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ABSTRACT

A double-face velour fabnc article consists of a fabric body having a technical face
formed by a filament stitch yarn and a technical back formed by a filament loop yarn. The
filament stitch yarn includes a heat sensitive maternal, e.g. a hot meit matenal or a heat

shrinkable material, and/or an elastomeric material, such as spandex. The fabric body has a
velour surface formed at both the technical back and the technical face. Raised fibers of at
least one of the technical face and the technical back may be entangled, including in and/or

through interstices of the fabric body, toward the other of the technical face and the technical
back, e.g., by a hydroentanglement process applied after finishing. The fabric body has
permeability of about 80 ft3/ft2/rnin, or less, under a pressure difference of %z inch of water

across the fabric body.
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DOUBLE-FACE VELOUR FABRIC ARTICLES
HAVING IMPROVED DYNAMIC INSULATION

PERFORMANCE
This application is a continuation-in-part of U.S. Application No. 09/347,825, filed

July 2, 1999, now pending, and a continuation-in-part of U.S. Application No. 09/883,643,
filed June 18, 2001, now pending, the entire disclosures of which are incorporated herein by
reference.

This invention relates to double-face velour fabric articles, and, more particularly, to
double-faced velour fabric articles having improved dynamic insulation i)erformance due to

relatively greater densification and tortuosity.

BACKGROUND

Double-face velour fabnc articles having opposite fleece or raised surfaces, e.g.,
achieved by processes of sanding, brushing and/or napping, are known to have good
insulation performance under static conditions, 1.e., in calm or still air with no wind blowing
through the fabric. However, the insulating performance of these fabric articles drops rapidly
under dynamic conditions, 1.€., in a chilling wind. As a result, a consumer wearing a double-
face velour fabric article will often find it necessary to also wear a shell, e.g., of woven nylon
or other low permeability matenal, when conditions are likely to be windy.

It is also known to increase the thermal insulation performance of double-face velour
fabric articles by incorporating a relatively coarser stitch yarn and/or by tightening the stitch.
However, these approaches result in fabric articles with very poor stretch, increased stiffness

and increased weight.

SUMMARY

According to one aspect of the invention, a double-face velour fabric article
comprises a fabric body having a technical face formed by a filament stitch yarn and a
technical back formed by a filament loop yarn, the filament stitch yarn comprising heat
sensitive material, the fabric body having a velour surface formed at both the technical back
and the technical face, and the heat sensitive material responding to application of heat
during processing to increase tortuosity with a result of the fabnc body having permeability

of about 80 ft*/ft/min or less under a pressure difference of % inch of water across the fabric
-1 -
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body (according to the testing method of ASTM Designation: D 737-96, “Standard Test
Method for Air Permeability of Textile Fabrics,” the entire disclosure of which is
incorporated herein by reference).

Preferred embodiments of this aspect of the invention may include one or more of the
following additional features. The heat sensitive material is preferably selected from the
group consisting of polypropylene, polyester, and polyamide. The heat sensitive material
comprises heat shrinkable material, preferably selected {rom the group consisting of
polyester, polypropylene, and polyamide. The heat sensitive material responds to application
of dry heat and/or to application of wet heat, e.g. steam or hot water, e.g. at about 212°F to
about 450°F applied for about 2 minutes to about 60 minutes. The filament stitch yarn
comprises elastomeric material, e.g. spandex. Filaments of the heat sensitive material and
filaments of the elastomernic matenal are commingled or plaited together. The filament stitch
yarn is a cored yarn comprising a core and a sheath, the sheath comprising hot melt material.
The core matenal 1s preferably selected from the group consisting of polyester and nylon,
and the hot melt material 1s preferably selected from the group consisting of polypropylene,
polyester and polyamide. The filament loop yarn is split, e.g. by application of heat, e.g. the
loop yarn of fine denier fibers or filaments comprises an “islands-in-sea” construction, or by
application of a chemical, e.g. caustic soda, or by mechanical action, e.g. napping, to release
multiple small diameter filaments. The filament loop yarn and/or the filament stitch yamn is
textured. Raised fibers of the velour surface, of at least one of the technical face and the
technical back, 1s entangled, including in and/or through interstices of the fabric body toward
the other of the technical face and the technical back. Raised fibers of the technical back are
entangled, including in and/or through interstices of the fabric body, toward the technical
face.

According to another aspect of the invention, a double-face velour fabric article
comprises a fabric body having a technical face formed by a filament stitch yarn and a
technical back formed by a filament loop yarn, the filament stitch yarn comprising
elastomeric matenal, the fabric body having a velour surface formed at both the technical

back and the technical face, and the fabric body having permeability of about 80 f*/ft*/min or

less under a pressure difference of 2 inch of water across the fabric body.
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Preferred embodiments of both of these aspects of the invention may include one or

more of the following additional features. The elastomeric material comprises spandex. The
fabric body has permeability of about 70 ft*/ft*/min or less. Raised fibers of the velour
surface of at least one of the technical face and the technical back is entangled, including in
and/or through interstices of the fabric body toward the other of the technical face and the
technical back. Preferably, raised fibers of the technical back are entangled, including 1n
and/or through interstices of the fabric body, toward the technical face. At least one of the
filament stitch yarn and the filament loop yarn is a yarn of fine denier filaments or fibers.
According to another aspect of the invention, a double-face velour fabric article
comprises a fabric body having a technical face formed by a filament stitch yam and a
technical back formed by a filament loop yarn, the fabnic body having a velour surface
formed at both the technical face and the technical back, with raised fibers of the velour

surface of at least one of the technical face and the technical back entangled, including in

and/or through interstices of the fabric body toward the other of the technical face and the
technical back, the fabric body having permeability of about 80 ft*/ft*/min or less under a
pressure difference of /2 inch of water across the fabric body.

According to still another aspect of the invention, a double-face velour fabric article
comprises a fabric body having a technical face formed by a filament stitch yarn and a
technical back formed by a filament loop yarn, the fabric body having a velour surface
formed at both the technical face and the technical back, with the fabric body having
permeability of about 80 ft’/ft*/min or less under a pressure difference of % inch of water
across the fabric body, wherein, after finishing, at least one of the technical face and the
technical back is subjected to hydroentanglement to entangle raised fibers of the velour
surface, including in and/or through interstices of the fabric body, thereby to densify the
fabric body and increase tortuosity.

In preferred embodiments of both aspects of the invention, raised fibers of the
technical back are entangled, including in and/or through interstices of the fabric body,

toward the technical face, and/or at least one of the filament stitch yarn and the filament loop

yarn is a yarn of fine denier filaments or fibers.
According to yet another aspect of the invention, a method of forming a double-face

velour fabric body comprises the steps of: joining a filament loop yarn and a filament stitch

-3.
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yarn to form a fabric prebody, the filament stitch yamm forming a technical face of the fabric

prebody and the filament loop yarn forming a technical back of the fabric prebody, the

filament stitch yarn comprising heat sensitive maternal, finishing the technical face and the
technical back of the fabric prebody, thereby to form a double-face velour fabric body having
opposite velour surfaces, and exposing the fabric body to heating sufficient 'to cause a
response by the heat sensitive material, thereby to increase tortuosity with a result of the
fabric body having permeability of about 80 ft'/ft*/min or less under a pressure difference of
Y2 inch of water across the fabric body.

According to another aspect of the invention, a method of forming a double-face
velour fabric body comprises the steps of: joining a filament loop yarn and a filament stitch
yarn to form a fabric prebody, with the filament stitch yam forming a technical face of the
fabric prebody and the filament loop yarn forming a technical back of the fabric prebody,
finishing the technical face and the technical back of the fabric prebody, thereby to form a
double-face velour fabric body having opposite velour surfaces, and entangling raised fibers
of at least one of the technical face and the technical back, including in and/or through
interstices of the fabric body, thereby to increase density and tortuosity of the fiber body, the
fabric body having permeability of about 80 ft’/ft*/min or less under a pressure difference of
'2 inch of water across the fabric body.

Preferred embodiments of this aspect of the invention may include one or more of the
following additional features. The method comprises the further step of entangling the raised
fibers in a process of hydroentanglement, by directing fine, high-pressure water jets upon at
least one of the technical face and the technical back. The method comprises the further step
of directing fine, high pressure jets (e.g., water jets or air jets) upon the technical back, to
cause raised fibers of the velour surface of the technical back to entangle, including in and/or
through interstices of the fabric body, toward the technical face. The filament stitch yarn
comprises heat sensitive material, and the method comprises the further step of exposing said
fabric body to heating sufficient to cause a response by the heat sensitive material, thereby to
increase tortuosity.

Preferred embodiments of both aspects of the invention may include one or more of

the following additional features. The method comprises exposing the fabric body to the

heating sufficient to cause a response by the heat sensitive material during dyeing and/or

-4 .
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during finishing. The method comprises exposing the fabric body to dry heat and/or to wet

heat, e.g. steam or hot water. The method comprises exposing the fabric body to heating
sufficient to cause a response by the heat sensitive material for about 2 minutes to about 60
minutes at about 212°F to about 450°F. The method comprises exposing the fabric body to
heating sufficient to cause a response by the heat sensitive matenal, thereby to increase
tortuosity with a result of the fabric body having permeability of about 70 ft>/f*/min or less.
The method comprises joining a filament loop yamn and a filament stitch yarn, the filament
stitch yarn comprising elastomeric material, e.g., spandex.

According to still another aspect of the invention, a method of forming a double-face
velour fabric body comprises the steps of: joining a filament loop yarn and a filament stitch
yarn to form a fabric prebody, the filament stitch yarn forming a technical face of the fabric
prebody and the filament loop yarn forming a technical back of the fabric prebody, the
filament stitch yarn comprising elastomeric material, e.g., spandex, and finishing the
technical face and the technical back of the fabric prebody, thereby to form a double-face
velour fabric body having opposite velour surfaces and permeability of about 80 ft’/ft*/min or
less under a pressure difference of 'z inch of water across the fabric body.

An objective of the invention 1s to provide double-face velour fabric articles having
improved dynamic insulation performance while avoiding increased weight and/or loss of
stretch and/or loss of flexibility. A further objective is to provide double-face velour fabric
articles that may be wom in chilling, windy conditions without markedly diminished
insulation performance. Generally, tortuosity, and therefore density, is increased by using
heat-sensitive and/or elastomeric matenals in the stitch yarns and entangling the loop yarn
fibers.

The details of one or more embodiments of the invention are set forth in the accompa-

nying drawings and the description below. Other features, objects, and advantages of the

invention will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a somewhat diagrammatic end section view of a double-face fabric prebody,

e.g., as formed in a reverse plaiting circular knitting process.
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FIG. 2 is a somewhat diagrammatic end section view of a double-face velour fabric
article of the invention formed by finishing the double-face fabric prebody of FIG. 1; and

FIG. 3 is a somewhat diagrammatic end section view of a prior art double-face velour
fabric article that is comparable to the double-face velour fabric article of FIG. 2.

FIG. 4 is a perspective view of a segment of a circular knitting machine, and FIGS. 5-
11 are sequential views of a cylinder latch needle in & reverse plaiting circular knitting
process, €.£., for use in forming the double-face fabric prebody of FIG. 1.

FIG. 12 is a somewhat diagrammatic end section view of a double-face velour fabric
article being subjected to a process of hydroentanglement; and

FIG. 13 is a similar, somewhat diagrammatic end section view of a resulting doublie-
face velour fabric article of the invention, having improved dynamic insulation performance.

FIG. 14 is a plot of curves showing the relationship between change in effective
thermal insulation and wind velocity for covers or fabrics of different permeability (P.
Larose, “The Effect of Wind on the Thermal Resistance of Clothing with Special Reference
to the Protection Given by Coverall Fabrics of Various Permeabilities,” Canadian Journal of
Research, Vol. 25, Sec. A, No. 4, (July 1947), pp. 169-190.).

FIGS. 15-20 are somewhat diagrammatic end section views of other embodiments of
double-face velour fabric articles of the invention formed of filament stitch yarns and/or
filament loop yarns including or consisting largely of matenals with characteristics selected
for improving dynamic insulation performance of the fabric article, namely heat sensitive
materials, elastic materials and/or combinations thereof.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

Referring to FIG. 1, a double-face fabric prebody 12, e.g., for use in forming a
double-face velour fabric article 10 of the invention (FIG. 2), 1s formed by joining a stitch
yarn 14 and a loop yarn 16 in a standard reverse plaiting circular knitting (terry knitting)
process (see FIGS. 4-11), e.g., as described in Knitting Technology, by Dawvid J. Spencer
(Woodhead Publishing Limited, 2nd edition, 1996), the entire disclosure of which 1S
incorporated herein by reference. In the terry knitting process, the stitch yarn 14 forms the
technical face 18 of the resulting fabric prebody 12 and the loop yam 16 forms the opposite

-6 -



10

15

20

25

30

Docket No.: 1063 8-02’ 1

CA 02408687 2002-10-16

technical back 20, where it is formed into loops 22. In the fabric prebody 12 formed by

reverse plaiting circular knitting, the loop yamn 16 extends outwardly to overlie and cover the

stitch yarn 14 at the technical face 18.
The loop yarn 16 forming the technical back 20 of the kmt fabric body 12 can be

made of any synthetic or natural material. The cross section and luster of the fibers or

filaments may be varied, e.g., as dictated by requirements of the intended end use. The loop
yarn 16 can be a textured or flat filament or, preferably, a yarn of fine denier filaments or
fibers (e.g., 1.5 dpf or lower), with a textured yarn being preferred for relatively greater

dynamic insulating effect, as discussed below. The loop yarn overall denier is typically in the

range of about 70 denier to 300 denier, with a preferred count of about 150 denier. At the
preferred count, the filament count range 1s from about 100 filaments to 300 filaments,
therefore providing a denier per filament (dpf) of from 1.5 to 0.5, respectively. A relatively
smaller dpf, e.g. 1 dpf, is preferred for relatively greater dynamic insulating effect, as will be
discussed below. A preferred commercial loop yarn 1s a 150/132 denier textured polyester
yarn of fine denier filaments or fibers with a dpf of 1.14, e.g. as available from UNIFI, Inc.,
of Greensboro, North Carolina.

The stitch yarn 14 forming the technical face 16 of the knit fabric body 12 can be also

made of any type of synthetic or natural matenal in a textured or flat filament yarn, with a

textured yarn being preferred for relatively greater dynamic insulating effect. The range of
stitch yarn count denier 1s typically between about 50 denier to 150 denier. Where the loop
yarn is 150/132 textured, the preferred stitch yarn count is about 100 denier, and the filament
count ranges from about 34 filaments to 200 filaments, 1.e. 100/34 to 100/200, resulting 1n
dpf from about 3 dpf to 0.5 dpf, with relatively finer filaments being preferred, again, for
relatively greater dynamic insulating performance. A preferred stitch yarn 1s 100/136 denier
textured polyester with about 0.7 dpf, e.g. as available commercially from UNIFI, Inc.
Another preferred yarn is 130/408 denier textured polyester with about 0.3 dpf, e.g. as
available from Hyosung, Inc., of Seoul, Korea.

From these examples, it can be seen that, for achieving markedly improved dynamic
insulating performance, use of a textured 150/132 loop yarn and a textured 100/136 stitch

yarn is preferred.
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In comparison, in a prior art double-face velour fabric article (100, FIG. 3) without

the improved dynamic insulation performance of the present invention, a typical stitch yarn
102 is 70/34 denier filament textured polyester, with individual fiber fineness of greater than
2.0 dpf, e.g. as available commercially from UNIF], Inc.

In a preferred method of the invention, the fabric prebody 12 is formed by reverse
plaiting on a fine cut circular knitting machine (e.g., 28 cut). This is principally a terry knit
construction, where segments 22 of the loop yarn 16 cover the stitch yarn 14 on the technical
face 18 and loops 23 of the loop yarn 16 form loops 23 at the technical back 20 of the fabric
prebody 12 (see FIG. 1).

The fabric prebody 12 is next subjected to finishing. During the finishing process, the
technical face and technical back surfaces 18, 20, respectively, of the fabric prebody 12, with
the segments 22 of loop yarn 16 overlying the stitch varn 14 at the technical face surface 18
and the loops 23 formed at the technical back surface 20, go through a finishing process such

as sanding, brushing and/or napping, to generate a velour 24, 26. The yamn fibers are raised at
both faces of the fabric prebody 12 (FIG. 1), including the technical face 18 and the technical
back 20, to form the velour 24, 26 at each face of the fabric body 30 of the double-face

velour fabric article 10 (FIG. 2) of the invention. The fabric prebody 12 and/or fabric body
10 may also be treated, e.g., chemically, to make it hydrophobic.

Referning to F1G. 12, after finishing, the fabric article 10 is next subjected to a
process of hydroentangiement, such as employed in fabrication of spun staples yarn and in
the fabrication of non-woven fabrics. During this process, fine, high-pressure water jets 32
(or air jets) are directed onto, e.g., the technical back 20 of the fabric article 10. In this
manner, raised fibers 34 of the velour surface of the technical back 20 are entangled,

including in and/or through interstices of the fabric body 30, toward the technical face 18.

The hydroentanglement process thus serves to densify the velour surface, resulting in the
double-face fabric article 40 (FIG. 13), advantageously, without substantial increase in bulk
or thickness, for improved dynamic insulation, i.e. against through-flow of air, e.g., in a
chilling wind. By way of example only, after finishing, the technical back 20 of a double-face

velour fabric article 10 may be treated by hydroentanglement using fine, high-pressure water

jets 32, e.g., with water applied at 100 m/sec to 350 m/sec through jets having apertures of
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0.01 mm to 1.0 mm diameter. Alternatively, raised fibers of the technical face may be
entangled in and/or through interstices of the fabric body, toward the technical back.

Entangling raised fibers of the technical back, i.e., of the loop yarn, including in and
/or through interstices of the fabric body, toward the technical face, results in relatively
greater densification and therefore greater tortuosity, e.g., as compared to entanglement of
raised fibers of the technical face, including in and/or through interstices of the fabric body,
toward the technical back. Entangling from back to face, in addition to resulting in a
relatively greater increase in tortuosity, also increases smoothness of the fabric/garment outer
surface, while entangling from face to back increases tortuosity and increases smoothness of
the fabric/garment inner surface.

Fabnc performance and aesthetics of the fabric article 40 can also be adjusted by

selection of knitting gauge (e.g., in the range of about 18 to about 36, and preferably about

28), yarn type (e.g., preferably textured, or flat filament), yarn denier (e.g., about 70 to about
300, and preferably about 100), fiber denier (e.g., about 0.3 to about 1.5, and preferably

about 1.0), etc. Adjustment of jet speed and/or aperture size, e.g., within the ranges

mentioned above, can further or instead be employed to adjust fabric performance and/or
aesthetics.

The fabric article 40 is thereafter heat set to stabilize the fabric article width.

In this and other embodiments of the invention described below, heat may be applied
to the fabric body, e.g. dry heat and/or wet heat, such as hot water or steam, e.g. during
finishing or dyeing. As mentioned elsewhere, the stitch yarn (and/or the loop yarn) may

include heat sensitive and/or elastomeric materials.

In a resulting double-face velour fabric article 10 of this embodiment of the invention,
the overall density, 1.e., weight per length, of the filament stitch yarn 14 is closely
comparable to stitch yarn 102 used in a comparable prior art fabric article 100 having velour
104, 106 at the opposite faces. The diameter of the filament stitch yarn 14 may be slightly
greater than that of the prior art stitch yarn 102 (likely due to increased filament-to-filament
engagement of the filaments of the filament stitch yarn 14). The yarn count and gauge of the
double-face velour fabnc article 10 of the invention are also substantially the same as those
for the comparable prior art fabric article 100. As a resuit, the weight and stretch

performance of the double-face velour fabric article 10 of the invention 1s closely comparable

- 9.
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to the weight and stretch of the prior art double-face velour fabric article 100 of the same
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gauge and yarn count.
The fact that the weight density of the filament stitch yarn 14 and the stitch yarn 102

are the same indicates that the ratio of yam matenal to open volume for each of the

respective articles is also approximately the same. However, in the filament stitch yarn 14,
and in the resulting double-face velour fabric article 10 of the invention, the average cross

sectional area of the individual filaments i1s considerably less that the average cross sectional
area of filaments in the stitch yarn 102 employed in the comparable prior art fabric article
100, e.g. the denier per filament (dpf) of the preferred filament stitch yarn 14 is about 0.7 dpf,
as compared to 3.0 dpf for the stitch yarn 102 of comparable prior art fabric article 100. As a
result, the paths for passage of air, e.g., a chilling wind, through double-face velour fabric
article 10 of the invention, while relatively more numerous, are also considerably smaller and
relatively more tortuous, as compared to a comparable prior art double-face velour fabric
article 100. The enhanced performance of the fabric article of the invention 1s achieved by
increasing the yarn count and the filament count to make the paths through the fabric more
tortuous, thus making it more difficult for air, 1.e., a chilling wind, to penetrate quickly
through the double-face velour fabric article 10 of the invention. As a result, the dynamic
insulation performance of the double-face velour fabric of the invention 1s dramatically
increased over the prior art.

In FIG. 14, there is reproduced a plot of curves showing the relationship between
change in effective thermal insulation and wind velocity for covers or fabrics of different
permeabilities, as appeared in an article by P. Larose, entitled “The Effect of Wind on the
Thermal Resistance of Clothing with Special Reference to the Protection Given by Coverall

Fabrics of Various Permeabilities,” which appeared in Canadian Journal of Research (Vol.
25, Sec. A, No. 4, (July 1947), pp. 169-190), the entire disclosure of which is incorporated
herein by reference. The permeabilities of the matenals tested varied between 0 and 193
f’/ft*/min under a pressure difference of ¥ inch of water across the fabric.

In particular, it can be seen in the plot that at zero wind velocity there is relatively
little difference in insulating performance among the matenals tested. The dynamic

insulating performance for each of the materials tested also decreased with increasing wind

velocity. However, as may be seen in the plot, the rate of decrease in dynamic insulating

- 10 -
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performance was much more precipitous in fabrics of relatively greater permeability, i.e. as

permeability increased, the rate of loss of dynamic insulating performance with increasing

wind velocity was relatively smaller for fabrics of low permeability, as compared to fabrics

having relatively greater permeability.

In Table A (below), the improvement in dynamic insulation performance of double-

face velour fabric articles 10 (FIG. 2) of the invention in a chilling wind can easily be seen

when compared to the performance of a comparable prior art double-face velour fabric article

100 (FIG. 3). In particular, the double-face velour fabric article 10 of the invention has

considerably better dynamic insulating performance, and good static (no wind) and dynamic

(windy) insulation performance, due to the increased tortuosity of air paths through the

fabric, with good stretch properties and light weight.

TABLE A

A2 Bl B2
150/132 150/100 150/132
textured textured textured
100/34 100/34 100/34
textured textured textured
58-inch 54-inch 54-inch
cuttable cuttable cuttable
60-70 70-80 50-60

Al
Loop Yarn  150/100
textured
Stitch Yarn  100/34
textured
Width 38-inch
cuttable
Dynamic 100-110
Insulating
Performance
Compare: Al to A2
Compare: Al to Bl
Compare: Al to B2
Compare: Al to B2

A2 has finer loop yarn, and therefore relatively better
dynamic insulating performance.

B1 has narrower width, and therefore better dynamic
insulating performance.

B2 has finer loop yarn, and therefore better dynamic
insulating performance.

B2 has finer loop yarn and narrower width, and
therefore better dynamic insulating performance

-1] -
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The word “tortuosity” is used to describe the fabric property enhanced according to

this invention by increasing yarn count and filament count. The paths through the fabric are

made more “tortuous” than those of prior art fabrics, and greater “tortuosity” results in
greater dynamnic insulating effect. In addition, 1f a given fabric body is subjected to less than
normal stretching, resulting in reduced final width of the fabric (i.e., the width resulting after

heat setting of the fabric during the finishing process), the higher, still, the dynamic
insulating performance of the resulting fabric article of the invention.

In other preferred embodiments, fabnic articles of the invention having relatively
greater densification and tortuosity, and therefore increased dynamic insulation performance
for enhanced protection from wind penetration, are achieved by incorporation of stitch yarns
and/or loop yarns of predetermined selected charactenistics. For example, stitch yarns and/or
loop yarns including, or formed largely of, heat sensitive matenials, e.g. hot melt or heat
shrinkable matenals, and/or elastomeric matenals, such as spandex, may be employed.

For example, referring now to FIG. 15, in a preterred embodiment, a fabric article 30
of the invention formed by reverse plaiting on a fine cut circular kmtting machine includes a
stitch yarn 32 and a loop yarmn 34 finished into a velour 36, 38 at the opposite surfaces. The

stitch yarn 32 includes, or consists largely of, yarn or filaments of heat sensitive material 33,

e.g. heat shrinkable matenial, or hot melt matenal (typically commingled (e.g., blended) with
other fiber that will maintain yarn integrity after heat treatment). Suitable heat sensitive
materials include polypropylene, polyester, polyamide, and the like, preferably with high
shrinkage, e.g., about 5% to about 50% after about 2 minutes to about 60 minutes at about
212°F to about 450°F. Heat is thereafter applied to the fabric article, e.g., dry heat and/or wet
heat, such as hot water or steam, e.g. during dyeing and/or finishing. Upon exposure to heat,
the hot melt matenal fuses to narrow or fill interstices between the yarns filaments, and the
heat shrinkable matenal shortens and thickens, and/or reduces 1n effective length, thus to
reduce the paths for passage of chilling wind through the fabric and thereby increase the
tortuosity and the dynamic insulation performance of the fabric article 30 of the invention.
Referring next to FIG. 16, in another embodiment, 1n a fabnec article 40 of the

invention, the stitch yarn 42 comprises a cored yarn 43 having a core formed, e.g., of
polyester or nylon, with a sheath formed of a heat sensitive material, e.g., a hot melt material,

such as polypropylene, polyester or polyamide, e.g. as available commercially from
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Engineered Yarn Company, of Fall River, Massachusetts. During heating of the fabric article

of this embodiment, e.g. during dyeing and/or finishing, the hot meit material of the sheath
fuses, thus increasing the tortuosity and further reducing the paths for passage of chilling
wind through the fabric and improving the dynamic insulation performance of the fabric
article 40 of the invention.

Referring now to F1G. 17, 1n a fabric article 50 of the invention, the stitch yarn 52
includes elastomeric matenal 53, e.g. such as spandex. The elastomeric material 53 in the
stitch yarn 52 also provides for relatively greater densification and tortuosity, and therefore
increased dynamic insulation performance for enhanced protection from wind penetration, as
well as providing for fabric stretch and enhanced wearer comfort.

Referring now to FIG. 18, a fabric article 60 of the invention may also be formed of
stitch yarns 62 including or consisting largely of combinations of heat sensitive materials 63
and elastomernic materials 65. For example, stitch yarns employed in the fabric article 60 may
include fibers or filaments of different characteristics that have been commingled or plaited
together.

Referring to FIG. 19, in another embodiment, a fabric article 70 of the invention is
formed of loop yarns 72 of standard denier that, upon application of heat, e.g., during dyeing
and/or finishing, split axially into multiple, elongated fibers or filaments. The result is a
reduction or narrowing of paths for passage of chilling wind through the fabric, to increase
tortuosity and dynamic insulation performance of the fabric article 70. The loop yarns may
be caused to split also by application, e.g., of a chemical treatment, e.g. caustic soda, or by
application of a mechanical action, e.g. napping.

Referring finally to FIG. 20, in yet another embodiment, a fabric article 80 of the
invention is formed of loop yarns 82 having an “islands-in-sea” construction. Namely, the
loop yarns 82 are formed of a hot melt polymeric body (“sea’) containing multiple filaments
(“islands”) of small diameter, e.g. 0.01 to 0.03 denier. Upon application of heat to the fabric
article 80, e.g., during dyeing and/or finishing, the hot melt material melts to release the
individual, small diameter filaments. Again, the release of the small filaments results in

increased tortuosity and dynamic insulation performance of the fabric article 80.
Due to the increased tortuosity, including after heat treatment, a fabric article of the

invention formed with stitch yams including or consisting largely of heat sensitive materials
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and/or elastomeric matenals, such as spandex, and/or loop yarns formed of heat sensitive
materials and/or elastomeric materials such as spandex, and/or cored yarns having a sheath of
hot melt matenal, have enhanced dynamic insulation performance, e.g. as compared to a
prior art fabric article 100 (FIG. 3) having the same weight. As a result, the fabric articles of
the invention are particularly suited for use, e.g., in lightweight clothing and the like for use
in extreme conditions of chilling wind and cold temperature.

Examples of fabric articles of the invention formed with heat sensitive materials
and/or elastomeric materials will now be described:
Example 1

A fabric article of the invention, designated S/7380, was formed of a stitch yarn
consisting of 150/34 POWERSTRETCH™ heat shrinkable textured polyester, available from
UNIFI, Inc., and a loop yarn consisting of 150/132 textured polyester. After exposure to heat,
the air permeability of the finished fabric article, tested according to ASTM-737, was 70
ft’/ft*/min.
Example 2

Another fabric article of the invention, designated ES55P, was formed of a stitch yarn
consisting of 50/36 textured polyester with 20 denier spandex on every other end plaited with
20/36 textured polyester and a loop yarn consisting of 150/132 textured polyester. After
exposure to heat, the air permeability of the finished fabric article, tested according to
ASTM-737, was 59 ft’/ft*/min.
Example 3

Yet another fabric article of the invention, designated E657Y, was formed of a stitch
yarn consisting of 50/36 textured polyester commingled with 40/20 textured polypropylene
and a loop yarn consisting of 100/96 textured polyester. After exposure to heat, the air
permeability of the finished fabric article, tested according to ASTM-737, was 38-40
ft’/ft*/min.
Example 4

Another fabric article of the invention, designated E667Q, was formed of a stitch yamn
consisting of 100/34 POWERSTRETCH™ heat shrinkable textured polyester and a loop
yarn consisting of 100/96 textured polyester. After exposure to heat, the air permeability of
the finished fabric article, tested according to ASTM-737, was 60-70 ft*/ft*/min.
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A number of embodiments of the invention have been described. Nevertheless, it will
be understood that vanious modifications may be made without departing from the spirit and
scope of the invention. For example, any type of yarn may be employed. Also, other suitable
methods of constructing a velour fabric article of the invention may be employed. For
example, in the preferred embodiment described above, the construction provided by reverse
plaiting is employed in order to expose the loop yarn 16 for finishing at both surfaces of the
fabric body, with segments 22 of the loop yarn 16 overlaying the stitch yarn 14 at the
technical face 18 and formed into loops 23 at the technical back 20. This is preferred, for
reasons of dynamic insulation performance, over a construction in which only the loop yarn
is finished. However, where improvement of dynamic insulation performance is not the
primary or an overwhelming consideration, a construction exposing the stitch yarn and the

loop yarn side by side for finishing at one or both surfaces of a fabric body may be preferred.

In embodiments of fabric articles of the invention formed with heat sensitive materials, heat
may be applied other than or in addition to during dyeing and/or finishing, e.g., before, after,
or between these stages of manufacture. Also, referring again to FIG. 13, a double-face
velour fabric article 40 of the invention may be formed by applying the hydroentanglement
process to the technical face 18 and/or the technical back 20, e.g., using fine, high-pressure
water jets 32 and/or 32’°, respectively.

As mentioned above, a fabric article with stitch yarn and/or loop yarn comprising heat
sensitive and/or elastomeric material may also be entangled or hydroentangled according to
the invention.

Accordingly, other embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A double-face velour fabric article comprnises a fabric body having a technical face
formed by a fillament stitch yarn and a technical back formed by a filament loop yarn, said
filament stitch yarn comprising heat sensitive material, said fabric body having a velour
surface formed at both said technical back and said technical face, and said heat sensitive

material responding to application of heat during processing to increase tortuosity with a

result of said fabric body having permeability of about 80 ft’/ft*/min or less under a pressure

difference of %2 inch of water across the fabric body.

2. The double-face velour fabric article of claim 1, wherein said heat sensitive

material comprises hot melt matenal.

3. The double-face velour fabric article of claim 1, wherein said heat sensitive

material comprises heat shrinkable matenal.

4. The double-face velour fabric article of claim 1, wherein said heat sensitive

material is selected from the group consisting of polypropylene, polyester, and polyamide.

5. The double-faced velour fabrnic article of claim 1, claim 2, claim 3, or claim 4,

wherein said heat sensitive material responds to application of dry heat.

6. The double-faced velour fabric article of claim 1, claim 2, claim 3, or claim 4,

wherein said heat sensitive matenal responds to application of wet heat.

7. The double-faced velour fabric article of claim 6, wherein said heat sensitive

material responds to application of wet heat applied by steam.

8. The double-faced velour fabnic article of claim 6, wherein said heat sensitive

material responds to application of wet heat applied by hot water.
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9. The double-faced velour fabric article of claim 1, claim 2, claim 3, or claim 4,
wherein said heat sensitive material responds to application of heat at about 212°F to about

450°F applied for about 2 minutes to about 60 minutes.

10. The double-faced velour fabric article of claim 1, claim 2, claim 3, or claim 4,

wherein said filament stitch yarn comprises elastomeric matenal.

11. The double-faced velour fabric article of claim 10, wherein said elastomeric

material comprises spandex.

12. The double-faced velour fabric article of claim 10, wherein filaments of said heat

sensitive material and filaments of said elastomeric matenal are commingled together.

13. The double-faced velour fabric article of claim 10, wherein filaments of said heat

sensitive material and filaments of said elastomeric material are plaited together.

14. The double-faced velour fabric article of claim 10, wherein raised fibers of the
velour surface of at least one of the technical face and the technical back is entangied,

including in and/or through interstices of the fabric body toward the other of the technical
face and the technical back.

15. The double-face velour fabric article of claim 14, wherein raised fibers of the

technical back are entangled, including in and/or through interstices of the fabnc body,
toward the technical face.

16. The double-faced velour fabric article of claim 1, claim 2, claim 3, or claim 4,

wherein said filament stitch yarn is a cored yarn comprising a core and a sheath, said sheath

comprising hot melt material.

17. The double-face velour fabric article of claim 16, wherein said hot melt material

is selected from the group consisting of polypropylene, polyester and polyamide.
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18. The double-face velour fabric article of claim 16, wherein said core comprises a

material selected from the group consisting of polyester and nylon.

19. The double-faced velour fabric article of claim 1, wherein said filament loop yarn

splits to release multiple small diameter filaments.

20. The double-faced velour fabric article of claim 19, wherein said filament loop

yarn splits by application of heat to release said multiple small diameter filaments.

21. The double-faced velour fabric article of claim 20, wherein said filament loop

yarn comprises an “islands-in-sea” construction.

22. The double-faced velour fabric article of claim 19, wherein said filament loop

varn splits by application of a chemical treatment to release said multiple small diameter

hilaments.

23. The double-faced velour fabric article of claim 19, wherein said filament loop
yarn splits by application of a mechanical action to release said multiple small diameter

filaments.

24. The double-face velour fabric article of claim 1, wherein said filament loop yarn

is textured.

25. The double-face velour fabric article of claim 1, wherein said filament stitch yarn

1s textured.

26. The double-faced velour fabric article of claim 1, claim 2, claim 3, or claim 4,
wherein raised fibers of the velour surface of at least one of the technical face and the

technical back is entangled, including in and/or through interstices of the fabric body toward
the other of the technical face and the technical back.
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27. The double-face velour fabric article of claim 26, wherein raised fibers of the

technical back are entangled, including in and/or through interstices of the fabric body,
toward the technical face.

28. A double-face velour fabric article comprises a fabric body having a technical
face formed by a filament stitch yarn and a technical back formed by a filament loop yarn,
said filament stitch yarn comprising elastomeric matenal, said fabric body having a velour
surface formed at both said technical back and said technical face, and said fabric body

having permeability of about 80 ft*/ft’/min or less under a pressure difference of % inch of

water across the fabric body.

29. The double-face velour fabric article of claim 28, wherein said elastomeric

material comprises spandex.

30. The double-face velour fabric article of claim 1 or claim 28, wherein said fabric

body has permeability of about 70 f’/ft*/min or less.

31. The double-faced velour fabric article of claim 28, wherein raised fibers of the
velour surface of at least one of the technical face and the technical back is entangled,
including in and/or through interstices of the fabric body toward the other of the technical
face and the technical back.

32. The double-face velour fabric article of claim 31, wherein raised fibers of the

technical back are entangled, including in and/or through interstices of the fabric body,
toward the technical face.

33. A double-face velour fabric article comprises a fabric body having a technical
face formed by a filament stitch yarn and a technical back formed by a filament loop yam,

said fabric body having a velour surface formed at both said technical face and said technical

back, with raised fibers of the velour surface of at least one of the technical face and the

technical back entangled, including 1n and/or through interstices of the tabric body toward
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the other of the technical face and the technical back, said fabnic body having permeability of

about 80 ft*/ft*/min or less under a pressure difference of % inch of water across the fabric
body.

34. The double-face velour fabric article of claim 33, wherein raised fibers of the

technical back are entangled, including in and/or through interstices of the fabnc body,

toward the technical face.

35. A double-face velour fabric article comprises a fabric body having a technical

face formed by a filament stitch yarn and a technical back formed by a filament loop y;u-n,
said fabric body having a velour surface formed at both said technical face and said technical
back, with said fabric body having permeability of about 80 ft*/ft*/min or less undera
pressure difference of 2 inch of water across the fabric body, wherein, after finishing, at least
one of the technical face and the technical back is subjected to hydroentanglement to
entangle raised fibers of the velour surface, including in and/or through interstices of the

fabric body, thereby to densify the fabric body and increase tortuosity.

36. The double-face velour fabric article of claim 35, wherein, after finishing, raised
fibers of the technical back are entangled, including in and/or through interstices of the fabric
body, toward the technical face.

37. The double-face velour fabric article of claim 1, claim 28, claim 33, or claim 35,

wherein at least one of said filament stitch yarn and said filament loop yarn is a yarn of fine

denier filaments or fibers.

38. A method of forming a double-face velour fabric body, said method comprising
the steps of:

joining a filament loop yarn and a filament stitch yarn to form a fabric prebody, the
filament stitch yarn forming a technical face of the fabric prebody and the filament loop yarn
forming a technical back of the fabric prebody, the filament stitch yarn comprising heat

sensitive material,
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finishing said technical face and said technical back of the fabric prebody, thereby to
form a double-face velour fabric body having opposite velour surfaces, and

exposing said fabric body to heating sufficient to cause a response by said heat
sensitive material, thereby to increase tortuosity with a result of said fabric body having

permeability of about 80 ft’/ft*/min or less under a pressure difference of ¥ inch of water

across the fabric body.

39. A method of forming a double-face velour fabric body, said method comprising

the steps of:

joining a filament lc;op yarn and a filament stitch yarn to form a fabric prebody, with
the filament stitch yarn forming a technical face of the fabric prebody and the filament loop
yarn forming a technical back of the fabric prebody,

finishing the technical face and the technical back of the fabric prebody, thereby to
form a double-face velour fabric body having opposite velour surfaces, and

entangling raised fibers of at least one of the technical face and the technical back,
including in and/or through interstices of the fabric body, thereby to increase density and
tortuosity of the fiber body, the fabric body having permeability of about 80 ft*/ft*/min or less

under a pressure difference of %2 inch of water across the fabnc body.

40. The method of forming a double-face velour fabric body of claim 39, comprising
the further step of entangling the raised fibers in a process of hydroentanglement, by
directing fine, high pressure jets upon at least one of the technical face and the technical
back.

41. The method of forming a double-face velour fabric body of claim 39 or claim 40,
comprising the further step of directing fine, high pressure jets upon the technical back, to
cause raised fibers of the velour surface of the technical back to entangle, including in and/or

through interstices of the fabric body, toward the technical face.

42. The method of forming a double-face velour fabric body of claim 39, wherein the

filament stitch yarn comprises heat sensitive material, and said method comprises the further
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step of exposing said fabric body to heating sufficient to cause a response by the heat

sensitive matenal, thereby to increase tortuosity.

43, The method of forming a double-face velour fabric body of claim 38 or claim 42,

comprising exposing said fabric body to said heating sufficient to cause a response by said

heat sensitive matenal during dyeing.

44. The method of forming a double-face velour fabric body of claim 38 or claim 42,
comprising exposing said fabric body to said heating sufficient to cause a response by said

heat sensitive matenial during finishing.

45. The method of forming a double-face velour fabric body of claim 38 or claim 42,

comprising exposing said fabric body to dry heat.

46. The method of forming a double-face velour fabric body of claim 38 or claim 42,

comprising exposing said fabric body to wet heat.

47. The method of forming a double-face velour fabric body of claim 46, comprising

exposing said fabric body to steam.

48. The method of forming a double-face velour fabric body of claim 46, comprising

exposing said fabric body to hot water.

49 The method offc;mmg a double-face velour fabric bod.y‘ of claim 38 or claim 42,
comprising exposing said fabric body to said heating sufficient to cause a response by said

heat sensitive material for about 2 minutes to about 60 minutes at about 212°F to about

450°F.

50. The method of forming a double-face velour fabric body of claim 38 or claim 42,

comprising joining a filament loop yam and a filament stitch yarn, the filament stitch yarn

comprising elastomeric material.
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51. The method of forming a double-face velour fabric body of claim 38 or claim 42,
comprising exposing said fabric body to heating sufficient to cause a response by said heat

sensitive material, thereby to increase tortuosity with a resuit of said fabric body having

permeability of about 70 ft’/ft*/min or less.

52. The method of forming a double-face velour fabric body of claim 38 or claim 42,

wherein the filament stitch yarn comprises elastomeric material.

53. A method of forming a double-face velour fabric body, said method comprising
the steps of:

joining a filament loop yarn and a filament stitch yarn to form a fabric prebody, the
filament stitch yarn forming a technical face of the fabric prebody and the filament loop yarn
forming a technical back of the fabric prebody, the filament stitch yarn comprising
elastomeric matenal, and

finishing said technical face and said technical back of the fabric prebody, thereby to
form a double-face velour fabric body having opposite velour surfaces and permeability of

about 80 ft*/ft*/min or less under a pressure difference of 2 inch of water across the fabric
body.

54. The method of forming a double-face velour fabric body of claim 50, claim 52 or

claim 53, wherein the elastomeric matenal comprises spandex.

-23 -



CA 02408687 2002-10-16

by o f

16

A L
L L LRI T /.’"'!p.‘-’/'/lfr‘. /’

WOWS M oy G Gudv W SRAS AN QERE) S G _ g
———
SN IELT A SER PRI 2t DS F s p 7 g ry TH PR PSSR,

N— P (
g 23 5 23

FIG. 1

AN N

F 4

H
o
I” 14

e

NS

NN \x.  PL
Ve rane
/ /"/-’/ ”/'/ Ry .. 26

v o ‘ » "
—-mné--‘:-. -léhlé:ww—al‘dnr)wliwd ,‘( | R |

13
FIG 2 PRIOR ART

FIG. 3




CA 02408687 2002-10-16

. R SN
q» /

= / / ,
, @__....W,u_ ok
L /<




CA 02408687 2002-10-16




CA 02408687 2002-10-16

4 el R | e SRR i i - g A .

M
_

b1 Ol

(‘H'd"W) ALIDOT3A GNIM

81

.,UrLl“Qw

NOILLYINSNI

J{m}wfui 1

w.tviil.!‘.

Ot

Ol

/

S s N\

?ffffdﬂff?ﬁa 142

/ /

g



CA 02408687 2002-10-16

S

’ : : b
2 / Vs (!| '.-' ' . '-
LM"AWQ‘“ e ‘:)-f:to '-H“

/

R —

FIG. 19

: //.. B 4:: f,f :’/4 /‘, //' y VAN
d A NP SRr A : - 4
g NN '“':a..l:.fb.x NN é NN 42

i R ' i & ) I /.. . . ¢ ]
‘ , '3 / . o ,!'j ) .f, ::'9&' _/v * J,’ /’ .g.-i' /'/ p
4 53 ‘ o ~ SF A R s / @
/ . j "',v g '.y"' x"' 4 Y :
e ol i B i vanll-am iy nd:« - u&tbﬂ.‘muu&mz_-‘im

33
FlGG. 16

')

e

- &7“ -u;f_m -7 I -M,,-)-‘ 7‘“‘“/,””7“”“”
p g . S
o 7 4 s’ s /
. /’ .-" / )/ : . ,/ /
F o \ , i rd ¢ 4 ”
/ S AR A A
« » K : - F - K

~

p ’,f/ , - o #
8 E . < s /z- & -~
e / ! .‘ - /
o Bl g ! ’ . / ‘.4'

. ~
4 Ve

s - o - o
boen 4 A A A
W \ " u‘:ﬂw

x'\‘ ) . .,
) / | . ) .

e

'x‘\‘ X
A ’ 7
=g "/\" 'f:“ F " /
o J a
. . f r ¢
“ \.rf A& ” g
V. K S ’ = ~ P
o banin . o peiliam s 5 il ot 4=n “-‘A'H .-wml(-rm‘—-m-‘mu"»

~

,
-"]

b

i

B2

Fl1G. 20



L’*Wa" | r

/ 23 . 23
2



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

