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ABSTRACT
A garment includes a fabric portion having an inner face that is configured to contact a
wearer’s body while the garment is worn. The fabric portion is configured to be stretched while
the garment is worn on the wearer’s body. A coefficient of friction of the inner face of the fabric
portion is greater while the fabric portion is stretched on the wearer’s body than while the fabric

portion is not stretched.

n
CA 3040870 2019-04-18



GARMENT WITH HIGHER COEFFICIENT OF FRICTION WHEN STRETCHED

FIELD
[0001] The present disclosure relates to garments for which a tight-to-skin, clinging function
is desirable, such as, but not limited to, brassieres, panties, shapewear, athletic wear, swimwear,

leggings, tights, yoga wear, and other tight-fitting garments.

BACKGROUND

[0002] U.S. Patent No. 9,358,172 discloses a therapeutic medical garment having a variable
pressure profile along its length and including a knitted tubular body and a knitted anti-slip portion
formed proximate one end of the tubular body with an inner surface adapted for residing against a
wearer’s skin. The knitted anti-slip portion includes at least first and second high friction yarns
simultaneously knitted to form a repeat having a raised surface texture on the inner surface of the
anti-slip portion. One of the first and second high friction yarns is a low-elasticity yarn, and at least
one of the first and second high-friction yarns is knitted to reside on and form the raised surface
texture on the inner face of the anti-slip portion.

[0003] U.S. Patent Application Publication No. 2016/0002845 discloses a method of
producing fabrics which show a silk-like visual effect and soft hand-feel and retain such effects
after being stretched and returned to their original size. This method combines a specific fabric
structure and the treatment with a silicon oil in the finishing process. The particular fabric structure
has nylon yarns which are close looped and elastic spandex yarns which are open looped.

[0004] U.S. Patent Application Publication No. 2011/0076906 relates to a knitted fabric which
adopts a novel weaving principle of changing knitting material structure to realize functions and
effects which can not be achieved by ordinary fabric. The knitted fabric comprises the main
component of novel woven 100 percent spandex fabric made of 100 percent spandex filament.
Presently, elastic rubber pieces, rubber bands, etc., are applied to the underwear at the market for
enhancing the elasticity and supporting effect. The common features is that they all have a poor
elastic resilience, unstable structure, and prone to distortion and raveling. The present novel knitted
fabric changes the principle of crocheting of the ordinary material of the traditional knitted fabric,
adopting 100 percent spandex filament as the main material to change the elastic resilience, force,
and structure stability of the traditional knitted fabric. The mutual double pulling effect of the

knitted fabric in the spandex filament after crocheting is to remedy the defaults of the fabric of
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which the structure is deformed and the elastic resilience and the force are weakened after the
fabric is elongated. Compared with the original fabric, the elastic recoveryband the elastic force of
the fabric are greatly increased and improved.

[0005] U.S. Patent No. 5,885,910 discloses a non-slip knitted lace fabric having opposed first
and second surfaces of yarn and a stretchable tacky layer of cured and foamed, oleophobic and
hydrophobic plastisol disposed at least partially on one of the first and second surfaces to provide
enhanced frictional engagement of the fabric with a surface adjacent to the tacky layer. Preferably
the fabric has a loop-forming yarn knitted therein so as to provide a plurality of loops of the loop-
forming yarn as the one surface. The tacky layer extends through the openings of at least some of
the loops. Optimally, the loop-forming yarn is elastic and tacky.

[0006] U.S. Patent No. 5,412,957 discloses a therapeutic stocking for applying compressive
force to the wearer’s leg having an integrally knit anti-slip feature on the foot portion. The anti-
slip feature being knit of bare and covered elastomeric yarns. The anti-slip feature further having
an instep portion and a sole portion having greater frictional characteristics than the instep portion.
The sole portion being knit in a repeating pattern having courses of knit and float stitches of a
covered elastomeric yarn and jersey courses of a bare elastomeric yarn. The bare elastomeric yarn
is substantially on the exterior surface of the sole portion and yields a friction surface which is
located to contact the floor beneath the wearer’s foot and minimize slippage thereon.

[0007] U.S. Patent No. 3,983,870 discloses a body limb support comprising a limb encircling
member comprising knitted thread wherein the outer parts of the knitted thread in a relaxed state
on a substantial portion of the inner surface of the limb encircling member have attached thereto a
nonadhesive, noncontinuous, relatively soft, elastomeric polymeric material with a high
coefficient of friction to skin so as to provide a nonocclusive slip resistant surface capable of
maintaining the support in place on the limb of the body.

[0008] U.S. Patent No. 2,946,211 discloses knitted fabrics primarily intended for use in the
manufacture of supporting garments, such as foundational garments, brassieres and the like. The
knitted fabrics are suitable for the above purposes and are porous, attractive in appearance, light
in weight and elastic so that garments made therefrom will furnish the desired support while
conforming comfortably to the contour of the wearer’s body.

[0009] GB Patent Application Publication No. 1,396,577 discloses a warp-knitted stringer tape

comprising elastic laid-in weft yarns connecting pillars of stitches in the web portion of the tape
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and non-elastic laid-in weft yarns connecting pillars of stitches in one edge portion of the tape, the yarns
meeting alternately in one or two pillars to connect the web and edge portions. Yarns may be
polyurethane and the tape may be reinforced by laid-in warps or by yarns forming a tricot pattern.

Elements are secured by sewing to the longitudinal edge.

SUMMARY
[0010] This Summary is provided to introduce a selection of concepts that are further described
below in the Detailed Description. This Summary is not intended to identify key or essential features of
the claimed subject matter, nor is it intended to be used as an aid in limiting the scope of the claimed
subject matter.
[0011] One example of the present disclosure is of a garment comprising a fabric portion having an
inner face that is configured to contact a wearer’s body while the garment is worn. The fabric portion is
configured to be stretched while the garment is worn on the wearer’s body. A coefficient of friction of
the inner face of the fabric portion is greater while the fabric portion is stretched on the wearer’s body
than while the fabric portion is not stretched.
[0012] Another example of the present disclosure is of a garment comprising a garment portion
having an inner face that is configured to contact a wearer’s body while the garment is worn on the
wearer’s body. The inner face of the garment portion has an unstretched coefficient of friction while no
tensile force is applied thereto, and the inner face of the garment portion has a stretched coefficient of
friction while a tensile force is applied thereto. The stretched coefficient of friction is greater than the
unstretched coefficient of friction.
[0012a] The invention further provides a garment comprising: a fabric portion having an inner
face that is configured to contact a wearer’s body while the garment is worn; the fabric portion being
configured to be stretched while the garment is worn on the wearer’s body; wherein a coefficient of
friction of the inner face of the fabric portion is greater while the fabric portion is stretched on the
wearer’s body than while the fabric portion is not stretched; and wherein the fabric portion comprises an
intrinsically sticky yarn that is knitted with longer loops on a background of shorter loops, and the
intrinsically sticky yarn is raised from the background when the fabric portion is stretched.
[0012D] The invention further provides a garment comprising: a garment portion having an inner
face that is configured to contact a wearer’s body while the garment is worn on the wearer’s body;
wherein the inner face of the garment portion has an unstretched coefficient of friction while no tensile

force is applied thereto, the inner face of the garment portion has a stretched coefficient of friction while
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a tensile force is applied thereto, and the stretched coefficient of friction is greater than the unstretched
coefficient of friction; and wherein the garment portion comprises an intrinsically sticky yarn that is
knitted with longer loops on a background of shorter loops, and the intrinsically sticky yarn is raised

from the background while tensile force is applied to the garment portion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present disclosure is described with reference to the following Figures. The same
numbers are used throughout the Figures to reference like features and like components.
[0014] FIGURE 1 illustrates one example of a knitting diagram for a fabric according to the present
disclosure.
[0015] FIGURE 2 illustrates a schematic of a fabric of the present disclosure in a rest state.
[0016] FIGURE 3 illustrates a schematic of the fabric of FIGURE 2 in a stretched state.
[0017] FIGURE 4 illustrates percent elongation versus percent increase in coefficient of friction for
two known fabrics and five exemplary fabrics according to the present disclosure.

[0018] FIGURE 5 illustrates tensile testing results for a known 100% spandex fabric.
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[0019] FIGURE 6 illustrates tensile testing results for a known fabric having one face with
exposed spandex.

[0020] FIGURE 7 illustrates tensile testing results for a fabric according to a first embodiment
of the present disclosure.

[0021] FIGURE 8 illustrates tensile testing results for a fabric according to a second
embodiment of the present disclosure. '

[0022] FIGURE 9 illustrates tensile testing results for a fabric according to a third embodiment
of the present disclosure.

[0023] FIGURE 10 illustrates tensile testing results for a fabric according to a fourth
embodiment of the present disclosure.

[0024] FIGURE 11 illustrates tensile testing results for a fabric according to a fifth
embodiment of the present disclosure. |

[0025] FIGURE 12 illustrates a wing portion of a brassiere according to the present disclosure.
[0026] FIGURE 13 illustrates the wing portion as part of a brassiere, and as being stretched in

a testing area.

DETAILED DESCRIPTION

[0027] It is desirable for many garments, such as, but not limited to, brassieres, panties,
shapewear, athletic wear, yoga wear, swimwear, leggings, and tights to cling tightly to the body
when the garment is worn. Such clinging function prevents slipping of the garment with respect to
the wearer’s body, ensuring the wearer that the garment will stay in place. Currently, such tight-
to-body, clinging function is usually accomplished by providing stickiness to the material used to
make the garment. However, sometimes the sticky feel is not aesthetically pleasing to a potential
buyer/wearer who touches the garment when it is still on the rack/hanger. Nonetheless, the
stickiness is required to create friction between the garment and the wearer’s body to prevent
slipping.

[0028] Currently available materials that create such stickiness include fabrics with spandex
exposed on one or more faces thereof, polyurethane or thermoplastic polyurethane films and/or
coatings, silicone tape, silicone printing, and gel strips. These materials all make the garment feel
(and sometimes even look) sticky while on the rack/hanger, before the garment is even worn, and

therefore may not be desirable to potential buyers/wearers.
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[0029] Thus, the present inventors have developed a garment that includes a garment portion
(or portions) that is (are) sticky/grippy only when the garment portion is stretched, such as while
it is worn on a wearer’s body as part of a garment. The garment portion has an inner face that
contacts the wearer’s body when the garment is worn. When the garment portion is stretched while
on the wearer’s body, a coefficient of friction of the inner face of the garment portion increases.
Thps, the potential buyer/wearer does not feel the stickiness of the garment portion on his or her
hand when the garment portion is not stretched. However, when the garment portion is stretched,
such as while it is worn, it becomes sticky so it can hold the garment portion to the body well. The
present garment portion can therefore be substituted for tight elastic and provides more comfort
than elastic while still preventing the garment from moving too much on the body.

[0030] The portion of the garment includes at least one of a knitted fabric, a woven fabric, a
non-woven fabric, a lace fabric, and/or an elastic band. In some examples, the portion makes up
the entire garment. In other examples, the portion makes up only a part of the garment where a
higher coefficient of friction is desired and/or required, such as on a bra wing, on a bra cup, on a
shoulder strap, in a waistband area, or along a trim line. Each of these areas of a garment is (or can
be) designed such that it is meant to be stretched at least to some degree while it is worn on a
wearer’s body. By way of non-limiting example, a waistband on yoga pants is meant to be stretched
while the correct size is worn by a wearer, otherwise the pants would not stay up. Sd to0o, a wing
on a bra is meant to be stretched while the correct size is worn by a weérer, otherwise the bra
would not provide support to the wearer’s breasts.

[0031] A diagram of one example of a knitted fabric that exhibits desirable stickiness when
stretched is shown in FIGURE 1. The fabric is made of a first yarn 10, a second yarn 12, and a
third yarn 14, warp knitted together as shown. The first and third yarns 10, 14 are lapped over
several wales, with the third yarn 14 being lapped over four wales and three courses to form longer
loops than either the loops of the first yarn 10 or the second yarn 12. Although the first yarn 10 is
shown as being lapped over three wales and three courses, it could instead be lapped over fewer
wales and/or courses. For example, the first yarn 10 could be lapped opposite the second yarn 12,
over one wale and one course. In general, the first and second yarns 10, 12 are knit such that they
form a fabric background for the longer loops of the third yarn 14, as will be described further

herein below.
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[0032] In another example, the first and second yarns 10, 12 are weft knit together. More
specifically, the weft knit can be, for example, single-sided plain knit (e.g., single jersey knit). The
third yarn 14 is in a plated relationship with the first yarn 10, and the third yarn 14 is knitted with
float stitches to form the above-mentioned longer loops. In one example, three stitches of the third
yarn 14 are floated for every knit stitch in a row. In the following row, the knit stitch of the third
yarn 14 is offset by two stitches such that the knit stitch is centered on the three floated stitches in
the row above. Such a repeating pattern forms longer loops of the third yarn 14.

[0033] In both examples, the first yarn 10 can be a non-sticky yarn; the second yarn 12 can be
a finer (lower denier) intrinsically sticky yarn or a non-sticky yarn; and the third yarn 14 can be a
heavier (higher denier) intrinsically sticky yarn. A finer intrinsically sticky yarn has a lower denier
in comparison to the denier of a heavier intrinsically sticky yarn, rather than the weights being
considered objectively low or high.

[0034] In a first embodiment of the fabric according to FIGURE 1, the first yarn 10 is
polyamide (e.g., nylon) 20D/20F semi-dull drawn textured yarn, the second yarn 12 is
polyurethane (e.g., spandex) 30D, and the third yarn 14 is polyurethane (e.g., spandex) 70D.
[0035] In a second embodiment of the fabric according to FIGURE 1, the first yarn 10 is
polyamide (e.g., nylon) 20D/20F semi-dull drawn textured yarn. The second yarn 12 is made of
polyurethane (e.g., spandex) 30D. The third yarn 14 is also made of polyurethane (e.g., spandex),
but is 55D.

[0036] In a third embodiment of the fabric according to FIGURE 1, the first yarn 10 is
polyamide (e.g., nylon) 20D/20F semi-dull drawn textured yarn. The second yarn 12 is made of
polyurethane (e.g., spandex) 30D. The third yarn 14 is also made of polyurethane (e.g., spandex),
but is 40D.

[0037] In a fourth embodiment, the first yarn 10 is polyamide (e.g., nylon) 12D/12F semi-dull
drawn textured yarn. The second yarn 12 is made of polyurethane (e.g., spandex) 30D. The third
yarn 14 is polyurethane (e.g., spandex) 40D. In a fifth embodiment, the first yarn 10 is polyamide
(e.g., nylon) 12D/10F semi-dull drawn textured yarn. The second yarn 12 is made of polyurethane
(e.g., spandex) 30D. The third yarn 14 is polyurethane (e.g., spandex) 40D. In both the fourth and
fifth embodiments, using finer nylon thread results in a more sheer fabric than the fabric of the

first, second, and third embodiments.
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[0038] Note that yarn of other types than those described herein could be used. For example,
the first yarn 10 could be polyester, polybutylene terephthalate (PBT), ipoly’[rimethylene
terephthalate (PTT), or PTT/PET (polyethylene terephthalate) side-by-side composite yarn. The
first yarn 10 could be drawn textured yarn (DTY), air textured yarn (ATY), or short staple yarn
(SSY). The second and third yarns 12, 14 could be polyurethane, such as spandex (elastane) or
thermoplastic polyurethane (TPU); latex; or silicone. Alternatively, the second yarn 12 could be
any stretch yarn. The same material need not be used for both the second yarn 12 and the third
yarn 14, but the third yarn 14 should be one that is intrinsically sticky (i.e., has a high coefficient
of friction), such as the above-mentioned polyurethane, latex, or silicone.. The yarns 10, 12, 14
could be mono- or multi-filament or could be wrapped or blended yarns. For example, in any of
the embodiments noted herein above, the 30D, 40D, 55D, and 70D polyurethane yarns may be
monofilament yarns. The linear density of any of the yarns 10, 12, 14 could vary from that noted
herein.

[0039] Now referring to FIGURES 2 and 3, schematics of another example of fabric knitted
according to the present disclosure are included, wherein the fabric is shown in an unstretched
configuration (FIGURE 2) and a stretched configuration (FIGURE 3). When the fabric is not
stretched, the first and second yarns 10, 12 are bunched up due to their stretchiness and the way
they are knit together. The bunched up first and second yarns 10, 12 are fluffy, especially in their
unstretched/bunched configuration, and therefore their fibers/filaments can reach the outside
surface of the fabric through the gaps in the fabric structure that exist between the longer loops of
the intrinsically sticky third yarn 14. (Such fluffiness may be provided or enhanced by the first
yarn 10 being DTY, ATY, or SSY.) However, when the fabric is stretched (i.e., a tensile force is
applied thereto), the loops created by the first and second yarns 10, 12 stretch and elongate, and
the longer loops of the intrinsically sticky third yarn 14 will be exposed and slightly raised from
the fabric background as the fibers/filaments first and second yarns 10, 12 recede from the gaps
and cover less of the third yarn 14. Thus, in the embodiments provided, the intrinsically sticky
third yarn 14 is mostly or fully covered by the fibers/filaments of non-sticky yarn, such as the first
yarn 10, when the fabric is not stretched, and is at least partially exposed when the fabric is
stretched. This means that the fabric does not feel sticky to the touch when it is not stretched, but

does feel sticky to the touch when it is stretched.
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[0040] The present inventors conducted friction testing on five exemplary fabrics knitted
according to the diagram described herein above and compared the test data to two different known
sticky fabrics. The first known fabric is a fabric made from 100% spandex, and the second known
fabric has spandex exposed on at least one face thereof while the fabric is not stretched. The seven
fabrics were tested at each of the following states: rest (not stretched), stretched to 20% times the
original length, stretched to 40% times the original length, and stretched to 100% times the original
length.
[0041] The test method used measures fabric surface friction coefficients as maximum static
friction and/or kinetic friction. The test method produces objective measurements of the properties
of knitted and woven elastic fabrics. The present tests were performed by a constant-rate-of-
extension (CRE)-type tensile testing machine.
[0042] Each of the below tests was performed on each of the four fabrics.

L-L (stretch in Length direction,; test friction in Length direction)

W-W (stretch in Width direction; test friction in Width direction)

L-W (stretch in Length direction; test friction in Width direction)

W-L (stretch in Width direction; test friction in Length direction)
[0043] Each test was performed on each fabric five times at each percent elongation, and the
average kinetic friction coefficient was taken from the five test results. This methodology reduces
the coefficient of variation to below 5, thereby ensuring testing accuracy.
[0044] The average kinetic friction coefficient for each fabric at 20%, 40%, and 100%
elongation was then compared to the average kinetic friction coefficient of the respective fabric at
rest. The percent increase in the coefficient of friction was then determined with respect to the
rest/non-stretched state for each fabric at each elongation. Results for the highest percent increases
in coefficient of friction per percent elongation for each fabric are plotted in FIGURE 4.
[0045] The testing results for the known 100% spandex fabric are shown in FIGURE 5. It can
be seen by the shaded cells that the 100% spandex fabric has an increased coefficient of friction
when stretched/tested in the L-L direction.
[0046] The results for the known fabric with spandex exposed on at least one face are shown
in FIGURE 6. It can be seen by the shaded cells that the spandex exposed fabric also has an

increased coefficient of friction when stretched/tested in the L-L direction.
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[0047] The results for the fabric of the first embodiment of the present disclosure knitted
according to FIGURE 1, wherein the third yarn 14 is 70D spandex, are shown iﬂ in FIGURE 7. It
can be seen by the shaded cells that the fabric of the first embodiment of the presént disclosure has
a slightly increased coefficient of friction when stretched/tested in the W-W direction.

[0048] The results for the fabric according to the second embodiment of the present disclosure
knitted according to FIGURE 1, wherein the third yarn 14 is 55D spandex, are shown in in
FIGURE 8. It can be seen by the shaded cells that the fabric of the second embodiment of the
present disclosure has an increased coefficient of friction when stretched/tested in the L-W
direction. ,

[0049] The results for the fabric according to the third embodiment of the present disclosure
knitted according to FIGURE 1, wherein the third yarn 14 is 40D spandex, are shown in in
FIGURE 9. It can be seen by the shaded cells that the fabric of the third embodiment of the present
disclosure has an increased coefficient of friction when stretched/tested in the L-W direction.
[0050] Comparison of FIGURES 7, 8, and 9 shows that when the intrinsically sticky third yarn
14 is too heavy or too fine in comparison to the first and second yarns 10, 12, the coefficient of
friction does not increase by very much. Thus, the medium denier third yarn 14 (i.e., spandex of
55D) shows the highest increase in coefficient of friction of these three éxamples when knitted
with nylon 20D/20F semi-dull drawn textured yarn as the first yarn 10 and spandex 30D yarn as
the second yarn 12, Compare the W-W average percent increases in CoF for the fabric of the first
embodiment (FIGURE 7), the L-W average percent increases in CoF for the fabric of the second
embodiment (FIGURE 8), and the L-W average percent increases in CoF for the fabric of the third
embodiment (FIGURE 9). However, it may be desirable to decrease the weight and increase the
sheerness of the fabric when it is to be used as a portion of certain garments, such as brassieres
and other lingerie.

[0051] For example, FIGURE 12 shows a sample wing 20 for a brassiere. The fabric width
(weft direction) and fabric length (warp direction) are labeled in order to provide an idea of the
elongation and testing directions referred to herein above with respect to FIGURES 5-11. The
alignment of the fabric length and fabric width with respect to the brassiere wing 20 allows another
observation to be made. For a brassiere wing 20, it is desirable for the fabric to have a high CoF
in either or both of the height direction H and the width direction W so that it stays in place with

respect to the wearer’s body. The height direction H of the wing 20 corresponds to the fabric
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length, and the width direction W of the wing 20 corresponds to the fabric width, at least in the
orientation shown here. When a brassiere wing 20 is worn, the wing 20 is stretched in both the
height H and width W directions, although more so in the width direction W than the height
direction H, as the wing 20 wraps around the wearer’s body. Thus, it is desirable for the stretching
in the width direction W of the wing 20 to produce an increase in the CoF of the wing fabric. As
noted herein above with respect to FIGURE 8, the fabric of the second embodiment of the present
disclosure shows an increase in the CoF in the fabric width direction (this is also the width direction
W of the wing 20) when stretched in the fabric length direction (which is the wing height direction
H). Thus, the present inventors continued research and development to improve the percent
increase in the CoF of the fabric in the W-W and/or the W-L direction to correspond more to the
way the wing 20 will be stretched when worn as part of a brassiere. Specifically, the present
inventors worked to improve the increase in CoF when the fabric is stretched at 20% to 40%
elongation in the width direction of the fabric, which is also the width direction W of the wing 20.
The resulting fabrics according to the fourth and fifth embodiments of the present disclosure met
the inventors’ performance criteria for increased grip in the width direction of the fabric when
stretched in the width direction of the fabric.

[0052] The results for the fabric according to the fourth embodiment of the present disclosure
knitted according to FIGURE 1, wherein the first yarn 10 is 12D/12F nylon, the second yarn 12 is
30D spandex, and the third yarn 14 is 40D spandex, are shown in in FIGURE 10. It can be seen
by the shaded cells that the fabric of the fourth embodiment of the present disclosure has an
increased coefficient of friction when stretched/tested in the W-W direction and when
stretched/tested in the L-W direction.

[0053] The results for the fabric according to the fifth embodiment of the present disclosure
described with respect to FIGURE 1, wherein the first yarn 10 is 12D/10F nylon, the second yarn
12 is 30D spandex, and the third yarn 14 is 40D spandex are shown in in FIGURE 11. It can be
seen by the shaded cells that the fabric of the fifth embodiment of the present disclosure has an
increased coefficient of friction when stretched/tested in the W-W direction and when
stretched/tested in the L-W direction.

[0054] Note that none of the seven tested fabrics have a percent increase in the coefficient of
friction in all four different stretched/tested directions (i.e., all four of L-L, W-W, L-W, and W-L).

However, among these five tested fabrics according to the present disclosure, the fabric of the
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second embodiment of the present disclosure, which uses 20D/20F nylon as the first yarn 10 and
55D spandex as the third yarn 14, and the fabric of the third embodiment of the present disclosure,
which uses 20D/20F nylon as the first yarn 10 and 40D spandex as the third yarn 14, have slightly
more stable and consistent percent increases in the coefficient of friction (CoF) when stretched
than do the prior art fabrics or the fabric of the first embodiment. This is shown by the compared
results in FIGURE 4, which shows the testing results for the 100% spandex fabric in the L-L
direction, the spandex exposed fabric in the L-L direction, the first embodiment (70D spandex) of
the present disclosure in the W-W direction, the second embodiment (55D spandex) of the present
disclosure in the L-W direction, and the third embodiment (40D spandex) of the present disclosure
in the L-W direction. While the 100% spandex fabric shows an increase in CoF in the length
direction as elongation in the length direction increases, the spandex exposed fabric shows a
decrease in CoF in the length direction as elongation increases in the length direction. In contrast,
the fabric of the second embodiment of the present disclosure shows an increase in CoF in the
width direction above 6% at all elongations in the length direction, and the fabric of the third
embodiment of the present disclosure shows an increase in CoF in the width direction above 4.5%
at all elongations in the length direction.

[0055] While the fabrics of the fourth and fifth embodiments of the present disclosure may not
show as stable of increases in the CoF when stretched as do the fabrics of the second and third
embodiments, they do show increases in the CoF in multiple directions when stretched in multiple
directions. Additionally, as percent elongation approaches 100%, the fabrics of the fourth and fifth
embodiments show the highest increase in CoF overall. See the comparative test data in FIGURE
4 for the fabric of the fourth embodiment in the W-W stretch-test direction and for the fabric of
the fifth embodiment in the W-W and L-W stretch-test directions. Thus, it is possible for the fabric
to be made lighter and sheerer than the fabrics of the second or third embodiments without
compromising on the increase in CoF when the fabric is stretched.

[0056] By comparison of the test data, it can also be seen that all kinetic CoFs at rest for the
fabrics of the second embodiment (FIGURE 8), the third embodiment (FIGURE 9), the fourth
embodiment (FIGURE 10) and the fifth embodiment (FIGURE 11) of the present disclosure are
less than all kinetic CoFs at rest for the known spandex-exposed fabric (FIGURE 6). This proves
that the fabrics of the second, third, fourth, and fifth embodiments of the present disclosure feel

(and are) less sticky when at rest than does (is) the known spandex-exposed fabric. Additionally,
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although the 100% spandex fabric has the second lowest kinetic CoF at rest of all tested fabrics
(except for that of the fourth embodiment), the 100% spandex fabric also has lower percent
increase in CoF at 20% and 40% elongation (L-L average percent increases) than do the fabrics of
the second embodiment (L-W average percent increases), third embodiment (L-W average percent
increases), fourth embodiment (W-W average percent increases), and fifth embodiment (L-W
average percent increases) of the present disclosure. The 100% spandex fabric also has a lower
percent increase in CoF at 100% elongation (L-L average percent increase) than do the fabrics of
the fourth embodiment (W-W average percent increase) and fifth embodiment (both W-W and L-
W average percent increases) of the present disclosure. See FIGURE 4. Thus, the fabrics of the
second, third, fourth, and fifth embodiments of the present disclosure have better overall stickiness
performance when stretched than does the 100% spandex fabric.

[0057] Referring to FIGURE 13, the present disclosure is therefore of a garment (for example,
a brassiere 22) comprising a fabric portion 24 having an inner face that is configured to contact a
wearer’s body while the garment is worn. Here, the visible side of the brassiere 22 is the side
configured to contact the wearer’s body while the brassiere 22 is worn. The fabric portion 24 is
configured to be stretched while the garment 22 is worn on the Wearer’s'body. A coefficient of
friction of the inner face of the fabric portion 24 is greater while the fabric portion 24 is stretched
on the wearer’s body than while the fabric portion 24 is not stretched. The fabric portion 24
comprises an intrinsically sticky yarn 14. According to one example, the intrinsically sticky yarn
14 comprises polyurethane. In one specific example, the intrinsically sticky yarn 14 is spandex
yarn. The spandex yarn can be 40 denier monofilament, although it could range anywhere from
30D to 80D. In other examples, the intrinsically sticky yarn 14 is thermoplastic polyurethane
(TPU), latex, or silicone, although these examples are not meant to be limiting, and any yarns with
a high coefficient of friction could be used. The fabric portion 24 further comprises a non-
intrinsically sticky yarn 10 that is configured to at least partially cover the intrinsically sticky yarn
14. The non-intrinsically sticky yarn 10 covers the intrinsically sticky yarn 14 more while the
fabric portion 24 is not stretched than while the fabric portion 24 is stretched. The non-intrinsically
sticky yarn 10 could be nylon, polyester, polybutylene terephthalate (PBT), polytrimethylene
terephthalate (PTT), or PTT/PET (polyethylene terephthalate) side-by-side composite yarn. The

non-intrinsically sticky yarn could be draw textured yarn, air textured yarn, or short staple yarn.
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[0058] The fabric portion 24 comprises at least one of a knitted fabric, a wo§en fabric, a non-
woven fabric, a lace fabric, and/or an elastic band. In on example, the fabric portion 24 is a warp
knitted fabric. The fabric portion 24 comprises an intrinsically sticky yarn 14 that is knitted with
longer loops on a background of shorter loops, and the intrinsically sticky yarn 14 is raised from
the background when the fabric portion 24 is stretched.

[0059] In one example, the garment is a brassiere 22, and the fabric portion 24 is used in at
least one of a wing 20, a cup 26, and a strap 28 of the brassiere.

[0060] According to another example, a garment (such as brassiere 22) comprises a garment
portion (such as wing 20) having an inner face that is configured to contact a wearer’s body while
the garment is worn on the wearer’s body. The inner face of the garment portion 20 has an
unstretched coefficient of friction while no tensile force is applied thereto, and the inner face of
the garment portion 20 has a stretched coefficient of friction while a tensile force is applied thereto.
The stretched coefficient of friction is greater than the unstretched coefficient of friction. The
garment 22 is configured such that tensile force is applied to the garment portion 20 while the
garment 22 is worn on the wearer’s body. The garment portion 20 comprises an intrinsically sticky
yarn 14. According to one example, the intrinsically sticky yarn 14 comprises polyurethane. In
other examples, the intrinsically sticky yarn 14 is latex or silicone, although these examples are
not meant to be limiting, and any yarns with a high coefficient of friction could be used. The
garment portion 20 further comprises a non-intrinsically sticky yarn 10 that is configured to at
least partially cover the intrinsically sticky yarn 14. The non-intrinsically sticky yarn 10 covers the
intrinsically sticky yarn 14 more when no tensile force is applied to the garment portion 20 than
while tensile force is applied to the garment portion 20. The non-intrinsically sticky yarn 10 could
be nylon, polyestet, polybutylene terephthalate (PBT), polytrimethylene terephthalate (PTT), or
PTT/PET (polyethylene terephthalate) side-by-side composite yarn. The non-intrinsically sticky
yarn 10 could be draw textured yarn, air textured yarn, or short staple yarn.

[0061] The garment portion 20 comprises at least one of a knitted fabric, a woven fabric, a
non-woven fabric, a lace fabric, and/or an elastic band. In one example, the garment portion 20 is
made of a warp knitted fabric. The stretched coefficient of friction is greater than the unstretched
coefficient of friction while tensile force is applied in a warp direction of the warp knitted fabric
and while tensile force is applied in a weft direction of the warp knitted fabric. In fact, the stretched

coefficient of friction is greater than the unstretched coefficient of friction while tensile force is
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applied in 360 degrees, as shown by the testing area 30 and arrows 32 in all directions in FIGURE
13. -

[0062] According to one example, the garment portion 20 comprises an iﬁtrinsically sticky
yarn 14 that is knitted with longer loops on a background of shorter loops, and the intrinsically
sticky yarn 14 is raised from the background when tensile force is applied the garment portion.
[0063] In one example, the garment is a brassiere 22, and the garment portion is used in at
least one of a wing 20, a cup 26, and a strap 28 of the brassiere 22.

[0064] Note that the fabric of the present disclosure does not need to be stretched in a particular
direction for the stickiness (increase in CoF) to be created/realized, although greater increases in
CoF may be seen if the stretch is in a particular direction. Instead, when the fabric is stretched in
any direction, or in all directions at once (360 degrees inside testing area 30, see FIGURE 13), an
increase in the CoF is seen. Additionally, note that the stickiness is exposed by stretching, but is
not present to as high of a degree when the fabric is at rest. Additionally, the stickiness is only on
one side of the fabric, thus ensuring that the outer face of the garment portion does not feel sticky
when the garment portion is stretched. Instead, only the inner face that touches the wearer’s body
has an increased CoF when the garment portion is stretched. This is facilitated by certain examples
of the present fabric being single-sided knitted fabrics.

[0065] Because a garment including a portion made from the fabric of the present disclosure
is not sticky when it is at rest, potential buyers/wearers will not expect of this type of hidden benefit
when they touch the garment. However, when they wear the garment, they will feel the tight-to-
skin, clinging property of the garment portion. Additionally, the present garment portion provides
more comfort than tight elastic, while still preventing the garment from moving on the body as
well as or better than elastic. Thus, garment portions including the fabric of the present disclosure
achieve function and comfort at the same time.

[0066] Note that the portion of the garment that exhibits an increased CoF when stretched need
not be made entirely (or at all) of a knitted fabric. The garment portion can additionally or
alternatively comprise a woven fabric, a non-woven fabric, an elastic band, and/or lace. Similar to
the knitted fabric described herein above, the woven fabric, non-woven fabric, elastic band or the
lace would have a structure that exposes an intrinsically sticky yarn when the woven fabric, non-
woven fabric, elastic band, or lace is stretched or placed under tension, which intrinsically sticky

yarn is less exposed when the garment portion is not stretched.
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[0067] The garment and/or portion thereof could be any type of garment foxj* which a tight-to-
skin feel and clinging effect is desirable, not just a bra wing as illustrated in FIGURE 12. For
example, the garment portion might be in a waistband area or along the trim of leggings, panties,
or a swimsuit bottom. The garment portion might be along a bottom band of a brassiere or a
swimsuit top. The garment portion could be a strap of a brassiere, camisole, or tank top. The
garment portion might instead or also be a bra cup. It should be understood that each of these areas
of a garment is intended to be stretched when it is worn in a correct size by a wearer. It should also
be understood that the above-noted garments could be intended to be worn during exercise, such
as a sports bra or tank top or other athletic wear. In any instance where the garment portion is made
of fabric, the fabric can be raw cut along its edges, allowing a maximum surface area of the garment

portion to touch the wearer’s skin.
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CLAIMS

What is claimed is:
1. A garment comprising:

a fabric portion having an inner face that is configured to contact a wearer’s body while
the garment is worn,

the fabric portion being configured to be stretched while the garment is worn on the
wearer’s body;

wherein a coefficient of friction of the inner face of the fabric portion is greater while the
fabric portion is stretched on the wearer’s body than while the fabric portion is not stretched; and

wherein the fabric portion comprises an intrinsically sticky yarn that is knitted with longer
loops on a background of shorter loops, and the intrinsically sticky yarn is raised from the

background when the fabric portion is stretched.

2. The garment of claim 1, wherein the fabric portion further comprises a non-intrinsically
sticky yarn that is configured to at least partially cover the intrinsically sticky yarn;
the non-intrinsically sticky yarn covering the intrinsically sticky yarn more while the fabric

portion is not stretched than while the fabric portion is stretched.

3. The garment of claim 1 or claim 2, wherein the intrinsically sticky yarn comprises
polyurethane.

4. The garment of any one of claims 1 to 3, wherein the intrinsically sticky yarn is spandex
yarn.

5. The garment of claim 4, wherein the spandex yarn is 40 Denier monofilament.

6. The garment of any one of claims 1 to 5, wherein the fabric portion comprises at least one

of a knitted fabric, a woven fabric, a non-woven fabric, a lace fabric, and/or an elastic band.

7. The garment of claim 1, wherein the fabric portion is a warp knitted fabric.
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8. The garment of any one of claims 1 to 7, wherein the garment is a brassiere, and the fabric

portion is used in at least one of a wing, a cup, and a strap of the brassiere.

9. A garment comprising:

a garment portion having an inner face that is configured to contact a wearer’s body while
the garment is worn on the wearer’s body;

wherein the inner face of the garment portion has an unstretched coefficient of friction
while no tensile force is applied thereto, the inner face of the garment portion has a stretched
coefficient of friction while a tensile force is applied thereto, and the stretched coefficient of
friction is greater than the unstretched coefficient of friction; and

wherein the garment portion comprises an intrinsically sticky yarn that is knitted with
longer loops on a background of shorter loops, and the intrinsically sticky yarn is raised from the

background while tensile force is applied to the garment portion.

10. The garment of claim 9, wherein the garment is configured such that tensile force is applied

to the garment portion while the garment is worn on the wearer’s body.

11. The garment of claim 9 or claim 10, wherein the garment portion further comprises a non-
intrinsically sticky yarn that is configured to at least partially cover the intrinsically sticky yarn;
the non-intrinsically sticky yarn covering the intrinsically sticky yarn more while no tensile

force is applied to the garment portion than while tensile force is applied to the garment portion.

12. The garment of any one of claims 9 to 11, wherein the intrinsically sticky yarn comprises
polyurethane.
13. The garment of any one of claims 9 to 12, wherein the garment portion comprises at least

one of a knitted fabric, a woven fabric, a non-woven fabric, a lace fabric, and/or an elastic band.

14. The garment of claim 9, wherein the garment portion is made of a warp knitted fabric.
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15.  The garment of claim 14, wherein the stretched coefficient of friction is greater than the
unstretched coefficient of friction while tensile force is applied in a warp direction of the warp

knitted fabric and while tensile force is applied in a weft direction of the warp knitted fabric.

16.  The garment of any one of claims 9 to 15, wherein the garment is a brassiere, and the

garment portion is used in at least one of a wing, a cup, and a strap of the brassiere.
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