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(54) Dishwasher

(67) A dishwasher comprising:

- a washing compartment (2);

- a door (3) giving access to the washing compartment
).

The door (3) comprises a sensor (4) which detects

the gravity acceleration component at least along a first
axis (40), which is integral with the door (3), in order to
detect the inclination of the door (3) and/or abnormal in-
ternal vibrations and/or shocks from the outside and as-
sociated with predetermined user commands.
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Description

[0001] The present invention relates to a dishwasher.
Dishwashers comprising a contact sensor which signals
opening of the dishes introduction/extraction door are
well known.

[0002] Said sensor comprises two conductor elements
positioned on the door. The dishwasher comprises a
striking portion which in the closed position encounters
the door. This striking portion comprises a lance which
when the door is closed places the two conductor ele-
ments in contact with each other. When the door is open
the two conductor elements are distant from each other
and this determines interruption of the passage of elec-
trical current between them.

[0003] In this context, the technical task at the basis of
the presentinventionis to propose a dishwasher enabling
the components of it to be optimised, reducing its costs
and overall dimensions.

[0004] The defined technical task and the specified ob-
jects hereof are substantially achieved by a dishwasher
comprising the technical aspects described in one or
more of the appended claims.

[0005] Further characteristics and advantages of the
present invention will become more apparent from the
following approximate, and therefore non-limiting, de-
scription of a preferred, but not exclusive, embodiment
of adishwasher, as illustrated in the appended drawings,
in which:

- figure 1 shows a schematic view of a dishwasher
according to the present invention;

- figure 2 shows a component of a dishwasher accord-
ing to the present invention;

- figures 3, 4, 5 show graphs relating to functioning of
the dishwasher in a first operating condition;

- figures 6, 7, 8 show graphs relating to functioning of
the dishwasher in a second operating condition;

- figure 9 shows an enlargement of figure 8.

[0006] In the appended figures of the drawings, refer-
ence number 1 denotes a dishwasher comprising:

- awashing compartment 2;
- adoor 3 giving access to the washing compartment
2.

[0007] The door 3 giving access to the washing com-
partment 2 enables introduction and extraction of the
dishes from the washing compartment 2. The door 3 com-
prises a sensor 4 which takes a measurement represent-
ing the gravity acceleration component at least along a
first axis 40 which is integral with the door 3. For example,
the sensor 4 measures the gravity acceleration compo-
nent at least along a first axis 40 which is integral with
the door 3 or a value proportionate to it. This enables
detection of the inclination of the door 3 and/or abnormal
internal vibrations and/or shocks from the outside and
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associated with predetermined user commands. Said
sensor 4 is normally indicated in the technical sector as
an accelerometer (forexample, said accelerometer is the
MEMS type). By way of example, but non-limiting, the
sensor 4 is identified by the acronym LSM303DLHC and
is supplied by ST Microelectronics. Usually the door 3 is
substantially parallel to a placement plane 31, said place-
ment plane 31 being integral to the door 3. Advanta-
geously, the first axis 40 is at a right angle to the place-
ment plane 31. In this case, the gravity acceleration com-
ponent along the first axis 40 is minimum in absolute
value (even being zero) when the door is closed in a
substantially vertical position, whilst it is maximum in ab-
solute value when the door 3 is open in a horizontal po-
sition. Advancement as a function of time of the gravity
acceleration component along the first axis 40 is illustrat-
ed in figure 5 in the case of a cycle with full load without
detergent and in figure 8 in the case of a cycle without
load with detergent. In the cycle with full load, the ma-
chine is more silent and presents lower vibrations com-
pared with the cycle with no load. The peaks indicated
in figures 5 and 8 with references 100, 200, 300 refer to
opening of the door. The peaks indicated in figure 5 with
references 101, 201, 301, 401 refer each to the shock
which accompanies closing of the door. In correspond-
ence with the peaks, there is a transient in which the
signal usually does not provide a measurement repre-
senting the gravity acceleration component (to obtain this
measurement it is necessary to wait for the signal to sta-
bilise). Figure 9 shows an enlarged view of figure 8 and
shows the transient which accompanies opening of the
door 3. The duration of the transient depends on the
speed of opening of the door 3 (for example, said tran-
sient having a duration of 1.5 seconds). The difference
in the signal detected in normal operation before and
after the transient depends on the degree of opening of
the door 3.

[0008] Advantageously, the sensor 4 may also detect
the gravity acceleration component along a second axis
41 which is integral with the door 3. Typically, such sec-
ond axis 41 is at a right angle to the first axis 40 (ad-
vancement as a function of time of the gravity accelera-
tion component along the second axis 41 is illustrated in
figure 3 in the case of a cycle with full load without de-
tergent and in figure 6 in the case of a cycle without load
with detergent). For example, the second axis 41 is ver-
tical when the door 3 is closed. In the exemplary solution
illustrated in the figures, the sensor 4 is capable of de-
tecting the gravity acceleration component along a third
axis 42 which is integral with the door 3. The third axis
42 is at a right angle to the first and to the second axis
40, 41 (advancement as a function of time of the gravity
acceleration component along the third axis 42 is illus-
trated in figure 4 in the case of a cycle with full load without
detergent and in figure 7 in the case of a cycle without
load with detergent). The first and the second and the
third axes 40, 41, 42 are at right angles two by two. They
define a Cartesian triad. In the exemplary solution illus-
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trated, the third axis 42 is parallel to the axis of rotation
30. Figures 3,4,5, therefore illustrate the signal detected
by the sensor 4 in the same time interval along the three
right-angled axes indicated above. It is evidenced that
the signal of figure 5 is the one best usable to control
opening of the door 3 and/or the degree of opening of
the door 3 and/or closure of the door 3. The signals of
figures 4 and 7 being detected along a parallel axis to
the axis of rotation 30 do not, on the other hand, provide
indications on the degree of opening of the door 3. What
is indicated with reference to figures 3,4,5 may be re-
peated for figures 6,7,8, taking into account the different
type of cycle.

[0009] The door 3, in order to pass from an open to a
closed position, may rotate around its own axis of rotation
30. The first axis 40 is not parallel to said axis of rotation
30. In fact, should the first axis 40 be parallel to the axis
of rotation 30 and the door 3 be hinged around the axis
30, the gravity component along said axis 30 would be
virtually constant (except for perhaps detecting vibrations
at the moment when the door 3 comes into contact with
or is disconnected from a first part of the dishwasher,
said first part surrounding an opening of the washing
compartment 2 and encountering the door 3 in a closed
position).

[0010] Inlight of what is indicated above, the sensor 4
is integrated in door 3 position detection means. Every
inclination of the door 3 relative to the horizontal position
is therefore associated with a corresponding value of the
gravity acceleration component along the first axis 40
and the sensor 6 enables determination of a parameter,
typically an electrical parameter, associated with said val-
ue.

[0011] Furthermore, the sensor 4 isintegrated in a user
interface which detects one or more shocks from the out-
side and associated with predetermined user com-
mands. This function therefore enables a user to dialogue
with the dishwasher in an extremely simplified and rapid
manner, using a precoded code.

[0012] Furthermore, this function is particularly useful
in the case of a fully integrated dishwasher. In this case,
in fact, when the door 3 is closed, a display visible from
the outside is not present. This causes difficulties in di-
aloguing with the dishwasher 1, for example there are
difficulties for the user in understanding when the wash-
ing cycle is complete. Using the presentinvention, on the
other hand, it is possible to communicate with the dish-
washer 1, even in the absence of visible buttons or
switches and without the need to open the door 3.
[0013] Conveniently, the dishwasher 1 may also com-
prise acoustic means or lights (typically of modest dimen-
sions) capable of responding to prompts of the user. In
the case of the previous example, the user, by hitting the
door 3 and causing the sensor 4 to vibrate with a prede-
termined prompt (for example, two consecutive taps)
may send a request for information to the dishwasher 1
(for example: is the washing cycle finished?). The dish-
washer 1 may respond with a prerecorded voice mes-
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sage or a predetermined acoustic signal.

[0014] Conveniently, the sensor 4 is integrated in ab-
normal vibration detection means. In fact, the vibrations
are in any case picked up by the sensor 4. The sensor 4
could therefore pick up abnormal vibrations which could
signify a malfunction or warn of an imminent breakage.
In this regard, in fact, the frequency of moving elements
forming part of the dishwasher 1 is well known (for ex-
ample, should the rotating spray arms positioned in the
washing compartment come into contact with the dishes,
vibrations would be produced which could be transmitted
through structures of the dishwasher 1 and therefore de-
tected by the sensor 4). In this regard, the abnormal vi-
bration detection means comprise signalling devices ca-
pable of communicating the anomaly to a user and, in
the most serious cases, could even stop functioning of
the dishwasher 1.

[0015] Conveniently, the dishwasher 1 comprises
means of release/retention of the door 3 to remaining
parts of the dishwasher (for example a hook). These
means of release/retention of the door 3 compress a seal
when the door 3 is closed; when the door 3 is closed,
said seal remains positioned between the door 3 and the
remaining parts of the dishwasher 1, guaranteeing the
hydraulic seal. In general, the dishwasher 1 comprises
means which compress the seal when the door 3 is
closed. Further examples of means which compress the
seal are elastic means integrated into a hinge which en-
ables rotation around an axis of rotation 30. Alternatively,
said means which compress the seal are magnetic
means which hold the door 3 in a closed position. Moving
away from the axis of rotation 30 opportunely, the door
3 comprises/is formed of a first and a second portion 32,
33 positioned in succession. Extension of the first portion
32 being higher or equal to extension of the second por-
tion 33. The first portion 32 integrates the axis of rotation
30 (or at least is positioned at the axis of rotation 30).
When the door 3 is open, the second portion 33 projects
cantilevered from the first portion 32. Conveniently, the
sensor 4 is integrated in the second portion 33 of the door
3. This zone of the door 3 is, in fact, powered electrically,
since it generally houses command buttons or displays
and is easily accessible even for inspection and mainte-
nance operations. Conveniently, the sensor 4 compris-
es/is operatively connected to a local processor. In this
way, there is no overloading of the main card of the dish-
washer 1 with processing of the signal detected by the
sensor 4. An already coded signal therefore leaves the
local processor and is usable by other components of
the dishwasher. The object of the present invention is a
method of control of the position of the door 3 of a dish-
washer 1 presenting one or more of the characteristics
indicated above.

[0016] The method of control of the position of the door
3 comprises the step of measuring through the agency
of the sensor 4 of the dishwasher 1 a first quantity con-
nected with the gravity acceleration componentalong the
first axis which is integrated with the door 3 (see, for ex-
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ample, figures 5 or 8). Conveniently, said method also
comprises the step of comparing the values taken on by
the first quantity with a predetermined threshold value. If
the values taken on over time by the first quantity cross
the predetermined threshold value to define a peak, the
method comprises directly or indirectly comparing the
values taken on by the first quantity in a first predeter-
mined time interval upstream of said peak and in a sec-
ond predetermined time interval downstream of said
peak. For example, with reference to figure 9, a peak is
indicated by reference 501, the first predetermined inter-
val is indicated by reference 502 and the second prede-
termined interval is indicated by reference 503. This ex-
ample isimmediately transferable to the graphs of figures
3-8. Conveniently, the first predetermined time interval
502 immediately precedes the peak 501. Conveniently,
the second predetermined time interval 503 immediately
follows the peak 501. In the first and in the second pre-
determined time interval 502, 503, the transient connect-
ed with said peak 501 has substantially stabilised (ex-
cluding background noise). If the dishwasher 1 detects
a condition representing the fact that the average value
of the first quantity in said first interval 502 differs from
the average value of the first quantity in said second in-
terval 503 by a quantity higher than a predetermined
quantity, the dishwasher 1 associates said peak with the
movement of the door 3. On the basis of the average
value of the first quantity in the interval 503, the dish-
washer 1 may further quantify the angle of opening of
the door 3.

[0017] The scope of the present invention is also a
method for controlling a dishwasher 1.

[0018] The method of controlling the dishwasher also
comprises the step of detecting through the agency of
said sensor 4 at least one shock applied by a user on the
door 3. The method of control also comprises performing
a command associated with the detection of at least one
shock physically applied by a user on the door. With said
at least one shock meaning a single shock or a specific
sequence of shocks.

[0019] Advantageously, the dishwasher 1 recognises
a number of specific sequences of prememorized
shocks, with each of which is associated a different com-
mand.

[0020] The step ofdetecting through the agency of said
sensor 4 the application of said at least one shock com-
prises the steps of measuring through the sensor 4 of
the dishwasher 1 a first quantity connected with the grav-
ity acceleration component along the first axis 40 which
is integrated with the door 3.

[0021] The step of detecting said at least one shock
also comprises the step of comparing the values taken
on by the first quantity with a predetermined threshold
value.

[0022] Ifthe values taken on overtime by the first quan-
tity cross the predetermined threshold value to define a
peak 501, the method comprises directly or indirectly
comparing the values taken on by the first quantity in a
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first predetermined time interval 502 immediately up-
stream of said peak 501 and in a second predetermined
time interval 503 immediately downstream of said peak
501. In the first and in the second predetermined time
interval 502, 503, the transient connected with said peak
501 has substantially stabilised; if the dishwasher 1 de-
tects a condition representing the fact that the average
value of the first quantity in said first interval 502 is sub-
stantially equal to the average value of the first quantity
in said second interval 503, the dishwasher 1 associates
said peak 501 with an instruction or with a part of an
instruction given by the user. Comparing the average val-
ue of the first quantity in the first and in the second pre-
determined time interval 502, 503, the dishwasher 1 is
able to distinguish whether the peak 501 is connected
with a command of the user or with an angular variation
of the door 3.

[0023] The scope of the present invention is also a
method of detecting a possible malfunction of a dish-
washer presenting one or more of the characteristics in-
dicated above. This method of detecting a malfunction
comprises a sub-step of comparison between functioning
spectrums prestored in the dishwasher 1 (and advanta-
geously obtained following experimental tests) and at
least part of a spectrum (given by the progress over time
of the first quantity) detected by the sensor 4.

[0024] The invention as conceived enables many ad-
vantages to be obtained.

[0025] In the first place, it enables simple and intuitive
checking of the position of the door 3. In particular, it
enables checking whether the door 3 is open or closed.
Furthermore, the present invention enables extremely
simply controlling/querying of the dishwasher 1.

[0026] A further advantage of the present invention is
providing a dishwasher 1 which may detect possible mal-
functions of the dishwasher 1. In particular, the afore-
mentioned advantages are obtained through use of a sin-
gle sensor.

[0027] The invention thus conceived is susceptible of
numerous modifications and variants, all falling within the
scope of the inventive concept which characterizes it.
Moreover, all the details may be replaced with other tech-
nically equivalent ones. In practice, all of the materials
used, as well as the dimensions, can be any whatsoever
according to need.

Claims
1. A dishwasher comprising:

- a washing compartment (2);

- a door (3) giving access to the washing com-
partment (2);

characterized in that the door (3) comprises a
sensor (4) which takes a measurement repre-
senting the gravity acceleration component at
least along a first axis (40), which is integral with
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the door (3), in order to detect the inclination of
the door (3) and/or abnormal internal vibrations
and/or shocks from the outside and associated
with predetermined user commands.

The dishwasher according to claim 1, characterized
in that the door (3) can rotate about its own axis of
rotation (30) to pass from an open positionto a closed
position, the first axis (40) being not parallel to the
axis of rotation (30).

The dishwasher according to claim 1 or 2, charac-
terized in that the door (3) is substantially parallel
to a placement plane (31), the first axis (40) being
at right angles to the placement plane (31).

The dishwasher according to any of the preceding
claims, characterized in that the sensor (4) is inte-
grated in door (3) position detection means, every
inclination of the door relative to the horizontal being
associated with a corresponding value of the gravity
acceleration component along the first axis (40).

The dishwasher according to any of the preceding
claims, characterized in that the sensor (4) is inte-
grated in a user interface which detects one or more
shocks from the outside and associated with prede-
termined user commands.

The dishwasher according to any of the preceding
claims, characterized in that it is a fully integrated
dishwasher.

The dishwasher according to any of the preceding
claims, characterized in that the sensor (4) is inte-
grated in means for detecting abnormal vibrations.

A method for detecting the position of the door (3)
of a dishwasher (1) according to any of the claims
from 1 to 7, characterized in that it comprises the
following steps, implemented by the dishwasher:

- measuring, through the agency of the sensor
(4) of the dishwasher (1), at least a first quantity
connected with the gravity acceleration compo-
nent along the first axis (40);

- comparing the values taken on by the first
quantity with a predetermined threshold value;
if the values taken on by the first quantity over
time cross the predetermined threshold to define
a peak (501), the method comprising directly or
indirectly comparing the values taken on by the
firstquantity in afirst predetermined time interval
(502) immediately upstream of the peak (501)
and in a second predetermined time interval
(503) immediately downstream of the peak
(501), the transient connected with the peak
(501) being substantially stabilized in the first
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10.

and second time intervals (502, 503); if the dish-
washer (1) detects a condition representing the
fact that the mean value of the first quantity in
the first time interval (502) differs from the mean
value of the first quantity in the second time in-
terval (503) by a quantity greater than a prede-
termined quantity, the dishwasher (1) associat-
ing the peak (501) with the movement of the door

3):

A method for controlling a dishwasher according to
any of the claims from to 1 to 7, characterized in
that it comprises the following steps, implemented
by the dishwasher:

- detecting, through the agency of the sensor
(4), a shock or a sequence of shocks applied by
a user on the door (3);

- performing a command associated with the de-
tection of the shock or sequence of shocks ap-
plied physically by a user on the door (3).

The method according to claim 9, characterized in
that the step of detecting a shock or a sequence of
shocks through the agency of the sensor (4) com-
prises the steps of:

- measuring, through the agency of the sensor
(4) of the dishwasher (1), a first quantity con-
nected with the gravity acceleration component
along the first axis (40);

- comparing the values of the first quantity with
a predetermined threshold value;

if the values taken on by the first quantity over
time exceed the predetermined threshold to de-
fineapeak(501), the method comprising directly
or indirectly comparing the values taken on by
the first quantity in a first predetermined time
interval (502) immediately upstream of the peak
(501) and in a second predetermined time inter-
val (503) immediately downstream of the peak
(501), the transient connected with the peak
(501) being substantially stabilized in the first
and second time intervals; if the dishwasher de-
tects a condition representing the fact that the
mean value of the first quantity in the first time
interval (502) is substantially equal to the mean
value of the first quantity in the second time in-
terval (503), the dishwasher (1) identifying the
peak (501) as part of an instruction comprising
that shock or sequence of shocks.
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