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(67)  The present invention relates to a method for
controlling a laundry washing machine (1) comprising: a
casing (2), a washing tub (3) arranged within said casing
(2), a rotatable laundry drum (4) which is mounted inside
the washing tub (3) and is designed to contain laundry
(10), a water-detergent supply system (5,6) supplying
wash water and detergent into the washing tub/drum,
and a water draining system (16) discharging wash water
from the washing tub (3). The method performing the
steps of: loading water and detergent in the washing tub
(3), rotating the drum (4) at a preset high speed (®ss’) in
a first rotational direction in order to perform at least one
first intermediate spin, reducing the speed of the drum
(4) at a wash speed which than said high speed (wss’),
and rotating the drum at a preset high speed (®ss") in a
second rotational direction, opposite to the first rotational
direction in order to perform at least a second interme-
diate spin which generates a liquid flux removing deter-
gent settled in the water draining system,
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Description

[0001] The presentinventionconcerns the field of laun-
dry washing techniques.

[0002] In particular, the present invention refers to a
method for controlling a laundry washing machine, which
is configured to dissolve and recover a detergent gath-
ered in a drainage duct of the laundry washing machine,
and to a laundry washing machine implementing this
method.

BACKGROUND ART

[0003] Nowadays the use of laundry washing ma-
chines, both "simple" laundry washing machines (i.e.
laundry washing machines which can only wash and
rinse laundry) and laundry washing and drying machines
(i.e. laundry washing machines which can also dry laun-
dry), is widespread.

[0004] In the present description the term "laundry
washing machine" will refer to both simple laundry wash-
ing machines and laundry washing and drying machines.
[0005] In addition, in the present description when ref-
erence is made to "water", the term "water" may denote
water as such, washing water, washing liquid, washing
liquor or the like.

[0006] Laundrywashing machines generally comprise
an external casing provided with a washing tub which
comprises a rotatable perforated drum where the laundry
is placed, an electric motor which rotates the drum in the
washing tub, a water-detergent supply system which sup-
plies wash water and/or detergent into the washing
tub/drum, and a water draining system which discharg-
es/drains wash water from the washing tub.

[0007] The draining system typically comprise a drain-
age duct the mouth (or inlet) of which is defined in the
bottom of the washing tub, and a drainage pump which
is configured to drain the wash water from the washing
tub into the drainage duct.

[0008] A typical laundry washing operation includes
placing laundry to be washed within the drum. Thereatfter,
water and detergent are added by the supplying system
into the washing tub to form a cleaning solution. The laun-
dry is then subjected to various sequential phases such
as: a main wash phase, a rinse phase, and a final spin
phase. When the supply system fills the wash tub, a sub-
stantial portion of detergent (in particular when using
powder detergent) tends to deposit inside the inlet of the
drainage duct and therefore remains practically unused
during the wash phases. In other words, the detergent
introduced at the start of wash phase, drops directly
through the drainage duct as detergent aggregates be-
foreitis completely dissolved in the water in washing tub.
This causes the detergent to be gathered/settled into the
drain space and then to be discharged without fulfilling
its cleaning functions.

[0009] For overcoming this problem, some types of
laundry washing machines are provided with hydraulic
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valve organs, like so called "OKO-balls" (i.e. valves hav-
ing a floating ball acting as closure element) or mem-
branes, which are arranged on the inlet of the drainage
duct and are structured to close the inlet of the drainage
duct when liquid is supplied to the tub.

[0010] However in these machines the hydraulic valve
organs, in addition to increase the production costs, re-
quire a certain space to be placed, increasing the overall
dimension of the machine and/or requiring a complex
positioning of the other components of the machine
(which makes the assembly of the machine more com-
plex) in order to obtain enough free space for their posi-
tioning. Moreover the hydraulic valve organs may easily
be clogged, requiring periodical maintenance.

[0011] Onthe other hand, other types of laundry wash-
ing machines are provided with a recirculation circuit so
that water and detergent deposited in the drainage duct
are removed and used in the wash phase.

[0012] However, in such a washing machine arrange-
ments, either an additional recirculation pump (increas-
ing the production costs of the machine) and/or compli-
cated and expensive valves (to enable the recirculation
pump to perform both recirculation and draining opera-
tions) must be employed. In this case, moreover, the
presence of a greater number of additional components
increases the maintenance costs of the machine, and
the possibilities of breakdowns are increased.

[0013] US 6,557,199 discloses a mixing system for
laundry washing machine which is configured to mix the
detergent into a wash solution during an initial portion of
the main wash phase. The system performs an interme-
diate spin in the wash phase wherein the drum is rotated
at a high speed for the purpose of mixing and distributing
the detergentin the wash solution. In detail, this additional
step occurs shortly after the washing machine has been
filled with water for the programmed wash phase. The
time and drum speed associated with this additional step
is established to provide sufficient mixing, while avoiding
the development of excessive suds. More specifically,
the drum is rotated at 70 RPM (rounds per minute) for
approximately 9 seconds at about 3 minutes after the fill
portion of the wash phase is completed.

[0014] Although efficient, the detergent mixing system
disclosed in US 6,557,199 is not able to completely dis-
solve the detergent in water draining system provided
with a draining sump arranged in the tub bottom, in par-
ticular when the sump has substantially a rectangular
shape. Tests carried out by the applicant demonstrate
that water turbulence generated inside a substantially
parallelepiped shaped draining sump by rotating drum at
70 RPM in one rotational direction allows to only partially
remove the detergent from only one inner side/angle of
the sump, namely the side/angle of the sump that water
strikes during the rotation of the drum, but the opposite
side/angle of the sump remains partially filled with the
gathered detergent, which, as a consequence, is not
used during the wash phase.

[0015] The applicant conducted an in-depth study with
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the objective of identifying a solution which specifically
allows to:

- increase the dissolution of detergent depositing in
the drainage duct of a laundry washing machine;

- ensure the complete removal of all the detergent
gathered in the sump;

- obtainan efficientexploitation of the detergentduring
the wash phase, without however increasing the pro-
duction cost of the machine.

[0016] It is thus the object of the present invention to
provide a solution which allows achieving the objectives
indicated above.

DISCLOSURE OF INVENTION

[0017] Applicant has found that by rotating the drum,
after loading water and detergent in the washing tub, at
a first and a second intermediate spins having both high
rotational speeds, but different rotational directions, sub-
stantially all the detergent settled in the water draining
system is effectively removed, even if the water draining
system comprises, atits inlet, forexample, a substantially
parallelepiped shaped draining sump, since the water
fluxes generated by the two spins, having opposite rota-
tional directions, guarantee effectively removing the de-
tergent settled in both the sides/angles of the sump.
[0018] In addition to removing the detergent settled in
the sump, the first and second intermediate spins having
opposite rotational directions generate a high turbulence
in the washing liquid, which enhances (or favours) the
melting of the detergent in the water.

[0019] According to the presentinvention, there is pro-
vided a method for controlling alaundry washing machine
comprising: a casing, a washing tub arranged within the
casing, arotatable laundry drum which is mounted inside
the washing tub and is designed to contain laundry, a
water-detergent supply system designed to supply wash
water and detergent into the washing tub and a water
draining system designed to discharge wash water from
the washing tub

[0020] During a main wash phase, the method per-
forms the steps of:

- loading water and detergent in the washing tub;

- rotating the drum at a preset high speed in a first
rotational direction in order to perform at least one
first intermediate spin;

- reducing the speed of the drum at a wash speed
lower than the high speed.

[0021] The method is characterised by performing,
during the main wash phase, the steps of:

- rotating the drum at a preset high speed in a second
rotational direction, opposite to the first rotational di-
rection in order to perform at least a second inter-
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mediate spin which generates a liquid flux removing
detergent settled in said water draining system.

[0022] Advantageously the second intermediate spin
is performed after the first intermediate spin.

[0023] Clearly, above mentioned wash speed lower
than the high speed could be also zero (i.e. the drum may
be still between the first and second intermediate spins).
[0024] Clearly, the speedatwhichthefirstintermediate
spin is performed may be equal to or different from the
speed at which the second intermediate spin is per-
formed. Advantageously, the speed at which the first in-
termediate spin is performed and the speed at which the
second intermediate spin is performed, being these
speeds equal or different one another, are advanta-
geously both at least as high as (and preferably higher
than) the speed at which, due to the rotation of the drum,
a continuous liquid ring (i.e. a substantially ring-shaped
flux of liquid rotating along the inner circumferential sur-
face of the tub) is formed, circulating along the inner cir-
cumferential surface of the tub. Test performed by appli-
cant have shown that a rotating speed of around 100-150
RPM is enough for ensuring the formation of such a con-
tinuous liquid ring, practically independently on the di-
mensions of the diameter of the drum.

[0025] Advantageously, the speed at which the firstin-
termediate spin is performed and the speed at which the
second intermediate spin is performed, being these
speeds equal or different one another, are advanta-
geously both at least as high as (and preferably higher
than) the speed at which the laundry, due to the centrif-
ugal force, is substantially completely stuck (or fixed) to
the lateral walls of the drum. Test performed by applicant
have shown that the minimum speed at which the laun-
dry, duetothe centrifugal force, is substantially complete-
ly stuck (or fixed) to the lateral walls of the drum, depends
on the diameter of the drum, and that a speed of around
100 RPM is enough for almost all the diameters currently
in the market (i.e. comprised between 400 and 550 mm).
Preferably the method comprises:

- checking whether the laundry in the drum is unbal-
anced, before performing the first intermediate spin;

- performing the first intermediate spin based on (i.e.
depending on) the previous checked unbalanced
laundry condition.

[0026] This is particularly advantageous, since, being
in this phase the laundry wetted, i.e. full of washing liquid,
and therefore quite heavy, performing the first interme-
diate spin with unbalanced laundry would generate high
vibrations of the machine.

[0027] Preferably, the method comprises the steps of:

- skipping the first intermediate spin phase when an
unbalanced laundry condition is consecutively de-
termined a preset number of times.
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[0028] Preferably the method comprises:

- checking whether the laundry in the drum is unbal-
anced before performing the second intermediate
spin;

- performing the second intermediate spin based on
the checked unbalanced laundry condition.

[0029] Preferably the method comprises the steps of:

- skipping the second intermediate spin when an un-
balanced laundry condition is consecutively deter-
mined a preset number of times.

[0030] Preferably the high speed is comprised be-
tween about 100 and 400 RPM. This range is particularly
advantageous, since tests carried out by the applicant
have proved that with lower speeds there is the risk that
the kinetic energy of the flux of liquid generated by the
drum rotation and moving on the internal surface of the
tub is not high enough for striking the detergent settled
in the sump with a power high enough for ensuring the
complete removal of this detergent, while higher speeds
have the risk of generating high vibrations, and therefore
high noise, and moreover increase too much the energy
consumption of the washing cycle and reduce the life of
the electric motor rotating the drum. Preferably, the high
speed is about 150 RPM.

[0031] Preferably the first and second intermediate
spins are performed before a heating phase of the main
wash phase.

[0032] The present invention concerns also a laundry
washing machine comprising: a casing, a washing tub
arranged within the casing, a rotatable laundry drum
which is mounted inside the washing tub and is designed
to contain laundry, an electric motor structured to rotate
the laundry drum, a water-detergent supply system de-
signed to supply wash water and detergentinto the wash-
ing tub, and a water draining system designed to dis-
charge wash water from the washing tub;

[0033] The machine comprises a control unit config-
ured to:

- control, during a main wash phase, the water-deter-
gent supply system in order to load water and deter-
gent in the washing tub;

- control the electric motor during the main wash
phase, to cause the drum to rotate at a preset high
speed in afirst rotational direction in order to perform
at least one first intermediate spin;

- control the electric motor during the main wash
phase, to cause the drum to reduce the speed to a
wash speed lower than the high speed;

[0034] The control unit is further configured to:

- control the electric motor during the main wash
phase, to cause the drum to rotate the drum at a
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preset high speed in a second rotational direction,
opposite to the first rotational direction in order to
perform at least a second intermediate spin which
generates a liquid flux removing detergent settled in
the water draining system.

[0035] Preferably, in the machine according to the in-
vention the control unit is further configured to:

- check whether the laundry in the drum is unbal-
anced, before performing the first intermediate spin;

- perform the first intermediate spin based on the pre-
vious checked unbalanced laundry condition.

[0036] Preferably, in the machine according to the in-
vention the control unit is further configured to:

- skip the first intermediate spin phase when an un-
balanced laundry condition is consecutively deter-
mined a preset number of times.

[0037] Preferably, in the machine according to the in-
vention the control unit is further configured to:

- checkwhether the laundry in the drum is unbalanced
before performing the second intermediate spin;

- perform the second intermediate spin based on the
checked unbalanced laundry condition.

[0038] Preferably, in the machine according to the in-
vention the control unit is further configured to:

- skip the second intermediate spin when an unbal-
anced laundry condition is consecutively determined
a preset number of times.

[0039] Preferably, in the machine according to the in-
vention the high speed is comprised between about 100
and 400 RPM.

[0040] Preferably, in the machine according to the in-
vention the high spin speed is about 150 RPM.

DRIEF DESCRIPTION OF THE DRAWINGS

[0041] Further characteristics and advantages of the
present invention will be highlighted in greater detail in
the following detailed description of some of its preferred
embodiments, provided with reference to the enclosed
drawings. In the drawings, corresponding characteristics
and/or components are identified by the same reference
numbers. In particular:

- Figure 1 shows schematically a front view of a laun-
dry washing machine implementing the control
method according to the invention;

- Figure 2 is a flow chart of the basic operations of a
method for controlling the washing machine of Figure
15
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- Figure 3 is a graph which illustrates the variation of:
the drum speed, water temperature, and water level,
during operations performed by the control method
according to the present invention;

- Figure 4 is an enlarged portion of phase P2 of the
graph shown in Figure 3 illustrating the first and sec-
ond spins performed by the control method during
the wash phase, according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0042] The method of the presentinvention has proved
to be particularly advantageous when applied to laundry
washing machines, as described below. It should in any
case be underlined that the present invention is not lim-
ited to this type of application. On the contrary, the
present invention can be conveniently applied to other
equipments, like for example laundry washing and drying
machines (called also washer/driers), wherein one or
more steps of introducing water inside a washing tub is
required.

[0043] With reference to Figure 1, a laundry washing
machine 1 according to the invention is described, in
which a control method of the invention is implemented.
[0044] The laundry washing machine 1 is a front load-
ing laundry washing machine. The present invention has
proved to be particularly successful when applied to front
loading laundry washing machines. It should in any case
be underlined that the present invention is not limited to
this type of application. On the contrary, the present in-
vention can be usefully applied to different types of load-
ing washing devices, for example top loading laundry
washing machines or top loading laundry washing and
drying machines.

[0045] The laundry washing machine 1 comprises an
external casing or casing 2, in which a washing tub 3 is
provided that contains a rotatable perforated drum 4,
where the laundry 10 to be washed can be loaded. The
washing tub 3 and the drum 4 both have preferably a
substantially cylindrical shape. The casing 2 is provided
with a loading/unloading door (not illustrated) which al-
lows access to the washing tub 3 and the drum 4. The
washing tub 3 is preferably suspended in a floating man-
ner inside the casing 2, advantageously by means of a
number of coil springs and shock-absorbers (not illus-
trated). The drum 4 is advantageously rotated by an elec-
tric motor 7, which preferably transmits the rotating mo-
tion to the shaft of the drum 4, advantageously by means
of a belt/pulley system 8. In a different embodiment of
the invention, the motor can be directly associated with
the shaft of the drum 4.

[0046] Awatersupply system 5and a detergent supply
system 6 are arranged preferably in the upper part of the
laundry washing machine 1 and are structured to supply
water and washing/rinsing products, i.e. detergent, sof-
tener, etc., into the washing tub 3.

[0047] The detergent supply system 6 advantageously
comprises a, preferably removable, drawer 13 provided
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with various compartments suited to be filled with wash-
ing and/or rinsing products.

[0048] Inthe embodiment herein described, the water
flowing through the water supply system 5 is advanta-
geously supplied into the washing tub 3 by making it flow
through the drawer 13 and through a supply pipe 9 which
extends toward the tub 3. The supply pipe output of the
supply pipe 9 advantageously ends in correspondence
of the tub 3. Preferably the supply pipe output ends in
correspondence of a lateral side of the tub 3, as shown
in the example of Figure 1; alternatively the supply pipe
output of the supply pipe 9 may advantageously end in
correspondence of the bellows (not illustrated) connect-
ing the loading/unloading openings of the tub and of the
casing. The water supply system 5 further comprises a
main pipe 15 which opportunely connects the drawer 13
to an external water supply line E, preferably by means
of a controlled supply valve 11.

[0049] In a preferred embodiment, the water which
reaches the washing tub 3 can selectively contain one
of the products contained in the compartments of the
drawer 13, or such water can be clean (i.e. without prod-
ucts), depending on the phase of the washing program
which is actually performed; in the initial phases of the
washing program, for example, the detergent is con-
veyed into the tub 3 by the incoming water, while in other
phases, for example during the rinsing phase, only water
is conveyed into the tub 3.

[0050] In an alternative embodiment of the invention,
a further separate water supply pipe can be provided,
which supplies exclusively clean water into the tub 3.
[0051] The laundry washing machine 1 further com-
prises a water draining system 16 which is configured to
drain the wash water, i.e. dirty water or water mixed with
washing and/or rinsing products, from the washing tub 3
to the outside.

[0052] The water draining system 16 advantageously
comprises the bottom region of the tub 3, which is pro-
vided with a liquid outlet fluidly connected to a draining
pump 19 arranged to remove liquid from the tub 3 and
to take this liquid into a draining suction pipe 20 having
an end fluidly connected to the draining pump 19, and
the other end designed to be fluidly connected to a house
draining pipe system (not illustrated).

[0053] According to a preferred embodiment of the in-
vention, the water draining system 16 advantageously
comprises a draining sump 22 which may preferably be
a part of the bottom region of the tub 3 (preferably made
in a single-piece construction with the latter) and which
is fluidily connected to the draining pump 19, and is struc-
tured so that washing liquid in the washing tub 3 is col-
lected and drained in the sump 22 under the influence of
gravity and/or, in addition, by suction exerted by the drain-
ing pump 19. The laundry washing machine 1 may be
advantageously provided with a one or more liquid level
sensor device 25 (schematically illustrated in Figure 1),
designed to sense or detect the water/liquid level inside
the tub 3. The sensor device 25 may preferably comprise
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a pressure sensor which senses the pressure in the tub
3. From the pressure values sensed by the sensor device
25 it is possible to determine the water level of the wash
water contained in the tub 3.According to a preferred em-
bodiment of the invention the pressure sensor is fluidly
connected with the draining sump 22.

[0054] The sensor device 25 may preferably comprise
in addition to or as a replacement of the pressure sensor,
alevel sensor, for example mechanical, electro-mechan-
ical, optical, etc., configured to sense or detect the water
level inside the tub 3.

[0055] The laundry washing machine 1 may be advan-
tageously provided with a heating device 23 designed to
heat the water solution loaded in the tub 3 to a prefixed
temperature. Preferably, the heating device 23 may com-
prise one or more electric resistances or similar devices
arranged in the tub bottom 12 and/or in the sump 22.
[0056] A control unit 24 is advantageously connected
to the various parts of the laundry washing machine 1 in
order to ensure its operation. The control unit 24 is pref-
erably operatively connected to the electric motor 7, so
that the drum speed may be controlled, the controlled
supply valve 11, the draining pump 19, and receives in-
formation from the water level sensor device 25.

[0057] The control unit 24 is advantageously opera-
tively connected also to an interface unit 24a (only sche-
matically illustrated in Figure 1) which is accessible to
the user and by means of which the user selects and sets
the washing parameters, for example the desired wash-
ing program. Advantageously, other parameters can op-
tionally be inserted by the user, for example the washing
temperature, the spinning speed, the load in terms of
weight of the laundry to be washed, the type of fabric of
the load, etc.

[0058] The interface unit 24a also preferably compris-
es a display where some pieces of information are op-
portunely displayed.

[0059] Preferably based on the parameters acquired
by said interface unit 24a, the control unit 24 sets and
controls the various parts of the laundry washing machine
1 in order to carry out the desired washing program.
[0060] A preferred embodiment of the method for con-
trolling the laundry washing machine 1 according to the
invention is described here below with reference to the
laundry washing machine 1 shown in Figure 1 and with
reference to the flow charts illustrated in Figure 2.
[0061] Duringthe washing program, the laundry wash-
ing machine 1 will sequentially proceed through a main
wash phase (step 300), one or more rinse phases (step
400), and one or more final spin phases (500).

[0062] Referring to Figure 2, the method for controlling
the laundry washing machine 1 according to a preferred
embodiment of the present invention comprises a step
100 wherein the laundry 10 to be washed is first placed
inside the drum 4; preferably a step 110 wherein a desired
washing program is selected by the user; and the step
300 in which the method starts the main wash phase
based on the selected washing program.
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[0063] Clearly step 110 may be performed as well be-
fore step 100.
[0064] In a further advantageous embodiment, not il-

lustrated, step 110 may be replaced by a step in which
the machine automatically selects, for example among
a set of memorized washing programs, the washing pro-
gram best fittings with the specific characteristics (e.g.
material, dirty degree, weight) of the loaded laundry;
these characteristics which may be detected by the ma-
chine (for example by specific sensors), and/or set by
the user for example by the interface unit 24a.

[0065] ReferringtoFigure 2,the wash phase (step 300)
comprise a starting water-detergent loading phase (step
120), wherein preset amounts of water and detergent/s
are loaded into the tub 3 so as to get a wash solution
inside the latter. In an advantageous embodiment, during
such starting water-detergent loading phase, the control
unit 24 preferably controls the supply valve 11 based on
the water level sensed by the sensor device 25 so that
a preset amount/level of water is reached in the tub 3.
Moreover, the control unit 24 preferably further controls
detergent supply system 6 so that a prefixed amount of
detergent is loaded in the tub 3.

[0066] After, or also during, the water-detergent load-
ing phase, the drum 3 is rotated in order to cause the
laundry 10 to tumble through the washing solution (step
130).

[0067] Figure 2 shows the case in which the tumbling
movement is performed after the end of the detergent
loading phase, but in a further embodiment the tumbling
movement may be performed also during the water/de-
tergent loading phase (in other words phases 120 and
130 may be performed contemporaneously). In a further
advantageous embodiment, the tumbling movement
phase may be performed both during and after the wa-
ter/detergent loading phase 120. In a further advanta-
geous embodiment, the tumbling movement phase may
be performed before, during and after the water/deter-
gent loading phase 120.

[0068] During the first tumble phase 130, the method
may preferably, although not necessarily, periodically
stop the drum 4 and/or alternate the rotational direction
of the drum 4 to vary the tumbling laundry pattern, in
order to cause the laundry 10 to be untangled. Preferably,
during such firsttumble phase, indicated with P1 in Figure
3, the drum 3 is made to rotate at a low wash speed, e.g.
about 40-50 RPM. Advantageously this low wash speed
is a speed lower than the speed (typically around 100
RPM) at which the liquid collected inside the tub forms a
continuous liquid ring circulating along the inner surface
of the tub; advantageously at this low speed the laundry
loaded in the drum is not completely stuck (i.e. fixed) to
the lateral surface of the drum, and therefore at least part
of the laundry (depending on how much laundry is load-
ed) can tumble (i.e. rotate) inside the drum 3.

[0069] Detergent loaded in the tub 3 during the wa-
ter/detergent loading phase and not completely dis-
solved in water tends to deposit into the tub bottom 12,
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and to remain accumulated in the sump 22.

[0070] In accordance to the presentinvention, it is de-
sired to assure that the detergent accumulated into the
tub bottom 12 and/or in the sump bottom 22 is mixed with
the water and distributed in the wash solution.

[0071] To this end, during the wash phase, preferably
soon after water-detergent loading has been performed,
the method sequentially performs the steps of: rotating
the drum 4 at a preset high speed wss’ (higher than that
for a normal wash phase, which is typically e.g. 40-50
RPM) in a first rotational direction in order to perform at
least one first intermediate spin; and rotating the drum
at a preset high speed wss" in a second rotational direc-
tion, opposite to the first rotational direction, in order to
perform at least a second intermediate spin so that the
settled detergentis removed from the water draining sys-
tem and mixed with the water.

[0072] Preferably, the high speeds wss’ and
wss" performed during the intermediate spins may be
comprised between about 100 RPM and 400 RPM; pref-
erably such high speeds are about 150 RPM.

[0073] According to a preferred embodiment of the
present invention, the high speeds wss’ and wss" of the
two intermediate spins may be equal to each other.
[0074] According to a different embodiment of the
present invention, the high speeds wss’ and wss" of the
two intermediate spins may be different to each other.
[0075] Moreover, the applicant has found that by ro-
tating the drum 4, during the main wash phase at the high
speeds wss’ and wss", in opposite rotational directions,
different liquid fluxes are created/generated inside the
tub 3, which liquid fluxes strikes the detergent settled in
the bottom of the tub and/or in the sump 22 from different
directions, causing the detergent accumulated therein to
be completely removed. Advantageously, these liquid
fluxes reach any inner surfaces of the sump 22 causing
aremoval of the detergent from the latter. In addition, the
removed detergentis moved/pushed towards the internal
of the tub 3 wherein it is advantageously mixed with wa-
ter. Moreover by rotating the drum 4, during the main
wash phase at the high speeds wss’ and wss", in opposite
rotational directions, a high turbulence is generated in
the washing liquid, which helps the melting of the deter-
gentin the water.

[0076] Preferably, the time interval between the first
and second intermediate spin is quite small, for example
comprised between 10 s and 50 s (preferably 30 s), so
that the effect of the turbulence due to the first interme-
diate spin is still present when the second intermediate
spin begins; in this way the mixing effect of the washing
liquid, and therefore also the melting of the detergent, is
increased.

[0077] It should be pointed out that the method may
perform one or more first intermediate spins and at least
one (but also more than one) second intermediate spin.
[0078] Referring to the example shown in Figures 2, 3
and 4, after the end of the first intermediate spin (step
150) and before the beginning of the second intermediate
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spin (step 190), preferably the method rotates the drum
3 in order to cause the laundry 10 to tumble through the
wash solution (step 170). During such second tumble
phase, the method may preferably, although not neces-
sarily, periodically stop the drum and/or alternate the ro-
tational direction of the drum 4 to vary the tumble laundry
pattern in order to cause the laundry 10 to be untangled
as the first tumble phase. Preferably, during such phase,
the drum 3 is rotated at a low wash speed (e.g. 40-50
RPM) at which at least part of the laundry can tumble
(i.e. rotate) inside the drum. Anyway, in a different ad-
vantageous embodiment, after the end of the first inter-
mediate spin (step 150) and before the beginning of the
second intermediate spin (step 190), the drum rotation
may be stopped, i.e. the wash speed could be zero. In a
further advantageous embodiment, after the end of the
first intermediate spin (step 150) and before the begin-
ning of the second intermediate spin (step 190) the speed
of the drum may have any pattern.

[0079] Applicant has found out that performing the
above disclosed intermediate spins during the wash
phase may be dangerous in case of unbalanced laundry
drum condition. As it is known, when the drum 4 loaded
with an unbalanced laundry is rotated at a high speed,
various problems in the machine may occur, such as:
collision of the wash assembly with the machine casing,
and/or severe vibration resulting in a high noise level,
and/or partial deformation of the laundry drum, and/or
mechanical stress of the drum supporting members, i.e.
bearings, dampers, springs, inside the wash assembly.
In accordance with the present invention, it is desired
that intermediate spins during the wash phase be per-
formed in safety conditions.

[0080] To this end, according to a preferred embodi-
ment of the present invention, after the end of step 130
(tumble phase) and before performing the step 150 (first
intermediate spin), the method may advantageously per-
form a first unbalance check step (140) wherein it is de-
termined whether the laundry loaded in the drum 4 is
balanced or not.

[0081] Preferably, during such first unbalance check
step (140), indicated in Figure 3 with the dotline rectangle
titled "UNB. CHECK", the method rotates the drum 4 in
the first rotational direction and gradually increases the
rotational speed of the drum 4 from a low wash speed in
which at least part of the laundry can tumble inside the
drum, to amedium speed wi wherein the laundry remains
attacked to the drum inner surface. Medium speed wi
may be about 80 RPM, or more preferably 100 rpm, so
as to ensure that all the laundry is stuck to the lateral
walls of the drum, and therefore its position with respect
to the drum is fixed.

[0082] Preferably, both during the speed increase for
reaching the medium speed wi and when the drum 4 has
reached the medium speed i, the method performs the
unbalance laundry check to determine whether the laun-
dry loaded in the drum 4 is balanced (YES output from
block 140) or unbalanced (NO output from block 140).
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The unbalance laundry check may be performed by
means of known procedures such as, for example, pro-
cedure disclosed in EP2050856. Clearly, the unbalance
laundry check of the unbalance check step may be per-
formed in any other way.

[0083] If the laundry is balanced (Yes output from the
step 140), the method determines that first intermediate
spin may be performed in safety condition, and in con-
sequence, further increases the drum rotating speed until
the high speed wss’. In such case, the method performs
the firstintermediate spin (step 150) (P2 in Figure 3), and
the drum 4 is rotated at the high speed wss’, preferably
for approximately 100-150 seconds, in the first rotational
direction, preferably in a clockwise rotation.

[0084] On theotherhand, iflaundry is unbalanced (NO
output from the step 140), preferably the method verifies
whether the number of times that unbalanced condition
has been detected (indicated with a counter NDL in Fig-
ure 2) is greater than a preset threshold (indicated with
TH in Figure 2) (step 160).

[0085] If the number of consecutive detected unbal-
anced condition is lower than, or equal to the preset
threshold (NDL<=TH) (Output NO form step 160), the
method advantageously carries out a laundry untangle
step 161, i.e. a phase in which the drum is rotated at a
low speed, e.g. at 40-50 RPM in order to tumble the laun-
dry contained therein and to redistribute it inside the
drum, so as to try to reduce its unbalance. During the
laundry untangle step 161, the rotational direction of the
drum 4 may periodically alternate and/or the drum
stopped, so as to vary the tumbling laundry pattern.
[0086] Afterthe laundry untangle step 161, the firstun-
balance check step 140 is performed again, as above
disclosed.

[0087] On the contrary, if the number of consecutive
detected unbalanced conditions is greater than the pre-
setthreshold (NDL>TH) (Output YES form step 160), the
method advantageously skips the first intermediate spin.
[0088] Advantageously, the method then performs a
second tumble phase (step 170), wherein it start rotating
the drum with a low wash speed at which at least part of
the laundry can tumble inside the drum.

[0089] Duringthe second tumble phase 170, the meth-
od may preferably, although not necessarily, periodically
alternate the rotational direction of the drum 4 and/or stop
the drum 4, to vary the tumbling laundry pattern in order
to cause the laundry 10 to be untangled.

[0090] The second tumble phase 170 preferably last
from 20s to 50s, more preferably 30s, but can have sub-
stantially any duration.

[0091] In a further advantageous embodiment, not il-
lustrated, second tumble phase 170 may be replaced by
a "zero speed phase", not illustrated in enclosed draw-
ings, in which the drum 4 is stopped, i.e. a phase in which
the drum speed is zero; preferably, but not necessarily,
this "zero speed phase", preferably last from 20s to 50s,
more preferably 30s, but can have substantially any du-
ration.
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[0092] In a further advantageous embodiment, not il-
lustrated, neither the second tumble phase 170 nor a
"zero speed phase" is performed between the first and
second intermediate spins.

[0093] After the end of the second tumble phase 170
(or, if phase 170 is replaced by a phase in which the drum
speed is zero, after this "zero speed" phase) the method
preferably performs a step (180) wherein the method ro-
tates the drum 4 in the second rotational direction and
gradually increases the rotational speed of the drum 4
from alow wash speed at which at least part of the laundry
can tumble in the drum, to the medium speed wi.
[0094] Preferably before step 180 the counter NDL is
reset (NDL=0). In a different advantageous embodiment
a different counter can be used.

[0095] Both during the speed increase for reaching the
medium speed wi and when the drum 4 has reached the
medium speed wi, the method performs an unbalance
laundry check to determine whether the laundry loaded
in the drum 4 is balanced or unbalanced (step 180).
[0096] If the laundry is balanced (Yes output from the
step 180), the method determines that the second inter-
mediate spin may be performed in safety condition and,
in consequence, further increases the drum rotating
speed untilthe high speed wss". In such case, the method
performs the second intermediate spin (step 190), and
the drum 4 is rotated at the high speed wss", preferably
for approximately 100-150 seconds, in the second rota-
tional direction, preferably in the counter clockwise rota-
tion.

[0097] Then, a heating phase 210 is then performed.
[0098] On the other hand, if unbalanced condition is
detected (NO output from the step 180), the method ver-
ifies whether the number of times that unbalanced laun-
dry condition has been detected (NDL) is greater than
the preset threshold TH (step 200).

[0099] If the number of consecutive detected unbal-
anced condition is lower than, or equal to the preset
threshold (MDL<=TH) (Output NO form step 200), the
method carries out a laundry untangle step 201, i.e. a
phase in which the drum is rotated at a low speed, e.g.
at 40-50 RPM and/or the drum is stopped, in order to
tumble the laundry contained therein and to redistribute
it inside the drum, so as to try to reduce its unbalance.
During the laundry untangle step 201, the rotational di-
rection of the drum 4 may periodically alternated, so as
to vary the tumbling laundry pattern.

[0100] Afterthe laundry untangle step 201, the second
unbalance check step 180 is performed again, as above
disclosed.

[0101] On the contrary, if the number of consecutive
detected unbalanced conditions is greater than the pre-
set threshold (NDL>TH) (Output YES form step 200), the
method skips the second intermediate phase, and per-
forms an heating phase indicated with P3 in Figure 3
(step 210) wherein the water solution is heated.

[0102] Performing, asinthe preferred embodiment de-
scribed with reference to enclosed drawings, heating
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phase 210 only after first and second intermediate spins
have been performed, is preferred, since it allows im-
proving the energetic efficiency of the washing cycle; in
fact during the intermediate spins the washing liquid cre-
ates a washing flux which contacts the drum, the tub, and
some parts of the water draining system, and therefore
the liquid is cooled by these components which have typ-
ically a temperature lower than that of the heated liquid
(e.g. 40-90 °C). Performing the heating phase only after
these intermediate spins, therefore, allows the heated
liquid to keep the temperature reached by the heating for
more time, and/or to reduce its temperature more slowly.
[0103] After the heating phase, the method advanta-
geously performsin known manner a maintenance phase
(step 220) wherein the drum speed is reduced to a wash
speed, for example 40-50 RPM, lower than the speed
(typically around 100 RPM) at which the liquid collected
inside the tub forms a continuous liquid ring circulating
along the inner surface of the tub. The end of the main-
tenance phase corresponds to the end of the main wash
phase (step 300).

[0104] Atfter (or in correspondence to) the end of the
main wash step 300, a spinning and draining step 330 is
advantageously performed for extracting dirty washing
liquid from the laundry and draining it via the water drain-
ing system 16. During this spinning and draining step 330
the draining pump is preferably activated, so as to drain
dirty washing liquid from the laundry and draining it via
the water draining system 16.

[0105] It is underlined that first and second intermedi-
ate spins have not to be confused with the spin performed
after (or in correspondence to) the end of the main wash
step, and immediately before the rinsing step, for extract-
ing from the laundry as much washing liquid as possible,
in order to drain it away from the machine; first and sec-
ond intermediate spins are performed during the main
wash, and preferably at the beginning of the latter, im-
mediately after the loading of water and detergent, in
order to help the removal of detergent that can settle in
the water draining system, and after these first and sec-
ond intermediate spins the main wash step continues
with other steps (e.g. heating phase, maintenance
phase), while the further spin performed after (or in cor-
respondence to) the end of the main wash step, and im-
mediately before the rinsing step, for extracting from the
laundry as much washing liquid as possible, is not fol-
lowed by further phases of the main wash (which is al-
ready ended or in correspondence of this spin), but by
the rinsing phase.

[0106] Afterwards, the method performs one or more
rinses phases (step 400) and one or more final spin phas-
es (step 500). During the final spin phases, the method
advantageously rotates the drum one or more times at
the normal spin speeds, which may be at about 1000
RPM.

[0107] It has thus been shown that the present inven-
tion allows all the set objects to be achieved, In particular,
the control method of the invention makes it possible to:
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increase the dissolution of detergent depositing in the
draining system of a laundry washing machine; ensure
that detergent gathered in opposite sides/angles of a par-
allelepiped shaped sump be completely removed during
the washing phase; and obtain an efficient exploitation
of the detergent during the washing phase, without how-
ever increasing the production cost of the machine.
[0108] While the presentinvention has been described
with reference to the particular embodiments shown in
the figures, it should be noted that the present invention
is not limited to the specific embodiments illustrated and
described herein; on the contrary, further variants of the
embodiments described herein fall within the scope of
the present invention, which is defined in the claims.

Claims

1. Method for controlling a laundry washing machine
(1) comprising: a casing (2), a washing tub (3) ar-
ranged within said casing (2), a rotatable laundry
drum (4) which is mounted inside the washing tub
(3) and is designed to contain laundry (10), a water-
detergent supply system (5,6) designed to supply
wash water and detergent into the washing tub (3)
and a water draining system (16) designed to dis-
charge wash water from the washing tub (3);
during a main wash phase, the method performing
the steps of:

- loading water and detergent in the washing tub
(3)

- rotating the drum (4) at a preset high speed
(wss’) in a first rotational direction in order to
perform at least one first intermediate spin;

- reducing the speed of the drum (4) at a wash
speed lower than said high speed (wss’);

the method being characterised by performing, dur-
ing said main wash phase, the steps of:

- rotating the drum at a preset high speed (wss")
in a second rotational direction, opposite to the
first rotational direction in order to perform at
least a second intermediate spin which gener-
ates a liquid flux removing detergent settled in
said water draining system (16).

2. Method according to the claim 1, comprising:

- checking whether the laundry in the drum (4)
is unbalanced, before performing said first inter-
mediate spin;

- performing said first intermediate spin based
on said previous checked unbalanced laundry
condition.

3. Method according to claim 2, comprising the steps of:
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- skipping said first intermediate spin phase
when an unbalanced laundry condition is con-
secutively determined a preset number of times.

4. Method according to one or more of previous claims,

comprising:

- checking whether the laundry in the drum (4)
is unbalanced before performing said second in-
termediate spin;

- performing said second intermediate spin
based on said checked unbalanced laundry con-
dition.

Method according to claim4, comprising the steps of:

- skipping said second intermediate spin when
anunbalanced laundry condition is consecutive-
ly determined a preset number of times.

Method according to any of the previous claims,
wherein said high speed is comprised between about
100 and 400 RPM.

Method according to any of the previous claims,
wherein the high speed is about 150 RPM.

Method according to any of the previous claims,
wherein said first and second intermediate spins are
performed before a heating phase (210) of said main
wash phase.

Laundry washing machine (1) comprising: a casing
(2), a washing tub (3) arranged within said casing
(2), a rotatable laundry drum (4) which is mounted
inside the washing tub (3) and is designed to contain
laundry, an electric motor (7) structured to rotate said
laundry drum (4), water-detergent a supply system
(5,6) designed to supply wash water and detergent
into the washing tub (3), and a water draining system
(16) designed to discharge wash water from the
washing tub (3);

the machine (1) comprising a control unit (24) con-
figured to:

- control, during a main wash phase, said water-
detergent supply system (5,6) in order to load
water and detergent in the washing tub (3);

- control said electric motor (7) during the main
wash phase, to cause the drum (4) to rotate at
a preset high speed (oss’) in a first rotational
direction in order to perform at least one first
intermediate spin;

- control said electric motor (7) during the main
wash phase, to cause the drum (4) to reduce
the speed to a wash speed lower than the high
speed (wss’);
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10

10.

1.

12.

13.

14.

15.

the machine being characterised in that said con-
trol unit (24) is further configured to:

- control said electric motor (7) during the main
wash phase, to cause the drum (4) to rotate the
drum at a preset high speed (0ss") in a second
rotational direction, opposite to the first rotation-
al direction in order to perform at least a second
intermediate spin which generates a liquid flux
removing detergent settled in said water drain-
ing system (16).

Machine according to claim 9, wherein said control
unit (24) is further configured to:

- check whether the laundry in the drum (4) is
unbalanced, before performing said first inter-
mediate spin;

- perform said first intermediate spin based on
said previous checked unbalanced laundry con-
dition.

Machine according to claim 10, wherein said control
unit (24) is further configured to:

- skip said first intermediate spin phase when an
unbalanced laundry condition is consecutively
determined a preset number of times.

Machine according to one or more of claims 9 to 11,
wherein said control unit (24) is further configured to:

- check whether the laundry in the drum (4) is
unbalanced before performing said second in-
termediate spin;

- perform said second intermediate spin based
on said checked unbalanced laundry condition.

Machine according to claim 12, wherein said control
unit (24) is further configured to:

- skip said second intermediate spin when an
unbalanced laundry condition is consecutively
determined a preset number of times.

Machine according to any of the previous claims from
9 to 13, wherein said high speed is comprised be-
tween about 100 and 400 RPM.

Machine according to according to any of the previ-
ous claims from 9 to 14, wherein the high spin speed
is about 150 RPM.
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