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(54) Linen washing machine and relative operating method

(57) An operating method of a linen washing machine
(1) comprising the steps of:
i) loading a washing liquid into a washing compartment
(2), said step of loading the washing liquid comprising:
- the step of introducing the washing liquid until the initial
reaching of a first predefined level (L1) envisaged by a
level sensor (4);
-repeatedly topping up the first predefined level (L1) of
washing liquid by adding top-up liquid to compensate for
the washing liquid absorbed by the linen;

ii) determining a first parameter univocally associated

with the quantity of top-up liquid introduced into the com-
partment (2) to top up said first predefined level (L1) of
washing liquid and compensate for the absorption of the
washing liquid by the linen;
iii) determining a set of parameters associated with a
quantity of water to be used in a linen rinse step, the step
of determining said set of parameters envisaging a com-
parison of said first parameter with corresponding pre-
determined discrete intervals of such first parameter,
each of said intervals being associated with a corre-
sponding set of parameters associated with the quantity
of water to be used in the rinse step.
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Description

[0001] The present invention relates to a linen washing
machine and an operating method of a linen washing
machine.
[0002] Washing machines of the prior art envisage a
step of washing linen and a subsequent step of rinsing it.
[0003] In particular, washing machines are known
wherein the quantity of water to be used during the rinse
step is a function of the values rigidly pre-set in the elec-
tronic board. In order to avoid wasting water in some of
such washing machines the user, by activating a relevant
button, can select the half load function. In that case the
user can at his discretion decide that the load of linen is
moderate and can therefore request a lower quantity of
water during the rinse. The half load function is usually
associated with a reduction in water consumption and
therefore electrical energy also during the actual washing
step and not only during the rinse.
[0004] However, this solution is not free from draw-
backs. In fact, the choice that the user makes based on
his own sensitivity is not always the optimal one. The
user often bases his choice on the mass of linen to be
washed and not on the degree of water absorption that
such linen can offer. For example, the user could decide
to use the half load program when he needs to wash
products which, whilst having a reduced mass, actually
absorb a large quantity of water (which could translate
into an insufficient rinse).
[0005] In this context, the technical task underpinning
the present invention is to provide a washing machine
and method that enables the linen rinse parameters to
be optimised, in particular the quantity of water required
in such an operation.
[0006] The technical task set and the objects specified
are substantially attained by a washing machine and
method, comprising the technical characteristics as set
out in one or more of the accompanying claims. Further
characteristics and advantages of the present invention
will appear more clearly from the indicative and non-lim-
iting description of a preferred, but not exclusive, embod-
iment of a washing machine, as shown in Figure 1.
[0007] In the accompanying drawing, number 1 indi-
cates a linen washing machine. This machine is typically
a washing machine, but could also be a washer-dryer.
[0008] As shown by way of example in Figure 1, the
washing machine 1 comprises a washing compartment
2. Typically the washing machine 1 comprises a linen
housing drum 3 that can rotate and that is placed inside
the washing compartment 2.
[0009] The washing machine 1 further comprises a
washing liquid level sensor 4 in said compartment 2.
[0010] The level sensor 4 is able to identify a first op-
erating condition in which the measured level is higher
than a first predefined level L1 and a second operating
condition in which the measured level is lower than a
second predefined level L2 (the second level L2 is lower
than the first level L1). On this point, the level sensor 4

is usually a pressure switch. For example, the pressure
switch could be a differential pressure switch. In this case,
in the first operating condition, the pressure switch as-
sumes a first configuration whereas in the second oper-
ating condition the pressure switch assumes a second
configuration which is physically different from the first
configuration. In an alternative embodiment, the pres-
sure switch may also be a linear pressure switch which
detects in steps the level variations in the compartment
2. The differential pressure switch, unlike the linear pres-
sure switch, is only able to determine whether a discrete
number of pressure thresholds is exceeded or not (usu-
ally one or two). As shown by way of example in Figure
1, the pressure switch is placed along a line 90 for un-
loading the washing liquid from the compartment 2. Ap-
propriately the washing machine 1 comprises washing
liquid introduction means 6 into the compartment 2. The
washing liquid introduction means 6 are operatively as-
sociated with the level sensor 4 and in the first and second
operating condition they respectively stop and activate
the introduction of washing liquid into the compartment
2. For example, the introduction means 6 comprise a
solenoid valve 5 that is closed in the first operating con-
dition, whereas it is open in the second operating condi-
tion.
[0011] As will be described more fully below, during a
washing liquid loading step a quantity of liquid is initially
loaded in order to reach said first predefined level L1.
This first predefined level L1 is higher with respect to a
lower portion 30 of the housing drum 3. Consequently
the linen will absorb part of the washing liquid determining
a lowering of the level of liquid in the compartment 2.
[0012] If the level in the compartment 2 drops below
the value L2, the reduction in the level will be compen-
sated for by introducing a new quantity of washing liquid
(through the introduction means 6) until the first prede-
fined level L1 is reached. This operation will be repeated
repeatedly until a condition is reached in which the linen
will be substantially completely soaked (a situation in
which there is no longer a drop in the level of washing
liquid in the compartment 2 due to absorption by the lin-
en). The introduction of the washing liquid to compensate
for the drop in level dictated by the absorption by the linen
is known as a "top-up" in technical jargon. Appropriately,
the washing machine 1 comprises means 7 for determin-
ing a first parameter associated with the quantity of wash-
ing liquid introduced into the compartment 2 to top up
said first level L1 and compensate for the absorption of
liquid by the linen. The first parameter in the preferred
embodiment is actually the sum of the quantity of liquid
introduced during the top-ups. In limit cases, the sum
could coincide with the quantity of water introduced in a
single top-up or could also be equal to zero (as is also
clear from a mathematical point of view if there are no
top-ups).
[0013] The machine 1 also comprises comparison
means 8 of said first parameter with predetermined in-
tervals of said first parameter. Each of said intervals is
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associated with a corresponding set of parameters con-
nected with the quantity of water to be used in the rinse
step.
[0014] As also indicated below, such a set of parame-
ters could comprise, for example: number of rinses (the
number of rinses could also be equal to "1"), quantity of
water to be introduced in each rinse, duration of each
individual rinse, etc..
[0015] In the preferred embodiment, the washing ma-
chine 1 comprises an electronic control system (for ex-
ample a main electronic board). The means 7 for deter-
mining said first parameter and the aforementioned com-
parison means 8 are integrated into said electronic con-
trol system (e.g. they are integrated into the same elec-
tronic board).
[0016] The machine 1 further comprises a selector 9
of the type of linen to be washed. Such a selector 9 could
be a knob, a button or a touch screen, etc. It allows the
user to choose from a discrete list of items the one he
intends to use for washing. The selector 9 is manually
activated by the user. In a particular, but non-limiting em-
bodiment, the set of parameters connected with the
quantity of water to be used in the rinse step varies as
the setting of said selector 9 varies. The utility of the se-
lector 9 is particularly clear in the event of determined
items such as quilts, for example. In fact, the applicant
has verified that with determined and limited types of
products it may be useful to use a specific quantity of
water for that type of items by forcing the pre-set opti-
mised algorithm in the machine 1.
[0017] The present invention relates to an operating
method of a linen washing machine 1 (in Figure 1 the
linen is schematically indicated by the reference letter
"P"). This method enables the quantity of rinsing water
to be used during the rinse to be optimised. This method
can be advantageously implemented by a linen washing
machine having one or more of the characteristics de-
scribed above (for that reason some of the concepts al-
ready described will be referred to again below). The
washing machine first performs an actual washing cycle
followed by a rinse step. The rinse step usually serves
the purpose of removing any residue of detergent used
in the actual washing step. Typically, but not necessarily,
in the rinse step only water is used. The rinse step may
envisage the implementation of a plurality of rinses. Each
rinse usually envisages the full replacement of the water
contained in the compartment 2. In any case, the distinc-
tion between the washing cycle and the rinse step is well
known in the technical field.
[0018] The method comprises the steps of loading a
washing liquid into a washing compartment 2. In the
present text washing liquid means a liquid comprising
water and any chemical products (detergents, softener,
etc.). Appropriately the washing liquid loading step takes
place at the start of a washing step. The washing liquid
loading step comprises the step of introducing the wash-
ing liquid until a first predefined level L1 is initially
reached. Such first level L1 is set by a level sensor 4.

The washing compartment 2 contains a drum 3 that can
rotate and that is suitable for housing the linen to be
washed. The drum 3 can rotate with respect to the axis
31 indicated in Figure 1.
[0019] The first level L1 surpasses a lower portion 30
of the drum 3. The first level L1 therefore affects the linen
placed in the drum 3.
[0020] The washing liquid loading step also envisages
introducing into the compartment 2 a top-up liquid follow-
ing the partial absorption by the linen of the washing liquid
already contained in the compartment 2. It is specified
that once the top-up liquid has been introduced into the
compartment 2 it is also considered washing liquid.
[0021] In a preferred embodiment the top-up liquid in-
troduction step envisages repeatedly topping up the first
level L1 by adding top-up liquid to compensate for the
washing liquid absorbed by the linen. The top-up liquid
may or may not be of the same type as the washing liquid
already contained in the compartment 2.
[0022] The top-up liquid is normally added once the
level in the compartment 2 in a time span predetermined
by the reaching of the first level L1 drops below the sec-
ond predefined level L2. During such time span, the drum
3 is advantageously placed in rotation in order to promote
the absorption of the liquid by the linen contained therein.
[0023] In the preferred embodiment the repetition ends
when at the end of a time span predetermined by the last
reaching of the level L1, a lower level than the second
predefined level L2 is not detected.
[0024] In practice, at the end of the above-indicated
repetition, the linen will be soaked.
[0025] Advantageously the method also comprises the
step of determining a first parameter univocally associ-
ated with the quantity of top-up liquid introduced into the
compartment 2.
[0026] In a particular embodiment the step of deter-
mining a first parameter univocally associated with the
quantity of top-up liquid envisages:

- determining the flow rate of the washing liquid intro-
duced into the compartment 2 through the solenoid
valve 5 (this allows the real flow rate of the solenoid
valve 5 to be determined in order to take into con-
sideration the effective pressure value of the water
supply network and/or any deposits);

- counting the time in which the solenoid valve 5 is
open during said step of repeatedly topping up the
first predefined level L1;

[0027] In that case, the first parameter could be equal
or directly proportional to the product of the flow rate and
the time in which the solenoid valve 5 remains open dur-
ing said step of repeatedly topping up the first predefined
level L1. Said time is usually equal to the sum of a number
of time intervals corresponding to each repetition, but
could also correspond to a single time interval (in this
case there would only be one top-up); furthermore, in the
event that there are no top-ups such time could also be
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null. The situation in which there are no top-ups is a sit-
uation that could arise if items to be washed, which ab-
sorb very little water, are placed in the compartment 2.
[0028] A particularly advantageous way of determining
the water flow rate (and therefore estimating the first pa-
rameter as indicated above) envisages measuring the
time that, with the solenoid valve 5 open, the level of
liquid in the compartment 2 takes to rise from one pre-
established reference level L3 to said first predefined lev-
el L1, said flow rate being a function of the ratio between
a first volume and a first time interval (the first volume is
equal to the volume of the liquid interposed between the
pre-established reference level L3 and the first pre-de-
fined level L1; the first time interval is equal to the time
that, with the solenoid valve 5 open, the level of liquid in
the compartment 2 takes to rise from the pre-established
reference level L3 to said first predefined level L1).
[0029] In an embodiment shown by way of non-limiting
example, the step of measuring the time that, with the
solenoid valve 5 open, the level of liquid in the compart-
ment 2 takes to pass from a pre-established reference
level L3 to said predefined level L1 takes place during
the step (already defined above) of introducing the wash-
ing liquid until the initial reaching of the first level L1.
[0030] The method therefore envisages determining a
set of parameters associated with the quantity of water
to be used in a linen rinse step. The step of determining
said set of parameters envisages comparing said first
parameter (determined for example according to the in-
dications provided above) with corresponding predeter-
mined intervals of said first parameter. Such intervals are
consecutive to each other. Typically the higher the flow
rate of the water introduced through the top-ups, the high-
er the value of said first parameter will be. Each of said
intervals of the first parameter corresponds to a set of
parameters associated with the quantity of water to be
used in the rinse step. The higher the quantity of washing
liquid loaded through the top-ups, the higher the quantity
of water to be used in the rinse step will be. In fact, the
quantity of washing liquid introduced with the top-ups pro-
vides an indication of the absorption by the linen. The
absorption may vary greatly not only as the mass of the
load varies (as the mass increases the absorption in-
creases), but also according to its type (e.g. a cushion
of the same mass absorbs more liquid than a pair of
shoes). The quantity of water to be used during the rinse
is optimised by connecting such a variable with the ab-
sorption of liquid by the linen.
[0031] The step of determining the set of parameters
associated with the quantity of water to be used in a linen
rinse step envisages determining at least the number of
rinse cycles to be performed in the rinse step and/or the
quantity of water to be introduced in each rinse cycle
and/or the duration of each rinse cycle (from which the
overall duration of the rinse cycle could immediately be
derived).
[0032] In particular, the step of determining the quantity
of water to be introduced in each rinse cycle envisages

determining the opening time of the solenoid valve 5 in
each rinse cycle or the various levels which when
reached in each rinse cycle determine the stopping of
the introduction of water into the compartment 2.
[0033] The method finally envisages performing a
rinse step by adopting the set of parameters correspond-
ing to the interval identified by said comparison step of
said first parameter with corresponding pre-determined
intervals of such first parameter.
[0034] The present invention enables many advantag-
es to be attained. First of all, it enables an optimised
estimate to be made of the water to be used in the rinse
step considering the real requirements of the load (there-
fore not only influenced by the mass or only by the type
of load). A further important advantage is connected with
the possibility to directly associate, through a precise cor-
respondence, said first parameter (connected with the
absorption of the washing liquid) with said set of param-
eters (connected with the rinse cycle) without needing to
use complicated calculation algorithms (which would re-
quire a suitably sized and expensive processor). Accord-
ing to the invention said set of parameters (connected
with the rinse) can vary discretely as a function of the
interval assumed by the first parameter.
[0035] The invention as conceived is susceptible to nu-
merous modifications and variants, all falling within the
scope of the inventive concept characterised thereby.
Furthermore all the details can be replaced by other tech-
nically equivalent elements. In practice, all the materials
used, as well as the dimensions, can be any according
to requirements.

Claims

1. An operating method of a linen washing machine (1)
comprising the steps of:

i) loading a washing liquid into a washing com-
partment (2), said washing compartment (2)
containing a drum (3) that can rotate and that
houses the linen to be washed, said step of load-
ing the washing liquid comprising the sub-steps
of:

- introducing the washing liquid until a first
pre-defined level (L1) is reached, said first
level (L1) surmounting a lower portion (30)
of the drum (3);
- introducing into the compartment (2) a top-
up liquid following a predetermined absorp-
tion by the linen of the washing liquid al-
ready contained in the compartment (2); the
top-up liquid once introduced into the com-
partment (2) also being considered washing
liquid;

ii) determining a first parameter univocally as-
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sociated with the quantity of top-up liquid intro-
duced into the compartment (2);
iii) determining a set of parameters associated
with a quantity of water to be used in a rinse step
of the linen, the step of determining said set of
parameters envisaging a comparison of said
first parameter with corresponding predeter-
mined intervals of such first parameter, a corre-
sponding set of parameters associated with the
quantity of water to be used in a rinse step, being
associated with each of said intervals;
iv) performing a rinse step by adopting the set
of parameters corresponding to the interval
identified by said comparison step of said first
parameter with corresponding pre-determined
intervals of such first parameter.

2. The method according to claim 1, characterised in
that the step of determining the set of parameters
associated with the quantity of water to be used in
the linen rinse step envisages determining at least
the number of rinse cycles to be performed in the
rinse step and/or the quantity of water to be intro-
duced in each rinse cycle and/or the duration of each
rinse cycle.

3. The method according to claim 2, characterised in
that the step of determining the quantity of water to
be introduced in each rinse cycle envisages deter-
mining, for each rinse cycle, the opening time of the
solenoid valve (5) or the level that determines the
stopping of the introduction of water into the com-
partment (2).

4. The method according to any one of the previous
claims, characterised in that the step of determin-
ing a first parameter univocally associated with the
quantity of top-up liquid envisages:

- determining the flow rate of the washing liquid
introduced into the compartment (2) through the
solenoid valve (5);
- counting the time in which the solenoid valve
(5) is open during said step of introducing the
top-up liquid;

said first parameter being proportional to the product
of the flow rate and the time in which the solenoid
valve (5) remains open during said step of introduc-
ing the top-up liquid.

5. The method according to claim 4, characterised in
that the step of determining the water flow rate en-
visages measuring the time that, with the solenoid
valve (5) open, the level of the washing liquid in the
compartment (2) takes to rise from one pre-estab-
lished reference level (L3) to said first pre-defined
level (L1), said flow rate being a function of the ratio

between a first volume and a first time interval; said
first volume being equal to the volume of the liquid
interposed between the pre-established reference
level (L3) and the first pre-defined level (L1); said
first time interval being equal to the time that, with
the solenoid valve (5) open, the level of washing liq-
uid in the compartment (2) takes to rise from the pre-
established reference level (L3) to said first pre-de-
fined level (L1).

6. The method according to any one of the previous
claims, characterised in that the step of introducing
the top-up liquid envisages repeatedly topping up
the first pre-defined level (L1) by adding top-up liquid
to compensate the washing liquid already contained
in the compartment (2) and absorbed by the linen.

7. The method according to claim 6, characterised in
that the step of repeatedly topping up the first pre-
defined level (L1) envisages that every repeat only
takes place if within a pre-determined time span from
the last reaching of the first level (L1) the level in the
compartment (2) has dropped below a second pre-
defined level (L2); the second pre-defined level (L2)
being lower than the first pre-defined level (L1); dur-
ing at least a part of said time span the drum (3)
within the compartment (2) and containing the linen
being made to rotate so as to promote the absorption
of the washing liquid by the linen itself.

8. A linen washing machine comprising:

- a washing compartment (2);
- a washing liquid level sensor (4) in said com-
partment (2), said level sensor (4) identifying a
first operating condition in which the level meas-
ured is higher than a first pre-defined level (L1)
and a second operating condition in which the
level measured is lower than a second pre-de-
fined level (L2);
- means (6) for introducing the washing liquid
into the compartment (2) operatively associated
with the level sensor (4) and that when the first
and the second operating condition arise re-
spectively stop and activate the introduction of
the washing liquid into the compartment (2);
- means (7) for determining a first parameter as-
sociated with the quantity of washing liquid in-
troduced into the compartment (2) to compen-
sate the absorption of the liquid by the linen dur-
ing a step of loading the washing liquid;
- means (8) for comparing said first parameter
with pre-determined intervals of said first param-
eter, a corresponding set of parameters con-
nected with the quantity of water to be used in
the rinse step being associated with each of said
intervals.
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9. The machine according to claim 8, characterised
in that the determination means (7) are determina-
tion means (7) of a first parameter associated with
the quantity of washing liquid introduced into the
compartment (2) for topping up said first pre-defined
level (L1).

10. The machine according to claim 8 or 9, character-
ised in that it comprises a selector (9) of the type of
linen to be washed, said selector (9) being activated
manually by a user; said set of parameters varying
as the setting of said selector (9) varies.
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