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tary yarn and a spun yarn.
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Field of the Invention

The present invention relates to the field of textile production, and, more particularly
to a knitted fabric construction, and apparel formed therefrom, having improved moisture
management properties.

Background of the Invention

Over the years, textile and apparel manufacturers have sought new fabric
constructions, materials of construction, and conditioning or finishing techmques for
improving the moisture absorbency or moisture control properties of apparel. Particularly
with respect to outerwear, activewear, sportswear, and uniform garments, end users are most

interested in the comfort and appearance of the apparel. Two of the most important factors

related to comfort are moisture absorbency and hand, or softness.

Fabric constructions for sweat-absorbent textile fabrics that are suitable for outerwear
and sportswear are well known in the art. One such construction comprises a multi-layer
construction, which includes a water absorbent layer having high moisture absorbency and a
water-permeable layer having high moisture permeability, but a lower moisture absorbency.
Such a construction advantageously wicks moisture from one layer to another. Creating these

multi-layer constructions, however, requires that the various layers be stitched or bonded
together in a separate step. Such a multi-layer construction is not only more bulky, which 1s
less desirable from a wearer’s point of view, but 1t 1s also more expensive to construct. There
is also known a plaited double-knit fabric that comprises inner and outer layers formed of
polyester fibers that have been rendered hydrophilic (U.S. Patent No. 5,547,733).

Another known fabric construction for optimizing moisture management properties
facilitates the movement of moisture from the inner layer of the fabric having larger voids to
the outer layer of the fabric having smaller voids. The disadvantage of such a construction,

however, is that additional conditioning or finishing steps result in a relatively more

expensive finished fabrnc.

Another conventional sportswear construction includes a textile fabric having a cotton
inner lining, which is hyrdrophilic. Thus, when the cotton comes in contact with the body of
the wearer, it exhibits a high moisture absorbency. A disadvantage of cotton, however, is that

it quickly becomes saturated and loses its shape. This has caused manufacturers to turn to

polyester as a substitute for cotton. Conventional yams of polyester, however, are generally

WINSTON 1353466v]
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Summary of the Invention

5 One aspect of the present invention 1s directed to a knitted fabnc, and apparel formed

therefrom, having improved moisture management properties.

The knitted fabric 1s formed from filamentary yams and spun yams of similar
synthetic materials. In one preferred embodiment, the synthetic material 1s a polymer of
polyester. Desirably, the polyester filaments compnsing the filamentary yam and the

10 polyester comprising the spun yarn have hydrophilic properties such as moisture channeling
geometries for capturing, transporting, and releasing moisture. Although polyesters are
conventionally hydrophobic, the channels formed 1n the filaments of these yarns have been

found to be highly effective pathways for the movement of moisture from an undesirable

location.

15 The fabric may be knitted on either a circular or flat knitting machine, so long as the

filamentary and spun yams are knitted side by side; 1.e., one course consisting of only one
filamentary yarn is following by one course consisting of only one spun yam, and so on. The
resulting fabric is a jersey knit construction comprising 50 percent, by number, filamentary
yarns, and 50 percent, by number spun yams, with a tolerance of about 5 percent, depending
20  upon the number of feeds for the particular machine. Conventionally, “jersey” knit fabric 1s
either a circular-knit or flat-knit fabric made with a plain stitch in which the loops intermesh

in one direction only.
It has been found that the knitted fabric, and thus the apparel formed from the fabnc,

of the present invention provides excellent moisture management (wicking, moisture

{ , 25  transport, and drying rate), which helps regulate the body temperature during high aerobic

activity in warm weather. Several aspects of the knitted fabric construction produce these
properties. First, the hydrophilic nature and geometries of the spun and filamentary yarns
provide a high level of wicking, moisture transport, and drying. Second, by alternating the
filamentary and spun yams, with the spun yarns having an inherent “hairiness”, the spun

30  yarns are prevented from interlocking or appreciably entangling with one another. This
creates an openness in the fabric, which promotes higher moisture transport. Third,

channeling on the inside face of the fabric occurs due to the stiffness of the filaments versus
the softness of the spun yamn. The channeling enhances moisture movement n the direction

of the courses, which has been found to further increase the drying rate of the fabric. Further,

AMEMDED QYEED
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the knitted fabric and apparel formed therefrom have been found to have higher
strength (bursting strength greater than 140 pounds force) and less pilling than other
jersey fabric constructions, when measured in accordance with the Random Pill Test.

The invention, in a broad aspect, seeks to provide a knitted fabric having
improved management properties, comprising a plurality of filamentary yarns and a
plurality of spun yarns, wherein the filamentary and spun yarns have substantially the
same weight per unit of length, at least some of the filamentary and spun yarns are
synthetic, at least some of the synthetic yarns are hydrophilic, and wherein the courses
of the knitted fabric alternate between a filamentary yarn and a spun yarns.

In a further aspect, the invention seeks to provide an article of apparel formed
from a knitted fabric having improved wicking, the knitted fabric comprising a
plurality of filamentary yarns and a plurality of spun yarns, wherein the filamentary
and spun yarns have substantially the same weight per unit of length, at least some of
the filamentary and spun yarns are synthetic, at least some of the synthetic yarns are
hydrophilic, and wherein the courses of the knitted fabric altermate between a
filamentary yarn and a spun yarn.

In still a further aspect, the invention provides a method for forming a knitted
fabric having improved moisture management properties, comprising the step of
selecting filamentary and spun yarns having substantially the same weight per unit of
length, wherein at least some of the filamentary and spun yarns are synthetic, at least
some of the synthetic yarns are hydrophilic, and knitting alternating courses of the
filamentary spun yarns.

These and other aspects of the present invention will become apparent to those
skilled in the art after a reading of the following description of the preferred
embodiments when considered in conjunction with the drawings. It should be
understood that both the foregoing general description and the following detailed

description are examplary and explanatory only and are not restrictive of the invention
as claimed.
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Brief Description of the Drawings
Figure 1 is a perspective front view of the knitted fabric constructed in

accordance with the present invention;

Figure 2 is a sectional view of the knitted fabric of the present invention taken
along Line 2 - 2 of Figure 1;

Figures 3 and 4 are perspective views of garments constructed from the knitted

fabric of the present invention; and
Figure 5 is an enlarged view of the ribbed pattern in the garments formed from

the knitted fabric of the present invention.

Detailed Description of the Preferred Embodiments

As shown in Figure 1, one preferred embodiment of the present invention is
directed to a knitted fabric having improved moisture management properties. As used
herein, "moisture management properties" refers to such characteristics of a fabric or
article of apparel as the wicking rate, moisture transport rate, and drying (or release)
rate. As those skilled in the art will appreciate, "wicking" refer to capillary action in
a fabric whereby moisture or liquid is dispersed or spread through a given area.
"Moisture transport rate" means the distance traveled along the length of a fiber or
filament within a prescribed time limit. "Drying rate" or "release rate" refer to the
volume of water evaporated, or otherwise removed, from a fabric within a prescribed
time limit.

Shown generally as 100 in Figure 1, the knitted fabric comprises alternating
courses of yarns 110 and 120. A sectional view of the alternating courses 110 and
120 is shown in Figure 2. Yarns 110 are preferably ring spun yarns formed from a
hydrophilic polymer of polyester. While polyester yarmns are conventionally
hydrophobic, are now yarns having geometries and chemical treatments that result in
a polyester having hydrophilic properties.

3a
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fibers whereby the spinning process typically results in a yarn having a relatively softer hand

than filamentary polyester yarns. One suitable ningspun hydrophilic polyester yam 1s

available under the trademark HYDROTEC™ from DAK Americas in Charlotte, North
5  Carolina. HYDROTEC™ is a hydrophilic filamentary matenal having a channeling surface

which pro*)ides bonding sites for water molecules to interact with the polymer surface of the

filament, thus wetting the filament.
In one preferred embodiment, the spun yarn 1s a 24/1 yam; however, 1t has been found
that a spun yam sized between about 8/1 and 40/1 will provide a fabnc that achieves the

10  desired moisture management properties.

As is known, filamentary polyester yarns are relatively more hydrophilic than spun

polyester staples. One suitable filamentary yarn is available under the tradename

SORBTEK™ available from Unifi, Inc. of Greensboro, North Carolina. SORBTEK™ also

has a moisture channeling geometry designed to capture, transport, and release moisture

15  faster than conventional wicking yarns. While the use of HYDROTEC™ and SORBTEK™

yarns are described in particular detail herein, the present invention 1s not limted thereto;
rather, there are other known wicking filaments and yams that have umque cross-sections
wherein one or more channel shapes (semi-circular, oval, etc.) are formed along the length of
the filaments for transporting moisture away from an undesired location in the fabnc. In the
20  preferred embodiment discussed above, the filamentary yamn 1s sized as 1/250/100; however,
it has been found that filamentary yams sized between about 100 denier and 300 denier will
yield a fabric that achieves the desired moisture management properties when knitted with
the ringspun yarn described above. To enhance the attraction of water nto the channels, a
hydrophilic surface treatment with an affinity for polyester may optionally be applied.

25 The knitted fabric may be formed on either a circular knitting machine or a flat

knitting machine to obtain a fabric having a knitted weight of between about 3.5 and 8 ounces

per square yard. The following is one example of the knitting specifications and setup
parameters for one preferred embodiment of the knitted fabric construction formed on a

circular knitting machine. This example fabric construction is but one of numerous kmtted

30  fabric constructions that can be formed in accordance with the present invention.

Example

A jersey fabric was knitted on a Monarch circular kmitting machine, available from

Monarch Knitting Machine Corporation of Monroe, North Carolina. The machine 1s set up
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1 iwith 222 idchikintting fhiekd 8d knits atudDirpini iThe!yakd feeds are end over end and

comprise a 24/1 HYDROTEC™ yarn, and a 1/250/100 SORBTEK™ yarn. The top and

bottom tape settings are set at 200 inches per revolution, with a yarn tension of 6-8 grams,

and a quality wheel setting of 149. The final knitted fabric weight 1s about 4.32 ounces per

5  square yard, with 37 stitches per inch and a wale count of 26.5.

It has been found that alternating courses of spun and filamentary polyester yams
provides several desirable properties in the completed fabnc. In particular, heretofore
unexpected results are obtained when the spun yarns and filamentary yams have

10 approximately the same weights per unit of length. As best illustrated in the exploded view
of Figure 2, if the core diameters of the spun 110 and filamentary 120 yarns are
approximately the same, the staple fibers of the spun yams that protrude, creating a “hairy’
effect, are effectively prevented from interlocking with one another. If the hairs of the spun

yams do interlock, a relatively closed knitted structure results, which inhibits moisture

15  transport. Separating the interspersing spun yamns between the filamentary yarns tends to
open up the fabric structure, creating voids that promote moisture transport. Additionally,
because the filamentary yamns are relatively stift as compared to the ringspun yarns, a channel
is created along the filaments and between the filamentary yarns and the spun yarns. The
channels also promote moisture movement. This in turn increases the release, or drying rate

20  of the fabric. Additionally, the channels created by alternating the spun and filamentary

yarns provide a striped appearance and aesthetic appeal for the fabric and apparel formed

therefrom.
It has been found through testing by the inventors that the tabnc of the present

invention provides moisture management properties surpassing those of other jersey knit

2 25  constructions. For example, testing has shown that, among other constructions, the fabric of

the present invention exceeds the moisture management performance of 100 percent ningspun
or 100 percent filamentary polyester jersey knits, which are conventional. The following

table illustrates the results of some of the testing performed on the knitted fabric of the

present invention.

| Time To Which Water Rises to |
Inch

Original State | After S

i

Washings
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21 Seconds
30 Seconds

Length 28 Seconds
Width 32 Seconds

This table represents exemplary test results for the Liquid Wicking Rate of the knitted
fabric when tested in accordance with a simple test procem. . A fabnic sample is first
maintained in an atmosphere of about 70 degrees Fahrenheit and about 65 percent humidity
for at least about 4 hours. The sample 1s then cut into strips about 1 inch wide and several
inches long. At least 3 stnips are individually hung vertically along their long dimensions.
The lower ends of the strips are immersed approximately 1/8 inch in a colored water. The
time 1s then recorded for the water to rise 1 inch in each strip. The results for at least three
strips are averaged to obtaimn a hiquid wicking rate for the fabric sample. As shown in the
table, the knitted fabric 1n 1ts original completed state, i.e., unwashed, will wick water to a
height of one 1inch 1n about 28 seconds in the length direction and 32 seconds in the width
direction of the fabric. It has also been found that when subjected to 5 launderings, water
will wick to one inch in about 21 seconds 1n the length direction and about 30 seconds in the
width direction. For purposes of testing, a laundering i1s defined as Machine Wash Warm
(105° F +/- 5° F ), Tumble Dry Low.

The knitted fabric of the present invention was also tested for its Water Vapor
Transmission Rate and Water Vapor Permeance in accordance with American Society of
Testing and Matenals Standard E96-00¢1, Standard Test Methods for Water Vapor
Transmission of Materials, incorporated by reference herein in its entirety. Water Vapor
Transmisston Rate 1s defined as the steady water vapor flow in unit time through unit area of
a body, normal to specific parallel surfaces, under specific conditions of temperature and
humidity at each surface. Water Vapor Permeance 1s defined as the time rate of water vapor
transmission through unit area of flat materal or construction induced by unit vapor pressure
difference between two specific surfaces, under specified temperature and humidity
conditions. The Water Vapor Transmission Rate for the knitted fabric of the present
invention in 1ts original state averaged 854 for a test set of three samples. Water Vapor
Permeance for the knitted fabric 1n its oniginal state averaged 7.03E-06 for a test set of three
samples.

Turning now to Figures 3 and 4, examples of apparel that may be formed from the

knitted fabric of the present invention are shown. Figure 3 1s illustrative of underwear 300,

such as T-shirts, outerwear, or activewear. Ribs 122, shown best in Figure 5, are formed by

B0 DEN Swem
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the stiffer filamentary yarmms 120 and the ch neling effect created by altemating courses of
spun and filamentary polyester yams. Similarly, Figure 4 1s illustrative of underwear 400 or

activewear, with nbs 122 shown for 1illustration only.
Although the present invention has been described with preferred embodiments, 1t is

> ¢ understood that modifications and vanations may be utilized without departing from the
spint and scope of the invention, as those skilled in the art will readily understand. Such

modifications and vanations are considered to be within the purview and scope of the

appended claims and their equivalents.
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WE CLAIM:

3.

A knitted fabric having improved moisture management properties, comprising:

(a) a plurality of filamentary yarns;

(b) a plurality of spun yarns;

(c) wherein the filamentary and spun yarns have substantially the same weight per unit of
length, at least some of the filamentary and spun yarns are synthetic, and at least some of the
synthetic yams are hydrophilic; and

(d) wherein the courses of the knitted fabric alternate between a filamentary yarn and a spun
yarn.

The knitted fabric of Claim 1 wherein the filamentary yarn is substantially polyester.

The knitted fabric of Claim 2 wherein the polyester yam is a multi-filament yarn, each filament

having a channel for moving moisture along the length of the yarn.

5.

6.

The knitted fabric of Claim 1 wherein the spun yarn is substantially polyester.
The knitted fabric of Claim 4 wherein the yarn is a ring spun yarn.

The knitted fabric of Claim 1 wherein each of the filamentary yarn and the spun yarn are between

about 100 denier and 300 denier.

10.

11.

The knitted fabric of Claim 1 wherein the alternating spun yarns are not substantially interlocked.

The knitted fabric of Claim 1 wherein the fabric is weft knitted.
The knitted fabric of Claim 8 wherein the fabric is circular knitted.
The knitted fabric of Claim 1 wherein the fabric is a jersey knit.

The knitted fabric of Claim 1 wherein the knitted fabric has a weight of between about 3.5 and

8 ounces per square yard.
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12. The knitted fabric of Claim 1 wherein water will wick in unlaundered knitted fabric to a height
of about 1 inch in less than about 30 seconds in the length direction and less than about 34 seconds in the
width direction.

13. The knitted fabric of Claim 1 wherein water will wick in the knitted fabric to a height of about
1 inch in less than about 24 seconds in the length direction and less than about 32 seconds in the width
direction, after 5 home launderings.

14. The knitted fabric of Claim 1 wherein the knitted fabric will shrink less than about 6 percent when
subjected to 3 home launderings.

15. An article of apparel formed from a knitted fabric having improved wicking, the knitted fabric
comprising:

(a) a plurality of filamentary yamns;

(b) a plurality of spun yams;

(¢) wherein the filamentary and spun yarns have substantially the same weight per unit of
length, at least some of the filamentary and spun yarns are synthetic, and at least some of the synthetic
yarns are hydrophilic; and

(d) wherein the courses of the knitted fabric alternate between a filamentary yamn and a spun
yarn.

16. The article of apparel of Claim 15 wherein the filamentary yarn is substantially polyester.

17. The article of apparel of Claim 16 wherein the polyester yarn is a multi-filament yarn, each
filament having a channel for moving moisture along the length of the yam.

18. The article of apparel of Claim 15 wherein the spun yarn is substantially polyester.
19. The article of apparel of Claim 18 wherein the yarn is a ring spun yarn.

20. The article of apparel of Claim 15 wherein each of the filamentary yarn and the spun yarn are
between about 100 denier and 300 denier.
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21. The article of apparel of Claim 15 wherein the alternating spun yarns are not substantially
interlocked.

22. The article of apparel of Claim 15 wherein the fabric is weft knitted.
23. The article of apparel of Claim 22 wherein the fabric is circular knitted.

24. The article of apparel of Claim 15 wherein the fabric is a jersey knit.

25. The article of apparel of Claim 15 wherein the knitted fabric has a weight of between about 3.5
and 8 ounces per square yard.

26. The article of Claim 15 wherein water will wick in unlaundered knitted fabric to a height of about
1 inch in less than about 30 seconds in the length direction and less than about 34 seconds in the width
direction.

27. The article of apparel Claim 15 wherein water will wick in the knitted fabric to a height of about
1 inch in less than about 24 seconds in the length direction and less than about 32 seconds in the width
direction, after 5 home launderings.

28. The article of Claim 15 wherein the knitted fabric will shrink less than about 6 percent when
subjected to 3 home launderings.

29, A method for forming a knitted fabric having improved moisture management properties,
comprising the step of:
selecting filamentary and spun yarns having substantially the same weight per unit of
length, wherein at least some of the filamentary and spun yarns are synthetic, and at least some
of the synthetic yarns are hydrophilic; and
knitting alternating courses of the filamentary and spun yamns.

30. The method of Claim 29 wherein the filamentary yarn is substantially polyester.

31. The method of Claim 29 wherein the polyester yarn is a multi-filament yarn, each filament having
a channel for moving moisture along the length of the yarn.

10
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32. The method of Claim 29 wherein the spun yarn is substantially polyester.
33. The method of Claim 29 wherein the yarn is a ring spun yam.

34, The method of Claim 29 wherein each of the filamentary yarn and the spun yarn are between
about 100 denier and 300 denier.

35. The method of Claim 29 wherein the alternating spun yarns are not substantially interlocked.
36. The method of Claim 29 wherein the fabric is weft knitted.

37. The method of Claim 36 wherein the fabric is circular knitted.

38. The method of Claim 29 wherein the fabric is a jersey knit.

39. The method of Claim 29 wherein the knitted fabric has a weight of between about 3.5 and 8

ounces per square yard.

11
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