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Title: Improvements in or relating to Air-Bags

Description of Invention

THIS INVENTION relates to air-bags, and in particular to the weaving of fabric

to be used in the construction and manufacture of vehicle air-bags.

Most vehicle air-bags are formed from one or more sheets of woven fabric
which are sealed together to form at least one inflatable chamber. During
activation of the air-bag, pressurised gas is introduced rapidly into the

chamber, causing the air-bag to inflate.

Conventionally, sheets of fabric for use in the manufacture of air-bags are
formed from interwoven warp and weft yarns or threads. The warp and weft
yarns are arranged substantially at right angles to one another and interwoven
so that, as each warp yarn is followed along its length, it passes alternately
under and over successive weft yarns that are encountered. Similarly, as one
passes along the length of each weft yarn, the weft yarn passes alternatively

over and under successive warp yarns that are encountered.

It has been found that fabrics woven in this way generally display relatively

high tensile strength in the direction which is substantially aligned with the
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warp yarns, and also in the direction that is aligned with the weft yarns.
However, if tensile forces are applied to the fabric in a direction which is at
around 45° to the warp and weft yarns, the fabric is significantly weaker and

more elastic.

The skilled person will understand that there are many different designs of
vehicle air-bag. Through shaped seams and/or internal tethers, many different
3-dimensional shapes can be achieved. With more complex shapes, it is
increasingly likely that, during inflation of an air-bag, large forces will be placed
on a region of the fabric in a direction which is at around 45°to the warp and
weft yarns of the fabric. This therefore represents a weak point and is a
potential source of failure during inflation of the air-bag. There is also the
problem that, if the entire air-bag is formed from fabric that is strong enough
not to fail at the weak point, much of the air-bag will be “over-engineered” and

unnecessarily heavy and expensive.

It is an object of the present invention to seek to address at least some of

these difficulties.

Accordingly, one aspect of the present invention provides a method of weaving
fabric for use in the manufacture of a vehicle air-bag, the method comprising:
providing a weaving reed having a plurality of adjacent cells; introducing

regular warp yarns into at least some of the cells; introducing an additional
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warp yarn into one of the cells that already includes a regular warp yarn; and
carrying out a weaving process in which: weft yarns are interwoven with the
regular warp yarns and the additional warp yarn; the regular warp yarns each
remain within one cell throughout the weaving process; and the additional
warp yarn is moved from a first cell to a second cell during the weaving

process.

Advantageously, the additional warp yarn is repeatedly moved from one cell to

another cell after a set number of weft yarns have been interwoven with

regular warp yarns and the additional warp yarn.

Preferably, the additional warp yarn has properties which are different from

those of the regular warp yarns.

Conveniently, the additional warp yarn has significantly higher tensile strength

than the regular warp yarns.

Advantageously, the additional warp yarn is a conductive element.

Preferably, the method further comprises two or more additional warp yarns.

Conveniently, the additional warp yarn is moved during the weaving process

so as to follow an irregular path through the finished fabric.
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Another aspect of the present invention provides an air-bag formed from a

fabric that is woven in accordance with any preceding claim.

Advantageously, the air-bag has a region which, during inflation of the air-bag,
is expected to experience large tensile forces in a first direction, and wherein
the additional warp yarn is arranged to be in the selected region, and arranged

substantially parallel to the first direction.

Preferably, the first direction is at an angle with respect to the orientation of the

regular warp yarns.

Conveniently, the angle is at least 10°.

A further aspect of the present invention provides a method of manufacturing
an air-bag comprising the steps of: designing an air-bag, or receiving a design
for an air-bag; identifying an area of the air-bag which, during inflation, is likely
to experience large forces in a first direction; weaving a fabric in accordance
with any one of the above; and forming the air-bag, including the woven fabric,
so that the additional warp yarn passes through the identified region, and lies

substantially parallel with the first direction.
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Another aspect of the present invention provides a vehicle comprising an air-
bag module including an air-bag according to the above, wherein the
additional warp yarn is a conductive element, wherein an input device is
provided, and a signal generated by the input device my be carried by the

additional warp yarn to another component of the vehicle.

Advantageously, the signal is an electrical signal.

In order that the present invention may be more readily understood

embodiments thereof will now be described, by way of example, with reference

to the accompanying drawings, in which:

Figure 1 shows a conventional weaving process for an air-bag fabric;

Figures 2 and 3 show steps in a weaving process embodying the present

invention:;

Figure 4 shows a region of a fabric embodying the present invention; and

Figure 5 shows a CAD analysis of an inflated air-bag,

Figure 1 is a schematic view of a reed 1 that is used as part of the process for

weaving fabric for use in a conventional air-bag. The reed 1 comprises front
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and back guide surfaces 2, 3. Extending between the front and back guide
surfaces 2, 3 is a series of dividers 4. A series of enclosed cells 5 are

therefore defined between the dividers 4.

The reed 1 is open at its top and bottom surfaces (in other words, in the

directions passing directly into, and out of, the plane of the paper in figure 1).

In use, one warp yarn 6 is passed through each cell 5 of the reed 1. This
therefore constrains and guides the warp yarns 6 during the weaving process.
It will be understood that weft yarns (not shown) will be interwoven with the
warp yarns 6, and the weft yarns will pass generally in the left-right direction,

as shown in figure 1.

Because enclosed cells 5 are formed by the front and back guide surfaces 2, 3

and the dividers 4, the reed 1 shown in figure 1 is known as a closed reed.

Figure 2 shows an alternative reed 7. The alternative reed 7 has a rear guide
surface 3, with a series of dividers 4 extending therefrom, but the front guide
surface is missing. The cells 5 formed between the dividers 4 are therefore
open on the front side (i.e. the side facing towards the top of the page in figure
2), and the reed 7 generally resembles a comb. A reed of this type is known

as an open reed.
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Respective warp yarns 6 are once again received in each of the cells 5. It will
be understood that, in order to be sure that the warp yarns 6 remain within the
cells 5 during the weaving process, the warp yarns 6 may need to be biased
towards the rear side 3 of the reed and/or the dividers 4 need to be of

sufficient length to retain the warp yarns 6 in place.

In the arrangement shown in figure 2, an additional warp yarn 8 is present in a
first one 5a of the cells 5. The additional yarn 8 is present within the first cell

Sa in addition to the regular warp yarn 6 that is held within this cell 5a.

The skilled person will understand how the additional yarn 8 may be
introduced into the first cell 5a. In preferred embodiments the regular warp
yarns 6 are fed to the loom in a constant supply, and the additional warp yarn
8 is held by a movable guide bar (not shown) which has a delivery tip
positioned near the reed 7. The additional warp yarn 8 is fed through the

delivery tip of the guide bar into the desired one of the cells 5.

During a first step of a weaving process embodying the present invention, the
additional yarn 8 is held within the first cell 5a. A first weft yarn (not shown) is

interwoven with the warp yarns 6, 8 that are held by the reed 7.

Once the weaving of the first weft yarn is complete, the additional warp yarn 8

is moved from the first cell 5a to an adjacent, second cell 5b.
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In preferred embodiments of the invention, the movement of the additional
warp yarn 8 between cells 5 is achieved by manoeuvring the guide bar to
move the additional yarn 8 out of the open front end 2 of the reed 7, along the
length of the reed 7 to be aligned with a further cell 5, and then moved once

again towards the rear side 3 of the reed 7 to be held within the further cell 5.

The skilled person will appreciate that other techniques may be used to move
the additional yarn(s) between cells, and the invention is not limited to the

method described above.

Once the additional yarn 8 is received within the second cell 5b, one or more
further weft yarns (not shown) can then be interwoven with the warp yarns 6, 8

that are held by the reed 7.

Once this further weaving of one or more weft yarns has been completed, the
additional warp yarn 8 may be moved again, either to a third cell 5¢ adjacent to
the second cell 5b, back to the first cell 5a, to a different cell entirely, or out of

the reed 7 altogether.

Figure 4 shows a region 9 of fabric woven according to the present invention.
As discussed above the fabric is formed from interwoven “regular” warp yarns

10a - 10f and weft yarns 11, which are arranged so as to be substantially at
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right angles to one another. In addition to these yarns 10a - 10f, 11, an
additional warp yarn 12 is included in the region 9 of fabric. During the
weaving of the region 9 of fabric, the additional warp yarn 12 was initially in the
same cell as a first regular warp yarn 10a. As successive weft yarns 11 were
interwoven with the warp yarns 10a to 10f, the additional warp yarn 12 was
moved one cell along (as described above), so as to lie with the second

regular warp yarn 10b, then the third regular warp yarn 10c, and so on.

As can be seen from figure 4, the result is that the additional warp yarn 12
describes a generally diagonal path through the fabric, which is substantially at

45° with respect to the warp and weft yarns 10a - 10f, 11.

It will be understood that, without the inclusion of the additional warp yarn 12,
the region 9 of fabric would be relatively robust against tensile forces applied
in a direction that is substantially parallel with the warp yarns 10a - 10f
(indicated by arrow F1 in figure 4), and also to tensile forces applied in a
direction which is parallel with the weft yarns 11(indicated by arrow F» in figure
4). However, the region 9 of fabric would have stretched and/or broken more
easily if subject to tensile forces applied in a direction substantially at 45° to

the warp and weft yarns 10a - 10f, 11 (indicated by arrow F3 in figure 4).

However, with the inclusion of the additional warp yarn 12, the region 9 of

fabric is much more robust against stretching and breaking when tensile forces
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applied to the fabric in the direction F; that is at 45° to the warp and weft yarns

10a - 10f, 11.

As those skilled in the art will be aware, the strength of each warp and weft
yarn of a fabric is carefully selected. Clearly, a fabric formed from stronger
yarn will have more desirable mechanical properties. However, stronger yarns
are generally heavier and/or more expensive than weaker yarns. The weight
of the fabric (i.e. the mass per unit area of fabric) is of critical importance,
since it is desirable to reduce the overall weight of the air-bag module that
must be carried by a vehicle. Air-bag fabric must also be no more expensive

than is necessary.

Returning to figure 4, if the additional warp yarn 12 is a strengthening yarn, it is
likely to be possible to use a relatively strong, heavy, expensive yarn as the
additional warp yarn 12. This is because the overall length or quantity of the
additional warp yarn 12 that is included as part of the fabric is very small
compared to the overall length or quantity of the regular warp and weft yarns

10a - 10f, 11.

The angle of the additional warp yarn 12, with respect to the regular yarns 10a
— 10f, 11 of the fabric, can be controlled by varying the movement of the
additional warp yarn 12 through the cells of the reed during the weaving

process. For instance, the weaving process may be arranged so that the
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additional warp yarn is moved along by one cell after every two, three or more
weft yarns have been interwoven with the warp yarns. This would result in an
additional warp yarn which is arranged at a shallower angle with respect to the

regular warp yarns (i.e. closer to the vertical, as shown in figure 4).

In other examples, the weaving process may be set up so that the additional
warp yarn is moved along by more than one cell of the reed after each weft

yarn is interwoven with the warp yarns. This will result in the additional warp
yarn being arranged at a greater angle with respect to the regular warp yarn

yarns (i.e. closer to the horizontal, in the orientation shown in figure 4).

Other, intermediate angles may be achieved by varying the periodicity with
which the additional warp yarn is moved from one cell to another, for instance
by moving the additional warp yarn along by one cell after the weaving of
every two weft yarns, then every three weft yarns, then every two weft yarns

again, and so on. A skilled person will understand how this can be achieved.

In the embodiment shown in figures 1 to 4, only one additional warp yarn is
shown. However, it should be understood that any number of additional warp
yarns can be provided. These additional warp yarns may travel together
during the weaving of the fabric, i.e. as any weft yarn is interwoven with the
warp yarns, all of the additional warp yarns are received in the same cell.

Alternatively, the additional warp yarns may be received in different cells as



WO 2014/112931 PCT/SE2014/050028

12

the weft yarns are woven. The additional warp yarns may be moved along the
cells of the reed in different patterns to one another, at different rates, and
following different paths. It should be understood that additional yarns can
follow complex, irregular and/or convoluted paths through the fabric, as

required.

It will be appreciated that, in embodiments of the present invention,
strengthening yarns in any desired configuration can be included in fabric used
to form a vehicle air-bag. In particular, it is expected that the strengthening
yarns will be configured so as to run through areas of the fabric which are
expected to be under particularly high stress during inflation and deployment
of the air-bag, particularly where these stresses are likely to act at an angle
(e.g. in excess of 10° or 30°) with respect to the warp and weft yarns. A skilled
person will realise how these areas may be identified, and how strengthening
yarns may then be included in the fabric so as to run through areas of likely
high stress, and be angled and oriented so as to resist the forces that are likely

to act on the fabric during inflation and deployment.

Referring to figure 5, a CAD model of an inflated air-bag 13 is shown, with
regions of varying stress highlighted. The dark areas indicated at 14 represent
relatively low stress, and the substantially kidney-shaped light grey area 15 in
the centre of the air-bag represents relatively high stress. In this high-stress

area 15, the grid lines in figure 5 are representative of the alignment of the
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warp and weft fibres of the fabric of the air-bag 13. In the high-stress area 15,
large tensile forces will act in all directions, including at around 45° to the warp
and weft fibres. It will be understood that the high-stress area 15 represents a
possible failure point of the air-bag 13 when the air-bag 13 inflates, particularly

if the air-bag 13 is subject to a heavy impact.

In an embodiment of the invention, one or more additional strengthening yarns
may be included in the fabric of the air-bag 13, running through the high-stress
area 15. For instance, an additional strengthening yarn might run at
approximately 45° to warp and weft fibres, in the top left-bottom right direction,
as seen in figure 5. A further additional strengthening yarn may run through
the high-stress area 15 in the top right-bottom left direction, as seen in figure
5. In further embodiments several additional yarns may be included in the

high-stress area 15, and these may be spaced apart and/or generally colinear.

It will be understood how analysis of this type may allow the identification of
potentially weak areas in air-bags, and the introduction of additional yarns to
strengthen the weak areas in an effective manner without unduly increasing

the weight and cost of the air-bag.

Of course, other methods may be used to identify weak areas in air-bags, for
instance the inspection of air-bags that have undergone inflation, either in a

testing facility or in a crash condition.
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Additional yarns woven into fabric in embodiments of the invention may be
stronger, or otherwise have different properties than, the yarns which are used
to form the regular warp and/or weft yarns of the fabric. In alternative
embodiments, the additional yarn may be formed to be the same, or
substantially the same, as the yarns used to form the regular warp and/or weft

yarns.

It is also envisaged that, in embodiments of the invention, additional yarns may
have a data transmission, instead of (or as well as) a strengthening function.
For instance, a conductive element in the form of a thread, yarn, fibre or wire,
for instance formed from a conductive metal, may be woven as part of an air-

bag fabric, in the manner described above.

This conductive element may then be used to transmit data between other
components. For instance, the air-bag may, prior to deployment, be provided
as part of an air-bag module which is positioned within the centre of a steering
wheel of the vehicle. The air-bag fabric may be arranged such that, when a
central portion of the steering wheel is depressed, a circuit is completed
including the conductive element as part of the circuit, and the horn of the

vehicle is sounded.
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Alternatively, the conductive element may be used to transmit a signal from a
control element, such as an indicator stalk, on one side of the steering wheel

to another location, for instance to the other side of the steering wheel.

The skilled person will readily understand how conductive (or otherwise data-
transmitting) elements may be interwoven with an air-bag fabric to serve a
useful purpose within a vehicle. The skilled person will realise that this can
reduce the overall cost and complexity of the vehicle’s data transmission
arrangements, since there is no need to provide and install a separate data

transmission element passing across the air-bag module.

Where a conductive element, such as a metallic element, is interwoven as part
of an air-bag fabric, it is envisaged that the air-bags should be arranged so
that, when the air-bag is activated, the conductive element lies on a surface of
the air-bag that is not likely to come into contact with a vehicle occupant. This
is because, when a vehicle air-bag is activated, the gas that is introduced into
the interior of the air-bag may be at a very high temperature. A metallic
element may therefore also be heated very quickly to high temperature and, if
the heated metallic element comes into contact with a vehicle occupant, this

may result in a burn or other injury.
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It will be appreciated that embodiments of the invention can provide
strengthened and reinforced air-bag fabrics that will find application in many

different types of vehicle air-bag.

In the description above, the additional yarns that are introduced into the fabric
are described as being warp yarns. It should, however, be understood that the
additional yarns could equally be weft yarns instead of, or as well as, warp
yarns. The invention is not limited to the introduction of only additional warp

yarns.

In the specification the term “yarn” is used to refer to elongate elements such
as threads and fibres that are interwoven. It should be understood that this
term is not intended to limit the invention to any particular type of elongate
element. It is envisaged that the invention may be used with elongate
elements that are monofilament, multifilament or of any other type formed from

any suitable material.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.
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The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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Claims:

1. A method of weaving fabric for use in the manufacture of a vehicle air-
bag, the method comprising:

providing a weaving reed having a plurality of adjacent cells;

introducing regular warp yarns into at least some of the cells;

introducing an additional yarn into one of the cells that already includes
a regular warp yarn; and

carrying out a weaving process in which:

weft yarns are interwoven with the regular warp yarns and the additional
warp yarns;

the regular warp yarns each remain within one cell throughout the
weaving process; and

the additional warp yarn is moved from a first cell to a second cell

during the weaving process.

2. A method according to claim 1 wherein the additional warp yarn is
repeatedly moved from one cell to another cell after a set number of weft yarns

have been interwoven with regular warp yarns and the additional warp yarn.

3. A method according to claim 1 or 2, wherein the additional warp yarn

has properties which are different from those of the regular warp yarns.
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4. A method according to claim 3 wherein the additional warp yarn has

significantly higher tensile strength than the regular warp yarns.

. A method according to claim 3 or 4, wherein the additional warp yarn is

a conductive element.

6. A method according to any preceding claim, further comprising two or

more additional warp yarns.

7. A method according to any preceding claim, wherein the additional
warp yarn is moved during the weaving process so as to follow an irregular

path through the finished fabric.

8. An air-bag formed from a fabric that is woven in accordance with any

preceding claim.

9. An air-bag according to claim 8, wherein the air-bag has a region which,
during inflation of the air-bag, is expected to experience large tensile forces in
a first direction, and wherein the additional warp yarn is arranged to be in the

selected region, and arranged substantially parallel to the first direction.

10. An air-bag according to claim 9, wherein the first direction is at an

angle with respect to the orientation of the regular warp yarns.
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11.  An air-bag according to claim 10, wherein the angle is at least 10°.

12. A method of manufacturing an air-bag comprising the steps of:
designing an air-bag, or receiving a design for an air-bag;
identifying an area of the air-bag which, during inflation, is likely to
experience large forces in a first direction;
weaving a fabric in accordance with any one of claims 1 to 7; and
forming the air-bag, including the woven fabric, so that the additional
warp yarn passes through the identified region, and lies substantially parallel

with the first direction.

13. A vehicle comprising an air-bag module including an air-bag according
to claim 8, wherein the additional warp yarn is a conductive element, wherein
an input device is provided, and a signal generated by the input device my be

carried by the additional warp yarn to another component of the vehicle.

14. A vehicle according to claim 13, wherein the signal is an electrical

signal.
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