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(57) ABSTRACT 

Multi-filament polyamide yarns characterized by high tenac 
ity and low shrinkage are disclosed. Such yarns or fabrics 
made therefrom can be used in industrial applications in 
which such a combination of properties is desirable. Such 
yarns are particularly useful in the manufacture of automobile 
airbag fabrics. Also disclosed is a process for making Such 
yarns. The yarn manufacturing process involves spin-draw 
ing molten nylon, relaxing and controlling the yarn tension, 
and then winding the yarn. Yarns made according to this 
process exhibit linear density in the range of 110-940 decitex, 
tenacity equal to or greater than 80 cn/tex, and shrinkage, 
measured at 177° C., of less than 5%. 
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HIGHTENACTY LOWSHRINKAGE 
POLYAMIDEYARNS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims benefit of priority from U.S. 
Provisional Application No. 60/986,671, filed Nov. 9, 2007. 
This application hereby incorporates by reference U.S. Pro 
visional Application No. 60/986,671 in its entirety. 

FIELD OF INVENTION 

0002 This invention relates to the preparation of high 
tenacity, low shrinkage polyamide, e.g., nylon, yarns. In par 
ticular, Such a combination of physical properties is achiev 
able by extruding molten nylon polymer in a coupled spin 
draw process which includes a Subsequent tension relaxation 
and control step prior to winding. Such yarns can be used in 
the manufacture of woven and knit fabrics, with Such yarns 
and woven fabrics being especially useful for industrial appli 
cations such as automotive airbags. 

BACKGROUND OF THE INVENTION 

0003 Polyamide yarns are frequently employed in indus 
trial yarn and fabric applications requiring high strength. In 
order to develop maximum strength nylon yarns are manu 
factured by a spinning and drawing process that causes 
molecular alignment. The higher degree of orientation that is 
achieved, the greater is the tenacity and the lower is the 
available yarn elongation. A fundamental aspect of the pro 
duction of fabrics using high tenacity yarns made with polya 
mides relates to the inherent shrinkage of the yarn. Due to the 
fact that the polymer undergoes a high degree of molecular 
alignment in the spinning and drawing process, such yarn has 
a natural tendency to contract. The rate and degree of con 
traction is a function of the degree of drawing (where more 
drawing leads to greater degree of contraction), the tempera 
ture to which the yarn is heated, and the time for which the 
yarn is held attemperature. Hence, it is normal to wash fabric 
in hot water and then dry in hot air in order to promote 
shrinkage and cause to fabric to become dimensionally stable. 
The degree of contraction of the fiber affects the efficiency of 
production of fabrics by virtue of a decrease in utilization of 
as-woven fabric as the fabric shrinkage encountered during 
post-weaving processing increases. 
0004 Known processes for making fully-drawn nylon 
yarns include the steps of extruding molten polymer through 
a spinneret to form filaments, quenching the molten fila 
ments, coalescing the filaments to form a multifilament yarn 
and then drawing the yarn to increase molecular orientation, 
reduce available elongation and develop increased tenacity. 
Drawing is achieved by advancing the as-spun yarn from a 
feed roll to a draw roll, wherein the draw roll is rotating at a 
higher speed than the feed roll. The greater the extent of the 
drawing, the higher will be the yarn shrinkage. A process of 
this type, in which the spinning and drawing steps are inte 
grated into a continuous manufacturing process, is referred to 
as a 'spin-draw process. 
0005. It is possible to produce very low shrinkage polya 
mide yarns using slow “two stage' processes, where the 
drawing is done in a separate step after the as-spun yarn has 
been wound and, therefore, the drawing and relaxing stages 
are decoupled from spinning. However, the product is found 
to be too crystalline prior to drawing to allow for very high 
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draw levels without experiencing yarn breaks. Thus, the “two 
stage' process is not suitable for high production rate manu 
facture of very high tenacity yarns above about 80 cN/tex. 
0006 Highly drawn, high shrinkage yarns produced by the 
spin-draw process can cause Subsequent processing problems 
due to the tension induced in the yarns by the drawing step. If 
not relieved, the tension may be high enough to cause the 
cardboard tube core on which the yarn package is wound to 
deform. Additionally, the low elongation resulting from the 
high degree of drawing can lead to an unacceptable number of 
yarn breaks. This problem increases in severity with the high 
threadline speeds that are necessary for economic high speed 
production. 
0007. In order to alleviate the problems of package defor 
mation and threadline breakage, it is known to introduce a 
relaxation step following drawing in order to reduce the yarn 
tension, usually while heating, prior to wind-up. One Such 
process has been disclosed in U.S. Pat. No. 5,750,215 to 
Jaegge et al., the teachings of which are incorporated by 
reference. U.S. Pat. No. 5,750,215 employs a relaxation step 
in order to produce yarn package comprising nylon 6.6 yarn, 
Such yarn characterized by an elongation of about 22% to 
about 60%, a boil-off shrinkage of about 3% to about 10%, a 
tenacity of about 3 to about 7 grams per denier (32.7-76.5 
cN/tex) and a yarn tube compression insufficient to crush the 
tube core on which the yarn package is wound. 
0008. A limitation that is observed in the nylonyarn manu 
facturing process described by U.S. Pat. No. 5,750.215 are 
operating constraints which affect the extent to which the 
tension can be reduced between the draw Zone and the relax 
ation Zone. If the tension is reduced to too low of a level, the 
yarn becomes completely unstable leading to filamentation 
(or splaying of the individual filaments) and threadline 
breaks. The point at which this tension let-down becomes 
great enough to induce threadline instability is a relaxation 
ratio, according to Formula 1, greater than about 9%. 

Relaxation Ratio (%)-((R-R)/R)x100, where 1. 

0009 R, is the peripheral speed of the final stage draw 
rolls, and 

0.010 R is the peripheral speed of the relaxation rolls 
0011 For many high strength fabric applications, the high 
shrinkages inherent to the high strength yarns used for Such 
applications translate into high fabric shrinkages. For airbag 
applications, fabrics are required to exhibit both high 
strength, with a particular emphasis on the ability of the fabric 
to resist tearing and bursting when deployed, and low air 
permeability. Yarns that are suitable for airbag fabrics typi 
cally exhibit tenacities in the range of 60-85 cn/tex and hot air 
shrinkages (at 177°C. measured according to ASTM D 4974) 
of 5-15%. Low permeability can be achieved by applying a 
low permeability coating to at least one side of the fabric, or 
by producing a fabric with a very tight weave, or by some 
combination of those two measures. High Strength is an 
essential characteristic of a fabric intended for this use since 
an airbag must be able to withstand the initial shock of an 
explosive inflation and, immediately thereafter, the impact of 
a passenger thrown against it. It must withstand these forces 
without bursting, tearing or appreciable stretching. 
0012. In most cases fabrics must be scoured to remove 
finish oils applied during yarn spinning and lubricants or 
bonding coatings applied prior to the weaving process. Thus, 
the woven fabrics are typically Subjected to a washing step, 
followed by heating in dry air. The high shrinkage exhibited 
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by the fabric in response to the washing and drying steps are 
used to advantage in order achieve a tighter weave and cor 
respondingly lower air permeability. U.S. Pat. No. 5,581,856 
teaches the manufacture of a fabric comprised of polyamide 
yarns having a hot air shrinkage at 160° C. of 6-15% (accord 
ing to ASTM D4974). The as-woven fabric is subsequently 
Subjected to treatment in an aqueous bath in a temperature 
range from 60° to 140°C. These conditions result in shrink 
age leading to a further increase in density of the fabric which 
was already densely woven. The advantageous result is Sub 
stantial closure of the pores of the fabric and a consequent 
improved resistance to gas permeability. In alternate process 
ing for fabrics which require additional coating for either 
thermal protection or essentially Zero air permeability, it is 
normal for the fabric to be “heat set after washing. In this 
process the washed fabric is dried attemperatures close to or 
above those that will be experienced in coating and are typi 
cally in the region of 170° C. -225°C. Minimizing the degree 
of inherent shrinkage in the yarn allows drying at tempera 
tures towards the lower end of this range and minimizes the 
risk of thermal damage to the yarn, an effect which usually 
manifests itself in the form of fabric discoloration. 

0013 “Air permeability” refers to the rate of air flow 
through a material and can be further defined as either “static 
airpermeability” at a constant differential pressure across the 
fabric, or “dynamic airpermeability” measured subsequent to 
a Volume of air being introduced into a confined space over 
the fabric so as to generate an initial differential pressure. For 
the purpose of discussion throughout this application, air 
permeability will be of the static type which is defined as the 
volume rate of air at a differential pressure of 500 Pa through 
an area of 100 cm and expressed in I/dmf/min. This perfor 
mance parameter is measured according to ISO 9237. 
0014 Fabrics intended for use in vehicle airbags have 
been woven by a variety of conventional weaving methods, 
including rapier, projectile, air-jet and water-jet weaving. 
Historically, many Such fabrics have been formed using con 
ventional rapier weaving machines wherein the weft yarn is 
drawn mechanically across the warp. Such weaving practices 
have been Successful in producing the high weave density 
which is required for fabric that must exhibit low air perme 
ability and which demonstrates the structural stability to 
withstand the inflation and collision forces when the airbag is 
deployed during an accident. However, rapier weaving 
machines can be significantly slower than alternative tech 
nologies such as water-jet weaving and can also inflict dam 
age to the yarns during weaving due to frictional forces 
between the yarn and the weaving machine parts, as well as 
between the warp and weft yarns. 
0015. In water-jet weaving, the weft yarn is drawn through 
the shed of the warp yarns by means of a stream of water. This 
weaving method represents a much faster method of weft 
yarn insertion. Water-jet weaving can eliminate the need both 
for application of sizing compounds to the yarn and a separate 
washing or scouring operation. However, waterjet weaving 
historically has provided lower density weave constructions 
then rapier machines. In order to compensate, yarns having 
high breaking tenacities are often used so as to provide 
improved strength in the final fabric despite the less dense 
weave construction attainable by water-jet weaving. U.S. Pat. 
No. 5,421,378, incorporated herein by reference, has dis 
closed a method for manufacturing airbag fabrics by water-jet 
weaving of unsized yarns that is able to achieve weave den 
sities comparable to rapier weaving. 
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0016 While high fabric shrinkage may be used to advan 
tage in order to achieve higher weave densities and low air 
permeabilities, it can also lead to manufacturing inefficien 
cies. In the production of one piece woven side-curtain airbag 
fabric, for example, the manufacturer has a desire to maxi 
mize the number of airbags that can be cut from one piece of 
fabric. The higher the shrinkage, the more constrained the 
manufacturer is in the number of pieces that can be cut from 
an as-woven fabric blank of a given width. 
0017 Side-curtain airbags are generally rectangular in 
shape and can, therefore, be made in contiguous rows across 
the width of the loom. Both sides of the inflatable structure 
may be cut as a one piece unit, which is Subsequently folded 
in half to form an inflatable airbag. Alternatively, as in the 
case of jacquard looms, each Such airbag can be made in one 
integral piece. The width of the fabric is limited first by the 
available width of weaving looms and second by the manage 
able complexity of jacquard heads. It is uncommon to find 
devices capable of weaving fabric more than 2.9 m wide. The 
fabric must then be shrunk to dimensionally stabilize it and, in 
the heretofore state-of-the-art case, shrinkages of the order of 
8% are common. Hence, the airbag manufacturer is con 
strained in the minimum waste case to make an integral 
number of side curtain airbags across a width of (2.9-8%) m 
or 2.67 m. Thus, 3 airbags each of 0.89 m wide are optimal, or 
4 each of 0.668 m or 5 each of 0.534 m or 6 each of 0.445 m 
and so forth. 
0018 Side-curtain airbags are required to fill the gap 
between the roofline of an automobile and the bottom of the 
window in the door, and this distance is rarely less than 0.4 m 
or more than 0.6 m. It is preferred that the shrinkage of the 
fabric in the weft direction is minimized to allow the maxi 
mum number of airbags to be manufactured. 
0019 Side-curtain airbags are engineered to remain 
inflated for a relatively longer period of time to protect a 
passenger against multiple and repetitive impacts within the 
automobile for the duration of an event in which the vehicles 
rolls over multiple times. Unlike front end collisions, in 
which the front end automobile occupant benefits both from 
the large energy-absorbing crumple Zone and the frontairbag, 
in side collisions there is no significant protection secondary 
to the side curtains and side airbags. As a consequence, side 
curtain airbags are designed to operate with high internal 
pressures to maintain separation between the occupant and 
penetrating hazard, and to operate at a relatively high State of 
tension along their length to retain the occupant within the 
vehicle. It is required that these conditions are attained early 
in the inflation process and retained throughout a long dura 
tion rollover event. Thus, the short time allowed for the cur 
tain to be positioned in the event of a crash leads to high 
inertial and pressure loading combined with axial tension 
which makes high strength yarn that much more important. 
0020. The technical requirements for side-curtain airbags 
underscore the need for high quality yarns with a shrinkage of 
less than 5% measured in air at 177° C. and with a tenacity 
equal to or greater than 80 cn/tex with a quality level appro 
priate for use in airbags or similar fabrics. 
0021. In view of the related art disclosures for preparing 
and realizing high tenacity polyamide yarns and fabrics made 
from Such yarns, and further given the manufacturing ineffi 
ciencies encountered in the production of such high tenacity 
fabrics made from yarns that are not typically characterized 
by low shrinkage, it would be advantageous and desirable to 
identify improved procedures for efficiently producing mul 
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tifilament polyamide yarns having tenacities equal to or 
greater than 80 CN/tex and hot air shrinkages (according to 
ASTM D 4974) less than 5%. Such fabrics would be espe 
cially desirable for industrial uses including airbags. 

SUMMARY OF THE INVENTION 

0022. According to the present invention, a multifilament 
polyamide yarn of less than 940 decitex is provided that 
exhibits tenacity equal to or greater than 80 cN/tex, and 
shrinkage of less than 5% as measured at 177°C. The inven 
tion is further directed towards fabrics made from such yarns, 
especially for industrial textiles where fabrics characterized 
by high strength and dimensional stability are required. The 
yarns and fabrics which are one object of the present inven 
tion are particularly well Suited for automotive airbag appli 
cations. 
0023. In one embodiment the multifilament yarn of this 
invention is comprised of a plurality of individual polyamide 
filaments that exhibit linear densities in the range of 1 to 9 
decitex per filament (dpf), Such that the resulting yarn has a 
linear density in the range of 110 to 940 decitex. 
0024. The yarn of this invention includes melt spinnable 
polyamides that may be selected from the group consisting of 
polyamide homopolymers, copolymers, and mixtures thereof 
which are predominantly aliphatic, i.e., fewer than 85% of the 
amide-linkages of the polymer are attached to two aromatic 
rings. Widely-used polyamide polymers such as poly(hexam 
ethylene adipamide), which is nylon 6.6, and poly(e-caproa 
mide) which is nylon 6, and their copolymers and mixtures 
can be used in accordance with the invention. In one embodi 
ment the polyamide is nylon 6.6. 
0025. According to yet another embodiment of this inven 

tion, a woven or knit fabric, e.g., an uncoated woven fabric, or 
other article of manufacture may be made from the nylon 
multifilament yarn of this invention, and in one specific 
embodiment the air permeability of a fabric so produced 
exhibits a static air permeability less than 100 I/dmf/min at 
500 Pa (measured according to ISO 9237), for example, 
within the range of 1 to 30 I/dmf/min, or in the range from 1 
to 10I/dmf/min. According toyetanother embodiment of this 
invention, a coated woven fabric or other article of manufac 
ture may be made from the nylon multifilament yarn of this 
invention, and in one specific embodiment the air permeabil 
ity of a fabric so produced exhibits a static air permeability in 
the range 0.01-3.0I/dmf/min, with suitable coatings compris 
ing a polymer selected from the group consisting of silicones, 
polyurethanes, and mixtures and reaction products thereof. 
As used herein, silicones and polyurethanes are meant to 
include copolymers of each, respectively. Fabrics made 
according to this aspect of the invention are particularly well 
Suited for automotive airbag applications. 
0026. The invention disclosure made in this application 
also contemplates a composite fabric comprised of a lami 
nated structure comprising a fabric and a film, wherein the 
film has a density range of 5 to 130 g/m and wherein the 
group from which the film may be selected consists of sili 
cones, polyurethanes and mixtures and reaction products 
thereof. 
0027. In other embodiments, the woven fabrics manufac 
tured from yarns of this invention may be characterized by 
symmetrical or non-symmetrical woven constructions. Thus, 
a fabric may be constructed such that these multifilament 
yarns are woven into both the warp and the weft directions, or 
Such that these yarns are only used in the warp direction or 
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only used in the weft direction. The latter, asymmetrical type 
of construction may be useful in applications where minimi 
zation of fabric shrinkage specifically in the weft direction is 
desirable. 
0028. The invention further includes a spin-draw process 
for making the multifilament polyamide yarns. This process 
comprises the steps of: (a) extruding molten nylon at a formic 
acid relative viscosity from about 40 to about 85 through a 
multi-capillary spinneret into a plurality of filaments which 
are then directed through a quench Zone; (b) coalescing the 
filaments into a multifilament yarn and applying lubricating 
spin finish to the yarn; (c) directing the yarn, by means of at 
least one feed roll, to a draw Zone consisting of at least two 
pair of driven draw rolls, each roll within a pair rotating at the 
same peripheral speed, and each pair rotating at a relatively 
higher peripheral speed than the pair preceding it; (d) causing 
the yarn to form at least two wraps around each said pair of 
draw rolls; (e) maintaining the yarn at a temperature of from 
about 160° to about 245° C. as it passes over the second and 
optional additional pairs of draw rolls by heating the imme 
diate Zone Surrounding these pairs of rolls withhot, dry air, or 
by heating the rolls, or by a combination of both; (f) control 
ling the relative peripheral speeds of the rolls between each 
pair of draw rolls and the adjacent pair of draw rolls, and 
controlling the temperature of the yarn as it passes over the 
second and optional additional pairs of draw rolls, so as to 
impart an increasing extent of draw to the yarn as it traverses 
each pair of draw rolls and finally achieves a total yarn draw 
ratio of from about 4.2 to about 5.8: (g) directing the yarn to 
a tension relaxation and control Zone consisting of a first 
driven tension relaxation roll and a second driven tension 
control roll wherein the first tension relaxation roll is rotating 
at a lower peripheral speed relative to the final pair of draw 
rolls from which the yarn just exited, and rotating at a lower 
rate than the second tension control roll, such that the ratio of 
peripheral speeds of the second to the first roll in the tension 
relaxation and control Zone is about 1.01 to about 1.07, 1.01 
to 1.04, or even 1.02 to 1.034, and so as to maintain a stable 
yarn tension that is higher than that experienced by the yarn as 
it exits the draw Zone; (h) directing the yarn through an 
interlacing jet; and (i) directing the yarn to a wind-up roll 
rotatingata relatively higher peripheral speed than the second 
roll of the tension relaxation and control Zone so as to main 
tain a stable yarn tension during wind-up, and Such that the 
yarn traversing the tension relaxation and control Zone is at a 
higher tension than the yarn exiting the last pair of draw rolls 
and at a lower tension than the yarn as it is wound on the 
wind-up roll. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. The invention can be more fully understood from 
the following detailed description thereof in connection with 
accompanying drawings briefly described as follows: 
0030 FIG. 1 is a graphical representation of the relation 
ship between fabric shrinkage and the final fabric weave 
density for two yarns of different tensile strength and shrink 
age, each woven over a range of initial weave densities. 
0031 FIG. 2 is schematic illustration of an apparatus for 
spin-drawing polyamide fiber, wherein the apparatus incor 
porates a tension relaxation and control Zone in accordance 
with the present invention. 
0032 FIG. 3 is a schematic illustration of a prior art appa 
ratus for spin drawing polyamide fiber, wherein the apparatus 
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incorporates a simpletension relaxation Zone comprising two 
tension relaxation rolls running at the same speed. 
0033. Throughout the following detailed description, 
similar reference characters refer to similar elements in all 
figures of the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

0034. The present invention is directed toward high 
strength, low shrinkage polyamide multifilament yarns and 
fabrics made therefrom, for use in industrial and other 
demanding applications. The invention is further directed 
towards a process for manufacturing Such yarns. 
0035 High strength industrial yarns of the present inven 

tion, depending upon the specific end-use application, may be 
manufactured with linear densities in the range of 110-940 
decitex. One example of an end use application for which 
yarns of this invention are particularly well suited is the 
manufacture of automotive airbags. High strength yarns of 
this invention intended for use in the production of airbag 
fabrics may be manufactured with linear densities ranging 
from about 235 to about 940 decitex, more typically from 
about 235-470 decitex, the constituent monofilaments typi 
cally 9 dpfor smaller. Any reasonable decitex may be used. 
Lower denieryarns provide lightness and thinness, but afford 
less strength and are more expensive to use as more weaving 
is required to provide the same coverage. When the yarn 
linear density is smaller than about 235 decitex, the tensile 
strength and the tear strength of the fabric will typically be 
insufficient to satisfy airbag specifications. Higher denier 
yarn (for example greater than about 470 decitex) tends to 
produce a heavier and thicker fabric which is harder to fold 
and compromises the compactness of the device. It will be 
obvious to the skilled observer that for all of the foregoing 
reasons, higher tenacity yarns represent an advantage. 
0036 Polymer suitable for use in the process and yarns of 

this invention, and which are capable of satisfying the 
requirements of airbags and other high strength industrial 
applications, comprise melt spinnable polymers selected 
from the group consisting of polyamide homopolymers, 
copolymers, and mixtures thereof which are predominantly 
aliphatic, i.e., fewer than 85% of the amide-linkages of the 
polymer are attached to two aromatic rings. Widely used 
polyamide polymers such as poly(hexamethylene adipamide) 
which is nylon 6.6 and poly(e-caproamide) which is nylon 6 
and their copolymers and mixtures can be used in accordance 
with the invention. 
0037. While automotive airbags are identified as a particu 
larly appropriate application for the yarns and fabrics of this 
invention, it should be recognized that the high strength and 
low shrinkage attributes of these yarns and fabrics made 
therefrom lend themselves to many other industrial applica 
tions including, but not limited to sewing thread, cure wrap 
ping tapes, peel ply fabrics, coated and uncoated fabrics for 
industrial use, and other applications that require similar 
attributes. 
0038. The degree of shrinkage that fabrics will display 
upon heating, treatment in an aqueous bath or a combination 
of both is a function of the inherent shrinkage of the yarn and 
the weave density. FIG. 1 illustrates data measured for two 
yarns. The data show the relationship between fabric shrink 
age (as defined by the difference between the fabric dimen 
sion parallel to the weft in the “greige' state and the same 
dimension after Scouring and drying) and the final fabric 
density in terms of the ends/cm measured parallel to the weft 
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direction. The upper curve represents a typical state of the art 
airbag quality fabric having a tenacity of 84 ch/tex and a hot 
air shrinkage at 177° C. of 6.6%. The yarn of this fabric is 
made via a coupled spin-draw process. The individual data 
points along the curve, representing gradual decreasing fabric 
shrinkage and increased weave density, are measured on fab 
rics of increasingly higher initial weave density (i.e. before 
shrinkage). The lower curve is a similar representation of data 
for fabric having a tenacity 71 cn/tex and a hot air shrinkage 
at 177° C. of 2.2%. The yarn of this fabric is made from a 
decoupled spin and draw, or “two stage process. As one 
might expect, fabrics woven to relatively higher weave den 
sities are able to shrinkless than relatively more open fabrics. 
It is also clear from the data that reducing the shrinkage of the 
yarn has a positive effect on the airbag manufacturer's ability 
to produce more side curtains, or the same number of wider 
curtains out of a single fabric blank. 
0039 Yarns of the present invention exhibit a minimum 
tenacity of 80 cN/tex, and hot air shrinkage (measured at 177° 
C. according to ASTM D 4974) less than 5%, for example in 
the range of 2.5-4.9%. This combination of attributes is found 
to be particularly advantageous for airbag applications, and, 
more particularly, side-curtain protection devices where (1) 
the inflatable cushion must withstanda highertension early in 
the inflation process, and higher and more prolonged tension 
following deployment, and (2) higher fabric utilization may 
be achieved due to the lower shrinkage of the fabric blank 
used in the construction of airbags during post-weaving 
scouring and drying operations. 
0040. With reference to FIG. 2, a process in accordance 
with this invention for the manufacture of high strength, low 
shrinkage polyamide yarns is described. Molten nylon at a 
formic acid relative viscosity in the range of 40-85 (measured 
according to ASTM D789) and prepared by methods well 
known to those skilled in the art is provided using a conven 
tional extruder (not shown) to a spin filter pack 10 equipped 
with a multi-capillary spinneret plate. The molten polymer is 
thereby spun through the capillaries into a plurality of fila 
ments which are cooled in a quench Zone 20 and Subsequently 
coalescedata lubricating spinfinish applicator 30, where neat 
oil finish is applied, into a multi-filament yarn 35. The yarn is 
then directed by at least one feed roll 40 to the first pair of 
driven draw godet rolls 50. The yarn is wrapped multiple 
times around the pair of draw rolls 50, each rotating at the 
same peripheral speed. Such that each wrap is laterally dis 
placed along the axis of rotation. 
0041. The drawn yarn 35 is then further drawn by advanc 
ing it to a pair of driven draw godet rolls 70 around which it is 
wrapped multiple times, such that each wrap is laterally dis 
placed along the axis of rotation. Both godet rolls 70 rotate at 
the same speed but are maintained at a relatively higher 
peripheral speed than rolls 50. The yarn in the draw Zone, 
represented by the region between the godet rolls 70, is heated 
to 160°-245° C., for example, 205°-215° C. Heating may be 
accomplished by heating the draw Zone with dry, hot air 
and/or heating the rolls. Similar heating may optionally be 
provided to the first stage of the draw zone, represented by the 
region between the godet rolls 50. The drawing of the yarn 
may be done in any number of stages. Thus, additional sets of 
rolls may be interposed between at least one feed roll 40 and 
godet rolls 50, each set of rolls imparting slightly higher 
degrees of draw until the desired draw ratio is achieved for the 
yarn that exits the final draw Zone represented by the godet 
rolls 70. Draw ratios of about 4.2 to about 5.8, for example, 
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about 4.7 to about 5.4 are found suitable for producing nylon 
6.6 yarn exhibiting a tenacity of 80 cN/tex or greater. 
0042. The yarn is forwarded from the draw godet rolls 70 
to an unheated tension relaxation and control Zone repre 
sented by the region between driven rolls 90 and 100. Both of 
these driven rolls 90 and 100 have associated separator rolls 
91 and 92. The threadline wraps around each of these driven 
rolls and then proceeds to the associated angled separator roll 
where the threadlines are caused to advance so the threadlines 
do not overlap the previous wrap on the driven rolls. The yarn 
friction driving the separator rolls also stabilizes the yarn by 
providing adequate tension. In one process of this invention, 
the tension let-down roll 90 of the tension relaxation and 
control Zone rotates at a lower peripheral speed than the draw 
rolls 70. In this way the high yarn tension maintained in the 
final draw stage is relaxed as the yarn travels between rolls 70 
and 90 and thereby releases shrinkage so that the yarn 
achieves the desired shrinkage for the particular end use 
requirement (less than 5%). 
0043. The tension control roll 100 and its associated sepa 
rator roll 92 rotate at higher peripheral speeds than the tension 
let-down roll 90 and its associated separator roll 91. By con 
trolling the relative peripheral speeds of rolls 90 and 100 in 
this manner, yarn tension in the tension relaxation and control 
Zone is maintained at a higher level than that of yarn in the 
final draw stage, thereby ensuring threadline stability. The 
ratio of peripheral speeds of roll 100 to roll 90 is in the range 
of about 1.01 to about 1.07, more preferably about 1.01 to 
about 1.04, most preferably about 1.02 to about 1.034. It is 
important that the first tension let-down roll 90 have one or 
less wraps of yarn around it. If additional wraps are placed on 
the roll, the increased yarn lengthening that will accompany 
the excess cooling caused by the increased residence time on 
this roll may result in an unstable threadline which conse 
quently may lead to filamentation, or splaying of the fila 
ments, and threadline breakage. 
0044 Subsequent to relaxation and tension control, the 
yarn is directed through an interlacing air jet 105. 
0045. The yarn, after being properly positioned by the 
change-of-direction roll 110, is then directed to the wind-up 
roll 120, rotated at a higher peripheral speed than role 100. 
0046. In order to achieve shrinkages less than 5% in one 
embodiment of the invention, it is typically necessary to 
reduce the tension for yarn exiting the final draw stage (rolls 
70) so as to achieve a relaxation ratio of about 9-16.5%. The 
exact value of the relaxation ratio is dependent upon the 
temperature of the draw Zone. The higher the temperature of 
the final stage draw Zone, the higher the allowable tension, 
and consequently the higher the relaxation, of the yarn 
between the final draw stage and the tension let-down roll 90. 
In one embodiment, a final draw stage temperature of about 
210°C. corresponds to a relaxation ratio of about 12 to about 
13%. Relaxation ratio is defined by Formula 2: 

Relaxation Ratio (%)-((Ro-Roo)/R7)x100, where 2 

0047 Rao is the peripheral speed of roll 70, and 
0048 R is the peripheral speed of roll 90 

0049. This is accomplished by controlling the relative 
peripheral speeds of the draw rolls 70 and the first tension 
let-down roll 90. To provide good yarn package formation, 
the tension on the yarn as it exits roll 90 should be lower than 
the yarn tension at the wind-up roll 120. This is accomplished 
by controlling the relative peripheral speeds of the tension 
control roll 100 and the wind-up roll 120. Thus, the relaxation 
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and tension control Zone is configured so as to isolate the 
relaxation and control tension (between rolls 90 and 100) 
from the final stage draw (rolls 70) and wind-up Zones (roll 
120) and maintain yarn tension at a constant level that is 
higher than that of the yarn in the final stage draw Zone (rolls 
70) and lower than that of the yarn as it is wound on the 
wind-up roll 120. 
0050. In accordance with the process of this invention, a 
fully oriented yarn is provided which can satisfy both the 
tenacity requirement of equal to or greater than 80 cn/texand 
the shrinkage requirement of less than 5%. 
0051 Various additives may be incorporated within or 
topically added to the filaments/yarns for the purpose of 
improving the processability of the yarn spinning and other 
post-treatment processes, as well as for imparting certain 
other desirable attributes. Such additives may include, for 
example, but are not limited to: antioxidants, thermo-stabi 
lizers, Smoothing agents, anti-static agents and flame retar 
dants. 
0.052 Weaving or knitting of the fabrics of this invention 
fromyarns manufactured by a process as just described can be 
accomplished by entirely conventional means. The formation 
of woven fabrics from yarns of this invention may be carried 
out on weaving machines using air-jet, water-jet or mechani 
cal means (such as a projectile or rapier weaving machine) for 
insertion of weft yarns among a plurality of warp yarns. 
0053 As will be appreciated by those of skill in the art, a 
chemical compound, referred to as a sizing compound, may 
be applied to the yarns prior to weaving in order to limit the 
amount of damage from the frictional forces, heat build-up 
and abrasion caused by the contact of yarns with moving parts 
and with other yarns during the weaving process. Such sizing 
compounds can act as a lubricant and/or protective coating so 
as to maintain the integrity of the yarns. Sizing compounds 
Such as polyacrylic acid, polyvinyl alcohol, polystyrene, 
polyacetates, starch, gelatine, oil or wax may be used. 
0054 The woven fabric of this invention can be subjected 
to an aqueous treatment that is intended to achieve two pur 
poses: (1) removal of both the spin finish from the fiber 
spinning process and the sizing compound from the weaving 
process, and (2) relaxation of any latent shrinkage in the yarn. 
Removal of processing aids from the yarn is important to 
avoid any bacterial growth during the long storage times that 
the fabrics will typically experience before airbag deploy 
ment ever becomes necessary, as well as to remove any 
residual Surface material that might be incompatible and 
interfere with the Subsequent, optional application of an air 
impermeable coating. Relaxation of the latent shrinkage is 
important to achieving dimensional stability of the fabric and 
lower gas permeability associated with tightening of the 
Weave Structure. 

0055 When rapier, projectile or air-jet weaving is 
employed in the manufacture of fabric of this invention, the 
aqueous treatment is carried out in an aqueous bath main 
tained at 60°-100° C., for example, 90°-95°C. The wet treat 
ment time and any bath additives (for example, Scouring 
agents) to be employed depend on the size/spin finish to be 
removed and may be determined by those skilled in the art. 
Following the aqueous treatment, the polyamide fabric is 
dried in hot air at a higher temperature in the range of 140° 
160° C., for example, 140°-150° C. in order to achieve a 
achieve a residual moisture content of 4-6%. It is desirable to 
maintain the hot air drying temperature at 160° C. or lower to 
achieve low air permeability. Heating at excessive tempera 
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tures or for prolonged times may decrease the moisture con 
tent to lower values that may result in re-adsorption of mois 
ture and accompanying destabilization of the woven 
construction. However, drying at higher temperatures in the 
range of 170° C. -225° C. may be desired if the fabric is to be 
coated. 
0056. The use of water-jet weaving of polyamide fabrics 
of the present invention is particularly advantageous since a 
separate aqueous treatment step for the purpose of removing 
spin finish and sizing compounds is obviated by the use of 
water in the weaving loom itself. In fact, the use of sizing 
compounds can be eliminated entirely when employing 
water-jet weaving. However, the need for a hot aqueous treat 
ment often still exists because of the requirement to shrink 
and stabilize the fabric. Such shrinkage can otherwise be 
effected by the use of hot bars, infrared devices, or other 
means of radiantheating if the shrinkage is sufficiently low, as 
it is in the yarns and fabrics of the present invention. 
0057 Fabrics according to the present invention which are 
intended for use in airbag fabrics may exhibit low gas perme 
ability, within the range of 1-30I/dmf/min, for example, 1-10 
dm/I at 500 Pa. Such permeability values may be achieved 
using uncoated fabrics as will be recognized by those skilled 
in the art. If near Zero permeability is required, then coating 
may be needed, as will be recognized by those skilled in the 
art 

0058 Very dense weaves are one way of achieving low gas 
permeability. Because of the low shrinkage (less than 5%) of 
yarns within the scope of this invention, less fabric shrinkage 
is available to contribute to the final weave density (after 
aqueous treatment), and, therefore, starting weave construc 
tions must be proportionately higher. Methods of achieving 
Such constructions are known for both mechanical and fluid 
jet weaving machines, and any of these methods or similar 
ones well known in the art that achieve the desired gas per 
meability levels may be suitably adapted. 
0059 Another way of achieving low gas permeability, 
either with a very dense or relatively less dense woven fabric, 
is to apply a gas impermeable coating to at least one Surface 
of that fabric at a loading in the range of 5-130 g/m. Fabrics 
may be coated using knife, roller, dip, extrusion and other 
coating methods. Coatings useful for Such purposes comprise 
a polymer selected from the group consisting of silicones, 
polyurethanes, and mixtures and reaction products thereof. 
0060. As used herein, silicones and polyurethanes are 
meant to include copolymers of each, respectively. This list is 
not intended to be limiting, and other coatings that perform 
the same function and do not detract from the required prop 
erties or performance parameters of airbag fabrics may be 
employed. 
0061 Still another way of achieving low gas permeability, 
either with a very dense or relatively less dense woven fabric, 
is to provide a laminated structure of fabric and film wherein 
coverage provided by this film is characterized by the range of 
5-130 g/m. Films useful for such purposes comprise a poly 
merselected from the group consisting of silicones, polyure 
thanes, and mixtures and reaction products thereof. This list is 
not intended to be limiting and other films that perform the 
same function and do not detract from the required properties 
or performance parameters of airbag fabrics may be 
employed. 
0062 Polyamide yarns used for airbag fabrics are gener 
ally made from yarns that exhibit hot air shrinkage (measured 
at 177°C.) of 5 to 15%. The low permeability that is required 
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for Such contact fabrics requires a dense fabric, and these 
relatively high shrinkage levels help achieve that objective by 
providing relaxation of the yarn during wet processing. 
0063 Woven fabrics of this invention will typically be 
subjected to a treatment in an aqueous bath at 60° to 100°C., 
for example 90°-95°C., optionally followed by drying, in 
order to relax the fabric and make it more dense. This wet 
treatment also serves to remove any size applied prior to 
weaving. This is advantageous in order to avoid bacterial 
infestation during the long storage times that the fabrics typi 
cally experience before deployment ever becomes necessary. 
The aqueous bath also serves to remove any spin finish on the 
yarn from the fiber spinning process. The aqueous bath treat 
ment is preferably followed by hot air drying at a higher 
temperature. If low air permeability is desired then the hot air 
heating process should be maintained at 160° C. or lower. 
Heating at excessive temperatures can result in re-absorption 
of moisture with increasing fabric storage time causing desta 
bilization of the woven construction. If coating is required, 
then higher temperatures may be used, typically in the range 
of 1700 C-225o C. 

0064. The wet treatment time and any bath additives to be 
employed depend upon the size/finish to be removed and may 
be determined by those skilled in the art. The wet treatment 
brings an adequate degree of relaxation, and hence fabric 
density, for achieving the desired air permeability. 
0065. The formation of woven fabrics from yarns of this 
invention may be carried out on weaving machines using 
fluid-jet or mechanical means for insertion of weft yarns 
among a plurality of warp yarns. Entirely conventional weav 
ing equipment, including water-jet, air-jet, projectile or rapier 
looms may be employed. 
0066. As will be appreciated by those of skill in the art, 
yarns of higher tenacity may require topical application of a 
chemical compound referred to as sizing compound to 
enhance the mechanical integrity of the yarns during weav 
ing. Sizing compound that may be used is typically a poly 
acrylic acid, although other polymers such as polyvinyl alco 
hol, polystyrene, and polyacetates may likewise be utilized. 
While the sizing compound is typically effective in enhancing 
the mechanical integrity of the high tenacity yarns, such siZ 
ing tends to enclose yarn oils which may not be compatible 
with polymeric compounds used for coating the fabric prior to 
its formation into an airbag structure. Accordingly, it is rec 
ommended practice to eliminate thesizing compound, as well 
as the enclosed yarn oils, by Scouring and drying the fabric 
prior to any coating operation. 
0067. It is of particularly useful benefit to provide a fabric 
which may be used in an airbag or other industrial fabric and 
which is woven on a water-jet loom. Weaving by this method 
may lessen or eliminate the preference to apply sizing com 
pound to the yarn. Additionally a separate Scouring step is no 
longer required since the yarn oils applied during spinning are 
removed during the weaving process itself. 
0068. By contrast, the use of rapier or air-jet weaving 
machines withyarns having no sizing compound thereon may 
lead to unacceptable yarn damage from the heat build-up and 
abrasion caused by the contact of the warp ends with moving 
parts inserted into the warp shed during the weaving process. 
The use of water-jet weaving avoids yarn damage due to heat 
build-up and abrasion since the warp yarns are not in contact 
with moving parts during insertion of fill yarn through the 
warp shed. 
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0069. Although water-jet weaving typically results in a 
lower density weave than rapier weaving, methods such as 
that disclosed in U.S. Pat. No. 5,421,378 can be employed to 
water-jet weave a yarn with no applied sizing compound to 
produce a fabric having a woven density comparable to that 
achieved with rapier weaving and with no scouring required. 
0070 Conventional post-treatments can be used with the 
fabric of the invention. Specifically, when fabric coatings are 
used. Such as silicone rubber at 20 to 40 grams per square 
meter, the coatings can modify the static air permeability of 
the fabrics to achieve near zero air permeability in the range 
0.01-3.0 L/dmf/min. Entirely conventional coatings and 
means to apply the coatings are appropriate for the fabrics of 
the present invention. 
0071 Various additives may be incorporated within or 
topically added to the filaments/yarns for the purpose of 
improving the processability of the yarn spinning and other 
post-treatment processes, as well as for imparting certain 
other desirable attributes. Such additives may include, for 
example, but are not limited to: antioxidant, thermo-stabi 
lizer, Smoothing agent, anti-static agent and flame retardant. 
The incorporation of such additives in no way diminishes the 
advantages of the present invention. 
0072 The above embodiments and those described in the 
Example section below have been presented by way of 
example only. Many other embodiments of the invention 
falling within the scope of the accompanying claims will be 
apparent to the skilled reader. 

Test Methods 

0073. The following test methods were used in the 
Examples that follow: 
0074 Decitex (ASTM D 1907) is the linear density of a 
fiber as expressed as the weight in grams of 10 kilometers of 
yarn, or filament. The decitex (commonly referred to as dtex) 
is measured by determining the weight of a skein of yarn 
removed from a package using a wrap wheel. 
0075 Yarnbreaking force (ASTM D 885) is measured by 
determining the breaking force of yarn containing 120 turns 
per metre of twist using a constant-rate-of-extension (CRE) 
tensile testing machine available from Instron of Canton, 
Mass. Yarn gauge length is 250 mm and elongation rate is 300 
mm/min. The breaking force is reported in units of Newtons. 
0076 Yarn tenacity at break and elongation at break are 
measured according to ASTM D 885. Tenacity at break is the 
maximum or breaking force of a yarn divided by the decitex, 
and is usually reported in units of cn/tex. 
0077. Fabric break strength is measured in accordance 
with ISO 13934-1. 
0078 Yarn hot air shrinkage is measured in dry heat at 
177° C. for a period of 2 minutes according to ASTM D 4974 
by Subjecting a relaxed yarn to a specified tension load of 0.44 
cN/tex, +0.088 cN/tex 
007.9 The following examples illustrate but do not limit 
the invention. The particularly advantageous features of the 
invention may be seen in contrast to the comparative 
examples, which do not possess the distinguishing character 
istics of the invention. 

EXAMPLES 

0080 All yarns characterized in the following examples 
were of round cross-section and melt spun from homopoly 
mer nylon 6.6. heat Stabilizer additive package was present in 
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the polymer. The yarns were manufactured using a conven 
tional melt spinning process with coupled draw and wind-up 
stages. The yarns were oiled with a nominal loading of 1% by 
weight of yarn. 

Example 1 
I0081 Sample 1 which exemplifies this invention was 
made using the spin-draw process with an additional tension 
relaxation and control step as shown in FIG. 2. The remainder 
of examples are comparative samples, each identified by a 
number with a letter prefix, and each is illustrated by FIG. 3. 
(In FIG.3, the multifilament yarn 35 is fed to the drawing rolls 
by a pair of feed rolls, 40 and 45, each with associated sepa 
rator rolls, 41 and 46.) The comparative samples were each 
spun and drawn as was Sample 1, except that a tension relax 
ation step, as illustrated in FIG. 3, was conducted with a 
coupled pair of relaxation and tension let-down rolls 100, 
each rotating at the same speed, but lower than that of draw 
rolls 70. The amount of tension let-down and, therefore, the 
minimum attainable shrinkage, was determined by observing 
the minimum tension in this tension relaxation Zone that was 
capable of Sustaining a stable threadline. 

TABLE 1 

Shrink 
Sam- Filament Breaking Tenacity Elongation age 
ple Decitex Count Force (N) (cN/tex) (%) (%) 

1 470 140 39.5 84 25 4 
A-2 471 68 34.2 72.6 24.5 S.6 
B-3 483 136 36 74.5 23.8 6 
C-4 927 140 72.5 78.2 22.5 6.2 
D-5 702 105 58.4 83.2 23 6.4 
E-6 470 68 39.5 84 19.9 6.6 
F-7 480 140 29 60.4 21.3 6.6 
G-8 350 96 25 71.4 22 8.8 

I0082 It is apparent from the data in Table 1 that only 
Sample 1, the yarn produced in accordance with the present 
invention, satisfies the desired specifications of tenacity 
before shrinkage of at least 80 cn/tex and a hot air shrinkage 
of less than 5%. 

Example 2 
I0083. In this example, summarized in Table 2, woven fab 
rics are constructed on a water-jet loom using yarns of the 
present invention or comparative yarns. In all cases the yarns 
are 470 decitex with a 140 filament count. The yarns of the 
invention are labelled numerically, and the comparative 
samples are identified by a number with a letter prefix. The 
yarns of the present invention are manufactured by the same 
process as described for the yarn exemplifying the present 
invention in Example 1. The comparative yarns are manufac 
tured by the same process as described for the comparative 
yarns in Example 1 with the extent of yarn draw and relax 
ation varied so as to yield yarns with the varying values of 
tenacity and shrinkage. All results are obtained on uncoated 
fabrics. 
I0084. It is apparent that use of the yarn of the present 
invention permits relatively low permeability fabrics to be 
produced with reduced fabric shrinkage compared to previ 
ously available high tenacity yarn of comparable tenacity. It is 
also apparent that higher tenacity fabrics may be produced 
with lower airpermeability compared to previously available 
low shrinkage yarn. 
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TABLE 2 

Yarn Shrinkage Air 
Yarn Tenacity Shrinkage Fabric Fabric Break permeability 
Sample (cN/tex) % % Strength (N) (1/dm/min) 

1 84 4 3.2 3715 5.5 
2 84 3.5 2.8 3667 5.5 
H-3 83 6.6 5.2 3655 4.0 
J-4 73 8.8 6.3 3274 3.0 
K-5 72 2.2 2.0 3213 8.O 

Example 3 
0085. In this example, summarized in Table 3, woven fab 
rics are constructed on a One-Piece-Woven (OPW) air-jet 
loom. The fabrics of the invention are labelled numerically 
and the comparative fabrics are identified by a number with a 
letter prefix. The yarns of the present invention and the com 
parative yarns used to manufacture the fabrics described in 
Table 3 are manufactured by the same processes as were 
described in Example 2. 
I0086. It is apparent that the yarns of this invention may be 
used to produce very high tenacity airbag cushions (four per 
loom width) with greater width and comparable strength to 
fabrics made from previously available high tenacity yarns. 
Consequently, fabric manufacturing efficiency is maximized. 

TABLE 3 

Cushion Width Fabric Break 
Sample Tenacity Yarn Shrinkage % (cm) Strength (N) 

1 84 4 67.7 3357 
2 84 3.5 67.8 3315 
H-3 83 6.6 66.5 3200 
K-5 72 2.2 68.3 2890 

What is claimed is: 
1. A multifilament polyamide yarn having a tenacity equal 

to or greater than 80 cn/tex, a hot air shrinkage at 177° C. of 
less than 5% and linear density no greater than 940 decitex. 

2. The multifilament yarn of claim 1 in which the polya 
mide comprises a melt spinnable polymer selected from the 
group consisting of polyamide homopolymers, copolymers, 
and mixtures thereof which are predominantly aliphatic, i.e., 
fewer than 85% of the amide-linkages of the polymer are 
attached to two aromatic rings. 

3. The multifilament yarn of claim 1 in which the polya 
mide comprises poly(hexamethylene adipamide) (nylon 6.6). 

4. The multifilament yarn of claim 1 in which the linear 
density of individual filaments comprising saidyarn is in the 
range of 1 to 9 dpf and the linear density of saidyarn is in the 
range of 110 to 940 decitex. 

5. An article of manufacture made from the yarn of claim 1. 
6. A spin-draw process for manufacturing the yarn 

described by claim 1 comprising the steps: 
a. extruding molten nylon at a formic acid relative viscosity 

from about 40-85 through a multi-capillary spinneret 
into a plurality of filaments which are then directed 
through a quench Zone; 

b. coalescing the filaments into a multifilament yarn and 
applying lubricating spin finish to said yarn; 

c. directing the yarn, by means of at least one feed roll, to 
a draw Zone consisting of at least two pair of driven draw 
rolls, each roll within a pair rotating at the same periph 
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eral speed, and each pair rotating at a relatively higher 
peripheral speed than the pair preceding it; 

d. causing the yarn to form at least two wraps around each 
said pair of draw rolls; 

e. maintaining the yarn at a temperature of 160°-245° C. as 
it passes over the at least two pairs of draw rolls by 
heating the immediate Zone surrounding the said pairs of 
rolls with hot, dry air or by heating the rolls, or by a 
combination of both; 

f. controlling the relative peripheral speeds of the rolls 
between each pair of draw rolls and the following pair of 
draw rolls, and controlling the temperature of the yarn as 
it passes over the at least two pairs of draw rolls, so as to 
impart an increasing extent of draw to the yarn as it 
traverses each pair of draw rolls and finally achieves a 
total yarn draw ratio of 4.2-5.8; 

g. directing the yarn to a tension relaxation and control 
Zone consisting of a first driven tension relaxation roll 
and a second driven tension control roll wherein said 
first roll is rotating at a lower peripheral speed relative to 
the final pair of draw rolls that the yarn just exited, 
thereby achieving a relaxation ratio of about 9 to about 
16.5%, and rotating at a lower rate than said second roll, 
such that the ratio of peripheral speeds of the second to 
the first roll in the tension relaxation and control Zone is 
about 1.01 to about 1.07, and so as to maintain a stable 
yarn tension in the tension relaxation and control Zone 
that is higher than that experienced by the yarn as it exits 
the draw Zone: 

h. directing the yarn through an interlacing jet; and 
i. directing the yarn to a wind-up roll rotating at a relatively 

higher peripheral speed than the second roll of the ten 
sion relaxation and control Zone so as to maintain a 
stable yarn tension during wind-up, and Such that the 
yarn traversing the tension relaxation and control Zone is 
at a higher tension than the yarn exiting the last pair of 
draw rolls and at a lower tension than that of the yarn as 
it is wound on the wind-up roll. 

7. A woven or knit fabric comprising the yarn of claim 1. 
8. An article of manufacture made from the fabric of claim 

7. 

9. An uncoated woven fabric of claim 7 characterized by an 
air permeability of less than 100 I/dmf/min at 500 Pa. 

10. An uncoated woven fabric according to claim 7 char 
acterized by an air permeability in the range 1 to 30 I/dmf/ 
min. 

11. An uncoated woven fabric according to claim 7 char 
acterized by an air permeability in the range of 1 to 10 I/dmf/ 
min. 

12. A fabric according to claim 7 further comprising a 
coating wherein the coating is applied at a loading in the range 
of 5 to 130 g/m and wherein said coating comprises a poly 
merselected from the group consisting of silicones, polyure 
thanes, and mixtures and reaction products thereof. 

13. A coated fabric according to claim 12 characterized by 
an air permeability of less than 2 I/dm2/min. 

14. A fabric according to claim 7 further comprising a 
laminated structure of fabric and film wherein the film has a 
density in the range of 5 to 130 g/m and wherein said film 
comprises a polymer selected from the group consisting of 
silicones, polyurethanes, and mixtures and reaction products 
thereof. 
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15. An airbag comprising the fabric of claim 11. 19. A fabric which comprises a multifilament yarn accord 
16. An airbag comprising the fabric of claim 13. ing to claim 1 oriented parallel to the weft direction. 
17. A one piece, woven airbag comprising the fabric of 20. A fabric which comprises a multifilament yarn accord 

claim 11. ing to claim 1 oriented parallel to the warp direction. 
18. A one piece, woven airbag comprising the fabric of 

claim 13. ck 
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