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(57) Abstract: A housing device (1), provided with a system
(9) for detecting the load applied to an element ( 15) ar-
ranged in said housing (1), comprises an inner part (3) adap-
ted to support said element ( 15) and an outer part (2), said
inner and outer parts (2, 3) being linked by at least two de-
formable connecting elements (5, 6), such that the inner part
(3) may be displaced relative to the outer part (2) under the
action of a load applied to said element (15), the system (9)
for detecting the applied load comprising first detection
means ( 10) for directly detecting the displacement of one of
the parts (3), relative to the other part (2), under the action
of a load applied to said element (15). Said housing (1) com-
prises a deformable ring (7) mounted in the bore (3a) of the
inner part (3).
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Device for housing a bearing provided with a system for detecting

the load applied to the bearing

The present invention relates to the field of housing device for
bearings, in particular for rolling bearings. More particularly, the
invention relates to the detection of the load applied to said bearings
during operation or standstill, for example in a washing machine.

Conventionally, a bearing device is mounted inside the hub of a
washing machine in order to support the drum shaft. Such bearing
device comprises a housing made of steel and elastomer so as to be
deformed elastically upon introduction of clothes in the drum, and
upon rotation of the drum due to centrifugal forces. The bearing device
usually contains displacement sensors for calculating forces linked to
the weight of the clothes in the drum.

Patent application WO 2007/077307 (SKF) discloses a housing
device having an outer part and an inner part provided with a bore
adapted to cooperate with a rolling bearing mounted on the drum shaft
of a washing machine. Said parts are linked by two deformable
connecting elements such that the inner part may be displaced relative
to the outer part under the action of a load applied to the rolling
bearing. Said housing is provided with a system for detecting the load
applied to the bearing.

However, such device is very sensitive to temperature
variations because of the material used for the inner and outer parts.

Moreover, it is particularly difficult to determine the load
during standstill.

One aim of the present invention is therefore to overcome the
aforementioned drawbacks.

It is a particular object of the present invention to provide a

reliable and accurate load measurement device.



10

15

20

25

30

WO 2012/123010 PCT/EP2011/053686

It is another object of the present invention to provide a device
for measuring load which is not very sensitive to variations in
environmental conditions, such as temperature variations, and able to
determine the load during standstill.

In one embodiment, the invention provides a housing device,
provided with a system for detecting the load applied to an eclement
arranged in said housing, comprises an inner part adapted to support
said element and an outer part, said inner and outer parts being linked
by at least two deformable connecting eclements, such that the inner
part may be displaced relative to the outer part under the action of a
load applied to said element, the system for detecting the applied load
comprising first detection means for directly detecting the
displacement of one of the parts, relative to the other part, under the
action of a load applied to said element.

The housing comprises a deformable ring mounted in the bore
of the inner part.

Under static or quasi-static conditions, it is the deformable ring
which deforms under the action of load applied to the element inside
the housing; while under dynamic conditions, the deformable ring
reaches its maximum deformation and thus becomes hard which lead to
the deformation of the deformable connecting elements linking the
inner and outer parts. Thanks to the deformable ring, low loads can be
detected at static or quasi-static conditions.

Advantageously, the housing comprises second detection means
for detecting the deformation of the deformable ring under the action
of a load applied to the element.

In one embodiment, the deformable ring is in direct contact
with the element arranged in said housing.

In another embodiment, the housing comprises an intermediate

ring between the deformable ring and the element.
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For example, the intermediate ring comprises on its outer
surface an annular groove adapted to cooperate with the deformable
ring.

Advantageously, the first detection means comprise a first
mobile detection portion rigidly connected to the inner part and a first
fixed detection portion mounted in the bore of outer part, said first
mobile and fixed portions being aligned.

More preferably, the outer part may extend axially beyond the
inner part.

The second detection means may comprise a second mobile
detection portion rigidly connected to the intermediate ring and a
second fixed detection portion mounted in the bore of outer part, on
the axial part extending beyond the inner part, said second mobile and
fixed portions being aligned.

Preferably, the first and second detection means comprise at
least one capacitive sensor.

The deformable ring may be made of clastomeric material.

More preferably, said element arranged in the housing
comprises a bearing.

According to another aspect, it is proposed a washing machine
comprising a drum rotatably mounted on a fixed hub by means of at
least one rolling bearing arranged in a housing as previously
described.

Advantageously, the housing is angularly positioned in such a
way that the detection means are located either on the top or bottom
vertical position.

The present invention will be better understood with the aid of
the detailed description of a number of embodiments given by way of
non-limiting example and illustrated by the attached drawings, in
which:

-  Figure 1 is a perspective view of a housing device

according to the invention;
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- Figure 2 is a front view of the housing device of figure 1;

- Figure 3 is an axial section, along line III-1II of Figure 2 ;

- Figure 4 is a view in axial section of a part of a washing
machine having a housing device according to Figure 3.

As illustrated on Figures 1 and 2, a housing device, designed
by general reference number 1, is designed to be installed in a
mechanical assembly, for example a casing, a frame or a support (not
illustrated) and comprises an outer part 2 and an inner part 3 separated
by a space.

The inner part 3 comprises a body of annular shape having a
substantially uniform thickness. The outer part 2 comprises a body of
general annular shape having a substantially uniform thickness and
adapted to be mounted in the bore of a casing, for example the hub 14
of a washing machine as illustrated in Figure 4.

The inner and outer parts 2, 3 are linked together by two
deformable connecting elements 5, 6, for example having four arms 5Sa,
5b, 6a, 6b of rounded shape and deformable, such that the inner part 3
may be displaced relative to the outer part 2 under action of a load
applied to an element inside the inner part 3. The arms 5a, 5b, 6a, 6b
are arranged symmetrically relative to a perpendicular plane passing
through the axis X of the housing device 1. The connecting elements 5,
6 are capable of being eclastically deformed in an applied load range
which is sufficiently wide. The outer part 2, the inner part 3 and the
connecting eclements 5, 6 are in one piece, and may be made by
moulding synthetic material or even by moulding a metal for example
steel or an aluminium alloy.

The housing device 1 further comprises a deformable ring 7,
made for example in clastomeric material, such as natural rubber or
silicone material. The deformable ring 7 is mounted in the bore 3a of
the inner part 3 and can be directly or indirectly in contact with the
clement arranged inside the housing device 1.

As illustrated on the embodiment of figures 1 and 2, the
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housing device 1 comprises an intermediate ring 8 arranged in the bore
3a of the inner part 3, in such a way that the deformable ring 7 is
disposed between the inner part 3 and said intermediate ring 8.

The structure of the housing device 1 is explained in more
detail in figure 3, which illustrate an axial view along III-III of figure
2.

The outer part 2 extends axially beyond the inner part 3 and
has substantially the same axial length as the intermediate ring §.

The intermediate ring 8 is provided on its outer surface 8a with
an annular groove 8b adapted to cooperate with the deformable ring 7
and extends axially beyond the inner part 3. The annular groove 8b
presents an axial length slightly larger than the axial length of the
deformable ring 7 in order to allow an axial deformation of the
deformable ring 7. The inner part 3 of the housing device 1 is provided
on its bore 3a with an annular groove 3b adapted to cooperate with the
deformable ring 7.

The housing device 1 further comprises a system for detection
9 of the load applied to an element arranged in said housing device 1.
The system for detection 9 is locally implemented between the outer
part 2 and the intermediate ring 8, and preferably in the top vertical
position shown on figures 2 to 4, once installed in a mechanical
assembly, such as a washing machine 12. The system for detection 9
comprises two detection means 10, 11, first detection means 10 are
mounted between the inner and outer parts 2, 3 for detecting the
displacement of one of the parts 3 relative to the other 2, and second
detection means 11 are mounted between the intermediate ring 8 and
the outer part 2 for detecting the deformation of the deformable ring 7
under the action of a load applied to the element arranged inside the
housing device 1. The detection means 10, 11 may be of the capacitive
type.

The first detection means 10 comprises a first mobile detection

portion 10a rigidly connected to the inner part 3 and extending
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towards the outer part 2 and a first fixed detection portion 10b
mounted in the bore 2a of the outer part 2 and extending towards the
inner part 3, said first mobile and fixed portions 10a, 10b being
aligned. A gap 9a is provided between the first mobile and fixed
portions 10a, 10b.

The second detection means 11 comprise a second mobile
detection portion 1la rigidly connected to the intermediate ring 8 and
a second fixed detection portion 11b mounted in the bore 2a of the
outer part 2, on the axial part extending beyond the inner part 3. The
second mobile and fixed portions 11la, 11b are aligned. A gap 9b is
provided between the second mobile and fixed portions 11a, 11b.

As may be seen on Figure 4, the housing device is mounted in a
washing machine 12 comprising a drum shaft 13 rotatably mounted on
a fixed hub 14 by at least one rolling bearing 15. The housing device 1
surrounds the rolling bearing 15. The hub 14 can be made of metal,
such as steel or aluminium. The inner part 3 of the housing device 1 is
provided with a bore 8c adapted to cooperate with the rolling bearing
15 mounted on the drum shaft 13.

The rolling bearing 15 comprises an outer ring 15a, an inner
ring 15b and a row of rolling elements 15c¢, in this case balls,
maintained at regular circumferential space by a cage 15d. The rolling
clements 15c¢ are arranged between an inner bearing race of the outer
ring 15a and an outer bearing race of the inner ring 15b.

The drum shaft 13 is capable of being subjected to a radial load
oriented in the direction of the arrow F. Said load causes a slight
radial displacement of the shaft 13, the rolling bearing 15, the
intermediate ring 8 and the inner part 3 relative to the outer part 2 of
the housing device 1.

When a load is applied to the rolling bearing 15, the outer part
2 remains substantially immobile, whilst the intermediate ring 8 and
possibly also the inner part 3 are displaced in the direction of the load

applied, thanks to the deformation of the deformable connecting
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elements 5, 6. The first 10 and second 11 detection means are
preferably located in the top vertical position, so that when F is
applied, the gaps 9a, 9b between the first mobile and fixed portions
10a, 10b and between the second mobile and fixed portions 11a, 11b
are increased. If F increases, these gaps will increase as well.
Alternatively, the first 10 and second 11 detection means could be best
located in the bottom vertical position, so that when F is applied, the
gaps 9a, 9b are decreased.

Under static or quasi-static conditions, at a rotational speed of
the drum shaft 13 comprised between 0 and 100 rpm (rotation/minute),
for example upon introduction of clothes in the washing machine 12, it
is the deformable ring 7 that deforms elastically. The deformation at
quasi-static conditions is measured thanks to the second detection
means 11.

Under dynamic conditions, for example at a rotational speed of
the drum shaft larger than 100 rpm (rotation/minute), due to
centrifugal forces, the deformable ring 7 reaches its maximum
deformation and becomes hard. It is thus the connecting arms 5a, 5D,
6a, 6b which deform, downwardly, but without substantially deforming
the inner portion 3 due to its annular structure and without
substantially deforming the outer part 2. The deformation at dynamic
conditions is thus further measured with the first detection means 10.

The invention is not limited to the embodiments described and
may be the subject of many variants. It could also be possible to mount
the deformable ring directly on the outer ring of the rolling bearing,
without an intermediate ring.

The housing device according to the invention for supporting
load sensors is particularly economical, able to be used with
conventional bearings and can be provided with speed sensors and/or
temperatures sensors.

Furthermore, such a housing device is able to be mounted in a

simple manner, while ensuring an accurate and reliable measurement
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of the load.

Finally, thanks to a deformable ring arranged between the inner
part and the rolling bearing, which is less sensitive to temperature
variations than the inner part, it is possible to measure small loads,
such as 0.150 kg (kilograms), and loads under static or quasi-static

conditions.
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CLAIMS

I. A housing device (1), provided with a system (9) for
detecting the load applied to an element (15) arranged in said housing
(1), comprises an inner part (3) adapted to support said element (15)
and an outer part (2), said inner and outer parts (2, 3) being linked by
at least two deformable connecting elements (5, 6), such that the inner
part (3) may be displaced relative to the outer part (2) under the action
of a load applied to said element (15), the system (9) for detecting the
applied load comprising first detection means (10) for directly
detecting the displacement of one of the parts (3), relative to the other
part (2), under the action of a load applied to said element (15),
characterized in that the housing (1) comprises a deformable ring (7)
mounted in the bore (3a) of the inner part (3).

2. Housing according to claim 1, comprising second detection
means (11) for detecting the deformation of the deformable ring (7)
under the action of a load applied to the element (15).

3. Housing according to claim 1 or 2, in which the deformable
ring (7) is in direct contact with the element (15) arranged in said
housing (1).

4. Housing according to claim 1 or 2, comprising an
intermediate ring (8) between the deformable ring (7) and the element
(15).

5. Housing according to claim 4, in which the intermediate ring
(8) comprises on its outer surface (8a) an annular groove (8b) adapted
to cooperate with the deformable ring (7).

6. Housing according to any one of the preceding claims, in
which the first detection means (10) comprise a first mobile detection
portion (10a) rigidly connected to the inner part (3) and a first fixed
detection portion (10b) mounted in the bore (2a) of outer part (2), said
first mobile and fixed portions (10a, 10b) being aligned.

7. Housing according to any one of the preceding claims, in
which the outer part (2) extends axially beyond the inner part (3).
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8. Housing according to claim 7, in which the second detection
means (11) comprise a second mobile detection portion (11a) rigidly
connected to the intermediate ring (8) and a second fixed detection
portion (11b) mounted in the bore (2a) of outer part (2), on the axial
part extending beyond the inner part (3), said second mobile and fixed
portions (11a, 11b) being aligned.

9. Housing according to claims 2 to 8, in which first and second
detection means (10, 11) comprise at least one capacitive sensor.

10. Housing according to any one of the preceding claims, in
which the deformable ring (7) is made of elastomeric material.

11. Housing according to any one of the preceding claims, in
which said element (15) arranged in the housing (1) comprises a
bearing.

12. Washing machine comprising a drum shaft (13) rotatably
mounted on a fixed hub (14) by means of at least one rolling bearing
(15) arranged in a housing (1) as claimed in any one of the preceding
claims.

13. Washing machine according to claim 12, in which the
housing is angularly positioned in such a way that the detection means

(10, 11) are located either on the top or bottom vertical position.
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