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(57) Abstract: A suspension mat (14) for a vehicle seat comprises one or more suspension springs (16) for supporting a cushion
(28), a support plate (18) attached to the one or more suspension springs, a mobile plate (34) coupled with the support plate, a flat
spring (26) arranged between the support plate and the mobile plate and a switch element. The mobile plate is arranged movable
between a first and a second position relative to the support plate. The flat spring biases the mobile plate toward the first position.
The switch element is located between the support plate and the flat spring, in such a way that when the mobile plate moves against a
bias of the flat spring toward the second position, the flat spring presses and actuates the switch element. The flat spring may e.g.
comprise a washer spring, a plate spring, a dome-shaped flat spring and/or a cantilever flat spring.
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DESCRIPTION

VEHICLE SEAT SUSPENSION MAT

Technical field

[0001] The present invention generally relates to the field of vehicle seats. In

particular, the invention relates to a suspension mat for a vehicle seat.

Background Art

[0002] Seat occupancy sensors are nowadays widely used in automotive vehicles
to provide a seat occupancy signal for various appliances, such as, e.g. a seat belt
reminder, an auxiliary restraint system (airbag), etc. The possibility of
customization and personalization of the vehicle by the customer is a key selling
factor of modern cars. This leads to many different variants of car interiors being
offered for one car model. With the increasing number of available options, severe
constraints arise concerning the implementation of technical equipment in the
vehicle. With seat occupancy sensors arranged between the foam body of the seat
cushion and the seat cover, every seat design (leather, cloth, sport, comfort, ...)
requires specific development effort for the occupant detection system. That
induces high development costs and therefore is an unattractive solution for the
automotive industry. A problem to be solved is, therefore, to find a sensor solution,
which is less influenced by seat design and thus can be used for a greater variety

of car seats or even car platforms.

[0003] Document EP 1 666 311 B1 discloses a vehicle seat assembly comprising
a seat support pan, a seat cushion, a spring biased lever and an operator present
switch. Both the lever and the switch are located between the cushion and the
pan, effectively integrated within the seat. The lever is movable between upper
and lower positions, with its associated spring biasing the lever toward its upper
position. The switch is designed and located so that all of its components are
housed within the support pan and none of these components extends below or
outside of the pan. When the seat is occupied, the occupant's weight depresses
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the cushion and, in turn, the lever moves against the force of the spring toward its
lower position and the switch is actuated.

[0004] A drawback of the vehicle seat assembly of document EP 1 666 331
resides in the fact that it requires the presence of a seat pan. For comfort reasons,
however, modern seats often comprise a suspension mat, instead of a seat pan, to

support the seat cushion.

Technical problem

[0005] It is an object of the present invention to overcome or at least reduce the
drawbacks of the prior art. This object is achieved by the invention as claimed in

claim 1.

General Description of the Invention

[0006] According to the invention, a suspension mat for a vehicle seat comprises
one or more suspension springs for supporting a cushion, a support plate attached
to at least one of the one or more suspension springs, a mobile plate coupled with
the support plate, a flat spring arranged between the support plate and the mobile
plate and a switch element. The mobile plate is arranged so as to be movable
between a first position and a second position with respect to the support plate.
The flat spring biases the mobile plate toward the first position. The switch element
is located between the support plate and the flat spring, in such a way that when
the mobile plate moves against a bias of the flat spring toward the second position,

the flat spring presses and actuates the switch element.

[0007] As those skilled will appreciate, when an occupant sits down on a vehicle
seat equipped with a suspension mat according to the invention and a cushion
arranged on the suspension mat, the cushion push the mobile plate into the
second position. As a result, the flat spring actuates the switch element. The
mechanical parameters of the spring and the other components of the suspension
mat can be adjusted in such a ways as to achieve a desired threshold force for the
activation of the switch element. For instance, the seat suspension mat may be
configured such that the switch element is actuated only when only when a 5th-
percentile female or heavier occupant is seated on the vehicle seat. The switch
element will be not actuated when the weight of any object or occupant on the seat
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is below the threshold force. It follows that lighter occupants (e.g. a child in a child
seat) or objects (e.g. a handbag, a laptop computer etc.) can be distinguished from
heavier ones. The threshold force is preferably set in accordance with the intended
application of the vehicle seat suspension mat, e.g. in the context of a seat belt
reminder system and/or an airbag control system. An aspect of the present
invention thus concerns a seat occupancy sensing system comprising a seat

suspension mat as described herein.

[0008] Within the context of the present document, the term “flat spring” is
intended to encompass a flat spring as such, a plate spring, a dome-shaped flat
spring, a diaphragm spring, a leaf spring, a washer spring, a cantilever flat spring
and variations of such springs.

[0009] The suspension mat is preferably configured in such a way so as to have
no negative impact on the occupant’s seating comfort and not to influence (shift)
the H-point of the car. The actuate plate is advantageously located below the H-
point and vertically aligned with the H-point.

[0010] Advantageously, the mobile plate and the support plate are made of one
piece. The mobile plate can be coupled to the support plate by a prismatic joint or
by a hinge joint, preferably as a film hinge joint.

[0011] The switch element can comprise a pressure-responsive switch (such as,
e.g., a membrane switch) or a printed circuit. The flat spring is electrically
conductive if it serves as a contact element of the switch element. The flat spring
can be made of conductive metal, preferably of steel. According to a preferred
embodiment, the printed circuit comprises a first track in electrical contact with the
flat spring, and a second track spaced from the first track and placed in such a
way the first track and the second track are put in electrical contact with each other
via the flat spring when the flat spring actuates the switch element.

[0012] Preferably, the mobile plate comprises a protrusion facing the flat spring
SO as to concentrate a force exerted by the mobile plate on a point of the flat
spring.

[0013] Advantageously, the flat spring is held jammed and in tension by
abutments provided on or in the support plate. The flat spring can comprise at
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least one of a washer spring, a plate spring, a dome-shaped flat spring and a
cantilever flat spring.

[0014] An aspect of the invention concerns a vehicle seat that comprises a
structural frame comprising at least two fixation sites, a suspension mat as
described herein, wherein taut between the fixation sites, and a cushion arranged
on the suspension mat. The mobile plate is movable between an upper and a
lower position in cooperation with the cushion. Optionally, the support plate is
arranged in a recess of the cushion.

Brief Description of the Drawings

[0015] Preferred embodiments of the invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic cross sectional view of a vehicle seat comprising a seat
suspension mat according to a first preferred embodiment of the invention in

unloaded condition (empty seat);

Fig. 2 is a schematic cross sectional view of the vehicle seat of Fig. 1 in loaded
condition (an occupant is seated on the seat);

Fig. 3 is a schematic cross sectional view of a vehicle seat comprising a seat
suspension mat according to a second preferred embodiment of the invention;

Fig. 4 is a schematic cross sectional view of a vehicle seat comprising a seat
suspension mat according to a third preferred embodiment of the invention.

Description of Preferred Embodiments

[0016] A vehicle seat 10, comprising a vehicle seat suspension mat 14 according
to a first preferred embodiment of the invention, is shown in Figs. 1 and 2. The
suspension mat 14 is equipped with an integrated occupancy detector 12. The
suspension mat 14 comprises a plurality of suspension springs 16 taut between
fixation sites of a structural frame (not shown) of the vehicle seat 10.

[0017] The occupancy detector 12 comprises a support plate 18 attached to at
least one suspension spring 16 of the suspension mat 14. The support plate 18 is

preferably carried out as a cross-tie between at least two of the suspension
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springs 16. The occupancy detector 12 further comprises a mobile plate 34
coupled with the support plate 18 in the manner of a prismatic joint, which allows
the mobile plate 34 to move between a first position, spaced from the support plate
18, and a second position, which is closer to the support plate 18. A flat spring 26
biases the mobile plate 34 towards the first position (Fig. 1). The flat spring 26 is
held jammed and in tension by protrusions of the support plate 18, which serve as
abutments 22 for the flat spring 26.

[0018] A cushion 28 is arranged on the suspension mat 14. In the illustrated
embodiment, the cushion 28 comprises a recess 20 at its bottom side for
accommodating the occupancy detector 12. It is worthwhile noting that the recess
20 is optional if the overall height of the occupancy detector is small (e.g. below

1.cm).

[0019] At least the concave side of the flat spring 26 is made of conductive
material, e.g. a metal coating. Preferably, however, the entire flat spring 26 is
made of metal, such as e.g. steel. Underneath the flat spring 26, the support plate
18 carries a printed electrical circuit. The printed circuit comprises a first track 30
in permanent electrical contact with the flat spring 26 and a second track 32
spaced from the first track 30. The second track 32 is positioned such that, when
the flat spring 26 bends downwardly under the action of an applied force, it
ultimately contacts the second track 32 and thereby establishes an electrical
contact between the first track 30 and the second track 32. The electrical shorting
of the first and second tracks 30, 32 is detected by a control and evaluation circuit
42.

[0020] While the vehicle seat 10 is unoccupied (truly empty or carrying a light
object, e.g. a handbag), the flat spring 26 is bend upward, and the first and second
tracks 30, 32 are out of contact. As shown in Fig. 2, an occupant seated on the
vehicle seat 10 causes the cushion 28 to press on the mobile plate 34 and to
move it from the first position to the second position, in which it forces the flat
spring 26 into contact with the second track 32. Arrow 40 indicates the increased

force transferred on the suspension mat 14 due to the weight of the occupant.

[0021] A decrease of electrical resistance between the first 30 and the second
track 32 thus indicates the presence of an occupant on the seat 10. The control
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and evaluation circuit 42 comprises an output 44 for outputting a signal indicative
of whether the vehicle seat 10 is occupied or not to a vehicle’s onboard computer
and/or to a seat belt reminder device.

[0022] It may be noted that the first and second tracks 30, 32 need not be
electrically insulated from each other while the flat spring 26 does not provide the
electrical contact. Indeed, the first and second tracks 30, 32 may be connected to
each other via a resistor, which is shunted in case of the vehicle seat 10 is
occupied. This option has the advantage that the control and evaluation circuit 42
measures a finite resistance between the first and second tracks 30, 32 when the
vehicle seat 10 is unoccupied, which allows checking circuit integrity (absence of a

circuit interruption e.g. due to damage) and issuing an error message if necessary.

[0023] A vehicle seat 110 comprising a suspension mat 114 according to a
second preferred embodiment of the invention is shown in Fig. 3. As in the
preceding embodiment of the invention, the vehicle seat 110 comprises a
structural frame (not shown), a suspension mat 114 carrying a cushion 128. The
suspension mat 114 comprises an occupancy detector 112 for detecting the

occupancy state (“unoccupied” or “occupied”) of the vehicle seat 110.

[0024] The occupancy detector 112 comprises a support plate 118 and a mobile
plate 134 in the form of a flap attached to the support plate 118 by a film hinge
joint 150. The support plate comprises a generally flat middle portion 124 having a
first and a second wing portion 146 laterally fixed to it. The wing portions 146 rest
on one or more suspension springs 116 of the suspension mat 114. Optionally, the
wing portions 146 may be fixed to the one or more suspension springs 116 by
clips (not shown). Alternatively, the support plate 118 may be produced by
injection moulding of plastic material around the one or more suspension springs
116. The middle portion 124 is set back from the upper surface of the wing
portions 146, in such a way that a recess is defined between the wing portions
146. The recess accommodates flat spring 126, preferably in the form of a metal
dome. A pressure-responsive switch 154 (e.g. a membrane switch) is arranged
underneath the flat spring 126 on the middle portion 124 of the support plate 118.
The flat spring 126 is jammed between abutments 122 in such a way that it adopts
an arcuate shape when unloaded. The flat spring 126 biases the mobile plate 134
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into a first position, which is spaced from the middle portion 124 of the support
plate 118.

[0025] When the seat 110 is occupied, the cushion 128 is compressed, protrudes
into the recess formed between the wing portions 146 of the support plate 118 and
thereby pushes the mobile plate 134 towards a second position, which is closer to
the middle portion 124 of the support plate 118. While the mobile plate 134 is
moved, it presses down the flat spring 126, which, in turn, gets into contact with
the pressure-responsive switch 154. The pressure-responsive switch 154 is
connected with a control and evaluation circuit 142, which outputs a signal 144
indicative of whether the pressure-responsive switch 154 is being actuated or not
and thus of whether the vehicle seat 110 is occupied or unoccupied.

[0026] It may be noted that the mobile plate 134 and the support plate 118 may

be made as one piece, e.g. an injection-molded piece of plastic.

[0027] Advantageously, the mobile plate 134 comprises a protrusion 152 facing
the flat spring 126. The protrusion 152 serves to define a precise point of
application of the force between the mobile plate 134 and the flat spring 126.
Accordingly, the forces transferred by the mobile plate 134 from the cushion 128

onto the flat spring 126 are concentrated in one point of the flat spring 126.

[0028] Fig. 4 illustrates a vehicle seat 210 comprising a suspension mat 214
according to a third preferred embodiment of the invention. The suspension mat
214 according to the third embodiment differs from the suspension mat 114 shown
in Fig. 3 only in the arrangement of one of the wing portions 246 and in the
position of the film hinge joint 250. In all other respects, the suspension mat 214 of
Fig. 4 is exactly the same as the suspension mat 114 of Fig. 3. What has been

said above in relation with Fig. 3 thus applies also to Fig. 4.

[0029] While specific embodiments have been described in detail, those skilled in
the art will appreciate that various modifications and alternatives to those details
could be developed in light of the overall teachings of the disclosure. Accordingly,
the particular arrangements disclosed are meant to be illustrative only and not
limiting as to the scope of the invention, which is to be given the full breadth of the

appended claims and any and all equivalents thereof.
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Claims

1.

A vehicle seat suspension mat (14), comprising:

one or more suspension springs (16) for supporting a cushion (28);

a support plate (18) attached to at least one of said one or more suspension
springs (16);

a mobile plate (34) coupled with said support plate (18), said mobile plate (34)
being movable between a first position and a second position with respect to
said support plate (18);

a flat spring (26) arranged between said support plate (18) and said mobile
plate (34) so as to bias said mobile plate (34) toward said first position; and

a switch element located between said support plate (18) and said flat spring
(26), in such a way that when said mobile plate (34) moves against a bias of
said flat spring (26) toward said second position, said flat spring (26) presses
and actuates said switch element.

A vehicle seat suspension mat as claimed in claim 1, wherein said mobile
plate (34) is coupled to said support plate (18) by a prismatic joint.

A vehicle seat suspension mat as claimed in claim 1 or 2, wherein said mobile
plate (34) is coupled to said support plate (18) by a hinge joint.

A vehicle seat suspension mat as claimed in claim 3, wherein said hinge joint
is carried out as a film hinge joint (150).

A vehicle seat suspension mat as claimed in claim 4, wherein said mobile
plate (34) and said support plate (18) are made of one piece.

A vehicle seat suspension mat as claimed in anyone of the preceding claims,
wherein said switch element comprises a printed circuit, said flat spring (26) is
conductive, preferably made of conductive metal, more preferably made of
steel, said printed circuit comprises a first track (30) in electrical contact with
said flat spring (26), and a second track (32) spaced from said first track (30)
and placed in such a way said first track (30) and said second track (32) are
put in electrical contact with each other via said flat spring (26) when said flat
spring (26) presses said switch element.

A vehicle seat suspension mat as claimed in any one of the claims 1 to 5,
wherein said switch element comprises a pressure-responsive switch (154).
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10.

11.

12.

10

A vehicle seat suspension mat as claimed in any one of the preceding claims,
wherein said mobile plate (34) comprises a protrusion (152) facing the flat
spring (26) so as to concentrate a force exerted by said mobile plate (34) on a
point of said flat spring (26).

A vehicle seat suspension mat as claimed in any one of the preceding claims,
wherein said flat spring (26) is held jammed and in tension by abutments (22)
provided on or in said support plate (18).

A vehicle seat suspension mat as claimed in any one of the preceding claims,
wherein said flat spring (26) comprises at least one of a washer spring, a plate
spring, a dome-shaped flat spring and a cantilever flat spring.

A vehicle seat (10), comprising:

a structural frame comprising at least two fixation sites;

a suspension mat (14) according to any one of the preceding claims, wherein
said suspension mat (14) is taut between said fixation sites;

a cushion (28) arranged on said suspension mat (14), said mobile plate (34)
being movable between an upper and a lower position in cooperation with said
cushion (28).

A vehicle seat according to the claim 11, wherein said support plate (18) is
arranged in a recess (20) of said cushion (28).
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