protrusions are filled with water by rotating the drum
in such a way that a protrusion is in the lower region
or lowermost region of the drum receiving container
and water being present there enters the inside
space of the protrusion.

Washing machine comprising:

- a drum for washing laundry therein,

- a drive motor for the drum, preferably formed
as a direct drive,

- a drum receiving container in which the drum
is arranged rotatably about an axis of rotation,
- a water guide comprising:

- awater inlet from an external water supply
pipe into the washing machine,

- water pipes and valves,

- a water outlet out of the washing machine,
an inlet device for letting water into the
drum, a container outlet at the drum receiv-
ing container,

- a pump being connected by means of water
pipes on the one hand to the container outlet
and on the other hand to the inlet device,

- protrusions on the inside of the circumferential
wall of the drum receiving container, each pro-
trusion having a closable inside space which is
accessible and closable by means of openings,
the openings being openable and closable by
means of controllable closing means,

- a washing machine control being connected
with the pump,

- a drive motor control for the drive motor of the
drum, wherein the washing machine control is
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15.

16.

connected with the drive motor control and is
adapted to monitor operational parameters of
the drive motor, in particular the drive motor cur-
rent, and to determine if an unbalance occurs in
the drum during the rotation of the drum and this
unbalance is visible in the operational parame-
ters of the drive motor,

- wherein the washing machine control is con-
nected to the controllable closing means for the
protrusions for controlling the same, wherein for
reducing or eliminating the unbalance the wash-
ing machine control controls the closing means
according to one of two options, wherein:

- in a first option, a part of the water present
in the inside spaces of the protrusions is let
outby selectively and atleast partially open-
ing the closing means until the unbalance
has been reduced below a previously de-
termined unbalance threshold or has been
eliminated,

- in a second option, water is let into the
inside spaces of the protrusions by selec-
tively and at least partially opening the clos-
ing means until the unbalance has been re-
duced below a previously determined un-
balance threshold or has been eliminated.

Washing machine according to claim 14, wherein at
least three similar or identical protrusions are ar-
ranged on the inside of the drum.

Washing machine according to claim 14 or 15,
wherein an external position sensor is provided on
the drum or on the drive motor of the drum to know
the exact position of the drum, preferably the rota-
tional position, to give this position information to the
washing machine control.
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