The |nvent|on relates to a nethod of manuf act uri ng uncoated industrial’
fabrics in a close weave setting. In the case of many industrial fabrics,
air. permeability is crucially inportant for their function. Exanples of
thi's are woven fabrics for parachute materials or sail fabrics. This
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wheel, is therefore greater for coated than for uncoated
fabrics. A particular'drawback arises from the need to dust
N the coating with talcum to prevent parts of the coating, which
L/} - lie adjacent to one another when the air bag is folded, from
sticking together. When operation of the air bag is
triggered, the talcum then discharged from the air bag is a
nuisance to the vehicle passengers. Air bags made of
uncoated, as opposed to coated, fabrics also lead to a
&a‘ substantial reduction in weight and so.improve handling of the
steering wheel.

For said reason, attempts have made to circumvent the coating.
‘One possible'means of achieving this is described in

EP-A 314 867 for air bag fabrics. Here, the desired low air
permeability is achieved by successive shrinking, thermo-
fixing and calendering. Said treatment stages mean that a
very elaborate and,_from the point of view of cost,
disadvantageous fihishing'process has to be accepted.
Furthermore, the fabric described in EP-A 314 867 is hardly
suitable for air bag manufacture since it is impossible, with

the proposed asymmetrical weave setting (differing thread



nunbers i'n warp and weft), to neet car manufacturers' requirenents for
identical strength Vvalues in both thread directions. This is necessary
because, in the case of a radially symretrical conmponent like an air bag,
thére is no privileged direction. A further possibility is proposed in
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selected asymmetrlcal weave setting.

EP-A 336 507 describes a method of manufacturing woven fabrics
using extremely high-shrinking polyester fibres. Initiation
of shrinkage and densification of the fabric to achieve a low
'i,/ air and water permeability_are effected by a wet process
. followed by a thermo-fixing process. Said method may also be
employed for industrial fabrics. However, for most articles
in this field, in particular for air bag fabrics, said method
is unsuitable because the high strengtﬁs required for
W] industrial fabrics cannot be achieved with the high-shrinking
polyester yarns used here. Also, the proposed thermo-fixing
.pfdcess leads to higher production costs and even has a

negative effect upon air permeability.

The aim therefore was to develop an inexpensive method of
manufacturing industrial fabrics, which fully satisfies the
demands placed on said fabrics not only as regards air
perme&bility but also as regards strength. Of primary
interest here are woven fabrics for air bags.

Where the term "air bag fabrics" is used below, it is taken to

mean, in particular, the fabrics for the contact part of the



Wiere the tefrm"air bag fabrics" is used below, it is taken to nean, in
particular, the fabrics for the contact part of the 2 two-part air bag,
whi ch are required to have a particularly low air perneability of < 10
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even at gymmetrical, close weave setting is treated in an aqueous bath:
at temperatures in the range of 60 - 140°C. This initiates a
shrinking process, which leads to further densification of the
already close-woven fabric and hence to extensive plosure of
the pores of the woven fabric. In said manner, it is possible
i_; . to achieve the low air permeability of <= 10 1/dm2?'min at

500 Pa test differential pressure called for in the

specifications of car manufacturers.

A temperature range of 90 - 100°C is particularly preferred

ot for the treatment in the agueous bath because said temperature
range has proved particularly advantageous in terms of the
sought-after low air permeability. Said temperature range
offers the advantage that the choice of machine for the wet
pass is less limited than at temperatures above 100°C.

The tests carried out have demonstrated that, even at
temperatures as low as 60° and below, treatment in the aqueous’
bath leads to a marked initiation of shrinkage and hence to
densification of the woven fabric, which results in a
reduction in air permeability. By selecting the treatment
temperature, it is even possible to effect purposeful control
of the air permeability. This is particularly important



terrperatures as low as [err] and below, treatnent in the aqueous bath |eads
to a marked initiation of shrinkage and hence to densification of the woven
fabric, which results in a reduction in air perneability. By selecting the
treatment tenperature, it is-even possible to effect purposeful control of .
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At operating temperatures above 100°C, the machine used for

said purpose may be an HT jigger. This allows treatment

temperatures of up to 140°C. '

Said wet treatment simulténeouSly has the effect of removing
%b) any size applied prior to weaving. This is advantageous to
' avoid bacterial attack of the fabric during the, at times,
prolonged storage of industrial fabrics, e.g. of air bags in
the steering wheel of a motor vehicle.

s Even in the case of use in the warp of twisted yarns, which
are normally used unsized, the treatment in the aqueous bath
simultaneously has the effect of removing any preparation on
the yarn resulting from manufacture of the fibres.

The treatment time to be selected for the wet pass, as well as
any admixtures to the bath depend on the size or preparation
to be removed and are known to the person skilled in the art.

The method here described therefore offers the advantage that
woven fabrics having low air permeability values may be

manufactured in a very simple and inexpensive manner.



Tﬁé‘treéfnenf time to be selected for the wet pass, as well as any
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t . al rqggbiinkaae ahrgngra@yﬂﬁgt tenperature of [err]. The wet treatnent
temperatures are plotted in"tenperature units of [err] along the X-axis.

The resi dual .
Although, at lower drying temperatures, there is no risk of an

increase in air permeability, problems may arise with ageing
resistance.

The influence of the temperature during wet treatment upon

i;; shrinkage and the influence of the drying temperature upon air
permeability are illustrated in Figures 1 - 3.
Fig.1l is a graph illustrating the residual shrinkage of a
polyamide 6.6 yarn treated at various temperatures using the
gﬁé method according to the invention. The residual shrinkage was

measured as hot air shrinkage at a treatment temperature of
160°C. The wet treatment temperatures are plotted in
temperature units of 20°C along the X-axis. The residual
shrinkage is plotted along the Y-axis. The graph shows that
the high initial shrinkage of 8.3% (left column of graph) is
already sharply reduced at a treatment temperature of 60°C and
continues to reduce as the wet treatment temperature rises.

Fig.2 illustrates the initiation of shrinkage achieved during
wet treatment. The treatment temperatures are plotted in
units of 20°C along the X-axis and the initiation of shrinkage
achieved is plotted along the Y-axis. The percentages



shrrnkage is plotted along the Y-axis. The graph shows that the high
initial shrinkage of 8.3% (left columm of graph) is already sharply reduced
at.a treatnent tenperature of [err] and continues to reduce as the wet

t r eat nent tenperature rises. Fig.2 illustrates the initiation of shrinkage
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In a e arture fifomsaid D N standard, the test erentia
pressurénmﬁérrHP§EGabllltY' Thus, it is also proved that the thermo-

fixing recommended in prlor art for industrial fabrics is a
detrimental process stage in fields of application where a low
air permeability is required.

By means of the described treatment in the agqueous bath, the
4, requirement for a low air permeability of

10 1
dm2-'min

HA

;; may be fully met. Testing of the air permeability was
effected according to DIN 53 887. Only, in a departure from
said DIN standard, the test differential pressure was raised
to 500 Pa in order to obtain, for the woven fabrics
manufactured according to the invention, an additional
positive test result. |

The measurements carried out on various fabric samples,
treated in the manner described, produced values between 3 and
9 l/dm?"min at 500 Pa test differential pressure, which are
therefore clearly below the maximum limit allowed by car
manufacturers for air bags of 10 1/dm2'min at 500 Pa test
differentia; pressure.



to 500 Pa in“order to obtain, for the woven fabrics manufactured according
to the invention, an additional positive test result. The neasurenents
carried out on various fabric sanples, treated in the manner descri bed,

pr dduced val ues between 3 and 9 [err]. min at 500 Pa test differential
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rn t'%ﬂéﬁofllaments may be, £ SahgIIPed FBr titre 235 dtex and
72 for titre 350 or 470 dtex.

The yarn used to manufacture the fabric moreover preferably
has a strength of at least 60 cN/tex and an elongation of 15 -
30%, with a hot air shrinkage of 6 - 15% (measured at 160°C).

%.2 As already stated, in the interests of a low air permeability
" a high fabric density has to be achieved during weaving. The
'following thread numbers have proved advantageous for a linen

texture:
w Yarn titre Thread number/cm
| 235 £ 36 26 - 30 .-
350 £ 72 18 - 28

470 £ 72 : 18 - 25

The fabrics are preferably manufactured in a linen texture
with a symmetrical setting. For finer titres it is possible,
in the interests of an attractive feel to the product,
alternativeiy to select a panama texture 2/2 with a
symmetrical setting. Here, thread numbers of 25 - 36/cm are
then used for a titre of 350 £ 72 and thread numbers of 32 -
40/cm for a titre of 235 f 36.



235°'f 36° ' 26 - 30 350 f 72 ' 18 - 28
470 f .72 ) 18 - 25 The fabrics are preferably
naﬂufactured inalinen texture with a synmetrical setting. For finer
t¥tres it is possible, in the interests of an attractive feel to the
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4 Yarn titre 350 f 72 470 f 72 470 f 72 350 f 72

Texture i nen i nen i nen panama 2/ 2 G ey
f-apri c: Ushingattheudeeckdbed wrogedure, the requiréd. 8ir per#i@ability 19.5

7 O B wgiﬁes may be ach1eve%2Wchout &?f?lculty, &8 ghe follggigg
table clearly demonstrates:

Test No. _ 1 2 3 4

Yarn titre 350 £ 72 470 £ 72 470 £ 72 350 £ 72
Texture " linen linen linen panama 2/2

.Grey fabric:
- thread number/cm

(s - warp : 24.0 20.5 19.5 ' 27.0
- weft 22.0 1 19.5 19.2 30.0
fabric width cm 163 147 156 159

Finished fabric:
thread number/cm

) - warp 27.5 23.0 21.0 32.0
. - weft 24.8 22.0 20.4 33.0
fabric width cm 151 136 144 142.5
Air permeability '
1/dm2*min at 500 Pa 3 3 8 7.5

The tests reproduced in the table were carried out using
fabrics woven from polyamide 6.6 filament yarns. The
treatment .in the aquebus bath was effected at a jigger. The
treatment temperature in each case was 95°C.

The low value obtained for the air permeability alters, even
in the ageing test recommended by car manufacturers for air
bag fabrics, only to an insignificant extent. In said test,
the fabric is stored for 100 hours at 105°C and then its air



fabric width cm 163 147 156 159 Fi ni shed

fabric; t hread nunber/cm - warp 27.5 23.0 - 21.0
32& - wef t _ 24. 8 +22.0 20. 4 33.0 fabric

th cm 151 136 144 142.5 Air perneability
[err] ahePBaBii1it fested. 3 8 7.5 The tests
reprodu%ed I n thé ?a%ﬁe ﬁgrg carried out using fabrics woven from pol yam de

6.6 filanment yarns. The treatnent in the aqueous bath was effected at a
jigger. Aaaetﬁbﬁaunenbrhaama&ahgraslaoeaﬁecaagaryas &ﬁériesﬁbecAQﬁh&alue

obt ai ned the air perneabilit even_I.n,.the_agein

recohneﬁ& d yQCSVEHaﬁﬁwaeﬁ Fare &fgha§|%h85§°F§BFFE§ dB%?y 85 ﬁﬁhleve

i nsi gni ahyafitrtheentredictiandinethe alie pabmeabilisyoard évenlD8alisurs at
1050C apd hfeqnkteadil iR thep%Bqﬁ@Q'l'&ﬁe'%h&?ﬁbeglegﬂ féggﬁﬁended

therno-fixing 1's not necessar¥ ts carried
denonst A8t BY1PKaprthEPKoinAus ﬁléée§ahﬁﬂ°§chFeVBe§ﬁ§°¥ﬁr%h@?tréﬂﬁétﬁén in

t he airpﬁebﬁeébhthbé-dﬁdtﬁée&abéadﬁ tap2ickNgheadhechnat hewvaiyes. The
therno-fixin rior art for industrial fabrics is therefore

a detriRﬁﬁ?ﬁgbgigggs%SSFESElF%dfhe case of fabrics in which a low air

pernmeability is required. The advantages of the fabric according to the

inventi gy Qgggnﬁﬁégf'gftgﬁecggbégE Q@EPraﬁthgoa#ﬁeb?§Ve£€fHLt Ref MMore

reliable air ng npfovenent on
|$§§VIOU95§9SFQ henﬁ@ﬂ§apﬁepgp§cpfl&h?l@hs baqeareﬁuhnfant@rmaseand i s
h

erefogelﬁab&eta&kebaensygteﬂthiﬁﬁtemhlimbakeanﬁoaéﬁeébg agg Rag itself,
accggggg%ghggtogn previous systems, meets the specifications of
car manufacturers and is therefore marketable. An air bag
system is taken to be the air bag itself, the accommodation of
the air bag in the motor vehicle and the control system for

" triggering operation of the air bag.
W Example 1

Polyamide 6.6 filament yarns with a titre of 350 f 72 were
processed in a linen texture into a woven fabric. The yarn
_ used had a hot air shrinkage (measured at 160°C) of 8.2%. The
&,4 thread number was 24/cm in the warp and 23/cm in the weft.

The fabric was wet treated at a jigger at 90°C and then dried
at 150°C.’ The drying time was 30 seconds. The residual

moisture of the fabric after drying was 4.8%.

The fabric thus manufactured presented an air permeability of
7.5 1/dm2-min at 500 Pa test differential pressure.

Example 2

The fabric manufactured'according to Example 1 was wet treated
close to boiling temperature (97°C) at a jigger. .The fabrics



the air bag in the notor vehicle and the control systemfor triggering

operation of the air bag. Exanple 1 Polyanide 6.6 filament yarns with a
tifire of 350 f 72 were processed in a linen texture into a woven fabric.
The' yarn used had a hot air shrinkage (neasured at [err]) of 8.2%

The

thread enGBeereatedtvaPd mlivn waidh 2p¢ 3¢/ gagbﬂaghst hbecthg sloaly i c was

wet treated at

at 900C¢ and then

Thé dryind tine

was 30 %eeoﬁd?n%Tﬂg%gémqﬁiﬂeqﬁﬁW&wﬁe én the f&HFP€Sa éFekwylng was 4.8%
The fabobtatihed, mthef Fellosdny edenpednadbailitpevaRabil wb¥eOhedsrded:r] mn

at 500 Pa test dlfferentlal pressure. Exanple 2 The fabric manufactured

according to Exanple 1 was wet treated close to boiling tenperature [err]
at a jiBgiéer temperaturss 9 t hus treat edAder petmeabliddty for 30 seconds

at [err] [ewp] and [err] respectively. In tﬁ?d§QQi%§§aﬁr§% obtained,

following air perneability val ues were neas
Ailr perneability [err]

I er tenperature

test dlffP@PnF13#1Dr&FSBG@ Pa
test differential pressure 130 6 150

6.5 170 8 190

21 A furthe} Bortlon of fabric fromsaid test was 8ried with differing
timeslaP [err] The follow ng air permeabilitg.salues were thereby
Al rgpernmeabi lity seconds

dwel |

obtai ned: Dygpl tine at [err].
[err] at 500 Pa

&4«

W

21

A further pqrtion of fabric from said test was dried with
differing dwell times at 170°C. The following air

permeability values were thereby obtained:

Dwell time at 170°C ‘Air permeability
seconds ' 1/dm2-min at 500 Pa
test differential pressure

15 : 5.5
30 _ 8
45 : 15
60 | _ 19

The test results reproduced here clearly demonstrate that at a
higher drying temperature there is not a reduction but an
increase in air permeability. At higher temperatures, thermo-
fixing already sets in. The same applies to longer dwell
times when operating at reiatively high drying temperatures.

‘This provides verification of the fact that the thermo-fixing
recommended in prior art for industrial fabrics in which a low
air permeability is required 1s an unnecessary, "and even
detrimental process stage.

1o

t he



tést differential pressure-15 5.5 30

8 45 ., : ‘ - 15 60 '

19y The'test results reproduced here clearly denonstrate that at a higher
dr%ing tenperature there is not a reduction but an increase in air
penneabﬁ#i%gleﬁg hi gher tenperatures, therno- fixing already sets in. The
sanme appl| to longer dwell tinmes when operating at relatively high drying
tenperatures. This provides verification of the fact that the therno-fixing
r eCOMER st fic Pa&Q6raihgf €6 ERGMPIE! 8l wAabFéeStidatdt Gt aar Oy ai r
perneabllltg IS requkred i S gn unnecessary, and even dg&ééyenlal process
stage. 1H99°r £y ofRF ctESALRGHF; EeURRHRHRRG V3S Edfpte &L et"9reat ed at
an HT jconéitidhe toeréapohdeédnperthose yadi¢ated iMheExbmyplwy ronditions
corresponded to those indicated in Exanple 1. In the fabric thus obtained,
an air perneability of 4.5 [err] mn at 500 Pa test differential pressure
was neakartbe fabpacehhug| ebhained, anveahvdpermealnid ey @f ng uncoat ed
industriab {p8htGinMde) Soe P RAE SRIkdGa1Chlasueel 4ad in that a
woven fabric, made of polyamde filament yarns with a hot air shrinkage of
6 - 15MEABYEEPed at [err] with an at |east substantially symetrical weave
setting is treated

o
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ip'an adﬂeous bath at a tenperature in the range of 60 -
according to claimZ,
bath i § carried out at a tenperature in the range of 90 -

according to claim i,

bath i s ppaldn G lin

a woven fabric, manu’?kt
articles in which a low air perneability is required. 5.

[err] 2:

Met hod

characterized in that the treatnent in the aqueous
[err] 3. Met hod

characterized in that the treatnment in the aqueous
a tenperature in the range of 90 - [err] 4. Use of

actured according to one of clains 1 to 3,
Use of a woven

for

fabric, mnu&mﬁw@%ﬂmmﬁwﬁn@&rﬁoaﬂe@ liﬁldhé‘t&l%,l AU agith e an
a woven ric, ,manufact.ur &%vghng t 0 _one of

air bag 6.

clains 1 to:?lﬁi?éf
nanufacturedﬁahnnqnrmpde)Qﬁmpmﬁyamxﬂanfxnaman; vyagns sdith faallvatc .aig

bag system Céiﬁfgﬁﬁ{igé%ﬁ &Y- & $PVERLIANISL AR U GALRCGH Y9 to one
of claims 1 to
least substantially symmetrical weave setting is treated

"é‘?% %Lﬁettf]?ﬂﬁ'l CCha'f Cteﬁé'ge

F A

A r

in an aqueous bath at a temperature in the range of 60 -

140°C.

Method according to claim 1,
treatment in the aqueous bath is carried out at a

temperature in the range of 90 - 140°C.

Method according to claim 1,
treatment in the agueous bath is carried out at a

temperature in the range of 90 - 100°C.

Use of a woven fabric, manufactured according to

claims 1 to 3,

for articles in which a low air

permeability is required.

Use of a woven

clainms 1

to 3,

Use of a woven

claims 1 to 3,

Use of a woven

claims 1

to 3,

fabric, manufactured according to

to manufacture an air bag.

fabric, manufactured according to
as a parachute fabric.

fabric, manufactured according to

as a sail fabric.

Air bag system, characterized by a woven fabric

manufactured according to one of claims 1 to 3.

one

one

one

one

characterized in that the

characterizéd in that the

of

of

of

of
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