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(54) Title: WASHING MACHINE WITH DETECTION OF VIBRATIONS OF THE WASHING TUB OR CHAMBER

FIG. 1

(57) Abstract: The machine (M) comprises a support struc-
ture (S), inside which there is suspended a washing chamber
or tub (T) wherein there is rotatably mounted a basket (B) for
clothes and the like, and a pressure transducing device (1),
which includes a support casing (2, 3) connected to the wash-
ing chamber or tub (T), and connected to a pipe or hose (P)
which extends inside this chamber or tub (T), and with which
there are associated electronic circuit means (17) predisposed
for processing signals generated by the transducer (1) to
provide an indication of the level of the washing bath (WB) in
the chamber or tub (T). The machine (M) comprises further an
electronic accelerometer (30) solid with the support casing (2,
3) of the pressure transducing device (1) and associated with
said electronic circuit means (17), for generating electrical
signals indicative of the amplitude of the vibrations of the
washing chamber or tub (T).
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Washing machine with detection of vibrations of the washing tub or chamber

The present invention refers in general to washing machines, and in particular to washing

machines for clothes and the like.

More specifically, the invention has as its subject a washing machine of the type compris-
ing

a supporting structure, inside which there is elastically suspended a washing cham-
ber or tub wherein there is rotatably mounted a basket for clothes and the like; and

a pressure transducing device, including a support casing connected to said washing
chamber or tub, and connected to a pipe or hose which extends inside the washing cham-
ber, and with which there are associated electronic circuit means predisposed for process-
ing signals generated by said transducer to provide an indication of the level of the wash-

ing bath in said chamber.

A washing machine of this type is described for example in German patent
DE 198 35 865 C2, in the name of the same Applicant.

An object of the present invention is to create an improved machine of the type defined

above.

This and other objects are achieved according to the invention with a machine of the type
initially specified, characterized in that it further comprises an electronic accelerometer,
solid with the support casing of the aforesaid pressure transducing device and connected to
said electronic circuit means, which are predisposed for processing signals provided by
said accelerometer and providing electrical signals indicative of the amplitude of the vibra-

tions of the washing tub or chamber.

Further characteristics and advantages of the invention will appear from the detailed de-
scription which follows, effected with reference to the attached drawings, provided purely
by way of non-limiting example, in which:

figure 1 is a schematic representation of a washing machine according to the pre-
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sent invention;

figure 2 is a sectioned view of an electrical pressure transducer for the use of a
washing machine according to the invention;

figure 3 is a circuit diagram, partly in the form of block diagrams, of the pressure
transducer with accelerometer according to figure 2; and

figures 4 to 6 are circuit diagrams, partly in the form of block diagrams, of variants
of embodiment of the pressure transducer with accelerometer for a machine according to

the invention.

In figure 1, M generally indicates a washing machine, in particular a washing machine for

clothes and the like, according to the present invention.

In the embodiment illustrated, the machine M comprises a support structure S, inside

which is suspended a washing chamber or tub T.

In the washing tub T there is rotatably mounted a basket B for clothes and the like.

A pressure transducing device, generally indicated by 1, is fixed to the washing chamber or
tub T. The pressure transducing device 1 is for example of the type described in detail in
US patent 7 180 285 B2 by the same Applicant. In figure 2 of the attached drawings, there
is visible in any case, by way of non-limiting example, a pressure transducing structure
conforming to the aforesaid United States patent, which will however be summarily de-

scribed later.

With reference to figure 1, pressure transducing device 1 is connected to a pipe or hose P

which extends inside the washing chamber or tub T.
In its entirety, the assembly formed by the pressure transducing device 1 and the pipe or
hose P makes it possible, in a manner in itself known, to perform detection of the level of

the washing bath WB in the chamber or tub T.

With reference to figure 1, the washing basket B is, in operation, drivable in rotation by
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means of an electric motor EM, mounted in the supporting structure S of the washing ma-

chine M, and coupled to said basket B by means, for example, of a transmission belt TB.

The pressure transducing device 1 is connected to an electronic control unit ECU for con-

trolling the operation of the washing machine M.

With reference in particular to figure 2, in the manner of embodiment illustrated by way of
example the pressure transducing device comprises a rigid casing formed by a first element
2, substantially in the form of a cup, and by a second element 3, this too being substantially

in the form of a cup and partially co-penetrated with the element 2.

Inside the casing of the transducer 1 a support body, generally indicated by 4, is interposed
between elements 2 and 3. This body 4 features an annular lower portion 4a and a tubular
uppet portion 4b, interconnected by a transverse annular wall 4c. The tubular portion 4b of

the support body 4 is closed at one end by an end wall 4d.

An elastic membrane, for example of elastomeric material, is indicated by 5. The periphery
of this membrane is clamped so as to form a fluid seal between the annular lower portion

4a of the support body 4 and a shoulder 2a which forms part of the cup-shaped body 2.

The membrane 5 divides the region comprised between the lower part of the cup-shaped

body 2 and the support body 4 into two chambers of variable volume, indicated by 6 and 7.

The cup-shaped body 2 of the casing of the transducer features a tubular connector 8 which
allows the introduction of a fluid (air) into chamber 6, and a second tubular connector 9
which puts chamber 7 in communication with the external environment. In operation, the
instantaneous position of the membrane 5 depends on the difference between the pressures

in chambers 6 and 7. The connector 8 is connected to the pipe or hose P (figure 1).

The central part of membrane 5 is connected to a movable apparatus generally indicated by
10. This apparatus comprises a plate 11, with a central protuberance 11a snap-engaged

(with the interposition of membrane 5) with the head portion 12a of an essentially mush-
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room-shaped body 12.

The plate 11 extends into the chamber 6, while the mushroom-shaped body 12 extends into
the chamber 7. This body 12 features a tubular column or spindle 12b, around which is ar-

ranged an annular cylindrical element 13, made of a ferromagnetic material.

The stem or shaft 12b of body 12 and the associated interaction element 13 of ferromag-
netic material extend in part axially into the upper tubular portion 4b of support body 4. A

winding 14 of insulated electrical wire is arranged around portion 4b of body 4.

In the embodiment illustrated by way of example, a helical spring 15 is interposed between
the end wall 4d of support body 4 and the free end of the column or spindle 12b of body
12. A further spring 16, essentially conical, is arranged in chamber 6 between the plate 11

and the lower wall of the cup-shaped body 2.

A circuit board or card 26, carrying components or circuits generally indicated by 17 in
figures 2 and 3, is fixed to the end wall 4d of support body 4, at the opposite end from the

membrane 5. The winding 14 is connected to these circuits.

In operation, the instantaneous position of membrane 5 depends on the difference between
the pressures in chambers 6 and 7. In proportion as this difference varies, movable appara-
tus 10 is axially displaced with respect to winding 14. In proportion as the coupling be-
tween the ferromagnetic element 13 and the winding 14 varies, the inductance of the latter

also varies.

As is schematically illustrated in figure 3, the circuits 17 carried by plate 26 comprise, for
example, condensers 18 and 19 coupled to the winding 14 and forming therewith a circuit
LC. This circuit LC is connected to a circuit 20 of a type known in itself, which in opera-
tion generates an electrical signal a parameter of which, such as for example its frequency,

varies with the inductance of the winding 14.

Conveniently, the circuit 20 can be connected to an input of a microprocessor 21, to which
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are linked electronic memory devices 22.

With reference to figures 2 and 3, the circuit board or card 26 also carries an electronic ac-
celerometer 30, conveniently itself connected to the microprocessor 21, as is shown in fig-

ure 3.

The accelerometer 30, which is mechanically integral with the support casing 2, 3 of the
pressure transducing device 1, is preferably of the type known as three-dimensional (3d),

and is integrated into a single chip.

The microprocessor 21 is conveniently predisposed to process the signals supplied to it by
circuit 20, as well as the signals provided by the accelerometer 30. On the basis of the sig-
nals provided by circuit 20, the microprocessor 21 generates (and provides as output to an
interface connector 40) signals indicative of the level of the washing bath WB in the
chamber or tub T. On the basis of the signals provided by the accelerometer 30, the micro-
processor 21 is predisposed for generating electrical signals indicative of the amplitude
(preferably along three perpendicular coordinate axes) of the vibrations of the washing tub

or chamber T.

Conveniently, although not necessarily, the microprocessor 21 can be predisposed for ac-
tuating the functions of calibrating the characteristic of pressure transducer 1, in confor-

mity with the teachings contained in US patent 7 180 285 B2, already mentioned above.

In the embodiment illustrated in figures 1 and 2, the apparatus 10 is movable (relative to

the casing 2, 3 and the winding 14) in a vertical direction (axis Z).

The component along axis Z of the vibrations of the chamber or tub T is capable of causing
corresponding oscillations along axis Z of the movable apparatus 10 with respect to the
winding 14 of the pressure transducer 1. The microprocessor 21 can therefore be predis-
posed for detecting, on the basis of analysis of the signals provided by the circuit 20, the
component along axis Z of the vibrations of chamber or tub T. This information can be

compared with the information which the microprocessor 21 draws from the signals of ac-
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celerometer 30, to detect any operating abnormalities of the latter or of the pressure trans-

ducer 1.

Figures 4-6 show diagrams of variant embodiments. In these drawings, parts and compo-

nents already described are assigned the same reference numbers as are used above.

With reference to figures 2 and 4, circuit board or card 26 carries an electronic accelerome-

ter 30 which is conveniently connected to the interface connector 40.

On the basis of the signals provided by the circuit 20, the microprocessor 21 generates sig-

nals indicative of the level of the washing bath WB in the chamber or tub T.

The accelerometer 30, which is mechanically integral with the support casing 2, 3 of the
pressure transducing device 1, is preferably of the type known as three-dimensional (3d),

and is integrated into a single chip.

This accelerometer 30 is predisposed for generating electrical signals indicative of the am-
plitude (preferably along three perpendicular coordinate axes X, Y and Z) of the vibrations

of the washing tub or chamber T.

With reference to figures 2 and 5, in the variant illustrated therein the circuit board or card
26 carries an electronic accelerometer 30 which is conveniently connected to the interface

connector 40.

On the basis of the signals provided by the circuit 20, the microprocessor 21 generates sig-
nals indicative of the level of the washing bath WB in the chamber or tub T, and also gen-
erates electrical signals indicative of the amplitude of the vibrations of the washing tub or

chamber T in the vertical direction (axis Z).

The accelerometer 30, which is mechanically integral with support casing 2, 3 of the pres-
sure transducing device 1, is preferably of the type known as bi-dimensional (2d), and is

integrated into a single chip.
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The accelerometer 30 is predisposed for generating electrical signals indicative of the am-
plitude (preferably along two perpendicular coordinate axes X, Y) of the vibrations of the

washing tub or chamber T.

With reference to figures 2 and 6, the circuit board or card 26 carries an electronic acceler-

ometer 30 conveniently connected to the interface connector 40.

On the basis of the signals provided by the circuit 20, the microprocessor 21 generates sig-
nals indicative of the level of the washing bath WB in the chamber or tub T, and also gen-
erates an electrical signal indicative of the amplitude of the vibrations of the washing tub
or chamber T along axis Z. This electrical signal generated by the microprocessor 21 can
be considered a comparison signal for detecting any malfunctions of the accelerometer 30,

or of pressure transducer 1.

The accelerometer 30, which is mechanically integral with the support casing 2, 3 of the
pressure transducing device 1, is preferably of the type known as three-dimensional (3d),
integrated into a single chip, and predisposed for generating electrical signals indicative of
the amplitude (preferably along three perpendicular coordinate axes X, Y and Z) of the vi-

brations of the washing tub or chamber T.

Naturally, without affecting the principle of the invention, the forms of embodiment and
details of execution may be widely varied with respect to what has been described and il-
lustrated purely by way of non-limiting example, without for this reason departing from the

scope of the invention as defined in the attached claims.
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CLAIMS

1. A washing machine (M), comprising

a supporting structure (S), inside which there is suspended a washing chamber or
tub (T) wherein there is rotatably mounted a basket (B) for clothes and the like; and

a pressure transducing device (1), including a support casing (2, 3) connected to
said washing chamber or tub (T), and connected to a pipe or hose (P) which extends inside
said chamber or tub (T), and to which there are associated electronic circuit means (17)
predisposed for processing signals generated by said transducer (1) to provide an indication
of the level of the washing bath (WB) in said chamber or tub (T);

the machine (M) being characterized in that it comprises further an electronic ac-
celerometer (30) solid with the support casing (2, 3) of the pres-sure transducing device (1)
and associated to said electronic circuit means (17), for providing electrical signals indica-

tive of the amplitude of the vibrations of the washing chamber or tub (T).

2. A washing machine according to claim 1, wherein the accelerometer (30) is con-
nected to said electronic circuit means (17), which are predisposed for generating, on the
basis of the signals from said accelerometer (30), signals or data indicative of the ampli-

tude of the vibrations of the washing chamber or tub (T).

3. A machine according to claim 2, wherein the accelerometer (30) is of a three-

dimensional type, integrated in a chip.

4. A machine according to one of the preceding claims, wherein said circuit means
(17) are predisposed for generating, on the basis of the signals from the pressure transducer
(1), also signals or data indicative of the amplitude of the vibrations of the washing cham-

ber or tub (T) along a first axis (Z).

5. A machine according to claim 4, wherein said circuit means (17) are predisposed
for comparing the amplitude of vibrations of the washing chamber (T) along said first axis
(Z), derived from the signals of the accelerometer (30), with the amplitude derived from

the signals from the pressure transducer (1).
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6. A machine according to claims 2 and 4, wherein the accelerometer (30) is of a bi-
dimensional type and is predisposed to provide signals indicative of the amplitude of vibra-

tions of the washing chamber or tub (T) along two further axes (X, Y).

7. A machine according to any of the preceding claims, wherein the accelerometer

(30) is carried by a same plate or board (26) which carries the aforesaid circuit means (17).
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