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(54) TURBIDITY SENSOR FOR A WASHING MACHINE, IN PARTICULAR FOR HOUSEHOLD USE,
AND RELATED WASHING MACHINE INCLUDING SAID SENSOR

(67)  The present invention relates to a turbidity sen-
sor (1) for a washing machine, in particular for household
use, said sensor (1) comprising:

-an enclosure (10) adapted to be positioned in the wash-
ing machine in such a way that it is at least partially sur-
rounded by a washing liquid, said enclosure (10) being
provided with a first housing (11) and a second housing
(12);

- a first element (21) emitting/receiving an electromag-
netic radiation, housed in the first housing (11) of the
enclosure (10);

- a second element (22) receiving/emitting an electro-
magnetic radiation, housed in the second housing (12)
of the enclosure (10),

wherein the first housing (11) and the second housing
(12) are at least partially made of transparent material to
allow said electromagnetic radiation to be transmitted/re-
ceived by the first element (21), propagate between the
first housing (11) and the second housing (12) externally
to said enclosure (10), and be received/transmitted by
the second element (12) for the purpose of detecting the
degree of turbidity of the washing liquid that surrounds
at least partially said enclosure (10) and that is located
between the first housing (11) and the second housing
(12).

The peculiar feature of the presentinvention consists
in the fact that the first housing (11) and the second hous-
ing (12) develop substantially perpendicular to a longitu-
dinal axis (X-X) of the enclosure (10) and in such a way
as to face towards each other, in particular the enclosure

(10) being designed to comprise a recess (13) between
said first housing (11) and second housing (12).
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Description

[0001] The presentinvention relates to a turbidity sen-
sor for a washing machine, in particular for household
use, according to the preamble of claim 1. The present
invention also relates to a washing machine comprising
said sensor.

[0002] It is known in the state of the art that washing
machines for household use, such as, for example, dish-
washers and laundry washing machines, use a washing
liquid usually comprising water and coming from the wa-
ter main, which is combined with a detergent substance
(e.g. liquid, powder, tablet, etc.) and possibly with other
substances for treating crockery (e.g. rinse aid) or laun-
dry (e.g. softener).

[0003] As a consequence, when the washing liquid is
mixed with such substances and/or when it get mixed
with the dirt coming off of the laundry (in the case of a
laundry washing machine) or the crockery (in the case
of a dishwasher), it undergoes a change in its turbidity.
[0004] Furthermore, itis known thatin the washing ma-
chines known in the art also the temperature of the wash-
ing liquid can be changed during the various operating
phases of the machine.

[0005] In this frame, the adoption of two separate sen-
sors for measuring turbidity and temperature inevitably
requires the use of more than one component, in addition
to increased efforts and costs necessary for realizing the
connection of each one of said separate sensors.
[0006] On the other hand, during the operating cycles
of the machines known in the art, the control over some
variables of the washing liquid (e.g. turbidity and temper-
ature) is used in order to automatically manage some
operations carried out by the machine, e.g. the wash cy-
cle.

[0007] Itisthus known at the state of the art to provide
washing machines for household use with a sensor
adapted to measure the properties of the washing medi-
um, i.e. the turbidity and possibly also the temperature
of the washing liquid.

[0008] In particular, the turbidity sensors known at the
state of the art are realized to comprise a pair of optical
elements for emitting and receiving, respectively, a light
beam in order to measure the turbidity of the washing
liquid, plus an optional additional sensor adapted to
measure the temperature of said washing liquid.

[0009] Inparticular,documentEP1335060A1 and doc-
ument EP2004031A1 refer to a turbidity sensor for a
washing machine, in particular for household use, com-
prising:

- anenclosure adapted to be positioned in the washing
machine in such a way that it is at least partially sur-
rounded by a washing liquid of said washing ma-
chine, said enclosure being provided with a first
housing and a second housing;

- afirst optical element positioned in the first housing
of the enclosure;
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- a second optical element positioned in the second
housing,

wherein an optical radiation, in particular an infrared ra-
diation, is transmitted by the first optical element and re-
ceived by the second optical element and propagates
between the firsthousing and the second housing outside
said enclosure in order to detect the turbidity of the wash-
ingliquid that surrounds, atleast partially, said enclosure.
[0010] The sensor further comprises a base or cover
for coupling the sensor to said washing machine, said
base being associated with said enclosure.

[0011] In documents EP1335060A1 and
EP2004031A1, the first and second housings develop
parallel to a longitudinal axis of the sensor enclosure; as
a consequence, in documents EP1335060A1 and
EP2004031A1 the first and second housings are also
referred to as "fingers", since each one of said housings
is substantially shaped like a finger of a hand, and each
one of such housings extends longitudinally from the
common base, just like fingers extend from a hand. The
turbidity sensor shown in document EP1335060A1 com-
prises also a temperature sensor adapted to sense the
temperature of the washing liquid, said temperature sen-
sor being positioned in the second finger at a greater
distance from the base compared to the second optical
element.

[0012] Also the turbidity sensor shown in document
EP2004031A1 comprises a temperature sensor adapted
to detect the temperature of the washing liquid, said tem-
perature sensor being positioned in an additional housing
(or "finger") located between the housings for the ele-
ments constituting the turbidity sensor, wherein the tem-
perature sensor is positioned at a shorter distance from
the base compared to the distance of the first optical el-
ement and the second optical element from said base.
[0013] Itistherefore apparentthat,inthe embodiments
shown in documents EP1335060A1 and EP2004031A1,
the so-called housings or "fingers" permit protecting the
optical elements of the turbidity sensor and temperature
sensor for detecting the properties, in particular in terms
of turbidity and temperature, of the washing liquid inter-
posed between said housings or "fingers".

[0014] The electronic components of the devices
shown in the above-mentioned prior-art documents (i.e.
the first optical element, the second optical element and
the temperature sensor) are then positioned on a board,
in particular an electronic board made of insulating ma-
terial, and connected to a printed electric circuit of said
board, which also comprises terminals to permit the
board to establish the electric contact and connection
with other components, typically via a plug-type connec-
tion.

[0015] In this frame, said first and second housings
develop longitudinally and substantially parallel to the
plane of the board whereon the first optical element, the
second optical element and the temperature sensor are
installed. As a consequence, the board is so designed
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as to comprise appendices whereon the first optical ele-
ment, the second optical element and the temperature
sensor are installed, said appendices being adapted to
be housed in the respective housings and also extending
longitudinally and substantially parallel to the plane wher-
eon the sensors are installed.

[0016] Moreover, the devices shown in the above-
mentioned prior-art documents are provided with a base
or cover constrained to the enclosure through the inter-
position of at least one sealing element (e.g. a gasket)
to prevent the washing liquid from entering the enclosure
that contains the board and the associated components
(i.e. the first optical element, the second optical element
and the temperature sensor).

[0017] The turbidity sensors shown in the above-men-
tioned prior-art documents suffer from some drawbacks,
which are mainly due to the fact that the positioning of
the housings necessarily binds the distance between the
first housing and the second housing (in each one there
being mounted a respective transmission/reception op-
tical element) to the dimension of the outside diameter
of the sensor, i.e. the distance between the emitter ele-
ment and the receiver element defines the dimension of
the diameter of the sensor and hence the minimum size
of the hole in the washing machine for housing the whole
sensor.

[0018] Itistherefore apparent that, in the turbidity sen-
sors shown in the above-mentioned prior-art documents,
it is impossible to modify the distance between the hous-
ings (and, as a consequence, between the transmission
and reception optical elements positioned in said hous-
ings) for the purpose of adapting it as necessary depend-
ing on the required sensitivity, and also to physically cal-
ibrate the reading output according to the measurement
requirements of specific applications.

[0019] In addition, in such sensors the housing that
contain the transmission and reception optical elements
have a considerable length compared to their width, re-
sulting inthe possibility of alignment errors between emit-
ter and receiver, especially when said fingers have dif-
ferent lengths; it is evident that an alignment error be-
tween such components will compromise the correct
reading of the degree of turbidity of the washing liquid.
[0020] A further drawback of the solutions shown in
documents EP1335060A1 and EP2004031A1 lies in the
fact that the sensor shown therein can only measure a
narrow passage section; in particular, its geometry does
not allow measuring large areas for a given sensor di-
ameter, the latter being bound to specific orders of mag-
nitude. It is therefore clear that, since the minimum dis-
tance between the housings is limited, the reading space
is limited as well, inevitably resulting in lower measure-
ment accuracy.

[0021] Moreover, the solutions shown in documents
EP1335060A1 and EP2004031A17 do not permit obtain-
ing measurements relating to entire passage sections
and/or flows of different nature.

[0022] In this frame, itis the main object of the present
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invention to provide a turbidity sensor for a washing ma-
chine, in particular for household use, which is so de-
signed as to overcome the drawbacks of the prior art.
[0023] In particular, it is one object of the present in-
vention to provide a turbidity sensor for a washing ma-
chine, in particular for household use, so designed as to
allow changing the distance between the transmission
and reception optical elements as a function of the re-
quired sensitivity, and physically calibrating the reading
output according to the measurement requirements of
specific applications.

[0024] It is another object of the present invention to
provide a turbidity sensor for a washing machine, in par-
ticular for household use, wherein the distance between
the transmission and reception optical elements is ade-
quate and permits avoiding any risk of alignment errors
while ensuring a correct reading of the turbidity of the
washing liquid.

[0025] Itis a further object of the present invention to
provide a turbidity sensor for a washing machine, in par-
ticular for household use, so designed as to allow meas-
uring also large liquid passage sections, in particular the
design of said sensor being such that it can accurately
measure extended areas even with limited sensor diam-
eter or width.

[0026] It is yet another object of the present invention
to provide a turbidity sensor for a washing machine, in
particular for household use, so designed as to allow ob-
taining accurate measurements over entire passage sec-
tions of the washing liquid and/or for flows of different
nature.

[0027] Said objects are achieved by the present inven-
tion through a turbidity sensor for a washing machine, in
particular for household use, and a related washing ma-
chine comprising said sensor, incorporating the features
set out in the appended claims, which are an integral part
of the present description.

[0028] Furtherobjects, features and advantages of the
present invention will become apparent from the follow-
ing detailed description and from the annexed drawings,
which are supplied by way of non-limiting explanatory
example, wherein:

- Figure 1 shows an exploded perspective view of a
first embodiment of a turbidity sensor for a washing
machine, in particular for household use, according
to the present invention;

- Figure 2a shows a front view of the sensor of Figure
1, whereas Figure 2b shows a sectional view along
lines A-A of Figure 2a;

- Figure 3 shows a perspective view of a variant of the
first embodiment shown in Figures 1 to 2b;

- Figure 4 shows an exploded perspective view of a
second embodiment of a turbidity sensor for a wash-
ing machine, in particular for household use, accord-
ing to the present invention;

- Figure 5a shows a side section of the sensor of Fig-
ure 4, whereas Figure 5b shows a sectional view
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along lines B-B of Figure 5a;

- Figure 6 shows an exploded perspective view of a
third embodiment of a turbidity sensor for a washing
machine, in particular for household use, according
to the present invention;

- Figure 7a shows a front view of the sensor of Figure
6, whereas Figure 7b shows a sectional view along
lines C-C of Figure 7a.

[0029] With reference to the annexed drawings, refer-
ence numeral 1 designates as a whole a turbidity sensor
for a washing machine, in particular for household use,
according to the present invention. It should be noted
that the washing machine is not shown in the annexed
drawings; in this respect, note that the present invention
especially refers to the technical field of washing ma-
chines for household use, such as, for example, dish-
washers, laundry washing machines and other similar
machines. It is therefore clear that the present invention
is applicable to any machine requiring a measurement
of the degree of turbidity of the liquid that is present there-
in.

[0030] The sensor 1 comprises anenclosure 10 adapt-
ed to be positioned in the washing machine in such a
way that it is at least partially surrounded by a washing
liquid, said enclosure 10 being provided with a first hous-
ing 11 and a second housing 12.

[0031] The sensor 1 also comprises:

- afirst element 21 emitting/receiving an electromag-
netic radiation, housed in the first housing 11 of the
enclosure 10;

- asecond element 22 receiving/emitting an electro-
magnetic radiation, housed in the second housing
12 of the enclosure 10,

wherein the first housing 11 and the second housing 12
are atleast partially made of transparent material to allow
said electromagnetic radiation, in particular an infrared
radiation, to be transmitted/received by the first element
21, propagate between the first housing 11 and the sec-
ond housing 12 externally to said enclosure 10, and be
received/transmitted by the second element 22 for the
purpose of detecting the degree of turbidity of the wash-
ing liquid that surrounds, atleast partially, said enclosure
10 and that is located between the first housing 11 and
the second housing 12.

[0032] Inthe course of the present description, and for
the purposes of the present invention, it will become ev-
ident that the first element 21 and the second element
22 are respectively defined as emitter/receiver and as
receiver/emitter because they form a pair of elements, in
particular optical ones, for respectively emitting and re-
ceiving an electromagnetic radiation, so as to be able to
measure the degree of turbidity of the washing liquid
which surrounds, at least partially, said enclosure 10 and
which is located between the first housing 11 and the
second housing 12. As a consequence, for the purposes
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of the present invention, each one of said first element
21 and second element 22 may consist of, without dis-
tinction, an element emitting or an element receiving the
electromagnetic radiation, in particular an infrared radi-
ation. It should be noted that said electromagnetic radi-
ation may be, for example, in the visible optical range or
in the infrared range.

[0033] Inthis frame, as is known in the art, the emitter
element 21, 22 transmits an electromagnetic radiation of
a given intensity; depending on the degree of turbidity of
the washing liquid situated between the first housing 11
and the second housing 12, such electromagnetic radi-
ation will be absorbed or diffused in such a way that, the
higher said degree of turbidity of the washing liquid, the
lower the intensity of the electromagnetic radiation that
will be received by the receiver element 21, 22. As a
consequence, it is possible to evaluate the degree of tur-
bidity of the washing liquid on the basis of the intensity
of the electromagnetic radiation received by the receiver
element 21, 22.

[0034] In accordance with the present invention, the
first housing 11 and the second housing 12 develop sub-
stantially perpendicular to a longitudinal axis X-X of the
enclosure 10.

[0035] Furthermore, in the embodiments of the sensor
1 according to the present invention, the first housing 11
and the second housing 12 are realized in such a way
as to face towards each other, in particular the enclosure
10 being so realized to comprise a recess 13 interposed
between said first housing 11 and second housing 12. It
is clear that, in a normal operating condition of the sensor
1 according to the present invention, the washing liquid
that surrounds, at least partially, said enclosure 10, the
degree of turbidity of which is to be measured, is situated
in said recess 13.

[0036] Moreover, in all embodiments of the sensor 1
according to the present invention, the first housing 11
is shaped substantially as a protuberance projecting per-
pendicularly relative to the longitudinal axis X-X of the
enclosure 10.

[0037] In the first embodiment shown in Figures 1 to
2b and in the variant shown in Figure 3, the second hous-
ing 12 is shaped substantially as a circular sector in a
plan view, i.e. when viewed in a direction substantially
parallel to the longitudinal axis X-X of the enclosure 10.
[0038] In the second embodiment shown in Figures 4
to 5b, also the second housing 12 is shaped substantially
as a protuberance projecting perpendicularly to the lon-
gitudinal axis X-X of the enclosure 10; in substance, its
shape is similar to that of the first housing 11.

[0039] The sensor 1 according to the presentinvention
comprises a board 30, in particular an electronic board
made of insulating material, provided with a plane 31
whereon the first element 21 and the second element 22
are positioned, said board 30 being positioned within the
enclosure 10 in a manner such that the first housing 11
and the second housing 12 develop substantially orthog-
onal to said plane 31. Such characteristics of the sensor
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1 according to the present invention can be especially
appreciated in Figures 2b, 5a and 7b.

[0040] Inthisframe,thefirstelement21andthe second
element 22 are positioned on the plane 31 of the board
30 in such a way that the electromagnetic radiation will
develop in a direction substantially parallel to said plane
31 of the board 30 and to the longitudinal axis X-X of the
enclosure 10.

[0041] The board 30 further comprises a circuit (not
shown in the annexed drawings), in particular a printed
electric circuit, to which the first element 21 and the sec-
ond element 22 are connected.

[0042] In addition, the board 30 comprises at least one
terminal 32 to allow said board 30 to be connected to
other components, in particular of a washing machine.
In a preferred embodiment, said connection is imple-
mented by means of a plug-type and/or RAST connection
(like the one shown in the annexed drawings); it is how-
ever clear that the connection between the board 30 and
the washing machine can also be accomplished other-
wise.

[0043] The board 30 further comprises a notch 33 lo-
cated in a portion of the board 30 comprised between
the first element 21 and the second element 22, said
notch 33 being adapted to match the recess 13 of the
enclosure 10 when the board 30 is positioned within said
enclosure 10.

[0044] In a preferred embodiment, the enclosure 10
comprises a chamber 10A adapted to house the board
30, and from which the first housing 11 and the second
housing 12 extend, in particular said chamber 10A prev-
alently developing along said longitudinal axis A-A.
[0045] The peculiar features of the sensor 1 according
to the present invention make it possible to overcome
the drawbacks of prior-art sensors.

[0046] In fact, the particular design of the first housing
11 and second housing 12, which develop substantially
perpendicular to a longitudinal axis X-X of the enclosure
10, allows positioning the first emitter/receiver element
21 and the second receiver/emitter element 22 (which
form a pair of optical elements for detecting the degree
of turbidity of the washing liquid) at a mutual distance
that does not depend on the dimension of the outside
diameter of the sensor 1. It follows that the distance be-
tween the first emitter/receiver element 21 and the sec-
ond receiver/emitter element 22 does not imply any di-
mensional constraints as concerns either the diameter
of the sensor 1 or the hole to be made in the washing
machine for housing the complete sensor 1.

[0047] As a consequence, the features of the present
invention make it possible to modify, as a function of the
required sensitivity, the distance between the first hous-
ing 11 and the second housing 12, and also between the
first emitter/receiver element 21 and the second receiv-
er/emitter element 22, as well as to physically calibrate
the liquid turbidity reading output according to the meas-
urement requirements of specific applications. For ex-
ample, the teachings of the present invention permit ad-
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justing the distance between the first emitter/receiver el-
ement 21 and the second receiver/emitter element 22 on
the basis of the different characteristics of the different
types of sensors that may be used, in particular such
characteristics concerning voltage intensity, optimum
distance, etc.

[0048] It should be noted that the provisions of the
present invention make it possible to realize the first
housing 11 and the second housing 12 in such a way
that they have adequate dimensions in terms of length-
to-width ratio, thus facilitating the alignment between the
first emitter/receiver element 21 and the second receiv-
er/emitter element 22 and avoiding possible alignment
errors.

[0049] Itinevitably follows from this that the provisions
of the sensor 1 according to the present invention make
it possible to obtain a correct reading of the turbidity of
the liquid.

[0050] The sensor 1 according to the presentinvention
also allows measuring large liquid passage sections, thus
making it also possible to measure very extended areas,
the diameter of the sensor 1 being equal; in fact, in ac-
cordance with the provisions of the presentinvention, the
distance between the housings 11, 12 (and also between
the associated emitter/receiver elements 21, 22) can be
changed as necessary by modifying at will the longitudi-
nal distance between such elements, without however
requiring any interventions on the dimension of the out-
side diameter of the sensor 1.

[0051] Itis therefore clear that, since the distance be-
tween the housings 11, 12 and between the associated
emitter/receiver elements 21, 22 can be quite long, the
space subject to reading can be ample as well, to advan-
tage of the accuracy and precision of the measurement
taken.

[0052] Itis also apparent that the solution provided by
the presentinvention permits obtaining accurate and pre-
cise measurements on entire liquid passage sections
and/or for flows of different nature.

[0053] In accordance with the present invention, the
sensor 1 comprises a temperature sensor 24 adapted to
sense the temperature of the washing liquid that sur-
rounds, at least partially, the enclosure 10.

[0054] Saidtemperature sensor 24 is housed in a third
housing 14 of the enclosure 10, in particular said third
housing 14 being such as to prevalently develop in a
direction substantially parallel to the longitudinal axis X-
X of the enclosure 10. In this regard, it should be noted
that, in the variant shown in Figure 3 of the first embod-
iment of the sensor 1 according to the present invention,
the third housing 14 is so realized as to comprise:

- afirst portion 14A developing along said direction
substantially parallel to the longitudinal axis X-X of
the enclosure 10;

- asecond portion 14B developing from said first por-
tion 14A along a direction substantially perpendicu-
lar to the longitudinal axis X-X of the enclosure 10,
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i.e. developing along adirection substantially parallel
to the development of said first housing 11 and sec-
ond housing 12.

[0055] In a preferred embodiment, the temperature
sensor 24 is positioned on the plane 31 of the board 30;
in particular, said temperature sensor 24 is positioned on
a branch 34 of said board 30 that extends along a direc-
tion substantially parallel to the longitudinal axis X-X of
the enclosure 10.

[0056] Itis apparent that the fact that the sensor 1 ac-
cording to the present invention is realized to comprise
also the temperature sensor 14 makes it possible to ob-
tain complete and thorough detections of the properties
of the washing liquid, in particular by combining the re-
sults obtained in terms of turbidity and temperature of
the liquid that surrounds, at least partially, the enclosure
10 of the sensor 1.

[0057] Because the temperature sensor 14 according
to the present invention is exposed to contact with the
liquid on more than one side, it also ensures better pre-
cision of the liquid temperature reading and a faster and
more efficient reaction to changes thereof, since better
heat transmission is allowed from the washing liquid to
the temperature sensor 14.

[0058] Furthermore, the provisions of the present in-
vention make it possible to position the temperature sen-
sor 14 in a way independent of the positions of the tur-
bidity sensing elements 21, 22, and this permits config-
uring each one of said components optimally to ensure
better measurements of both parameters (turbidity and
temperature).

[0059] The sensor 1 according to the presentinvention
further comprises a base (or cover) 40 associated with
the enclosure 10; preferably, said base 40 comprises fas-
tening means (not shown in detail) ensuring a stable cou-
pling between the board 30 and the base 40.

[0060] Inthisframe, the enclosure 10 comprises a con-
necting portion 10B, in particular having a shape com-
plementary (as especially visible in Figures 2b, 5a and
5b) to that of the base 40 for establishing the connection
between such components.

[0061] As shown in the annexed drawings, the second
housing 12 is preferably so realized as to join said con-
necting portion 10B; this is provided in both the first em-
bodiment shown in Figures 1 to 3 (wherein the second
housing 12 is shaped substantially as a circular sector in
a plan view) and in the second embodiment shown in
Figures 4 to 5b (wherein the second housing 12 is shaped
substantially as a protuberance projecting perpendicu-
larly to the longitudinal axis X-X of the enclosure 10).
[0062] It is however clear that the second housing 10
may also be implemented in such a way thatitis distinctly
separated from the connecting portion 10B of the enclo-
sure 10, without joining it.

[0063] Moreover, the base 40 is preferably provided
with coupling means (not shown), which allow coupling
the sensor 1 to a washing machine.
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[0064] Preferably, in the first embodiment (shown in
Figures 1 to 3) and in the second embodiment (shown in
Figures 4 to 5b), the main components of the sensor 1
(i.e.the enclosure 10 and/or the board 30 and/or the base
40) are manufactured by moulding, in particular by injec-
tion moulding.

[0065] In particular, the enclosure 10 is preferably ob-
tained by injection moulding of a plastic material trans-
parent to infrared and visible light (e.g. polypropylene),
and the base 40 is obtained by injection moulding of plas-
tic materials such as polybutylene terephthalate (PBT)
and/or polyamide (PA) and/or polypropylene (PP), op-
tionally added with fibres (e.g. glass fibres).

[0066] In this frame, the coupling between the enclo-
sure 10 and the base 40 occurs through interposition of
at least one sealing element (not shown in detail in the
annexed drawings) in order to allow the washing liquid
to penetrate into the enclosure 10.

[0067] As far as the third embodiment of the sensor 1
according to the present invention is concerned (shown
in Figures 6 to 7b), the enclosure 10 is associated with
the board 30 and/or with the base 40 by overmoulding,
in particular by low pressure overmoulding (LPM). This
provision allows preserving the component whereon the
overmoulding process is carried out, in addition to imply-
ing lower tooling costs and speeding up the product pro-
duction, testing and performance phases.

[0068] Preferably, in the third embodiment of the
presentinvention the temperature sensor 14 isimmersed
in a medium having high thermal conductivity. In addition
to ensuring a faster and more precise reading of the tem-
perature of the washing liquid, this feature provides sav-
ings in terms of the heat conductive paste that would
otherwise be required.

[0069] Furthermore, in the third embodiment the over-
moulding of the enclosure 10 is preferably carried out in
such a way as to reduce the thickness of said enclosure
10 around the temperature sensor 14, thus correspond-
ingly reducing the distance between said temperature
sensor 14 and the washing liquid, and hence further in-
creasing the precision of the washing liquid temperature
reading.

[0070] It should be noted that, in said third embodi-
ment, the moulding of the enclosure 10 over the board
30 makes it possible to manufacture said enclosure 10
in a manner such that it has small dimensions, especially
in terms of thickness, i.e. dimensions only slightly greater
than those of said board 30, since it is no longer neces-
sary to make the undercuts that are typically necessary
for moulding traditional components.

[0071] As a result, the sensor 1 made in accordance
with the third embodiment permits measuring flows of
liquid coming from different directions; for example, the
sensor 1 shown in Figures 6 to 7b is realized in such a
way to be able to take a measurement of a flow of fluid
coming from a direction substantially perpendicular to
the plane 31 of the board 30 and also a measurement of
a flow of fluid coming from a direction substantially par-
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allel to said plane 31 of the board 30.

[0072] The features of the sensor 1 according to the
presentinvention, as well as the advantages thereof, are
apparent from the above description.

[0073] In fact, the provisions of the present invention
allow positioning the first element 21 and the second el-
ement 22 forming the pair of optical elements at a mutual
distance wholly independent from the dimension of the
outside diameter of the sensor 1. It follows that the dis-
tance between the first emitter/receiver element 21 and
the second receiver/emitter element22 implies no dimen-
sional constraint as concerns either the diameter of the
sensor 1 or the hole in the washing machine for housing
the whole sensor 1.

[0074] As a consequence, the features of the present
invention permit changing the distance between the first
housing 11 and the second housing 12 (and, hence, also
between the first emitter/receiver element 21 and the sec-
ond receiver/emitter element 22) as a function of the re-
quired sensitivity, and physically calibrating the liquid tur-
bidity reading output according to measurement require-
ments of specific applications.

[0075] It should be noted that the provisions of the
present invention make it possible to realize the first
housing 11 and the second housing 12 in such a way
that they have adequate dimensions (in particular, in
terms of length-to-width ratio), thus facilitating the align-
ment between the first emitter/receiver element 21 and
the second receiver/emitter element 22 and avoiding
possible alignment errors. It inevitably follows that the
provisions of the sensor 1 according to the present in-
vention make it possible to obtain a correct liquid turbidity
reading.

[0076] The sensor 1 according to the presentinvention
also allows measuring large liquid passage sections,
while also making it possible to measure very extended
areas, the diameter of the sensor 1 being equal.

[0077] Infact, in accordance with the provisions of the
presentinvention, the distance between the housings 11,
12 (and also between the respective emitter/receiver el-
ements 21, 22) can be changed according to specific
requirements and necessities, in particular by modifying
at will the longitudinal distance between such elements,
without however requiring any interventions on the di-
mension of the outside diameter of the sensor 1. It is
therefore apparent that, since the distance between the
housings 11, 12 and between the respective emitter/re-
ceiver elements 21, 22 may be quite long, the space sub-
ject to reading may be very large as well, to advantage
of the accuracy and precision of the measurement taken.
[0078] Itis also apparent that the solution provided by
the present invention permits obtaining accurate and pre-
cise measurements on entire liquid passage sections
and/or for flows of different nature.

[0079] It should also be noted that the peculiar provi-
sions concerning the temperature sensor 14 according
to the present invention make it possible to expose it to
contact with the liquid on more than one side, resulting
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in better precision of the liquid temperature reading and
a faster and more efficient reaction to changes thereof,
since better heat transmission from the liquid to the tem-
perature sensor 14 is ensured.

[0080] Furthermore, the provisions of the present in-
vention make it possible to position the temperature sen-
sor 14 in a way independent of the positions of the tur-
bidity sensing elements 21, 22, and this permits config-
uring each one of said components optimally to ensure
better measurements of both parameters.

[0081] Anadditional advantage ofthe sensor 1 accord-
ing to the present invention is due to the possible asso-
ciation of the enclosure 10 with the board 30 and/or with
the base 40 by overmoulding, in particular by low pres-
sure overmoulding (LPM). This provision allows preserv-
ing the component whereon the overmoulding process
is carried out, in addition to implying lower tooling costs
and speeding up the product production, testing and per-
formance phases.

[0082] It should also be noted that, in addition to en-
suring a faster and more precise reading of the temper-
ature of the washing liquid, the fact that the temperature
sensor 14 is immersed in a medium having high thermal
conductivity provides savings in terms of the heat con-
ductive paste that would otherwise be required. Moreo-
ver, the precision of the reading of the washing liquid
temperature is further improved due to the fact that the
thickness of said enclosure 10 around the temperature
sensor 14 is reduced when overmoulding the enclosure
10. Also, the fact that the sensor 1 according to the
present invention is manufactured by overmoulding the
enclosure 10 on the board 30 makes it possible to man-
ufacture said enclosure 10 in a manner such that it has
small thickness dimensions, i.e. dimensions only slightly
greater than those of said board 30, since it is not nec-
essary to make the undercuts that are typically required
for moulding traditional components. As a consequence,
the sensor 1 realized in accordance with said third em-
bodiment allows taking measurements on flows of liquid
coming from different directions.

[0083] The sensor 1 described herein by way of exam-
ple may be subject to many possible variations without
departing from the novelty spirit of the inventive idea; it
is also clear that in the practical implementation of the
invention the illustrated details may have different shapes
or be replaced with othertechnically equivalent elements.

Claims

1. Turbidity sensor (1) for a washing machine, in par-
ticular for household use, said sensor (1) comprising:

- an enclosure (10) adapted to be positioned in
the washing machine in such a way that it is at
least partially surrounded by a washing liquid,
said enclosure (10) being provided with a first
housing (11) and a second housing (12);
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- a first element (21) emitting/receiving an elec-
tromagnetic radiation, housed in the first hous-
ing (11) of the enclosure (10);

- a second element (22) receiving/emitting an
electromagnetic radiation, housed in the second
housing (12) of the enclosure (10),

wherein the first housing (11) and the second
housing (12) are at least partially made of trans-
parent material to allow said electromagnetic ra-
diation to be transmitted/received by the first el-
ement (21), propagate between the first housing
(11) and the second housing (12) externally to
said enclosure (10), and be received/transmit-
ted by the second element (12) for the purpose
of detecting the degree of turbidity of the wash-
ing liquid that surrounds at least partially said
enclosure (10) and that is located between the
first housing (11) and the second housing (12),
characterized in that

the first housing (11) and the second housing
(12) develop substantially perpendicular to a
longitudinal axis (X-X) of the enclosure (10) and
in such a way as to face towards each other, in
particular the enclosure (10) being so realized
as to comprise a recess (13) between said first
housing (11) and second housing (12).

Sensor (1) according to claim 1, characterized in
that the first housing (11) is shaped substantially as
a protuberance projecting perpendicularly relative to
the longitudinal axis (X-X) of the enclosure (10).

Sensor (1) according to one or more of the preceding
claims, characterized in that the second housing
(12) is shaped substantially as a circular sector in a
plan view, i.e. in a direction substantially parallel to
the longitudinal axis (X-X) of the enclosure (10).

Sensor (1) according to one or more of claims 1 to
3, characterized in that the second housing (12) is
shaped substantially as a protuberance projecting
perpendicularly to the longitudinal axis (X-X) of the
enclosure (10).

Sensor (1) according to one or more of the preceding
claims, characterized in that it comprises a board
(30), in particular an electronic board made of insu-
lating material, provided with a plane (31) whereon
the first element (21) and the second element (22)
are positioned, said board (30) being positioned with-
in the enclosure (10) in a manner such that the first
housing (11) and the second housing (12) develop
substantially orthogonal to said plane (31).

Sensor (1) according to claim 5, characterized in
that said board (30) comprises a notch (33) located
in a portion of the board (30) comprised between the
first element (21) and the second element (22), said
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10.

1.

12.

notch (33) being adapted to match the recess (13)
of the enclosure (10) when the board (30) is posi-
tioned within said enclosure (10).

Sensor (1) according to one or more of claims 5 and
6, characterized in that said board (30) comprises:

- a circuit, in particular a printed electric circuit,
to which the first element (21) and the second
element (22) are connected;

- at least one terminal (32) to allow said board
(30) to be connected to other components.

Sensor (1) according to one or more of claims 5 to
7, characterized in that the enclosure (10) compris-
es achamber (10A) adapted to house the board (30),
and from which the first housing (11) and the second
housing (12) extend, in particular said chamber
(10A) prevalently developing along said longitudinal
axis (A-A).

Sensor (1) according to one or more of the preceding
claims, characterized in that it comprises a tem-
perature sensor (24) adapted to sense the temper-
ature of the washing liquid that surrounds at least
partially the enclosure (10), said temperature sensor
(24) being housed in a third housing (14) of the en-
closure (10), in particular said third housing (14) be-
ing such as to prevalently develop in a direction sub-
stantially parallel to the longitudinal axis (X-X) of the
enclosure (10).

Sensor (1) according to claim 9, characterized in
that said third housing (14) is so realized as to com-
prise:

- a first portion (14A) developing along said di-
rection substantially parallel to the longitudinal
axis (X-X) of the enclosure (10);

- a second portion (14B) developing from said
first portion (14A) along a direction substantially
perpendicular to the longitudinal axis (X-X) of
the enclosure (10) and along a direction sub-
stantially parallel to the development of said first
housing (11) and second housing (12).

Sensor (1) according to one or more of claims 9 and
10, characterized in that the temperature sensor
(24)is positioned on the plane (31) of the board (30),
in particular said temperature sensor (24) being po-
sitioned on a branch (34) of said board (30) that ex-
tends along a direction substantially parallel to the
longitudinal axis (X-X) of the enclosure (10).

Sensor (1) according to one or more of the preceding
claims, characterized in that it comprises a base
(40) associated with the enclosure (10), and the en-
closure (10) comprises a connecting portion (10B)
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having a shape complementary to that of the base
(40) for connecting such components.

Sensor (1) according to one or more of the preceding
claims, characterized in that the enclosure (10) is
associated with the board (30) and/or with the base
(40) by overmoulding, in particular by low pressure
overmoulding.

Washing machine comprising a sensor (1) according
to one or more of the preceding claims.
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