The invention relates to a nethod of manufacturing uncoated industri al
fabrics in a close weave setting. In the case of nmany industrial fabrics,
~alr perneability is crucially inportant for their function. Exanples of
“this are woven fabrics for parachute materials or sail fabrics. This
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fabrics. A particular drawback arises from the need to dust
the coating with talcum to prevent parts of the coating, which
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
SE; 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 finishing 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 in warp and weft), to nmeet car manufacturers' requirenments for
I dentjcal strength values in both thread directions. This is necessary
~ecause, in the case of a radially symetrical conponent |ike an air bag,
“there is no privileged direction. A further possibility IS proposed in
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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
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, fpr most articles
in this field, in particular for air bag fabrics, said method
is unsuitable because the high strengths required for
industrial fabrics cannot be achieved with the high-shrinking

- polyester yarns used here. Also, the proposed thermo-fixing
process leads to higher'productioﬁ 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
permeability 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



Where the term"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,
~which are required to have a particularly low air pernmeability of < 10
Y/[err] mn at 500 Pa test differential pressure. To al  ow di scharge of the
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specifications of car manufacturers. A temperature range of 90 - [err] is
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even al 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 closure of
the pores of the woven fabric. In said manner, it_ is possible
to achieve the low air permeability of <= 10 1/@m2'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

g¥; for the treatment in the aqueous bath because said ﬁemperature
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 agqueous
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



tenperatLres’as |l ow as [err] and'belomﬁ tréatnent in the aqueous bath | eads
to a marked initiatiron of shrinkage and hence to densification of the woven
frabric,. which results in a reduction in air perneability. By selecting the
t'r eat ment tenperature it is even possible to effect purposeful control .of
t he ai r._perneabi This 1g rtlcul ri, ort because, in many
appllcaPESHESSF }Hdﬁ§PYIapph&E donsg 03 ﬁgpngﬁéailf?ﬁFlﬁﬁrt eof- afPrbags

hi gher &he féltembphrtyofahiespagsg. hightlbeaiegpermeabiDity8Galagsr] nin
at 500 PRajte f al.cpr,essu r a|r ernmeability of
woven f§ |c§}1 ght gggﬁﬁc}r éfbgﬁ urggs%?aﬁl SIE%}JI aﬁgtsea&% ns of the
treatneﬁ#fféﬁﬁéta@&rErﬁﬁspnéraqueodssbagﬁ- t het adr nﬁrmeahelsteofed weave

setti ngwovea EéBQi&EnhaynthEEeQBESOBé BﬁEBogﬁfuli?oa&j@QP&aﬂ ﬁm%;s‘ﬁftn Sd at

al |l machj extile ni shin en-
Open- mnﬂ#hgﬁﬁgﬁfﬁa Bh Eggpﬁ59guﬁ?o%BdL§8v3ﬁPﬁ Eﬁugatﬁb QIether ggers t oo
are sui vabhether sellebtedeutarat setfingperati ng tenperatures above [err],

" the machi ne used for said purpose may be an HT jigger. This allows
treatnment tenperatures of up errg Sai d wet treatnent sinultaneously
has t heThef Eeatrentny| ﬁgeaﬁgugpue pbhi maypr for exanplei noe Thi sis

advant agepesté@ avohdlbastRihak ﬁaaackvailaiafef ﬂhrt&xgai% n‘?%‘t‘t nif ete'“”ﬁa

prolonggd st or age, 8% i ndustrial fabrics air

wheel . of%h ABEBrvidRhcYashingn |ﬂP?HeWé§§B Bﬁshéﬂglmﬁ?h%ﬁﬁﬁrkﬂYﬁ twisted
‘yarns, pbovéd aaevantagébusus eHowaeeE pdj iggersr €66 N@ré s tds1aaeepus bath
\glnult %Qs ef fect of renoving any preparation on the yarn
resultlng ron1nanu acture of the fibres.

At operatlng temperatures above 100°C, the machine used for
said purpose may be an HT jigger. This allows treatment
temperatures of up to 140°cC.

Said wet treatment simultaheously has the effect of removing
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 éir bags in
the steering wheel of a motor vehicle.:

;/, Even in the case of use in the warp of twisted yarns, which
are normally used unsized, the treatment in' the agueous 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.



The treatnment time to be selected for the wet pass, as well as any

adm xtures to the bath depend on the size or preparation to-be renoved and
are known to the person skilled in the art. The method here described
therefore offers t he advantage that woven fabrics having I ow air
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Although, at lower dryihg temperatures, thefe is no risk of an
increase in air permeability, problems may arise with ageing
resistance.

The influence of the temperature during wet treatment upon
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
W, 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 shafply 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



shrinkage is plotted along the Y-axis. The graph shows that the high
initial.shrinkage of- 8.3% (left colum of graph) is already sharply reduced
at—a treatnment tenperature of [err] and continues to reduce as the wet '
treatnent tenmperature rises. Fig.2 illustrates the initiation of shrinkage
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plotted along the Y-axis. The percentages 5  indicated here refer, in
each ca t e initial, lengt Fi g.3 reproduces the inflyence of the
dryi ng tslgjﬁ%'ga]%%ﬁéo%’b S Jthe p%ﬁ‘é%?‘??t?/f %ﬁ% ‘gﬁxﬁr%q—t Uhe IRG%

pl ot t ed alvrigenheakibity, tTee ditwing Mesinperatperes aid iglotiadiesldmyg 1/ [err]
mn (at ost i ?‘é‘ﬁh r . : thes %.axi.s.
The trea%n’taa?%%’s 1\E/\h/eére&% or %Jtljerc\fl) #ﬁ%@%&%ﬁ ;‘gd?hgétf?\r}gl Zlﬁiﬂlb g‘é%‘onds,
for curvéAB 508 Backest dhEferenptial mresswrekanmdlottrdy adasiedtiey shows

that wi th-axEd0r (THe cats@tient NBindd MRSRECIFoe &@irddia g R ddgmer at ur e,
|l ow air perneability v(gl ues are aﬁli eved. On the other_ hand, with | onger
treat merto} i Ve B 13 FETIRAS R IFRHT YR mberdR (FREONGsHh@Nh- 598 ng al r eady

sets i n e ebds60 csecomiked Fiprraskearilynishows rehat hiifth a Bhuoxt it i s

al so proueds dhait tdhepd h P A r qrﬁgqﬂﬁﬁ | I fory ipdustri al
fabrics is a detri npnjt'aﬁifpgra%s eésa;ei;%ag%j nfie sﬂégft%‘{ﬁ%lriacélt&igdn l\ﬁn"gre alow
ai r per fdbiReERLaRl ke Valepanpathigvehe RIS diichetheredansht wikh he
cagueous XuHder Hiedamnt atiis [ Park 1 QWL ATy R TBPdY enpledatidded 6111 may
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53 887. %‘ﬁm"'fﬁ’%f’rbi?;ﬁ%ﬁ%f in and leads to a marked increase
in air permeability. Thus, it is also proved that the thermo-
fixing recommended in prior 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 aqueous bath, the
requirement for a low air permeability of -

lA -

10 1
dm2-min

w; 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 saméles,
treated in the manner described, produced values between 3 and
9 1/dm2'min at 500 Pa test differential pressure, which are
therefore cleérly below the maximum limit allowed by car
manufacturers for air bags of 10 1/dm2'min at 500 Pa test
differential ‘pressure.



said DIN standard, the test differential pressure was raised to 500 Pa in
order .to obtain, for t he woven fabrics manufactured according to the :
iTvention, an additional positive test result. The measurenents carried out
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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%_(measufed at 160°C).

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:
g/ ‘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,
alternatively 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 f 72 and thread numbers of 32 -
40/cm for a titre of 235 f 36.



Yarn titre _ : Thread nunber/cm 235 f 36 26- 30
350 f 72 - .18 -28 470 f 72 18 -25
ke fabrics are preferably manufactured in a linen texture with a
ymetrical setting. For finer tltres it is pOSSIb|e in the interests of
an .attractive feel to th r'o alternatively to selegg anana texture
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values may be acﬁleved without dlfflculty, as the following
table clearly demonstrates:

Test No. 1 2 3 4
Yarn titre 35°.f 72 470 £ 72 - 470 £ 72 350 £ 72
Texture linen linen linen panama 2/2

Grey fabric:
thread number/cm

- warp 24.0  20.5 19.5 27.0
- weft ' 22.0 19.5 19.2 30.0

fabric width ¢m 163 147 156 - 159
Finished fabric: ’ -
thread number/cm

- warp : - 27.5 _ ‘23,0 - 21.0 - 32.0
A - weft 24.8 22.0 © 20.4 33.0
fabric width cm 151 136 - - 144 142.5
Air permeability i
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 aquedus 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

8



22.0 19.5  19.2 30.0 fabric width

- weft . :

cm . 163 . 147 156 159 Finished fabric: thread
nunber/cm - warp ' 27.5 23.0 21.0 . 32.0 -

vief t 24.8 22.0 20. 4 . 33.0 fabric. wdth cm
151 136 . .., 144 142.5 Air perneability 1/[err] min at 500 Pa
3 permeability ig tested. 7 5 The tests reproduced in the table were
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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
O 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



sys’tem Is taken to be the air bag itself, the accommobdation of the air b"ag
in the notor vehicle and-the control systen1for triggering operation of the
agr bag Exanple 1 Polyanide 6.6 filanment yarns with a titre of 350 f 72

re processed in a linen texture into a woven fabric. The yarn used had: a
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A further portion of fabric from said test was dried with
differing dwell times at 170°C. The following air
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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 temperéturgs, thermo-
fixing already sets in. The same applies to longer dwell
times when operating at relatively 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 is an unnecessary, and even
detrimental process stage.
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| east sUBstan{iaIIy symmetrical weave setting is treated in an aqueous bath

at.-a tenperature in the range of 60 - 140C 2. Met hod according to claim
1, ~char-acterized in that the treatnent in the aqueous bath is carried out

at a tenperature in the range of 90 - [err]. 3. Met hod according to claim
1, _characterized ip that the treatment in the aqueous bath is carried out
at_a ten%%?%?ﬁr%lﬁﬁm?he range of 90 - [err]. . Use of a woven fabric,

manuf act ured according to one of claims 1 to 3 for articles in which a | ow
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of clains 1 to 3, a5 a sail fabric. AT ag ystenl characterlzed by a
woven fabric fRRuhkeger ef éccoiﬁ%ngm?%sBﬁ%do?t 6P hE) 4 Yitly anat cC L
M S least substantially symmetrical weave settlng 1s treated
in an aqueous bath at a temperature in the range of 60 -
140°C.

2. Method according to claim 1, cha:acterized in that the
: treatment in the aqueous bath is carried out at a
\— : temperature in the range of 90 - 140°C.

3. Method according to claim 1, characterized in that the
treatment in the aqueous bath is carried out at a
temperature in the range of 90 - 100°C.

4., "~ Use of a woven fabric, manufactured accofding to one of.
claims 1 to 3, for articles in which a low air '

permeability is required.

S Use of a woven fabric, manufactured according to one of

[

claims 1 to 3, to manufacture an air bag.

6. Use of a woven fabric, manufactured according to one of

[

claims to'3, as a parachute fabric.

7. Use of a woven fabric, manufactured according to one of
claims 1 to 3, as a sail fabric.

8. Air bag system, characterized by a woven fabric
manufactured according to one of claims 1 to 3.
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