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(37) Abstract

A weaving reed (3) having a plurality of reed dents (14) fixed in certain positi i i
. . positions and which may be located in a reed baulk (6).
reeds may be plain reeds or reeds, with any profile, usable virtually on any loom. The dents are formed of wires and spaces (10)(221d1:)r§

va::bly spagcd. 'l.‘hc vaﬁaplc spaces arc forrncd by varying the thickness of the wires, the width of the spaces, or a combination thereof to
prh. ttl‘cc fabrics with a dcsmgd warp dcqslty across the entire width of a given fabric. The reed may produce a consistent warp end density
which improves the mechanical properties of a given fabric and also provides virtually consistent air permeability across the width of the

finished fabrics. The reed can also produce changes in wa ity i i i : :
. rp end density in a given fabric for certain desired effects.
(1-4).ag‘d~ weaving rotor (19) for multiple-shed looms are also disclosed. Wed etlects. A rotary type reed
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WEAVING REED DENT SPACING ARRANGEMENTS

INTRODUCTION

The present invention 1s directed to fabric weaving devices, and, more particularly, to
fabric weaving devices and methods for producing fabrics having predetermined air

permeability.

BACKGROUND OF THE INVENTION

Conventional weaving reeds, rotors and functional equivalents having fixed dent

spacing produce finished fabrics with variable warp end density across the entire width of the
fabric excluding any possible special selvedge. Most fabrics have different variations in warp

end density across the width of finished fabrics due to different yarns and processes. In the

case of air bag fabrics, there may be less or more warp end density towards the fabric's edge.
In the case of lesser density toward the fabric edge, this is caused by the weaving and
finishing processes in which the fabric's edges will be stretched out more than the middle part
of the fabric due to tension and heat. As a result of these factors, the density of the finished
fabric varnies across its width and, consequently, the center of the fabric is more dense. This
difference in density can be viewed by studying the finished fabric. Such a finished fabric has
a density curve, that is, warp end density as measured in ends/inch, with an inverted U shape

as depicted in Fig. 2, where a greater density exists at the center of the finished fabric. The

actual warp end density varies across the width of the fabric from the left (L), through the lefi

* center (LC), center (C), right center (RC), and to the right (R) portions of the fabric. Some
fabrics, in particular, certain of those produced for paper making processes, are subject to

different processing conditions which result in a density curve opposite to that of the typical

fabric previously discussed. Typically, the edges of these finished paper making fabrics are

.more dense than the middle.

This variation in warp end density across the entire width of a fabric will affect the
mechanical properties of the fabric, especially the air permeability. Air permeability is a
function of fabric density (i.e. the denser the fabric, the lesser the air permeability). The fabric
density is controlled by warp end density and filling yarn (weft yarn) density for chosen yams,
weave, loom, finishing processes and other weaving conditions. For instance, a typical air
bag fabric produced with a conventional reed, which is either plain or profiled, may produce a

fabric with a warp end density variation across the width of the fabric as depicted in Fig. 2.
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There 1s virtually no filling yam density variation under normal conditions. Therefore, the
density variation across the width of a given fabric is caused by the variation of warp end
density.

A typical prior art reed 2 is shown in Figs. 1, 1A, where a plurality of reed wires 4 are
connected at their ends to a top baulk 6 and a bottom baulk 8. The reed wires 4 are
separated by spaces 10. A dent 12 comprises a wire 4 and an adjacent space 10. A
conventional reed wire 4 is shown in Fig. 1B, while a profile reed wire 4' is shown in Fig. 1C.

Air permeability is a critical property of some industrial fabrics such as air bag and
filtration fabrics. In the case of air bag fabrics, manufacturers have used many methods to
control air permeability including the use of calendering, coatings, impregnation, special
weave designs, special air bag constrpctions, envelopes and layers of differing air
permeability, and other methods. These methods may result in: increased costs, limited
recyclability in the case of coatings, increased waste, and comphicated constructions. The
venting of air bags through the fabric may not be possible due to variation in air permeability
of the fabric and the resulting unpredictable mode of operation. An example of an air bag
with vent holes is shown in U.S. Patent No. 5,566,972 to Yoshida et al. Examples of air bags
using several fabric sections with differing air permeability are seen in U.S. Patent 5,375,878
to N. Ellerbrook, and U.S. Patent 5,566,434 to A. W. Beasley. Another method for making
air bag fabric is to utilize special yarns to weave a fabric of low air permeability obviating the
need for coating or other processes, as seen in U.S. Patent 5,474,836 to Nishimura et al., and

U.S. Patent 5,508,073 to Krummheuer et al. The present invention can improve such a fabric
by.providing virtually no variation of air permeability across the width of the fabric and may
possibly reduce fabric waste in the process of making an air bag. The present invention can

also offer an air bag fabric of variable density, which, after construction into an air bag, could

result in more uniform air permeability at maximum deployment.

A non-uniform product may result, such as in the case of paper making fabrics, from
variations in the fabric. Examples of paper making fabric are shown in U.S. Patent No.
4,649,964 to R. W. Smith and U.S. Patent 4,588,632 to Gisbourne et al. The present
invention can provide a uniform fabric.

A fabric having a differential density is depicted in U.S. Patent 4,698,276 to Duval et

al., which is an example of a decorative fabric used to produce drapery. The present
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invention can produce a fabric which may be suitable for this usage while obviating the need

for a complicated construction provided by the assemblage of strips of fabric with various

fabric densities. Further, a fabric of variable densities may be suitable for an air bag fabric
whereby these densities, when predetermined, could produce a controlled deflation of the air

bag by, for example, utilizing a greater density where the fabric stretches more and a lesser

density where the fabric stretches less to produce, in effect, less or possibly no variation in air

permeability.
Reed type devices which do not perform strenuous beat-up functions are shown, for

example, in U.S. Patent Number 5,368,076 to F.H. Curzio. This reed is actually a warp

10 guiding device but is designed to affect warp end density in net type, loosely woven type
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fabrics. These fabrics are intended to act as reinforced fabric for composite materials to cover

three dimensional mandrels. This reéd Is of a different design peculiar to making net fabrics

where consistent air permeability is not a factor. The reed is shaped to make fabrics for a

three dimensional mandrel. Further, this reed design could not perform the functions of the

present invention.

Other reed designs include reeds with adjustable or removable dents such as those
depicted in U.S. Patent 5,029,617 to Anderson et al. The reed of Anderson cannot correct the
warp end density variation as can the present invention because of the spaced relationship of
the dents. Regardless of how closely spaced the dents are made in the removable dent reed it
could not offer the control of warp end variation available in the present invention. Each
adjacent reed wire and removal of same 1n this removable dent reed would preclude providing
the.desired spacing needed to produce the fabrics thereby produced by the present invention.
Reeds with adjustable or removable dents are utilized generally to insert a larger warp yarn,
perhaps to effect a change in the appearance of a decorative fabric, provide a certain

selvedge, or provide reinforcement in an industrial fabric. Further, these reeds are also

employed to ease maintenance, as a damaged wire can be readily replaced. The adjustable

reed may, for instance, be used to produce net shaped fabrics in a variety of shapes, as seen in
U.S. Patent 5,465,762 to G. L. Farley. Another type of reed is depicted in U.S. Patent

5,158,116 to Kazuo et al., whereby the dent spacing varies to accommodate thick yarns to

tacilitate the weaving process.
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BRIEF SUMMARY OF THE INVENTION

The present invention relates to weaving devices having weaving elements
such as reeds, discs, and lamellae or similar functioning elements. These devices may
include conventional reeds, rotary reeds, and weaving rotors such as those used on
multiple shed looms. More particularly, the present invention relates to a weaving
reed with a construction such that warp end density variation is controlled, or the
warp end density can be changed, across the entire width of a fabric. Furthermore, the
present invention will affect the mechanical properties of the fabric. One embodiment
of this invention and a quality of such a fabric thereby produced includes virtually no
variation of air permeability across the entire width of the finished fabric.
Alternatively, other embodiments of this invention may produce changes in warp end
density of a given fabric depending on reed dent spacing or dent group spacings
chosen for a desired effect. The present invention, utilizing a reed of variably spaced
dents, will be of use 1n any application requiring a fabric with virtually no variation,
or to produce a desired predetermined change, in warp end density. A fabric produced
by the present invention with this reed 1s suitable, in particular, for an uncoated air
bag fabric. The present invention can also offer a new fabric which is comprised of
different warp end densities in selected areas of the fabric which can alternatively be
of service to, for example, air bag fabric assemblies.

According to an aspect of the invention, there is provided a device for weaving
a fabric, comprising, in combination:

a plurality of weaving elements, each weaving element being separated from
adjacent weaving elements by a space;

a plurality of dents, each dent comprising a weaving element and an adjacent
space, wherein at least one of the dents has a width different from the width of other
dents, providing a predetermined air permeability across a width of a fabric woven on
the device.

According to another aspect of the invention, there is provided a device for
weaving a fabric, comprising, in combination:

a plurality of weaving elements, each weaving element being separated from

adjacent weaving elements by a space;
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a plurality of dents, each dent comprising a weaving element and an adjacent
space, wherein at least one of the dents has a width different from the width of other
dents such that a fabric woven on the reed has a substantially uniform air permeability
across its width.

According to a further aspect of the invention, there is provided a device for
weaving a fabric, comprising, in combination:

a plurality of reed wires, each reed wire being separated from adjacent reed
wires by a space;

a plurality of dents, each dent comprising a reed wire and an adjacent space,
whereln at least one of the dents has a width different from the width of other dents,
providing a predetermined air permeability across a width of a fabric woven on the
device.

According to another aspect of the invention, there is provided a device for
weaving a fabric, comprising, in combination:

a plurality of reed wires, each reed wire being separated from adjacent reed
wires by a space;

a plurality of discs, each disc being separated from adjacent discs by a space a
plurality of dents, each dent comprising one of a reed wire and a disc, and

an adjacent space, wherein at least one of the dents has a width different from
the width of other dents, providing a predetermined air permeability across a width of
a fabric woven on the device.

According to a further aspect of the invention, there is provided a device for
weaving a fabric, comprising, in combination:

a plurality of lamellae, each lamella being separated from adjacent lamellae by
a space; a plurality of dents, each dent comprising a lamella and an adjacent space,
wherein at least one of the dents has a width different from the width of other dents,

providing a predetermined air permeability across a width of a fabric woven on the

device.

According to another aspect of the invention, there is provided a method of

producing a fabric comprising, in combination, the following steps:

providing a weaving device having a plurality of dents, each dent comprising a

4a
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weaving elements and an adjacent space;

varying the width of at least one of the dents to provide a predetermined air permeability

across a width of the fabric.

In accordance with a further aspect of the present invention, there 1s provided a device
for weaving a fabric, comprising:

a plurality of weaving elements, each weaving element being separated from adjacent
weaving elements by a space;

a plurality of dents, each dent having a weaving element and an empirically determined
adjacent space, with at least one of the dents having a width different from the width of other
dents so that the fabric woven by the device has precise, controlled air permeability in a
predetermined cross-section of the woven fabric.

In accordance with another aspect of the present invention, there is provided a device for
weaving a fabric, comprising in combination:

a plurality of reed wires, each reed wire element being separated from adjacent reed
wires by a space;

a plurality of dents, each dent having a reed wire and an empirically determined adjacent space,
with at least one of the dents having a width different from the width of other dents so that the
fabric woven by the device has precise, controlled air permeability in a predetermined cross-
section of the woven fabric. '

In accordance with a further aspect of the present invention, there is provided a device
for weaving a fabric, comprising:

a plurality of reed wires, each reed wire element being separated from adjacent reed
wires by a space;

a plurality of dents, each dent having a reed wire and an empirically determined adjacent
space, with at least one of the dents having a width different from the width of other dents so
that the fabric woven by the device has precise air permeability in a predetermined cross-section
of the woven fabric.

In accordance with another aspect of the present invention there is provided a device for
weaving a fabric, comprising:

a plurality of lamellae, each lamellae element being separated from adjacent lamellae by

a space;

4b
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a plurality of dents, each dent having a lamellac and an empirically determined adjacent
space, with at least one of the dents having a width different from the width of other dents so
that the fabric woven by the device has precise air permeability in a predetermined cross-section
of the woven fabric.

In accordance with a further aspect of the present invention, there is provided a method
for producing a fabric comprising the steps of:

providing a weaving device having a plurality of dents, each dent comprising weaving
element and an empirically determined adjacent space;

varying the width of the at least one of the dents to provide a precise, controlled air

permeability in a predetermined cross-section of the woven fabric.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic plan view of a conventiona! reed of the prior art with fixed dent
spacings.

Fig. 1A is a schematic enlarged plan view of a portion of the reed wires and spaces of the
reed of Fig. 1.

Fig. 1B is a schematic side elevation view of a plain reed wire of the reed of Fig. 1.

Fig. 1C 1s a schematic side elevation view of a profile reed wire of the reed of Fig. 1.

Fig. 2 is a schematic graphical representation of the warp end density variation across the
width of a typical prior art woven air bag fabric.

Fig. 3 is a schematic graphical representation of the air permeability across the width of
the prior art woven air bag fabric of Fig. 2.

F1g. 4 is a schematic graphical representation of the dent spacing measured by reed

4c
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gauge across a reed according to the present invention.

Fig. S 1s a schematic graphical representation of the air permeability across the width

of a fabric woven using the reed having the dent spacing of Fig. 4.

Fig. 6 1s a schematic plan view of one embodiment of a reed according to the present

invention.

Fig. 6A 1s a schematic enlarged plan view of a portion of the reed wires and spaces of
the reed of Fig. 6.

Fig. 7 is a schematic plan view of another embodiment of a reed according to the

present invention.

Fig. 7A 1s a schematic enlarged plan view of a portion of the reed wires and spaces of

-+ the reed of Fig. 7.

Fig. 8 is a schematic plan view of another embodiment of a reed according to the

present invention.

Fig. 8A is a schematic enlarged plan view of a portion of the reed wires and spaces of
the reed of Fig. 8.

Fig. 9 is a schematic graphical representation of another embodiment of a reed

according to the present invention showing the spacing of dent groups along the length of the
reed as depicted in Fig. 4.

Fig. 10 is a schematic graphical representation of another embodiment of a reed

according to the present invention showing the spacing of dent groups along the length of the
reed as depicted in Fig. 4.

Fig. 11 is a schematic graphical representation of dent spacing for a reed according to

- one embodiment of the present invention which produces a non-uniform air permeability

across the width of a fabric.

Fig. 12 is a schematic graphical representation of the air permeability across the width

~of a fabric using the dent spacing of Fig. 11.

Fig. 13 is a schematic graphical répresentation of dent spacing for a reed according to

another embodiment of the present invention which produces a non-uniform air permeability

across the width of a fabric.

Fig. 14 is a schematic graphical representation of the air permeability across the width
of a fabric using the dent spacing of Fig. 13.
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Fig. 15 is a schematic graphical representation of dent spacing for a reed according to
another embodiment of the present invention which produces a non-uniform air permeability

across the width of a fabric.

Fig. 16 is a schematic graphical representation of the air permeability across the width
of a fabric using the dent spacing of Fig. 15.

Fig. 17 is a schematic graphical representation of dent spacing for a reed according to
another embodiment of the present invention which produces a non-uniform air permeability

across the width of a fabric.

Fig. 18 is a schematic graphical representation of the air permeability across the width

of a fabric using the dent spacing of Fig. 17.

Fig. 19 is a schematic perspective view. of another embodiment of the present

invention having a rotary type reed.
Fig. 20 is a schematic representation of the embodiment of Fig. 19.

Fig. 21 is a schematic plan view of another embodiment of the present invention

having a weaving rotor.

Fig. 22 is a schematic front elevation view of the weaving rotor of F 1g. 21.

Fig. 23 is a schematic side elevation view of the weaving rotor of Fig. 21.

DETAILED DESCRIPTION OF THE INVENTION

Accordingly, one embodiment of the present invention is to provide a weaving reed
which can produce improved fabrics by controlling the variation of warp end density across
the entire width of the finished fabric. However, a thorough study of the variation of warp

end density across the width of the finished fabric produced by a conventional fixed dent reed

of the prior art (see Figs.1-1C, 2, 3), is vital to the successful implementation of this invention
In a given fabric.

Figs. 2 and 3 depict a typical prior art woven fabric, for example, an air bag fabric of
630 denier high-tenacity nylon yarn with a nominal density of 41 x 41 ends/inch. The actual
warp end density across the width of the prior art fabric is shown by the curve depicted in
FIG. 2. In this example the warp end density of the fabric is about 42.7 ends/inch at the
middie of the fabric while only about 37.5 ends/inch at the edges of the fabric. This warp end

density will give this fabric the air permeability variation across the width of the fabric
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following the curve depicted in FIG. 3, showing the air-permeability at the middle of the

fabric to be about 2.5 cfm (at 124 Pascals) while it is about 4 cfm (at 124 Pascals) towards
the edges.

One preferred embodiment of this invention, while not limited to any particular beat-
up type reed construction or gauge (also called pitch or count and measured in dents/inch), is
a plain reed, or a reed having any profile or functional equivalents, for use on virtually any
type of loom, which is comprised of reed elements having variable dent spacing where
required, that can be accomplished by the following example constructions. The present

invention can have reed elements such as fixed wires and variable spaces between the wires to

‘achieve variably spaced dents, as seen in Figs. 6, 6A. Alternatively, the present invention can

have fixed spaces between wires and variable wire thicknesses to achieve vanably spaced

dents, as seen in Figs. 7, 7A. Yet alternatively, the present invention may have a combination
of variable spaces between wires and variable wire thicknesses to achieve variably spaced
dents, as seen in Figs. 8, 8A. Functional equivalents such as rotary reeds and weaving rotors
may have related parts that require adjustment to achieve the new spacings provided by the
constructions described in this disclosure. The aforementioned constructions of the present
invention, in certain preferred embodiments, produce a finished fabric with virtually consistent
warp end density across the width of the fabric. In effect the variation of warp end density
across the width of the finished fabric is adjusted for during weaving by the present invention.
To correct the variation of warp end density across the width of the prior art fabric

shown in Fig. 2, the present invention is designed with variable dent spacing along the entire

length of the reed. The reed gauge in dents per inch is depicted graphically in FIG. 4. The

reed gauge at both ends of the reed is about 42.5 dents/inch based on a dent spacing (which is

the thickness of one wire plus the width of one adjacent space) of about 0.0235 inches. The

middle of the reed has a dent spacing of about 0.0282 inch, producing a reed gauge of about

'35.5 dents/inch. Such a reed will produce a fabric with consistent warp end density which

will give this fabric a uniform air permeability across the width of the fabric following the
curve depicted in FIG. 5. Possible constructions to achieve this variable dent spacing are

depicted in Figs. 6-8.

Fig. 6A is an enlarged view showing the first 8 dents from the left selvedge of the reed

2 of Fig. 6. The embodiment shown in Figs. 6, 6A shows variable dent spacings which are




10

15

20

25

30

CA 02283865 1999-09-02

WO 98/31855 PCT/US98/00821

achieved by having wires 4 of fixed thickness (for this example wires 4 have a thickness of

0.0100 1inch), and spaces 10 of a variable width. The space 10 in first dent 26 is 0.0135
inches wide which will provide a total dent spacing for dent 26 of 0.0235 inch. The space 10
between adjacent wires 4 is increased by 0.0001 inch increments progressively along reed 2 to
a maximum amount at a desired point, from which spaces 10 begin to decrease by the same
amount, which is illustrated more clearly in the graph of Fig. 4 showing the reed gauge

resulting from this dent spacing. Space 10 between wires 4 at the eighth dent 27 is 0.0142
inch which will give a total dent spacing for eighth dent 27 of 0.0242 inch.

Another embodiment is depicted in Figs. 7, 7A. where a reed 2 of the present
invention is shown with variable dent spacings achieved by having fixed spaces 10 (0.0135
inch in this example) between adjacent wires 4 which have varying wire thicknesses. In the
illustrated embodiment, the thickness of wire 4 in the first dent 28 is about 0.0100 inch. This
will give a total dent spacing for first dent 28 of 0.0235 inch. Similarly to Figs. 6, 6A, the
thickness of wires 4 is increased by 0.0001 inch increments progressively along reed 2 to a
maximum thickness at a desired point from which the thickness begins to decrease at the same
rate. The actual wire thickness at the eighth dent 29 is 0.0107 inch which will give a total
dent spacing for eighth dent 29 of 0.0242 inch.

Figs. 8, 8A depict another embodiment of a reed of the present invention with variable
dent spacings achieved by combining variable wire 4 thicknesses and variable space 10
widths. The construction dimensions of the first eight dents are as follows: First dent 30 has
a wire 4 thickness of 0.0103 inch, and a space 10 width of 0.0132 inch, for a total dent
spacing for first dent 30 of 0.0235 inch. Second dent 31 has a wire 4 thickness of 0.0100
Inch and a space 10 width of 0.0136 inch, for a total dent spacing for second dent 31 of
0.0236 inch. Third dent 32 has a wire 4 thickness of 0.0100 inch and a space 10 width of
0.0137 inch, for a total dent spacing for third dent 32 of 0.0237 inch. Fourth dent 33 has a

wire 4 thickness of 0.0104 inch and a space 10 width of 0.0134 inch, for a total dent spacing

for fourth dent 33 of 0.0238 inch. Fifth dent 34 has a wire 4 thickness of 0.0105 inch and a
space 10 width of 0.0134 inch, for a total dent spacing for fifth dent 34 of 0.0239 inch. Sixth
dent 35 has a wire 4 thickness of 0.0106 inch and a space 10 width of 0.0134 inch, for a total

dent spacing for sixth dent 35 of 0.0240 inch. Seventh dent 36 has a wire 4 thickness of
0.0104 inch and a space 10 width of 0.0137 inch, for a total dent spacing for seventh dent 36
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of 0.0241 inch. Eighth dent 37 has a wire 4 thickness of 0.0107 inch and a space 10 width of
0.0135 inch, for a total dent spacing for eighth dent 37 0f 0.0242 inch. The aforementioned

dimensions are shown purely for illustrating the workings of the present invention and must

be adjusted according to the desired result in a given fabric. The aforementioned example

reed dent dimensions almost perfectly correct the curve depicted in FIG. 2.

The present invention can be simplified as depicted in FIG. 9, which graphically
represents the reed gauge in dents/inch across the width of a fabric of a reed of another
preferred embodiment of the present invention having dent groups. In this embodiment, the
entire length of the reed is divided into 27 groups of dents, i.e. a wire 4 and a space 10, where

the dent spacing of each dent in a group is the same but different from the spacing of the

-dents of at least its adjacent groups. While the result will not be as perfect as what may be

achieved with the reeds depicted in the embodiments of Figs, 6, 6A, 7, 7A, or 8, 8A. it will
serve well for most practical purposes. The specific dent spacings of the groups of this
embodiment are as follows: dent group 40 is 0.0240 inch, dent group 41 is 0.0242 inch, dent
group 42 1s 0.0245 inch, dent group 43 is 0.0248 inch, dent group 44 is 0.0252 inch, dent
group 45 1s 0.0255 inch, dent group 46 is 0.0258 inch, dent group 47 1s 0.0261 inch, dent
group 48 1s 0.0265 inch, dent group 49 is 0.0268 inch, dent group 50 15 0.0272 inch, dent

group 51 1s 0.0276 inch, dent group 52 is 0.0280 inch, dent group 33 1s 0.0276 inch, dent

group 54 1s 0.0272 inch, dent group 55 is 0.0268 inch. dent group 56 1s 0.0265 inch, dent
group 57 1s 0.0261 inch, dent group 58 is 0.0258 inch, dent group 59 1s 0.0255 inch, dent
group 60 15 0.252 inch, dent group 61 is 0.0248 inch,.dent group 62 1s 0.0245 inch, dent
group 63 1s 0.0242 inch, dent group 64 is 0.240 inch, dent group 65 is 0.0237 inch, and dent

group 66 1s 0.0234 inch.

The present invention can be simplified yet further with other groupings of dents as

depicted in the embodiment of Fig. 10. In this embodiment the entire length of the reed is

divided into 14 groups of dents. In a manner similar to the embodiment of Fig. 9, the spacing

of the dents within each group is the same, but the spacing of each group is different from at

least its adjacent groups: Dent group 70 15 0.0240 inch, dent group 71 is 0.0245 inch, dent
group 72 1s 0.0252 inch, dent group 73 is 0.0258 inch, dent group 74 1s 0.0265 inch, dent
group 75 1s 0.0272 inch, dent group 76 is 0.0280 inch, dent group 77 is 0.0272 inch, dent

group 78 1s 0.0265 inch, dent group 79 is 0.0258 inch, dent group 80 1s 0.0252 inch, dent
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group 81 is 0.0245 inch, dent group 82 is 0.0240 inch, and dent group 83 is 0.0234 inch.
Both of the simplified reeds depicted in Figs. 9, 10 can be designed by varying the
weaving element thickness, that is, the reed wire, rotary reed disc, or lamellae in a weaving
rotor thickness, or varying space widths or a combination of these two. Such variable wire
thicknesses and spacing widths need not necessarily be variable entirely across the length of
the reed in order to provide a certain amount of warp end density variation correction.
Rotary reeds and weaving rotors may have related parts used in conjunction with same which
must be adjusted to match new spacings provided by the constructions described in this
disclosure. To correct greater variation in warp end density of the finished fabric one may use
smaller groupings of dents (i.e. fewer dents per group). To correct smaller variations in the
warp end density of the finished fabric one may use larger groupings (i.e. more dents per
group). Ideally, groupings of dents at:e adjusted such that the warp end density curve is
matched closely enough for practical usage of the finished fabric. Matching the warp end

density curve precisely is not necessary for most applications as a rough match to the curve

will provide adequate correction.

As a rule, the simpler the design (fewer number of groupings), the less able the
present invention will be able to correct the variation of warp end density across the width of
the finished fabric. Therefore a thorough understanding of the actual variation of warp end
density of any finished fabric and its end use application will determine the complexity of the

present invention.

The present invention can also produce a fabric having a non-uniform air permeability.

Another embodiment of the present invention is depicted in Fig. 11, which shows the reed
gauge distribution for a reed which produces a fabric having a non-uniform air permeability
distribution as shown in Fig. 12. As can be seen, the distribution for this embodiment
comprises three segments of uniform air permeability, with transition segments of non-

uniform air permeability between adjacent segments. The two segments at the outer edges,
that is, the left and right portions, of the fabric have an air permeability lower than the third
segment, that is, the central portion, and substantially equal to one another. The central

portion, of the fabric has a constant air permeability which is higher than the two segments at

the outer edges. There are two transition segments, each having a sloped distribution of air

permeability between an outer segment and the center portion segment.

10
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The embodiment depicted in Fig. 13 shows the reed gauge distribution for a reed
which produces a fabric having a non-uniform air permeability distribution as shown in Fig.
14. As can be seen, this distribution comprises three major segments having curved, or
substantially shallow U-shaped, distributions with sharp transitions, or breaks, between each
segment. The outer segments have a generally lower air permeability than the central
segment, with the lowest air permeability being at the center of the segments and the greatest
air permeability at the outer edges of the segments. The central segment as well as its lowest
air permeability at its center and its greatest air permeability at its outer edges.

The embodiment depicted in Fig. 15 shows the reed gauge distribution for a reed
which produces a fabric having a non-uniform air permeability distribution as shown in Fig.
16. The air permeability of this embodiment follows a step curve, with alternating segments of
hugher then lower air permeability. |

The embodiment depicted in Fig. 17 shows the reed gauge distribution for a reed
which produces a fabric having a non-uniform air permeability distribution as shown in Fig.

18. The air permeability of this embodiment follows a sinuous curve, where the distribution of
air permeability undulates from higher to lower to higher air permeability.

The specific dent spacings required for the embodiments of Figs. 11-18 are not

shown here as it would be impractical due to the number required. However, sufficient detail

1s shown here, in combination with the discussion above with respect to the reeds which

produce a uniform air permeability, to enable one skilled in the art to construct reeds having

these characteristics. The curves depicted in these graphs were derived from the curve shown

in Fig. 3. The dimensions utilized for these variable spaced reeds and their effect on the air

permeability across the width of the fabric are shown purely for illustrating the workings of
the present invention and must be adjusted according to the desired result in a given fabric.
Disc thickness and the space between two discs on a rotary reed and lamellae
thicknesses of weaving rotors and related parts for multiple-shed weaving machines can be
;iesigned according to the teachings provided herein to produce fabrics with uniform warp
end density - or for a desired effect, across the width of a finished fabric.
Another embodiment of the present invention having a rotary reed is shown in

perspective view in Fig. 19 and in plan view in Fig. 20. Reed 2' has stationary reed wires 4"

separated by spaces 10 and a rotary reed 14. Rotary reed 14 comprises shaft 16 supporting

11
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discs 18 which are separated by spaces 10". Dents 12 are formed of a reed wire 4" and a

space 10, while dents 12' are formed of a disc 18 and a space 10'. Reed 2' could, when
modified in a similar manner described herein form a fabric having a desired warp end density.
In a manner similar to that described above with respect to Figs. 6-8, the dent spacing can be
made non-uniform by varying the thickness of reed wires 4" and discs 18. the width of spaces
10, 10', or a combination of the two. A detailed example is not needed herein as the examples

illustrated above with respect to Figs. 6-8 are sufficient to demonstrate the principle with

respect to this embodiment.
Another embodiment of the present invention having a weaving rotor is shown in Figs.

21-23. Weaving rotor 19 has a plurality of lamellae 22 separated by spaces 10 and supported
on rotor 23. Dents 12" are formed of a lamella 22 and a space 10. Warp ends 24, and filling
yarn (weft yarn) 25, as seen in Fig. 23, run through lamellae 22. In a manner similar to that
described above with respect to Figs. 6-8, the dent spacing can be made non-uniform by
varying the thickness of lamellae 22 , the width of spaces 10 or a combination of the two. A
detailed example is not needed herein as the examples illustrated with respect to Figs. 6-8 are
sufficient to demonstrate the principle with respect to this embodiment.

It is an established practice in the art of weaving to draw different number of warp
ends through a dent. For example, one end per dent, two ends per dent, three ends per dent,
etc. Another practice is to skip every other dent, e.g. skip one dent in two, skip one dent in
three, two dents in three, two dents in four, etc. Therefore, this practice, when applied to the
present invention, will produce a uniform fabric, although warp end density will be different in
accordance With how many warp ends are inserted through each of the dents. Regardless of

this practice, it is still possible with the present invention to produce a uniform air

rotor and its related parts for multiple shed looms, utilizing the principles of these

constructions, with spacings and/or wire (or disc or lamellae) thicknesses appropriate for the
given yarn and conditions, can be utilized to accommodate for this practice.
Any change in yarns, weaves, weaving conditions, finishing processes and conditions

will affect the warp end density distribution across the entire width of the finished fabric.

Therefore, any such change requires a thorough study on the warp end density distribution

12
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across the entire width of the finished fabric. The result of this study 1s required to design the
appropnate variably spaced dent(s) reed by using variable wire (or disc and related parts as in
the case of a rotary reed or lamellae and related parts for a weaving rotor) thickness and/or
variable space between wires (or discs or lamellae, and related parts), to adjust for the

change. Rotary reeds and weaving rotors may have related parts used 1n conjunction with the
same which must be adjusted to match new spacings provided by the constructions described

in this disclosure.

Clearly, many permutations of the present invention are made possible in the review of
the above teachings. It is therefore to be understood that within the scope of the appended
claims the invention may bepracticed otherwise than as specifically described. It is
understood herein that the term wire used to describe the member used In conjunction with a

space to compnise a dent, may be member(s) of other material or materials. These wires, if of

-~ sufficient strength to endure beat-up without support on both the top and bottom, may

preclude the need for either a top or bottom baulk. Rotary reeds and weaving rotors may

have related parts used in conjunction with same which must be adjusted to match new

spacings provided by the constructions described in this disclosure.

13
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I Claim:

1. A device for weaving a fabric, comprising:

a plurality of weaving elements, each weaving element being separated from adjacent
weaving elements by a space;

a plurality of dents, each dent having a weaving element and an empirically determined
adjacent space, with at least one of the dents having a width different from the width of other
dents so that the fabric woven by the device has precise, controlled air permeability in a

predetermined cross-section of the woven fabric.

2. The device in accordance with claim 1, wherein the finished fabric woven on the device

has a substantially uniform air permeability across its width.

3. The device in accordance with claim 1, wherein the weaving elements comprise reed
wires.
4, The device in accordance with claim 3, wherein each reed wire has substantially the

same thickness as each of the other reed wires and at least one space is of a different width than

at least one other space.

5. The device in accordance with claim 3, wherein each space has substantially the same
width as each of the other spaces and at least one reed wire has a thickness different from at least

one other reed wire.

6. The device in accordance with claim 3, wherein at least one space 1s of a different width

than at least one other space and at least one reed wire has a thickness different from at least one

of the other reed wires.

7. The device 1n accordance with claim 3, further comprising a plurality of dent groups,
each dent group comprising a plurality of reed wires and corresponding spaces, the width of

each dent in a dent group being substantially the same as the width of the other dents in the

group and different from the width of the dents of at least one of the other dent groups.

14
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8. The device in accordance with claim 1, wherein the weaving elements comprise reed

wires and discs.

9. The device in accordance with claim 8, wherein each reed wire has substantially the
same thickness as each of the other reed wires, each disc has substantially the same thickness as

each of the other discs, and at least one space is of a different width than at least one other space.

10.  The device in accordance with claim 8, wherein each space has substantially the same
width as each of the other spaces, at least one of the reed wires has a thickness ditferent from the

thickness of at least one other reed wire, and at least one of the discs has a thickness different

from the thickness of at least one other disc.

11.  The device in accordance with claim 8, wherein at least one space is of a different width
than at least one other space, at least one reed wire has a thickness different from at least one
other reed wire, and at least one of the discs has a thickness different from the thickness of at

least one other disc.

12.  The device in accordance with claim 8, further comprising a plurality of dent groups,
each dent group comprising a plurality of reed wires and corresponding spaces, and a plurality of
discs and corresponding spaces, the width of each dent in a dent group being substantially the

same as the width of the other dents in the group and different from the width of the dents of at

least one of the other dent groups.

13. The device in accordance with claim 1, wherein the weaving elements comprise
lamellae.
14.  The device in accordance with claim 13, wherein each lamella has substantially the same

thickness as each of the other lamellae, and at least one space is of a different width than at least

one other space.

15
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15.  The device 1n accordance with claim 13, wherein each space has substantially the same

width as each of the other spaces and at least one lamella has a thickness different from the

thickness of at least one other lamella.

16.  The device in accordance with claim 13, wherein at least one space is of a different width
than at least one other space, and at least one lamella has a thickness ditterent from the thickness

of at least one other lamella.

17.  The device in accordance with claim 13, further comprising a plurality of dent groups,
each dent group comprising a plurality of lamellae and corresponding spaces, the width of each
dent in a dent group being substantially the same as the width of the other dents in the group and

different from the width of the dents of at least one of the other dent groups.

18.  The device in accordance with claim 1, wherein the air permeability across a width of a
finished fabric woven on the device has a distribution substantially equal to the distribution of

the graph of Fig. 16.

19. A device for weaving a fabric, comprising in combination:

a plurality of reed wires, each reed wire element being separated from adjacent reed
wires by a space;

a plurality of dents, each dent having a reed wire and an empirically determined adjacent
space, with at least one of the dents having a width different from the width of other dents so

that the fabric woven by the device has precise, controlled air permeability in a predetermined

cross-section of the woven fabric.

20. A device for weaving a fabric, comprising:

a plurality of reed wires, each reed wire element being separated from adjacent reed
wires by a space;

a plurality of dents, each dent having a reed wire and an empirically determined adjacent
space, with at least one of the dents having a width different from the width of other dents so

that the fabric woven by the device has precise air permeability in a predetermined cross-section

of the woven fabric.
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21. A device for weaving a fabric, comprising, in combination:

a plurality of reed wires, each reed wire being separated from adjacent reed wires by a
space;

a plurality of discs, each disc being separated from adjacent discs by a space a plurality
of dents, each dent comprising one of a reed wire and a disc, and an adjacent

space, wherein at least one of the dents has a width different from the width of other
dents, providing a substantially uniform air permeability within each of discrete portions of a

width of a finished fabric woven on the device.

22. A device for weaving a fabric, comprising:

a plurality of lamellae, each lamellae element being separated from adjacent lamellae by
a space;

a plurality of dents, each dent having a lamellae and an empirically determined adjacent
space, with at least one of the dents having a width different from the width of other dents so
that the fabric woven by the device has precise air permeability in a predetermined cross-section

of the woven fabric.

23. A method for producing a fabric comprising the steps of:

providing a weaving device having a plurality of dents, each dent Comprising weaving
element and an empirically determined adjacent space;

varying the width of the at least one of the dents to provide a precise, controlled air

permeability in a predetermined cross-section of the woven fabric

24.  The method in accordance with claim 23, wherein the step of varying the width of at

least one of the dents comprises varying the thickness of at least one of the weaving elements.

25.  The method 1n accordance with claim 23, wherein the step of varying the width of at

least one of the dents comprises varying the width of at least one of the spaces.

17
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26.  The method in accordance with claim 23, wherein the step of varying the width of at
least one of the dents comprises varying the width of at least one of the spaces and varying the

thickness of at least one of the weaving elements.

18
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