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FABRIC WITH EQUAL MODULUS IN
MULTIPLE DIRECTIONS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/3770,295 filed on Aug. 3, 2010, which 1s
incorporated by reference herein.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The present disclosure relates generally to a fabric having
substantially 1sotropic stretchability and uniform modulus 1n
multiple directions. More particularly, the present disclosure
relates to an elasticized fabric having isotropic stretchability
and uniform modulus 1n all directions that 1s incorporated
into a garment or a garment that 1s constructed entirely of

such 1sotropic fabric.
2. Description of Related Art

There are several different types of stretch fabrics being
used today for swimwear, shapewear, garment liner, or
undergarment. These fabrics generally fall into the following,
classifications: a nylon/spandex combination 1n a tricot-type
knit or circular knit, a nylon/spandex combination i a
raschel-type knit, a cotton/spandex combination in a circular
knit, and a polyester/spandex combination. Each of these
combinations and knits has specific applications and specific
characteristics.

The nylon/spandex combination 1n a tricot construction
generally includes 80% nylon and 20% spandex, usually
LYCRA (a registered trademark of Invista, a subsidiary of
Koch Industries, Inc.). This fabric 1s commonly used for 1ts
four-way stretchability, 1.e. the ability to stretch 1n both the
length and width directions of the fabric. The advantage of
this type stretch 1s that it permits the garment to {it diflerent
shapes and sizes without substantial modification to the
pattern of the garment.

The nylon/spandex combination 1n a Raschel-type con-
struction 1s characterized by a combination of 85% nylon
and 15% spandex. The stretch i1s typically significantly
greater 1n one direction than the stretch in the other. Raschel-
type knitting commonly used 1n swimwear, provides a fabric
with a much greater stretch 1n the warp direction as com-
pared to the tricot type construction.

The cotton/spandex combination generally includes 90%
cotton and 10% spandex. Also included within this classi-
fication 1s a poly/cotton/spandex mix made of 45% polyes-
ter, 45% cotton and 10% spandex. These fabrics are often
used for exercise wear, such as leotards and the like. The
cotton 1s used for perspiration absorption. Also, the cotton
within the blend provides a softer feel to the fabric.

The polyester/spandex combination 1s a lightweight and
less expensive alternative to the nylon/spandex or cotton/
spandex combinations. This fabric material 1s primarily used
in the Umted States in active sportswear and intimate
apparel.
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There are many variations and blends of spandex for use
in swimwear, shaping garments, liners or the like. Spandex
1s generally defined as a synthetic elastomeric fiber having
a very high elasticity to break point (up to approximately
500% to 600%) and a high recovery from stretching. Though
the chemistry 1s very complex, basically spandex 1s a series
of elastomeric products including hard and soft segments
and cross linking between the same. The fibers produced are
generally white, clear or bright depending on the level of
titanium dioxide added, are not dyeable and are stronger and
lighter than rubber. The properties of spandex include high
stretch, low set (the ability to spring back to its original
shape concluded after repeated stretching), high durabaility,
casiness ol cleaning, uniformity and versatility.

However, none of these fabrics offers substantially 1so-
tropic stretchabilty and equal modulus 1n all directions.

Accordingly, there 1s a need for a fabric that can be used
in swimwear, undergarment, garment liner and shapewear
that 1s substantially 1sotropic and offers equal modulus 1n all
directions to provide a balanced degree of compression,
shaping and comiort to the wearer.

SUMMARY OF THE DISCLOSURE

The present disclosure provides for a fabric that offers
substantially 1sotropic stretchability and equal modulus 1n all
directions to offer a balanced degree of comiort and control
to the wearer of a garment made with such a fabric.

The fabric includes at least one layer of material that lay
in a single plane. The material comprises a first direction
having a first modulus of elasticity, a second direction that
1s perpendicular to the first direction. The second direction
has a second modulus of elasticity and a third direction that
1s at an angle of 45 degrees to the first direction and the
second direction. The third direction has a third modulus of
clasticity. The first modulus of elasticity, the second modulus
of elasticity and the third modulus of elasticity are within the
same ranges of magnitude of modulus.

The garment includes a fabric covering a portion of a
body of a wearer. The wherein the fabric comprises an
isotropic material having a first direction having a first
modulus of elasticity, a second direction that 1s perpendicu-
lar to the first direction. The second direction has a second
modulus of elasticity. A third direction that 1s at an angle of
45 degrees to the first direction and the second direction has
a third modulus of elasticity. The first modulus of elasticity,
the second modulus of elasticity and the third modulus of
clasticity are within the same ranges of magnitudes of
modulus of elasticity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a swimsuit incorporating a fabric
according to the present disclosure;

FIG. 2 1llustrates an exemplary fabric according to a first
embodiment of the present disclosure;

FIG. 3 illustrates a stitch pattern of the fabric according to
the first embodiment;

FIG. 4 shows an exemplary fabric according to a second
embodiment of the present disclosure; and

FIGS. 5a and 5b show a photograph of an exemplary
machine that 1s used to knit the i1sotropic fabric of FIG. 2.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

Referring to the drawings and, in particular to FIG. 1,
there 1s 1llustrated a swimsuit that 1s generally referred to by
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reference numeral 10. The swimsuit 10 includes a torso
portion 15 and a bra portion 20. Torso portion 15 may
include any number of panels, such as, a front panel 35 and
rear or back panel 30 or a single panel. Front panel 35 and
rear panel 30 are joined by seams 40 and 45 and at crotch 50.
Front panel 35 may be formed by a single panel or any
number of panel or sections, as desired. Similarly, rear panel
30 may also be divided into separate panels or portions. Bra
portion 20 has one or more shoulder straps 25, depending,
upon the style of the swimming suit. The fabric of the
present disclosure provides support and added comfort to the
various areas of the swimsuit. While a swimming suit 1s
shown 1n FIG. 1, other types of garments such as shapewear,
undergarment, liner and bra frame construction could also
incorporate the fabric of the present disclosure. Such other
types of garments could include the fabric of the present
disclosure as either a liner, as the garment itself or as a
portion of the garment.

The present disclosure generally contemplates a fabric

incorporated into a swimsuit or other type of garment, 1n
which the fabric has specified properties. The fabric may be
incorporated 1n only a part of the torso portion 15, bra
portion 20, such as a front panel 35 or at shoulder straps,
respectively, or may comprise the entire swimsuit 10.

Swimsuit 10 1s made from a fabric that has a generally
1sotropic stretchability. Isotropic stretchability means that
the fabric from which swimswt 10 1s made 1s capable of
expanding or elongating 1n equal amounts in the length and
width directions of the fabric as well as along the diagonal
direction at an angle of 45° relative to the width and length
directions of the fabric. This 1sotropic stretchability 1s char-
acterized by a high degree of elasticity and modulus which
1s provided for purposes of comiort of the wearer. By having
an equal or substantially equal modulus 1n all directions, the
wearer will not experience uncomiortable restrictions to
stretching during movement. Were there a higher modulus
across the body of the wearer relative to the length, for
example, the wearer could be uncomiortably restricted at the
waist and the appearance of the garment on the wearer may
be compromised.

One embodiment of the preferred fabric according to the
present disclosure 1s generally illustrated in FIG. 2. The
tabric generally referenced by reference numeral 100 1is
produced by a warp knitting method. Fabric 100 has a width
direction 105, a length direction 110 that 1s perpendicular to
width direction 105, and a diagonal direction 115 that 1s at
an angle of 45° relative to width direction 105 and length
direction 110. When fabric 100 1s tested in three different
directions, width direction 105, length direction 110 and at

an angle of 45° relative to width direction 105 and length
direction 110, fabric 100 exhibits 1sotropic stretchability and

equal modulus 1n each direction. Significantly, 1sotropic
stretchability and equal modulus exists independent of how
tabric 100 1s cut and sewn into the garment or garment
portion.

FIG. 3 illustrates a stitch pattern for the 1sotropic fabric of
FIG. 2. Referring to FIG. 2, fabric 100 1s knitted using three
different yarns. Fabric 100 1s knmitted using three integrally
knitted bars, bar 125, bar 145 and bar 135 knitted between
bar 125 and bar 145. Bar 125, or front bar 1s made from
nylon thread, such as a flat filament nylon. The repeating
stitch pattern 1s knitted on a warp knitting machine 1s
1-0/1-2/2-1/2-3/2-1/1-2. This pattern then repeats. Bar 135,
or middle bar 1s made from spandex. Bar 135 1s a loose knit
as seen 1 FIG. 3, 1n comparison to bar 125. Bar 133 has a
repeating pattern that 1s knitted on a warp knitting machine.
Stitch pattern of bar 135 1s 0-0/2-2/1-1/3-3/1-1/2-2/. By not

wrapping around pins of knitting machine, yarns of bar 135
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4

are knitted between yarns of bar 125 and yarns of bar 145.
Bar 145, or back bar, 1s knitted using spandex. The pattern
of bar 145 1s 1-0/1-2 repeated three times. While fabric 100
1s shown as being knitted with three diflerent bars 125, 135
and 145, two different yarns could also be used in three

different knitted bars to also achieve the 1sotropic property
of fabric 100.

After three bars, bar 125, 135 and 145 are knitted, fabric
100 1s heated and intersecting yarns of bars 135 and 145
adhere to adjacent threads to create an integrated and 1so-
tropic fabric. Other factors, such as denier, type of yarn, heat
application profile, and dying and finish affect the 1sotropic
properties of the fabric.

Further, 1n fabric 100 there 1s a relationship between the
stretch and modulus characteristics that produce a “wearing
stretch™ as experienced by the wearer. The modulus aflects
the “wearing stretch” function of a fabric in that the higher
the modulus, the more resistant the fabric material will be to
linear stretch. If the modulus 1s too high, the suit will not be
comiortable or properly fit a range of body sizes. Accord-
ingly, garments made from fabric 100 will fit a vaniety of
different body types within a size because isotropic com-
pression will fit like second skin, fitting and functioning on
the body uniformly. When the modulus 1s not isotropic, the
wearer will feel the fabric putting more pressure on the body
in the direction with the higher modulus, thus creating
discomfiort.

Fabric 100 of the first embodiment includes a combina-
tion of yarns 1n combination with an elastomeric yarn, such
as, spandex, and having a weight of approximately 7.95 or
alternatively 7.5 to 8.4 ounces per square yard. To achieve
1sotropic properties, Fabric A preferably has a percentage of
clastomeric yarn 1n a range of from 8% to 60% and a range
ol non-elastomeric yarn, such as nylon, of from 40% to 92%.
A mmmmum of 16% elastomeric fabric yarn 1s preferred.
These percentages of yarn represent percentages of weight
of the fabric 100. Therefore, a low denier yarn will represent
a lower percentage of such yarn in a fabric 100 1n compari-
son to a high dernier yarn. Further, the yarns in combination
with elastomeric yarn are preferably nylon, polyester, cot-
ton, rayon, polypropylene, for example, or any similar yarn
that 1s a hard yarn, a non-elastomeric yarn.

Table 1 below describes a fabric 100 that 1s 1sotropic and
has equal modulus 1n the horizontal, vertical and 45° diago-
nal directions. The third column represents the ranges of
acceptability for an 1sotropic fabric of the given content. The
inclusion of elastomeric yarns ensures that there 1s a sub-
stantial amount of power in retraction of the garments
indicated by a flatter stress-strain curve of the fabric through
the fit zone. The flatter stress-strain curve of the fabric

provides for a broader range of comiort at the fit point of
30% stretch and for comfort at 70% stretch of the fabric.

TABLE 1
Industry
Standard
Fabric 100 Range
Actual Weight (oz/yard?) 7.95 7.5-8.4

8% to 60%
Elastomer and
40% to 92%

8% to 60%
Elastomer and
40% to 92%

Content

Hard Yarns Hard Yarns
Zwick Stretch
Length 135% 112%-137%
Width 130% 112%-137%
45° 114% 112%-137%
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TABLE 1-continued
Industry
Standard
Fabric 100 Range
Length Modulus
w30% 3.36 2.77-3.38
(lbs of (Ibs of
holding power) holding power)
50% 6.33 5.85-7.15
w70% 9.61 9.31-11.37
Width Modulus
w30% 3.01 2.77-3.38
w50% 6.67 5.85-7.15
70% 10.34 9.31-11.37
45° Modulus
w30% 2.78 2.77-3.38
w50% 6.44 5.85-7.15
@ 70% 11.06 9.31-11.37

Specific readings for the modulus were taken at a thirty
percent (30%) stretch or elongation point for the length,
width and diagonal directions. For example, at 30% eclon-
gation, the modulus of fabric 100, i length direction 110,
width direction 105 and 45° diagonal direction 115 1s in a
range of from 2.7 to 3.38 lbs of holding power. This range
represents an mdustry standard. This stretch point 1s con-
sidered to be a normal fit position for a swimsuit. At the fit
point, the fabric 100 or a swimsuit 10 made of the fabric 100
of the present disclosure 1s cut to have a substantially equal
holding power in the length, width and 45° directions.
Because of the flat stress-strain curve, at 50% stretch and
70% stretch, the swimsuit 1s still a comfortable fit during all
ranges of movement. Significantly, different sizes of indi-
viduals can wear the same suit. For example, a woman who
1s five feet tall and a woman who 1s six feet tall can both be
a size eight and still wear the same suit and be comiortable
across a wide range ol movements. Also, fabric 100 was
made i the same color (black) as a control. Other condi-

tions, such as temperature and humidity, were maintained
constant during the test.

The fabric for the swimsuit of the present disclosure can
be defined by applying a stretching test. Specifically, a
stretching test using the fabrics and tensile cartridge of a
Zwick Microprocessor DYP type machine can be used to
determine the constant rate of extension (CRE) of the fabric
at a specific load. The following chart shows the results of
a CRE comparison loop method test performed on the Zwick
machine using a 3 inch wide and a 10 inch loop and a 20
pound eflfective load. The data for the fabric of the present
disclosure 1s compared to two standard swimsuit fabrics
using the same testing procedure.

Fabric 100 exhibits test stretch values that are within the
Industry Standard Range of the adjacent column. Fabric
[200] /00 stretches in the range of 112% to 137% of its
original width direction 105, length direction 110 and 1n a
45° diagonal direction 115 relative to width direction 105
and length direction 110. (As measured by the Zwick
machine 1 accordance with the above noted procedure and
using the first flex reading.) The percentage stretching for
length of 135%, width of 130% and at a 45 degree angle of
114% are within the acceptable range to be considered
isotropic. Further, at 30% elongation for width direction
105, length direction 110, and 45° diagonal direction 115,
respectively, the amount of holding power or modulus in
cach direction 1s within the same acceptable range as 1den-
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6

tified by the Industry Standard Range. For each direction,
the modulus or amount of holding power 1s within a range
of 2.77 pounds to 3.38 pound of holding power.

Similarly, at 50% and 70% elongation for width direction
105, length direction 110 and 45° direction 115, the amount
of holding power or modulus at each direction 1s within the
same acceptable range of the Industry Standard as shown 1n
Table 1. For each direction at 50% and at 70%, the modulus
or amount of holding power 1s within a range of 5.85 pounds
to 7.15 pounds and 9.31 to 11.37 pounds of holding power,
respectively. Sigmificantly, the holding power of fabric 100
at 45° diagonal direction at all levels of stretch or elongation
1s also within the same acceptable standardized range as
exhibited 1n the length and width directions. (As measured
by the Zwick machine 1n accordance with the above noted
procedure and using the first tlex reading.) Accordingly,
tabric 100 1s an 1sotropic fabric.

One of the benefits of the fabric 100 1s the degree of
compression and control that 1t offers. Due to fabric 100°s
excellent performance in retraction, fabric 100 1s excellent
for use 1 control or shaping garments or as the primary
material for a control or shaping garment. While fabric 100
represents an 1sotropic fabric, other fabrics with similar
compositions are within the scope of this disclosure.

A second embodiment of a fabric of the present disclo-
sure, fabric 200, exhibits 1sotropic stretchability and equal
modulus 1n the length direction, width direction and 45°
diagonal direction, and 1s shown at FIG. 4, and 1s generally
referenced by reference numeral 200. Fabric 200 has a width
direction 205, a length direction 210 and a 45° diagonal
direction 2135 that 1s at an angle of 45° relative to width
direction 105 and length direction 210. Fabric 200 1s a
[warp] circular knit fabric knitted on a circular knitting
machine. Fabric 200 1s a jersey construction. Fabric 200
includes nylon, such as textured filament nylon, and a
secondary elastomeric yvarn. Flastomeric yarn of fabric B 1s

a modified polyurethane. Elastomeric yarn of fabric B can
also be spandex. Fabric 200 has a percentage of nylon
ranging from 50 to 85% and an elastomer, elastomeric yarn,
ranging from 15% to 50%. As an alternative to nylon, yarns
such as polyester, cotton, rayon, polypropylene or any other
hard yarn, a non-elastic yarn, could also be used along with
the elastomeric yarn. Elastomeric yarn has a lower and
flatter stress strain curve relative to fabric 100. The lower
and flatter stress-strain curve indicates a lower level of
power 1n retraction for fabric 200 at all levels of elongation
in comparison to fabric 100.

TABLE 2
Industry
Fabric 200 Standard Range
Actual Weight (oz/yard?) R.4 7.98-8.82
Content 50% to 85% 50% to 85%
Nylon & Nylon &
15% to 50% 15% to 50%
Elastomer Elastomer
Zwick Stretch
Length 221% 193%-237%
Width 233% 193%-237%
45° 200% 193%-237%
Length Modulus
@30% 0.70 0.69-0.85
@50% 1.34 1.33-1.64
@ 70% 1.99 1.98-2.42
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TABLE 2-continued
Industry
Fabric 200 Standard Range

Width Modulus
@30% 0.73 0.69-0.85
50% 1.93 1.33-1.64
@ 70% 2.02 1.98-2.42
45° Modulus
30% 0.84 0.69-0.85
@50% 1.64 1.33-1.64
@ 70% 2.42 1.98-2.42

One of the benefits of fabric 200 1s that 1t oflers a great
degree of comiort because 1t has a lower modulus and
stretches easily with the wearer. Fabric B 1s appropriate for
shaping swimwear, underwear, and lighter control fabric 1n
comparison to Fabric A. During water fitness activities, for
example, the fabric stretch 1s often greater than 70%; how-
ever, due to the flatter stress-strain curve, shaping and
comiort exist over a wider stretch range to preserve comiort
for the wearer.

Fabric 200 1n accordance with the present disclosure
stretches 1n the range of 193% to 237% of its original width
direction 205, length direction 210 and 1n a 45° diagonal
direction 215 relative to width direction 205 and length
direction 210. (As measured by the Zwick machine 1n
accordance with the above noted procedure and using the
first flex reading.) At 30% elongation, width direction 205,
length direction 210 and 45° diagonal direction 215, each
has a modulus within a range from 0.69 to 0.85 lbs of
holding power. At 50% elongation, width direction 205,
length direction 210 and 1n a 45° diagonal direction 215 of
tabric 200, each has a modulus within a range from 1.33 to
1.64 1bs of holding power. At 70% clongation, width direc-
tion 205, length direction 210 and 45° diagonal direction 215
of fabric 200, each has a modulus within a range from 1.98
to 2.42 1bs of holding power. Thus, at all levels of elonga-
tion, the modulus or pounds of holding power are within the
Industry Standard Range.

The fabrics 100 and 200 of the present disclosure may be
included 1n only certain portions of the garment, for
example, swimming suit 10, such as in the front panels 35
and not 1n the rear panel 40, or 1n portions of both the front
panel 35 and rear panel 40 1n bra portion 20 and 1n particular
the bra frame construction for added support and comfiort.
Fabric 100 and fabric 200 can also be used 1n the crotch 50
to prevent unwanted constriction movement during wear.
Significantly, fabric 100 and fabric 200 are exemplary
1sotropic fabrics.

Referring to FIGS. 3a and 5B, fabric 100 and 1s knitted
using a warp knitting machine, such as machine 300 having
at least three guide bars 310, as shown 1n FIG. 5b. FIG. 5a
shows a knitting machine with four gmide bars; however,
three such bars can be used to knit fabric 100. Fabric 100 1s
knitted using three bars of yarn that are intertwined together.
Bars of yarn can be range from two to three yarns, depending
upon the qualities of the yarn, so long as the elongations in

the length direction, width direction and 45° diagonal direc-
tion, fall within the stated ranges 1n Table 1. Accordingly,
cach warp set of yarn of three yarns 1s threaded through one
of the three guide bars 310 of the knitting bar to create the
knitted construction of fabric 100. Fabric 100 1s a Raschel
construction with one bar of nylon and two bars of spandex.

10
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By using two diflerent spandex yarns in the fabric, with
different stitches on the two bars, the 1sotropic stretch and
modulus are achieved.

The present disclosure has been described with particular
reference to the preferred embodiments. It should be under-
stood that the foregoing descriptions and examples are only
illustrative of the present disclosure. Various alternatives
and modifications thereol can be devised by those skilled 1n
the art without departing from the spirit and scope of the
present disclosure. Accordingly, the present disclosure i1s
intended to embrace all such alternatives, modifications, and
variations that fall within the scope of the appended claims.

We claim:

1. A single layer fabric that forms a garment, the fabric
comprising:

a layer of matenal that lies 1n a single plane to form the
garment, wherein the material comprises a first direc-
tion having a first modulus of elasticity, a second
direction that 1s perpendicular to the first direction,
wherein the second direction has a second modulus of
clasticity and a third direction that 1s at an angle of 45
degrees to the first direction and the second direction,
wherein the third direction has a third modulus of
clasticity, and

wherein the first modulus of elasticity, the second modu-
lus of elasticity and the third modulus of elasticity are
within the same ranges of magnitude of modulus of
clasticity and form the single layer fabric with equal
modulus of elasticity 1n said first direction, said second
direction and said third direction, and

wherein the single layer fabric further comprises at least
three knitted yarns, wherein one of said three knitted
yarns 1s knitted 1n said first direction, a second of said
knitted yvarns 1s knitted in said second direction, and a
third of said three knitted yarns 1s knitted in said third
direction,

wherein said at least three knitted yarns comprise two
elastomeric yvarns and one non-elastomeric varn.

[2. The single layer fabric according to claim 1, wherein
cach of said at least three knitted yarns 1s either an elasto-
meric yarn or a non-elastomeric yarn.]

[3. The single layer fabric according to claim 1, wherein
said at least three knitted yarns comprise two elastomeric
yarns and one non-elastomeric yarn.]

[4. The single layer fabric according to claim 1, wherein
said at least three kmitted yarns comprise one elastomeric
yvarn and two non-elastomeric yarns.}

5. The single layer fabric according to claim [2] 1,
wherein the elastomeric yarns comprise spandex.

6. The single layer fabric according to claim [2] 1,
wherein the non-elastomeric yarn comprises nylon, polyes-
ter, cotton, rayon or polypropylene or any combinations
thereof.

7. The single layer fabric according to claim [3] /.
wherein said at least three integrally knitted yarns comprise
8% to 60% elastomeric yarn by weight and 40% to 92%
non-elastomeric yarn by weight.

[8. The single layer fabric according to claim 4, wherein
said at least three integrally knitted yarns comprise 50% to
85% non-elastomeric yarns by weight and 153% to 50%
elastomeric yarns by weight.]

9. The single layer fabric according to claim 1, wherein
said layer of material comprises three bars of yarn and two
of said three bars of yarn comprise elastomeric yarns that are
integrally connected by a heating process.

10. The single layer fabric according to claim 9, wherein
one of the three bars lies 1n said first direction, a second of
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the three bars lies 1n said second direction and a third of the
three bars lies 1n said third direction.

11. The single layer fabric according to claim 1, wherein
the ranges of magnitude of modulus are from 2.77 to 3.38
pounds of holding power at 30% stretch in the first direction, 53
the second direction and the third direction, 5.85 to 7.15
pounds of holding power at 50% stretch in the first direction,
the second direction and the third direction and 9.31 to 11.37
pounds of holding power at 70% stretch in the first direction,
the second direction and the third direction. 10

12. The single layer fabric according to claim 1, wherein
the stretch of the fabric i1n the first direction, the second
direction and the third direction 1s in the range of from 112%
to 137%.

13. The single layer fabric according to claim 1, wherein 15
the ranges of magnitude of modulus are from 0.69 to 0.85
pounds of holding power at 30% stretch 1n the first direction,
the second direction and the third direction, 1.33 to 1.64
pounds of holding power at 50% stretch in the first direction,
the second direction and the third direction and 1.98 to 2.42 20
pounds of holding power at 70% stretch in the first direction,
the second direction and the third direction.

14. The single layer fabric according to claim 1, wherein
the stretch of the fabric in the first direction, the second
direction and the third direction 1s 1n the range of from 193% 25
to 237%.

15. The single layer fabric according to claim 1, wherein
said first direction 1s a length direction, said second direction
1s a width direction being perpendicular to said length
direction and said third direction 1s a diagonal direction at 45 30
degree angle to both said first direction and said second
direction.

16. A garment comprising;:

a single layer circular knit fabric covering a portion of a
body of a wearer, wherein the single layer fabric 35
comprises an 1sotropic material having a first direction
having a first modulus of elasticity, a second direction
that 1s perpendicular to the first direction, wherein the
second direction has a second modulus of elasticity and
a third direction that 1s at an angle of 45 degrees to the 40
first direction and the second direction, wherein the
third direction has a third modulus of elasticity,

wherein the first modulus of elasticity, the second modu-
lus of elasticity and the third modulus of elasticity are
within the same ranges of magnitudes of modulus of 45
clasticity, and wherein the first modulus of elasticity, the
second modulus of elasticity and the thivd modulus of
elasticity each have from 0.69 to 0.85 pounds of hold-
ing power at 30% stretch in the first divection, the
second direction and the thivd dirvection, 1.33 to 1.64 50
pounds of holding power at 50% stretch in the first
divection, the second direction and the third dirvection,
and 1.98 to 2.42 pounds of holding power at 70%
stretch in the first direction, the second direction and
the third dirvection, and 55

wherein the single layer fabric further comprises [three]
two varns that are either an elastomeric yam or a
non-elastomeric yarn.

[17. The garment according to claim 16, wherein said
three varns are knitted on a circular knitting machine.} 60
[18. The garment according to claim 16, wherein said

three varns are knitted in three bars.]

[19. The garment according to claim 16, wherein two of
said three yarns are elastomeric yarns and one of said yarns
is a non-elastomeric yarn.} 65

20. The garment according to claim 16, wherein [said
integrally knitted] #2e two varns are integrally knitted varns

10

that comprise [two] at least orne non-elastomeric [yarns]
varr and at least one elastomeric yam.

21. The garment of claim 16, wherein [said] tke elasto-
meric [yarns comprise] varn comprises spandex.

22. The garment according to claim 16, wherein the
non-elastomeric yarn [comprises] is selected from the group
consisting of nylon, polyester, cotton, rayon or polypropyl-
ene for], arnd any combinations thereof.

[23. The garment according to claim 19, wherein said
knitted yarns comprise 8% to 60% elastomeric yarns by
weight and 40% to 92% non-elastomeric yarns by weight.]

24. The garment according to claim 20, wherein the
[integrally knitted] swo yarns are integrally knitted yarns
that comprise 50% to 85% non-elastomeric varn by weight
and 15% to 50% elastomeric yarn by weight.

[25. The garment according to claim 19, wherein said two
clastomeric yarns are integrally connected by a heating
process.]

[26. The garment according to claim 18, wherein one of
the three bars lies 1n a length direction, a second of the three
bars lies 1n a width direction perpendicular to the first bar
and a third of the three bars lies 1n a direction at a 45° angle
to the first bar and the second bar.]

[27. The garment according to claim 16, wherein the
ranges ol magmtude of modulus are from 2.77 to 3.38
pounds of holding power at 30% stretch 1n the first direction,
the second direction and the third direction, 5.85 to 7.15
pounds of holding power at 50% stretch 1n the first direction,
the second direction and the third direction and 9.31 to 11.37
pounds of holding power at 70% stretch 1n the first direction,
the second direction and the third direction.]

[28. The garment according to claim 16, wherein the
stretch of the single layer fabric in the first direction, the
second direction and the third direction 1s 1n the range of
from 112% to 137%.}

[29. The garment according to claim 16, wherein the
ranges ol magmtude of modulus are from 0.69 to 0.85
pounds of holding power at 30% stretch in the first direction,
the second direction and the third direction, 1.33 to 1.64
pounds of holding power at 50% stretch 1n the first direction,
the second direction and the third direction and 1.98 to 2.42
pounds of holding power at 70% stretch 1n the first direction,
the second direction and the third direction.]

30. The garment according to claim 16, wherein the
stretch of the single layer fabric in the first direction, the
second direction and the third direction 1s 1n the range of
from 193% to 237%.

31. The garment according to claim 16, wherein the single
layer fabric comprises at least one of a torso portion to be
worn on the torso of the body; a bra portion to be worn over
the bust area of the body; or a panty portion including a
crotch portion to be worn over the buttocks of the body or
any combinations thereof.

32. The garment according to claim 31, wherein the torso
portion further comprises a front panel and a back panel.

33. The garment according to claim 31, wherein the bra
portion 1s connected to the torso portion and the torso
portion 1s connected to the panty portion.

34. The garment according to claim [19] 20, wherein the
at least one non-elastomeric yarn comprises a flat filament
nylon yarn.

35. The garment according to claim 20, wherein the at
least one non-elastomeric [yarns comprise] varn comprises
a textured filament nylon.

36. A garment comprising:

a single layer circular knit fabric covering a portion of a

body of a wearer, wherein the single laver fabric
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comprises an isotropic material having a first direction
having a first modulus of elasticity and a second
dirvection that is perpendicular to the first direction,
wherein the second direction has a second modulus of
elasticity, and a thivd direction that is at an angle of 45 5
degrees to the first divection and the second direction,
wherein the third divection has a thivd modulus of
elasticity,

wherein the first modulus of elasticity, the second modulus
of elasticity and the third modulus of elasticity are 10
within the same rvanges of magnitudes of modulus of
elasticity, and

wherein the single layver fabric comprises two yarns that
comprise at least one elastomeric yarn and at least one
non-elastomeric yarn, and 15

wherein the stretch of the single laver fabric in the first
dirvection, the second direction and the third divection is

in the range of from 193% to 237%.

G e x Gx ex
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