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Fabric product and sensing fabric made thereof

Fabric product 1 comprising a top layer 2 and a

lower layer 3, the top layer 2 comprising a series of al-
ternate insulating strips 4 and conductive strips 5, the
bottom layer 3 having low conductivity properties, which

comprises cross-yarns 6 of low conductivity material ex-
tending from the bottom layer 3 to the conductive strips
5 of the top layer 2.
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Description

[0001] The present invention relates to a fabric des-
tined to be used in a fabric sensor, that can be made in
a single process and obtained as a single product.

BACKGROUND OF THE INVENTION

[0002] The state of the art comprises many fabric prod-
ucts comprising a top layer and a lower layer, and an
intermediate nonconductive layer therebetween, such
that when pressing the layers towards each other, its
electrical properties change at the pressure points, and
a sensor is obtained.

[0003] Such structure is found, for example in
EP1756538, which discloses a textile pressure sensor
with a flexible design which can be adapted to different
shapes of load and comprising a sandwich construction
with electrodes at each side of a central compressible
layer. The compressible layer has a reversible effect and
is applied onto a flexible base electrode layer and is cov-
ered by an insulating layer. The sensor is completed by
a pattern of flexible electrodes of selected shapes applied
to the insulating layer and with each electrode with a sep-
arate connection to a processor.

[0004] As another example, GB2443208 discloses a
textile pressure sensing element constructed from elec-
tro-conductive yarns as a single sheet of fabric. The el-
ements include multiple compressible junctions, each
junction comprising two overlapping electro-conductive
yarns separated by a gap. The gap is filled with a resilient
compressible material. The sensor may be a capacitive
sensor where the gap is filled with a dielectric material.
By measuring the capacitance of the overlapping con-
ductors the size of the gap, and thus the force applied to
the junction is measured in order to determine pressure.
Alternatively the sensor may be aresistive sensor where
the gap is filled with a compressible conductive material
whose resistance varies with compression, and resist-
ance is measured to determine applied force.
CA2665555 discloses a capacitance pressure mapping
system which includes a plurality of sensor cells created
by the intersection of electrode columns and rows, and
a solid elastomer dielectric separating the electrode col-
umns and rows.

[0005] All those sensing fabrics have the drawback of
having a complex configuration and complex manufac-
turing process, that is, are multiple processes.

[0006] On the other hand, there are many heating fab-
rics belonging to the state of the art, and that are related
to some embodiments of the present invention.

[0007] US7712826, EP2204482, W02011117413 and
EP2108724 disclose a heating fabrics, some of them
specially designed for vehicle seats.

[0008] However, none of the preceding documents dis-
closes fabric sensors provided with heating function, and
that can be obtained in a single process.
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DESCRIPTION OF THE INVENTION

[0009] To overcome the above-mentioned drawbacks,
the present invention proposes a fabric product compris-
ing a top layer and a lower layer, the top layer comprising
a series of alternate insulating strips and conductive
strips, the bottom layer having low conductivity proper-
ties, characterised in that it comprises cross-yarns of
low conductivity material extending from the bottom layer
to the conductive strips of the top layer.

[0010] This fabric can be made in a warp knitting ma-
chine, i.e., in asingle process, and provides for the basic
part of a sensing fabric, when a third conductive layer
equal to top layer is added at the bottom of the lower
layer. This conductive surface could be the fabric itself,
as shown below and claimed in claim 12.

[0011] Preferably, the fabric product comprises an in-
termediate layer having low conductivity or insulating
properties knitted with the top layer and the lower layer,
the cross yarns extending through said intermediate lay-
er. In this case, the fabric can be a spacer warp knitting
machine too.

[0012] This intermediate layer ensures a positive rela-
tion between pressure and conductivity, such that the
sensor made with the fabric is able to measure electrical
response in a direct relation with the applied pressure
with high dimensional stability.

[0013] The inventive fabric can have the following op-
tional features, taken alone or in combination:

- thetop layer comprises a series of alternate insulat-
ing strips, conductive strips and heating strips, the
insulating strips being inserted between the conduc-
tive strips and the heating strip, thus providing for a
multi-functional fabric. Its capabilities can be further
enhanced by relating, by means of a control system,
both functions, for example for heating conditioned
to pressure.

- the heating strips are made of polyester and aceri-
nox, or copper-plated or copper-silver or carbon, or
any polymeric, ceramic or metallic conductive mate-
rial yarns).

- the insulating strips are made of polymeric yarns.

- the conductive strips are made of copper-plated or
copper-silver, or any polymeric, ceramic or metallic
conductive material.

- the cross-yarns have a nylon core coated with car-
bon particles or any yarn with piezoresistive proper-
ties.

- all the layers are preferably made of multi-filaments
yarns.

- the intermediate layer of the spacer fabric is prefer-
ably made of monofilament yarns.

[0014] A second object of the invention is a sensing
fabric comprising two inventive fabrics as set above,
wherein the two fabrics are placed with the lower layers
of both fabrics in contact, the strips of the two fabrics
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being non-parallel, and preferably perpendicularly ar-
ranged.

[0015] Another object of the invention is a seat, mat-
tress or floor provided with the latter sensing fabric.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a better understanding of the aforemen-
tioned, drawings are attached wherein, schematically
and only by way of non-limitative example, several prac-
tical embodiments are represented.

Figure 1 is a schematic cross-section of a fabric ac-
cording to a first embodiment of the invention.
Figure 2 is a schematic cross-section of a fabric ac-
cording to a second embodiment of the invention.
Figure 3 is a schematic cross-section of a fabric ac-
cording to a third embodiment of the invention.
Figure 4 is a schematic cross-section of a fabric ac-
cording to a fourth embodiment of the invention.
Figure 5 is yarn diagram for a single bar Raschel
machine Fabric, that provides for a warp knitted fab-
ric.

Figure 6 is a yarn diagram for a double bar Raschel
machine Fabric, that provides for a spacer warp knit-
ted fabric

DESCRIPTION OF PREFERRED EMBODIMENTS

[0017] As shown in Figs. 1 to 4, the invention relates
to a fabric product 1 comprising a top layer 2 and a lower
layer 3, the top layer 2 comprising a series of alternate
insulating strips 4 and conductive strips 5, the bottom
layer 3 having low conductivity properties.

[0018] According to a first embodiment shown in Fig.
1, the inventive fabric comprises cross-yarns 6 of low
conductivity material extending from the bottom layer 3
to the conductive strips 5 of the top layer 2. This fabric
can be made in a single bar Raschel machine.

[0019] This inventive fabric, when arranged on a con-
ductive surface, will behave as a sensor. By establishing
a voltage between the conductive surface and the con-
ductive strips and pressing the fabric, the fabric becomes
conductive at the pressure points, thus allowing it to be
used as a switch or a pressure sensor.

[0020] Specifically, the fabric is structured in different
layers, each layer with its material and knitting properties
to make the fabric change its electrical properties when
pressure applied to it. The top and the bottom layer are
conductive and act as electrodes. Between these both
conductive layers a certain configuration of yarns with
insulating and specific conductivity properties are knitted.
When the fabric is not pressed, there is no physical con-
tact between the conductive yarns and the yarns of spe-
cific conductivity properties, so that conductivity between
both electrodes is zero. When the fabric is pressed, phys-
ical contacts between the conductive and these yarns
with specific conductivity start to happen and conductivity
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paths are created. The more pressure applied, the more
physical contacts between these yarns, and the higher
is the conductivity (lower the resistance).

[0021] According to a second embodiment shown in
Fig. 2, the inventive fabric comprises a top layer 2 pro-
vided with a series of alternate insulating strips 4, con-
ductive strips 5 and heating strips 8, the insulating strips
4 being inserted between the conductive strips 5 and the
heating strips 8.

[0022] The heating function is ensured because con-
ductive yarns increase their temperature when current
circulates along them. Specific heating strips with certain
conductive yarns are knitted to obtain this function sep-
arately from the pressure sensor function. Between both
functions - that means, between both strips- insulating
strips are knitted to avoid any current circulating between
the heating and the sensing yarns.

[0023] According to a third embodiment shown in Fig.
3, the fabric comprises an intermediate layer 7 having
low conductivity properties weaved with the top layer 2
and the lower layer 3, the cross yarns 6 extending through
said intermediate layer 7. This intermediate layers also
avoid a direct contact between the electrode layers to
avoid any short circuit.

[0024] According to afourth embodiment shownin Fig.
4, the inventive fabric comprises a top layer 2 provided
with a series of alternate insulating strips 4, conductive
strips 5 and heating strips 8, the insulating strips 4 being
inserted between the conductive strips 5 and the heating
strips 8 and an intermediate layer 7 having low conduc-
tivity properties weaved with the top layer 2 and the lower
layer 3.

[0025] Another object of the invention is a sensing fab-
ric comprising two fabrics 1 according to any of the in-
ventive embodiments previously described, wherein the
two fabrics are placed with the lower layers of both fabrics
in contact, the strips of the two fabrics being non-parallel,
and preferably perpendicularly arranged, i.e., in an anal-
ogous manner as disclosed in CA2665555.

[0026] The sensing fabric can be applied to seats, for
example a vehicle seat, a theatre or stadium seat. It can
be applied to mattresses or heating floors too.

[0027] Inits basic configuration, without an intermedi-
ate layer, the sensing fabric can be used in keyboards,
button boards or joysticks.

[0028] Figure 4 shows a yarn arrangement that can be
carried out with a single bar Raschel machine. Specifi-
cally it comprises a multi-flament of bottom layer 3, a
cross-yarn with piezoresistive properties 6, a multifila-
ment of intermediate layer 7, a conductive yarn 5, an
Insulating yarn 4 and a heating yarn 8.

[0029] Figure 5 shows a yarn arrangement that can be
carried out with a double bar Raschel machine, which
allow for obtaining a spacer warp knitting fabric, which
has to be understood as a fabric with an intermediate
that provides for a relatively thick fabric. This one com-
prises two multi-filaments of bottom layer 3a and 3b, a
cross-yarn with piezoresistive properties 6, a monofila-
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ment of intermediate layer 7, a conductive yarn 5, an
Insulating yarn 4 and a heating yarn 8.

[0030] Although reference has been made to specific
embodiments of the invention, itis apparent to one skilled
in the art that the fabrics and the sensing fabrics de-
scribed are susceptible to numerous variations and mod-
ifications, and that all the details mentioned can be sub-
stituted by other technically equivalent, without departing
from the scope of protection defined by the appended
claims.

Claims

1. Fabric product (1) comprising a top layer (2) and a
lower layer (3), the top layer (2) comprising a series
of alternate insulating strips (4) and conductive strips
(5), the bottom layer (3) having low conductivity prop-
erties, characterised in that it comprises cross-
yarns (6) of low conductivity material extending from
the bottom layer (3) to the conductive strips (5) of
the top layer (2).

2. Fabric product according to claim 1, comprising an
intermediate layer (7) having low conductivity or in-
sulating properties weaved with the top layer (2) and
the lower layer (3), the cross yarns (6) extending
through said intermediate layer (7).

3. Fabric product according to claim 2, said product (1)
being a warp knitting technology.

4. Fabric product according to claim 2, said product (1)
being a spacer warp knitting technology.

5. Fabric according to any of the previous claims,
wherein the top layer (2) comprises a series of alter-
nate insulating strips (4), conductive strips (5) and
heating strips (8), the insulating strips (4) being in-
serted between the conductive strips (5) and the
heating strips (8).

6. Fabric according to claim 5, wherein the heating
strips (8) are made of polyester and Acerinox, or cop-
per-plated or copper-silver or carbon, or any poly-
meric, ceramic or metallic conductive material
yarns).

7. Fabric according to any of the previous claims,
wherein the insulating strips (4) are made of Poly-
meric yarn.

8. Fabric according to any of the previous claims,
wherein the conductive strips (5) are made of cop-
per-plated or copper-silver or carbon, or any poly-
meric, ceramic or metallic conductive material.

9. Fabric according to any of the previous claims,
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10.

1.

12.

13.

14.

15.

wherein the cross-yarns (6) have a polymeric core
coated with carbon particles or any yarn with pie-
zoresistive properties or any yarn with specific con-
ductive properties.

Fabric according to any of the preceding claims,
wherein any layer (3) is made of multi-filament yarns.

Fabric according to claim 2 or claim 4, wherein the
intermediate layer (7) is made of monofilament
yarns.

Sensing fabric comprising a fabric according to any
of the preceding claims with the bottom layer in con-
tact with a conductive surface.

Sensing fabric comprising two fabrics according to
any of claims 1 to 11, wherein the two fabrics are
placed with the free surfaces of the bottom layer in
contact, the strips of the two fabrics being non-par-
allel, and preferably perpendicularly arranged.

Seat provided with a sensing fabric according to
claim 10.

Mattress provided with a sensing fabric according to
claim 10.
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