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Abstract:

To manufacture airbags consisting of a contact
fabric and/or a filter fabric it ié proposed to use
hollow fibre synthetic filament Yarns having a hollow
area fraction of 10-40%, based on the total cross-
sectional area of the fibre. The closeness values are

>72% for the contact fabric and 45-68% for the filter

fabrics. These have a beneficial effect on the working of
an airbag.
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Description: .

5 - The invention relates to an airbag cohsn.st:.ng of
at least one contact fabric and/or at least one filter
fabric, the contact fabric having an air permeability
< 10 1/dm* - min and the filter fabric ha\fing an air
permeability of 20-100 1/dm® - min. '

10 Airbags are usually manufactured”' from high-
strengf:h woven fabrics. With these fabrics a specific air
permeability is a partlcularly important requn.rement.
However, an airbag is frequently manufactured not just

- from one fabric having a low air permeability. True, as

15 the ‘airbag inflates, it is necessary that the fabric
against which the gas which flows into the inflating
‘airbag flows should have a low air permeability to ensure
rapid inflation, but in the event of the vehicle occﬁpant
_J.mpact:l.ng on the airbag some of the air which has flowed

20 into the alrbag has to be able to escape again in order
that soft cushioning of the wvehicle occupant may be
ensured. - ”

This ia'why an airbag freq'uently consists of two
parts having different air pemeabilities. The part of

25 the airbag against which, in the event of inflation, the
incoming gas flows is usually known as the contact part.
The part which, in the event of the vehicle occupant
impact.ing on the airbag, permits a partial eecape of the
gas in the airbag is known as the filter part. Thie is

30 because the fabric of the filter part additionally has to
' ensure that hot particles which have streamed into the
airbag together with the generator- produced gas are
1ntercepted i.e. filtered off.

Some airbags are manufactuted- from contact

- 35 fabrics only. In such caees\openinge'are'introduced.into

the airbag to allow the gas to escape. In the case of

front passenger airbags too it is customary in individual

cases to manufacture them merely from f:ther fabrice.
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In order that two-—-part ailrbags may meet the

requirements of rapid 1inflatability and gas escape

facility, the two parts of the airbag have to have
different air permeabilities. In the case of the contact
part the air permeability should be below 10 1/dm® x min
at a test differential pressure of 500 Pa. The filter
part 1s required to have an alr permeabllity between 20
and 100 l/drﬁ2 X min at a test differential pressure of
500 Pa, depending on vehicle type. In the airbag fabrics
manufactured to date the low air permeablility required

for the contact part was frequently achieved by coating

the fabrics. In addition to the higher production costs,
however, coated fabrics have further disadvantages, for
example the greater space regulred to accommodate the
airbag 1n the steering wheel o0f a wvehicle. Recently
there have therefore been developed processes which
make 1t possible to manufacture even fabrics of low air
permeability without an additional coating.

In addition, however, a fabric for the
manufacture of airbags has to meet a number of other
requlirements. For instance, the fabric has to have a
minimum  strength level for optimum  functioning.
Similarly, the fabric should be readily foldable 1n order
that the space required to accommodate the airbag in the
steering wheel may be minimized. This also explains the
requirement of maximum lightness. '

A particular interest 1s that the manufacture
of the airbag fabrics should be inexpensive. Since, owing
to the low air permeability required, comparatively
closely woven fabrics have to be produced, 1t 1is
necessary to weave with a high number of warp and
filling threads per c¢m, 1.e. with a high c¢loseness
value. Especially the number of filling threads has a
direct bearing on the production efficiency of the

weaving step.
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SUMMARY OF THE INVENTION

It 1s therefore the object to make available an
inexpensive process for manufacturing lightweight airbag

fabrics without adverse influence on other fabric

properties.

It has now been surprisingly found that a
distinct increase 1n the weaving efficiency and also a
reduction in the fabric weights is possible if, instead
of synthetic yarns made of the customarily used solid
fibres, there are used synthetic yarns made of filaments
which are hollow on the inside. Such fibres are custo-
marily referred to as hollow fibres. For the same cover

factor and hence the same air permeability, synthetic

filament yarns made of hollow fibres make possible a

higher weaving efficiency as a result of the fact that
fewer yarns per cm can be used. In addition, for the same
degree of cover and the same air permeability the use of
hollow fibres makes it possible to produce a lighter
fabric - which 1s particularly desirable in airbag

fabrics. A further essential advantage of using hollow

fibres was found to be that airbags made of hollow

n

fibres reduce the danger to vehicle occupants of injury
due to glowing particles.

Therefore, 1n one aspect o©of the present
invention there 1s provided an airbag consisting of at
least one contact fabric and/or at least one filter
fabric, the contact fabric having an air permeability
<10 1/dm*-min at a test differential pressure of 500 Pa
and the filter fabric having an air permeability of 20-
100 1/dm° min at a test differential pressure of 500 Pa,
characterized 1n that the contact and/or filter fabrics
consist at least in part of synthetic filament Varns
which are hollow on the inside, the hollow area

fraction, based on the total cross-sectional area of the
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filaments, is 10-40%, the contact . fabrics having a

- closeness value >72%, and the filter fabrics having a

closeness value of 45-68%.

In yet another aspect of the present invention,

. there 13 prov:l_ded an airbag of the present 1invention,

characterized i1n that the contact and/or filter fabrics
consist at least in part of synthetic filament yarns
which are hollow on the inside, the hollow area

fraction,'based on the total cross-sectional area of the

filaments, 1is 10-30%, the contact fabrics having a

eloseness value of >72%, and the filter fabrics having a
closeness value of 45-68%. . 3

In yet another aspect of the present invention,
there is provided an airbag of the present invention,

characterized in that the contact and/or filter fabrics

"consist at least in part of synthetic filament yarns

which are hollow on the inside, the hollow area

fraction, based on the total cross-sectional area of the

‘filaments, 1is 15-25%, the contact fabrics having a

closeness value >72%, and the filter fabrics having a
closeness value of 45-68%.

In yet anothér aspect of the present invention,
there is provided an airbag of the present invention,

characterized 1in that the synthetic filament yarns have

a linear density of 200-1100 dtex.

In yet another aspect of the present invention,
there is provided an airbag of the present invention,

characterized in that the filament linear density of the

-synthetic filament yarns 1s <8 dtex.

i
In yet another aspect of the present lnventlon,

there is provided an alrbag of the present 1nventlon,

characterlzed in that the synthetic filament yarns=have.

~a tenacity >60 cN/tex and a breaking extension of 10-

30%.
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In Yet.another aspect of thé present invention,
there is provided an airbag of the present invention,
qharacterized in that the synthetic filament vyarns
conslist of polyester, nylon—6;6, nylon?6, nylon-4, 6,
polypropylene or polyethylene.

| In yet another aspect of the present inventidn,
there is provided a contact fabric for airbags havihg an

alr permeabllity <10 1/dm?-min at a test differential

pressure of 500 Pa, characterized in that the fabric

consists at least in part of sjmthetic filament_’ Yarns

Which are hollow on the 1inside, the hollow area

'fraction, based on the total cross—-sectional area of the

fila-ments, is 10-40% and the fabric has a closeness
value >72%.

In yet another aspect of the present invention,

there is provided a filter fabric for airbags having an

air plerméabi'lity of 20-100 1/dm’*'min at a test

differential pressure of 500 Pa, cha_racter’ized in that

the fabric consists at 1least 1in part of 'synthetic

filament vyarns which are hollow on the 1inside, the

hOIlow area fraction,.based on the total cross-sectional

‘area of the filaments, is 10-40%, and the fabric has a

closeness value of 45-68%.

DETAILED DESCRIPTION

Hollow fibres synthetic filament yarns are

' known. Similarly, the processes for manufacturing these

'yarns are known in the man-made fibre industry. Hollow

fibres are sometimes used in clothing textiles, less

frequently in industrial textiles. Particularly_

frequént is the use of synthetic hollow fibres where the

fibre wall has special semipermeable properties as

membranes in separation technology.

Similarly, the use of hcllow fibres has already
been described for technical fabrics. For instance, DE-

U 69-38 252 proposes a fabric made of hollow fibres for
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use as a coating base material for tarpaulin cloths
etc. or as reinforcing fabric in cohcrete'étc. However,
the fabric described there is completely unsuitable for
alrbkags, since 1ts closeness value according to the formula
of Walz at between 15 and 20% 1is far below the data required for
airbag fabrics. |

The hollow fibres to be used 'for airbag
fabrics ‘are preferably produced by melt spinning using
Special spinnerets. These processes are known in the man-
made fibre industry. The polymers used are in particular
polyester, nylon-96, 0, nyloﬁ—6,.nylon—4,6, polypropylene
and polyethylene. But other melt-spinnable polymers are

also
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suitable for producing hollow fibres. The preferred
polymers are nylon-6,6, nylon-4,6 and polyester.

The invention shall not be restricted to hollow
fibres produced by melt spinning. Synthetic hollow fibres
spun by other processes can also be used for manufactur-
ing the airbags and fabrics according to the invention.

Nor shall the invention be restricted to syn-
thetic fibre yarns consisting solely of hollow fibres.
The airbags and fabrics of the invention can also consist
of mixtures of hollow fibres with normal, non-hollow fibres.
The mixing ratio is chosen according to the desired
properties. To retain the advantages of the hollow fibres
to a sufficient degree, mixtures having a high hollow
fibre content are preferred. The sole use of hollow
fibres is particularly preferred.

The use of normal, non-hollow fibres can take the form
of a mixi;ure of the individual filaments, 8so that a
multifilament yarn contains not only hollow fibres but
also normal, non-hollow fibres. Similarly, union mixtures can
be used in which yarns made of hollow fibres are used in
one thread direction and yarns made of non-hollow fibres in
the other. In this variant, the use of hollow fibre varns
in the filling is preferred. The mixing can also take the
form of a repeatwise use of hollow fibre yarns in the
warp or in the fillling alongside non-hollow fibre yarns.

Similarly, the invention shall not be restricted
to the use of hollow fibres having the normal, round
profile. Processes are known in the man-made fibre
industry for spinning profile fibres having a hollow
interior. These fibres too can be used for manufacturing
the fabrics of the invention.

A particularly important requirement for the
manufacture of the airbag and fabrics of the invention is
that the hollow fibres used should have a hollow area
fraction of 10-40%, based on the total cross-sectional
area of the fibre.

A hollow area fraction less than 10% is too small
a difference from the normal , non-hollow fibre to reveal the

advantages over normal, non-hollow fibres as regards weaving
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efficiency and cover. A hollow area fraction above
40% leads to stiffening of the fibre and hence to a
deterioration in the foldability of the airbag fabrics.
Morecver, fibres having a relatively high hollow area
fraction are more difficult to produce consistently. The
hollow area fraction is preferably 10-30%, particularly
preferably 15-25%, in each case based on the total cross-
sectional area of the fibre.

A further, very significant advantage of using
hollow fibres for manufacturing the airbags and fabrics
of the invention is the higher thermal insulation, or
lower heat transfer coefficient, of the fabrics compared

with normal, non-hollow fibres. In the event of deployment of the

airbag function it 18 a frequent occurrence £for the
generator gas to carry glowing particles into the
inflated airbag where they can incipiently melt or burn
through individual small areas of the filter part of the
airbag, so that escape of the hot particles into the
passenger compartment becomes possible. This can cause
burnas or skin irritation to the vehicle occupant enfolded
in the airbag. |

This danger can be significantly reduced by using
hollow fibres for manufacturing the airbag and fabrics of
the invention. The thermal insulation can be charac-
terized in terms of the heat resistance Rh. The heat
resistance Rh is defined as follows:

1
Rp = —
A X A
where
1l = thickness of fabric
A = thermal conductivity

A = area of fabric.

For simplicity, the subsequent calculation will
always assume a fabric area of 1 m’. The values of A\ are
taken from the technical literature (Dobrinski, P.,
Krakau, G. and Vogel, A., Physik fur Ingenieure,
Stuttgart, 1980): '
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Nylon-6,6: 0.3 W/ (m x K)
Polyester: 0.3 W/ (m x K)
Air: 0.034 W/ (m x K).

Assuning for example a basis weight of 210 g/m?

or 0.021 g/cm?, the following formula gives the thickness
of the fabric:

B
d = —
D
where
B = mass per unit area

D = density.
A density of 1.14 g/cm’® for nylon-6,6 results in
a fabric thickness of

0.021

d = = 0.018 cmor 1.8 x 10 m.

1.14

Accordingly, a normal, non-hollow fibre made of
nylon-6,6, the abovementioned basis weight of 210 g/m’,
the stated density for nylon-6,6, and the calculated
thickness of 1.8 x 10™ m result in:

1.8 x 10-* K
Ry = ————— -
0.3 x 1 W
or
K
R = 6.0 x 10*— = 0.0006 —

W W W.

If, by contrast, a hollow fibre with an assumed
hollow area fraction of 20%, based on the total cross-
sectional area, is used and, again, a basis weight of
210 g/m* is assumed, it is necessary, in calculating the
heat resistance, to combine the two parts of the polymer
layer and the separating air layer additively. The above-
calculated thickness for the polymer layer then results
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for each individual layer in a thickness of 9 x 10° m and

for the air layer by definition a thickness of
3.6 x 107> m. Whence Rh:

Rh = 3.0 x 10* £ 4+ 10.6 x 104 X 4+ 3.0 x 10+ K
5 W W W
K |
= 16.6 x 10°% . = 0.001665
W W
10 This calculation shows that even a hollow area

fraction of 20% results in an increase in the heat
resistance by about 175% and that accordingly air bag
fabrics made of hollow fibres, compared with fabrics made
of non-hollow fibres, are likely at the same basis weight to

15 lead to a distinctly improved thermal insulation and also
to a reduced risk of burn through.

The herein-performed calculations, which show a
distinct advantage for hollow fibre airbag fabrics over
non~hollow fibre airbag fabrics, have indeed been confirmed in

20 inflation tests on airbags made of hollow fibre fabrics.
In none of these tests did burn through occur.

The yarnb consisting wholly or partly of hollow
fibres have a 'ya.rn linear density of 200-1,100 dtex.
Lower linear densities are problematical having regard to

25 the economics of production, while higher linear den-
sities cannot be used on account of the then much
impaired foldability of the airbag fabrics. The filament
linear density is preferably below 8 dtex. Higher linear
densities can be used, but they do impair the foldability

30 of the fabric.

The vyvarns to be used for manufactura.ng the
fabrice preferably have a tenacity above 60 cN/tex and a
breaking extensiocn of 10-30%. The choice of shrinkage
data depends on whether the fabric to be manufactured is

35 to be used as a contact fabric or as a filter fabric. For
contact fabrics the shrinkage values are 6-10% in the
case of polyamide vyarns and 6-12% in the case of
polyester yarns. Yarns having lower shrinkage values are
used for filter fabrics. In this case both polyamide and
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polyester yarns should have shrinkage values between
2 and 5%. In all cases the shrinkage values referred to
were determined at 190°C.

The manufacture of the fabrics for the airbags of

the invention can be effectuated on any machine known in

the weaving art.

It is important, if the airbag is to function
properly, for the contact and filter fabrics to be
accurately woven to certain closeness values. The close-
ness value is an important factor for setting the desired
air permeability. The closeness value is essentially
determined by the number of yarns used per fabric unit
length, i.e. by the thread count. This depends on the
vyarn linear density, meaning that for the same closeness
value a lower thread count is required in the case of a
higher yarn linear density as compared with a lower yarn
linear density.

The closeness value 1is frequently expressed,
especially outside Europe, in terms of the cover factor,

also known as the kappa factor. This factor is simple to
calculate by the following formula:

K= N, xVD, + N, x VD,
where:
K is the cover factor,

N, is the number of threads per inch in the warp

direction,

D, is the yarn linear density in denier (den) in the

warp direction,

N, is the number of threads per inch in the filling

direction, and

D, is the yarn linear density in denier (den) in the

£filling direction.

Fabrics for airbags preferably have a square
sett, i.e. the ends and picks per inch are the same or
almost the same and the same yarn linear density is used
in warp and filling. The need for a square sett results

from the demand of automotive manufacturers for equal
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fabric strengths in the warp and filling directiomns.
The usual square sett of airbag fabrics makes it
possible to simplify the above formula to the following

form:

K =2 x N x ¥D

where:
K i8 the cover factor,
N is the number of threads per inch in warp and

filling, and
D is the yarn linear density in denier (den) in warp
and filling.

This cover factor thus constitutes a very simple
way of obtaining a measure of the closeness of the
fabric. However, this formula does not work so well when
comparing fabrics made of different fibre materials. In
such a case the usually different densities of the
different raw materials result in noncomparable values.
Nor, in general, is it possible to compare the values of
fabrics woven in different constructions.

For this reason the figures reported herein for
the fabric closeness were calculated by the formula of
Walz (Kleinheins S., Textile Prifungen, Obernburg, 1973),
which takes account of the different densities of the raw
materials and also includes correction factors for
different fabric constructions. This way of calculating
the closeness of a fabric is well known especially in the
German textile industry. The formula reads:

closeness value % = (d, + d4,)* x £, x £,

where d,, = diameter of warp or f£illing yarn in mm
f,¢ = warp or filling threads per cm.
The yarn diameter is calculated as follows:

Ydtex,,,

dye., —m
88.5 x Ydensity in g/cm’

J
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The density is usually set for nylon-6,6 yarns to
the average value of 1.14 g/cm’® and in the case of
polyester yarns to the average value of 1.38 g/cm’.

In the case of constructions other than plain

10

15

20

25

30

35

weave, it is necessary to include a construction correc-
tion factor in the calculation. This factor is for
example 0.56 in the case of the 2:2 Panama weaves and 3:1
twill weaves occurring in airbag fabrics. This correction
factor is used to multiply the closeness value calculated
uging the formula of Walz. |

The Walz closeness value is reported in %. Very
closely woven fabrics can have values above 100%.

To be able to manufacture a usable airbag from
synthetic hollow fibre yarns, the closeness values have
to be carefully adapted to contact or filter fabrics. For
instance, it has been found that contact fabrics have to
have a closeness value > 72%, preferably > 80%, to
provide the minimum condition for rapid inflation of an
airbag. To obtain good deflation, the filter fabrics must
have closeness values between 45 and 68%. These figures
apply to the ready-finished fabric as used in the airbag.

The essential factors affecting the closeness
value are the numbers of threads per fabric unit length
and the linear densities of the yarns used. In the ready-
finished fabric the following thread counts/cm have to be.
maintained at the various 1linear densities for the
manufacture of airbag contact fabrics:

Yarn linear demsity Nylon-6,6 Polyester
235 dtex - 26 - 31 29 - 34
470 dtex | 18 - 24 21 - 25
640 dtex g 16 - 20 17.5 - 22
700 dtex 15 - 19 16.5 - 21
940 dtex 13 - 16 14.5 - 17

There now follow the closeness values in % for

the mid-range figures of the abovementioned thread
counts:
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Yarn linear density Nylon-6,6 Polyester
235 dtex 85.4 86.2
470 dtex | 92.8 52.0
640 dtex 92.9 92.4
700 dtex 90.6 91.0
940 dtex 88.6 86.3

Filter fabrics have to have the following thread
counts in the finished state:

Yarn linear density Nylon-6,6 Polyester
235 dtex 21 - 25 23 - 27
470 dtex 15 - 18 16 - 20
640 dtex 13 - 15.5 14 - 17
700 dtex 12 - 14.5 13.5 - 16
940 dtex 10.5 - 12.5 11.5 - 14

This results in the following closeness values in

Yarn linear density Nylon-6,6 Polyester
235 dtex  46.3 - 65.7 46.0 - 63.4
470 dtex . 47.4 - 68.2 44.5 - 69.6
640 dtex 48.4 - 68.9 . 46.4 - 68.4
700 dtex 45.2 - 65.9 47.2 - 66.3
940 dtex 46.4 - 65.8 46.0 - 68.2

The figures reported herein apply to finished
fabric. The thread counts of the loomstate fabric are
lower, since the finishing process will result in a
shrinkage process which leads to increased thread counts
per fabric unit length. For loomstate fabrics it is
possible to assume the following thread counts/cm for the
manufacture of airbag fabrics:
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Yarn linear Airbag contact fabric Alrbag f£llter fabric
density Polyester Nylon-6,6 Polyester Nylon-6,6

235 dtex 27 - 33 24 - 30 22 - 26 20 - 24

470 dtex 19 - 24 16 ~ 23 15 - 19 14 -~ 17

5 640 dtex 16 - 20 14 - 19 13 - 16 12 - 15

700 dtex 15 - 19 13 -~ 18 12 - 15 11 - 14

940 dtex 13 - 16 12 - 15 10 - 13 8 - 12

The thread counts mentioned here are about 1-3/cm

lower than in the case of airbag fabrics manufactured
10 fram normal, non-hollow fibres. Conversely, if yarns made of

non-hollow fibres and yarns made of hollow fibres are woven to

identical thread counts, the hollow fibres will result in

an airbag fabric having a basis weight which is lower in

proportion with the fraction of the hollow area - a
15 positive effect for use in an airbag.

To remove the spin and f£ibre finishes from the
vyarn, it is necessary to subject the fabrics intended for
airbags to a washing process. In the case of fabrics
woven from polyamide varns, this wet treatment also

20 brings about distinct shrinkage, which is necessary for
further enhancing the closeness of the fabric already
closely set on the loom. A suitable method for this was
described in EP-A-436 9550. This method can be used not
only for manufacturing contact fabrics but also for

25 manufacturing filter £fabrics. The degree of shrinkage
achievable in an aqueous bath depends very much on the
original shrinkage values of the vyarns used. Since
contact fabrics require a higher closeness value than
filter fabrics, it is advisable to bring about higher

30 shrinkage in the course of the wet treatment in the case
of contact fabrics than in the manufacture of filter
fabrics. The above-listed shrinkage values of the yarns
to be uvsed reflect this difference.

The fabrics subjected to a wet treatment for the

35 purpose of shrinking them and for removing spin and fibre
finishes are subsequently dried, for which, in the
interests of a good aging resistance of the airbag
fabrics, a separate drying process is required after the
wet treatment. This drying process was described in

40 EP-A-523 546.
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Fabrics made of polyester fibres shrink only

1ittle in the course of the wash. In fact, shrinkage is

hot air treatment. For ingtance, the fabric is dried for

5 example at 150°C and then heat-set at 190°C.
A further aftertreatment process, advantageously

following a wash, is a calender treatment of the fabrics
according to the invention. This finishing process 1is

particularly guitable for hollow fibre synthetic filament

10 yvarns, since hollow fibres flatten more under the pres-

gure of the calender rolls than normal, non-hollow fibres and
thus, compared with corresponding fabrics made of non-hollow
f£ibres, produce better fabric cover, which has a positive

effect on the air permeability.
15 The advantage of hollow fibres over normal, non—-hollow

fibres is evident from a
values as will be further demonstrated hereinafter in the

Examples. synthetic filament yarns made of hollow fibres

make it possible to use lower thread counts compared with
20 synthetic filament Yyarms made of non-hollow fibres.

Consequently, hollow fibre yarns also produce lower
fabric closeness values as gshown in the Examples. The

airbag of the invention thus has distinct advantages over

conventional airbags whose £fabrics consist of normai,

25 non-hollow fibres. The hollow £ibre airbag fabric which for
-~ and hence also the same air

permeability can be made with a lower weight possesses,
compared with the conventional heavier fabrics made of

normal, non-hollow fibres, better unfoldability and hence in
30 the event of the airbag function being deployed ensures

gafer cushioning of the vehicle occupant.
The lighter fabric is particularly advantageous

in the event of out-of-position accidents, when the

 driver or front passenger ig not in his normal,
35 position at the instant of the collision. The momentum

transmitted by the airbag to the vehicle occupants in the

course of the explosive inflation of the airbag 18

ljegssened by a lower fabric mass, which ig reflected in

softer cushioning of the vehicle occupant in the event of
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a collision and in a lower risk of injury in the event of
out-of-position accidents.

Accordingly, the airbag of the invention offers
appreciable advantages in respect of the functioning of
the airbag system and particularly in respect of the

protection of the vehicle occupants against injuries.

Examples
Operative Example 1:

This example describes the manufacture of an
airbag contact fabric from hollow fibre nylon-6,6 yarns.
The hollow area fraction was about 18%, based on the
total cross-sectional area. A 470 dtex 72 filament yarn
was plain-woven into a square sett. The yarn used had a
hot air shrinkage value of 8.7% (measured at 190°C). Ends
and picks were both 19/cm. The result is a loomstate
closeness of 76.0%. The fabric was subjected to a wet
treatment as per the process described in EP 436 950 to
release the shrinkage. The closeness increased to 92.8%.
The fabric weight was 235 g/m’. The fabric thus produced
was found to have an air permeability of 7.6 1l/dm’-min at
a test differential pressure of 500 Pa.

The air permeabilities reported herein were all
determined in accordance with DIN 53 887, except that to
obtain a sufficiently strong signal even in the case of
fabrics of very low air permeability the test differen-
tial pressure was increased to 500 Pa.

Comparative Example 1

The hollow fibres were replaced by nylon-6,6
filament yarns made of normal, non-hollow fibres. The yarn
linear density was unchanged. The yarn had a hot air
shrinkage value of 8.4%, at 190°C. Again a plain-woven
fabric with a square sett was produced. However, in this
case the ends and picks were each 21/cm. This results in
a closeness value of 92.8%. The further processing of the
fabric was as in the operative example. The wet treatment
increased the closeness value to 111.3%. The fabric
weight was 261 g/m?’. The fabric was found to have an air
permeability of 6.5 l/dm’-min at a test differential
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pressure of 500 Pa.

This example shows that hollow fibre yarns give
approximately the same air permeability at lower thread
counts and accordingly allow 1lighter fabrics to be
produced.

Operative Example 2:

This example describes the manufacture of an
airbag filter fabric from hollow fibre nylon-6,6 yarns.
The hollow area fraction was about 29%, based on the
total cross-sectional area. A 470 dtex 72 filament yarn
was plain-woven into a square sett. The yarn used had a
hot air shrinkage of 3.7% (measured at 190°C). Ends and
picks were both l4/cm. The result is a loomstate close-
ness of 41.3%. The fabric was subjected to a wet treat-
ment as per the process described in EP 523 546. The
closeness increased to 47.4%. The fabric weight was 161
g/m*. The fabric thus produced was found to have an air
permeability of 88 1/dm‘'min at a test differential

pressure of 500 Pa.
Comparative Example 2 |

The hollow fibres were replaced by nylon-6,6
filament yarns made of normal, non-hollow fibres. The yarn
linear density was unchanged. The Yyarn had a hot air
shrinkage value of 3.4%, at 1390°C. Again a plain-woven
fabric with a square sett was produced. However, in this
case the ends and picks were each 16/cm. This results in
a loomstate closeness value of 53.9%. The further pro-
cessing of the fabric was as in the operative example.
The wet treatment increased the closeness value to 60.8%.
The fabric weight was 182 g/m’. The fabric was found to
have an air permeability of 80 1/dm’-min at a test dif-
ferential pressure of 500 Pa.

This example too shows that hollow fibre yarns
give approximately the same air permeability at lower
thread counts and accordingly allow lighter fabrics to be

produced.
Operative Example 3:
This example describes the manufacture of an

airbag contact fabric from hollow fibre polyester yarns.
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The hollow area fraction was about 11%, based on the
total cross-sectional area of the fibre . A 640 dtex 140
filament yarn was plain-woven into a square sett. The
varn used had a hot air shrinkage of 8.9% (measured at
190°C) . Ends and picks were both 17.5/cm. The result is
a loomstate closeness of 72.5%. The fabric was washed on
a Jjigger at 150°C, then dried on a cylinder drying
machine and subsequently heat-set on a stenter at 190°C.
This treatment increased the closeness value to 80.2%.
The fabric weight was 271 g/m?’. The fabric thus produced
was found to have an air permeability of 9.2 1/dm’:min at
a test differential pressure of 500 Pa.

Comparative Example 3

The hollow £fibres were replaced by polyester
filament yarns made of normal, non-hollow fibres. The yarn
linear density was unchanged. The yarn had a hot air
shrinkage value of 8.2%, at 190°C. Again a plain-woven
fabric with a square sett was produced. However, in this
case the ends and picks were each 19/cm. This results in
a loomstate closeness value of 85.5%. The further pro-
cessing of the fabric was as in the operative example.
The wet treatment increased the closeness value to 94.7%.
The fabric weight was 293 g/m?. The fabric was found to
have an air permeability of 9.7 1l/dm*min at a test
differential pressure of 500 Pa.

This example too shows that hollow £fibre yarns
give approximately the same air permeability at lower
thread counts and accordingly allow lighter fabrics to be
produced.

Operative Example 4:

This example describes the manufacture of an
airbag filter fabric from hollow fibre polyester yarns.
The hollow area fraction was about 19%, based on the
total cross-sectional area. A 640 dtex 140 filament yarn
was plain-woven into a square sett. The yarn used had a
hot air shrinkage of 2.9% (measured at 190°C). Ends and
picks were both 14.5/cm. The result is a loomstate close-
ness of 49.8%. The fabric was subjected to wet processing
and thermosetting as described in operative example 3.
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This treatment raised the closeness value to 55.4%. The
fabric weight was 224 g/m’. The fabric thus produced was
found to have an air permeability of 68 l1l/dm®’-min at a
test differential pressure of 500 Pa.

Comparative Example 4 .

The hollow fibres were replaced by polyvester
filament yarns made of normal, non-hollow fibres. The yarn
linear density was unchanged. The yarn had a hot air
shrinkage value of 3.7%, at 190°C. Again a plain-woven
fabric with a square sett was produced. However, in this
case the ends and picks were each 16/cm. This results in
a closeness value of 60.6%. The further processing of the
fabric was as in the operative example. The finishing

increased the closeness value to 66.8%. The fabric weight

“was 247 g/m’. The fabric was found to have an air perme-

ability of 61 1l/dm’-min at a test differential pressure
of 500 Pa.

This example, like the preceding ones, shows that
hollow fibre yarns give approximately the same air
permeability at lower thread counts and accordingly allow
lighter fabrics to be produced.
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The embodiments o©¢of the invention 1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. An airbag consisting of at least one contact fabric

and/or at least one filter fabric, the contact fabric having
an air permeability <10 1/dm* min at a test differential
pressure of 500 Pa and the filter fabric having an air
permeability of 20-100 1l/dm°-min at a test differential
pressure of 500 Pa, characterized in that the contact and/or
filter fabrics consist at least in part of synthetic filament

varns which are hollow on the 1inside, the hollow area

fraction, Dbased on the total cross—sectional area of the

filaments, 1s 10-40%, the contact fabrics having a closeness

value >72%, and the filter £fabrics having a closeness value

of 45-68%.

2. The airbag according to claim 1, characterized in that
the contact and/or filter fabrics consist at least in part of
synthetic filament vyarns which are hollow on the inside, the
hollow area fraction, based on the total cross—-sectional area

of the filaments, 1s 10-30%, the contact fabrics having a

closeness value of >72%, and the filter fabrics having a

closeness value of 45-068%.

3. The airbag according to claim 1, characterized 1in that
the contact and/or filter fabrics consist at least in part of
synthetic filament varns which are hollow on the inside, the
hollow area fraction, bkased on the total cross—-sectional area

of the filaments, 1s 15-25%, the contact fabrics having a

closeness value >72%, and the filter fabrics having a

closeness value of 45-68%.

4, The airbag according to any one of c¢laims 1 to 3,

characterized 1in that the synthetic filament vyarns have a

linear density of 200-1100 dtex.
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5. The airbag according to any one of claims 1 to 4,

characterized in that the filament linear density of the

synthetic filament yarns 1s <8 dtex.

6. The airbag according to any one of claims 1 to 5,
characterized 1in that the synthetic filament vyarns have a

tenacity >60 c¢cN/tex and a breaking extension of 10-30%.

7. The airbag according to any one of claims 1 to 6,

characterized in that the synthetic filament yvarns consist of

polyester, nylon-6,6, nylon-6, nylon-4,6, polypropylene or
polyethylene.

8. A contact fabric for alrbags having an alr permeabllity
<10 1/dm®*-min at a test differential pressure of 500 Pa
according to any one of claims 1-7, characterized in that the
fabric consists at least in part of synthetic filament varns
which are hollow on the 1nside, the hollow area fraction,
based on the total cross—-sectional area of the filaments, 1is

10-40% and the fabric has a closeness value >72%.

9. A filter fabric for airbags having an air permeability of
20-100 1/dm®-min at a test differential pressure of 500 Pa
according to any one of claims 1-7, characterized 1in that the
fabric consists at least in part of synthetic filament vyarns
which are hollow on the 1inside, the hollow area fraction,
based on the total cross-sectional area of the filaments, 1s

10-40%, and the fabric has a closeness value of 45-68%.
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