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METHOD OF MaNUFACTURING A KNITTED COMPONENT

BACKGROUND

[01]

[02]

[03]

Knitted components having a wide range of knit struciures, materials, and
properties may be ulilized in a variety of products.  As examples, Kknitted
components may be ulilized in apparel {e.g., shirls, panis, socks, jackels,

undergarments, foolwear), athietic equipment {e.g., golf bags, baseball and

football gloves, soccer ball restriction structures), coniainers {(e.g., backpacks,
bags), and upholstery for furniture {e.g., chairs, couches, car seais). Knitted
componerts may also be utilized in bed coverings {e.q., sheets, blankets), table
coverings, towels, flags, tents, sails, and parachutes. Knitted components may
be ulllized as technical textiles for industrial purposes, including structures for
automotive and aerospace applications, filter materials, medical texiiles {(e.g.
bandages, swabs, implanis), geotextiles for reinforcing embankments,
agrotexdiles for crop protection, and industrial apparel that protects or insulates
against heat and radiation. Accordingly, knitled components may be

incorporated into & variety of products for both personal and industrial purposes.

Knitting may be generally classified as either well knitting or warp knitting. In
both weft knitting and warp knitling, one or more yarns are manipulated (o form a
plurality of intermeshed loops that define a variety of courses and wales. In weft
knitting, which is more commaon, the courses and wales are perpendicular to
each other and may be formed from a single yam or many vamns. 0 warp,
knitting, however, the wales and courses run roughly parallel and one yam is

required for every wale.

Although knitting may be performed by hand, the commercial manufaciure of
knitted components is generally performed by knitting machines. An example of
a knitling machine for producing a welt knitted component is a V-bed flal knitting
machine, which includes two needle beds that are angled with respect t0 each

other. Rails exiend above and parallel to the needle beds and provide
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attachment points for feeders, which move along the needle beds and supply
yams io needles within the needie beds. Slandard feeders have the ability to
supply a yarn that is utilized to knii, tuck, and float. In situations where an inlay
varn is incorporated into & knitted componert, an inlay feeder is utilized. A
conventional inlay feeder for a V-bed flat knitting machine includes two
componernts that operate in conjunction fo inlay the yam. Each of the
components of the inlay feeder are secured to separate attachment points on two
adjacent rails, thereby occupying two attachment points. Whereas standard
feeders only occupy one altachment point, two attachment points are generally

occupied when an inlay feeder is ulilized to inlay a yam into a knitted component.

SUMMARY

[04]

[03]

[0€]

A method of knilting is disclosed below. The method includes utilizing a
combination feeder to supply a yarn for knitting, tucking, and floating. In addition,

the method includes utilizing the combination feeder to inlay the yam.

Another method of knitting includes providing a knitting machine having a first
feeder that dispenses a yarn, a second feeder that dispenses a sirand, and a
needie bed that includes a plurality of needles. Al least the first feeder is moved
along the needle bed to form a first course of a knit component from the yam.
The method also includes moving the first feeder and the second feeder along
the needle bed to {(a) form a second course of the knit component from the yarn
and (b} inlay the strand into the knil component. While moving the first feeder
and the second feeder, the second feeder is located in front of the first feeder
and g dispensing tip of the second feeder is located below a dispensing tip of the
first feeder.

Yet another method of knitling includes providing a knitling machine having a first
feeder that supplies a first varn, a second feeder that supplies a second yarmn,
and a needle bed that includes a plurality of needles. The needle bed defines an

intersection where planes upon which the needles lay cross each other. A



[07]

WO 2012/125490 PCT/US2012/028576

dispensing tip of the first feeder is positioned above the inlersection and a
dispensing tip of the second feeder is positioned below the intersection. The first
feeder and the sescond fesder are moved along the nesdle bed to {a) form at
least a portion of a first course of a knit component from the first yam and (b)
infay the second yarn into the portion of the first course. The dispensing lip of
the second feeder is then positioned above the intersection, and at least the
second feeder is moved along the needle bed o form al least a porlion of a

second course.

The advantages and fealures of novelly characterizing aspects of the invention
are pointed out with particularity in the appended claims. To gain an improved
understanding of the advantages and features of novelty, however, reference
may be made o the following descriptive matter and accompanying figures that
describe and illustrate various configurations and concepts relaled to the

invention.

FIGURE DESCRIPTIONS

[08]

[09]
[10]
[11]

[12]

[13]

[14]

The foregoing Summary and the following Detailed Description will be belter

understood when read in conjunction with the accompanying figures.
Figure 1 is a perspective view of an article of foolwear.

Figure 2 is g lateral side elevational view of the article of footwear.
Figure 3 is a medial side elevational view of the article of footwear.

Figures 4A-4C are cross-sectional views of the arlicle of foolwear, as defined by

section lines 4A-4C in Figures 2 and 3.

Figure 5 is a top plan view of a first knifted component that forms a portion of an

upper of the article of footwear,

Figure 6 is a bottom plan view of the first knitted component.
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[15] Figures 7A-7E are cross-seclional views of the first knitted component, as

defined by section lines 7A-7E in Figure 5.

[16] Figures 8A and 8B are plan views showing knit structures of the first knitted

component.

(171 Figure 9 is a top plan view of a second knitted component that may form a

portion of the upper of the article of footwear.
18] Figure 10 is 3 botiom plan view of the second knitled component.

1181 Figure 11 is a schematic top plan view of the second knitted component showing

knit zones.

120} Figures 12A-12E are cross-sectional views of the second knitted component, as
defined by section lines 12A-12E in Figure 8.

(211 Figures 13A-13H are loop diagrams of the knit zones.

(221 Figures 14A-140 are top plan views corresponding with Figure § and depicling

further configurations of the first knitted component.
23] Figure 15 is a perspeciive view of a knitting machine.

124} Figures 16-18 are elevalional views of a combination feeder from the knitling

machine.

1251 Figure 19 is an elevational view corresponding with Figure 16 and showing

internal components of the combination feeder.

(28] Figures 20A-20C are elevational views corresponding with Figure 19 and

showing the operation of the combination feeder.

1277  Figures 21A-211 are schematic perspeclive views of a knitting process utilizing

the combination feeder and a conventional feader.
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[29]

[30]
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Figures 22A-220C are schematic cross-sectional views of the knilling process

showing positions of the combination feeder and the conventional feeder.

Figure 23 is a schematic perspeciive view showing ancther aspect of the knitling

DIOCESS.

Figure 24 is a perspective view of another configuration of the knilting machine.

DETAILED DESCRIPTION

[31]

[32]

[33]

The following discussion and accompanying figures disclose a varely of
concepts relating to knitted components and the manufacture of knitted
components. Although the knitled components may be ulilized in a variety of
products, an article of footwear that incorporates one of the knitted components
is disclosed below as an example. In addition o footwear, the knitied
components may be ulilized in other types of apparel {e.g., shirls, panis, socks,
jackets, undergarments), athletic equipment {e.g., golf bags, baseball and
football gloves, soccer ball restriction struclures), coniainers {e.g., backpacks,
bags), and upholstery for fumiture (e.q., chairs, couches, car seais). The knitied
components may also be utilized in bed coverings {e.g., sheets, blankets), table
coverings, towels, flags, tents, sails, and parachutes. The knilled components
may be utihzed as technical texiiles for industiial purposes, including structures
for automotive and asrospace applications, filter materials, medical textiles {(s.q.
bandages, swabs, implanis), geotextiles Tor reinforcing embankments,
agrotexiiles for crop profection, and industrial apparel that protecis or insulates
against heat and radiation.  Accordingly, the knilted components and other
concepts disclosed herein may be incorporated into a variety of products for both

personal and industrial purposes.
Footwear Configuration

An article of footwear 100 is depicted in Figures 1-4C as including a sole
structure 110 and an upper 120. Although footwear 100 is Hlustrated as having a

[}
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general configuration suitable for running, concepts associated with footwear 100
may also be applied {o a varisty of other athletic footwear types, including
baseball shoes, basketball shoes, cycling shoes, football shoes, tennis shoes,
soccer shoes, training shoes, walking shoes, and hiking boots, for example. The
concepts may also be applied (o footwear types that are generally considered (o
be non-athlelic, including dress shoes, loafers, sandals, and work boots.
Accordingly, the concepts disclosed with respect to footwear 100 apply o 2 wide
varisly of footwear types.

For reference purposes, footwear 100 may be divided into three general regions:
a forefoot region 101, & midioot region 102, and a heel region 103. Forsfoot
region 101 generally includes portions of foolwear 100 corresponding with the
toes and the joints connecling the metatarsals with the phalanges. Midfoot
region 102 generally includes portions of footwear 100 corresponding with an
arch area of the foot. Heel region 103 generally corresponds with rear portions
of the foot, including the calcaneus bone. Footwear 100 also includes a lateral
side 104 and a medial side 105, which extend through each of regions 101-103
and correspond with opposite sides of footwear 100. More pariicularly, lateral
side 104 corresponds with an cutside area of the foot (i.e. the surface that faces
away from the other fool), and medial side 105 corresponds with an inside area
of the foot (i.e., the surface that faces toward the other foot). Regions 101-103
and sides 104-105 are not intended to demarcate precise areas of footwear 100.
Rather, regions 101-103 and sides 104-105 are inlended {o represent general
areas of footwear 100 to aid in the following discussion. In addition o footwear
104, regions 101-103 and sides 104-105 may also be applied o sole structure
110, upper 120, and individual elements thereof.

Sole structure 110 is secured 1o upper 120 and exiends between the foot and the
ground when footwear 100 is worn. The primary elements of sole structure 110
are a midsole 111, an outsole 112, and a sockliner 113, Midscle 111 is secured
to a lower surface of upper 120 and may be formed from a compressible polymer

foam element {e.g., a polyurethane or ethylvinylacelale foam) thal atlenuates



[36]

WO 2012/125490 PCT/US2012/028576

ground reaction forces {i.e., provides cushioning} when compressed between the
foot and the ground during walking, running, or other ambulatory activities. In
further configurations, midscle 111 may incorporate plates, moderators, fluid-
filled chambers, lasting elements, or motion control members that further
attenuale forces, enhance siability, or influence the mations of the foot, or
midsole 21 may be primarily formed from a fluid-filled chamber. Qutsole 112 is
secured o a lower surface of midsole 111 and may be formed from a wear-
resistant rubber material that is texiured to impart traction. Sockliner 113 is
located within upper 120 and is positioned o extend under a lower surface of the
foot to enhance the comfort of foolwear 100, Although this configuration for sole
structure 110 provides an example of a sole structure that may be used in
connection with upper 120, a variely of other conventional or nonconventional
configurations for sole structure 110 may also be utilized. Accordingly, the
features of sole struciure 110 or any sole structure utilized with upper 120 may

vary considerably.

Upper 120 defines a void within footwear 100 for receiving and securing a foot
relative to sole structure 110, The void is shaped o accommaodate the foot and
extends along a lateral side of the foot, along a medial side of the fool, over the
foot, around the heel, and under the fool. Access to the void is provided by an
ankle opening 121 located in al least heel region 103. A lace 122 exiends
through various lace apertures 123 in upper 120 and permits the wearer {0
modify dimensions of upper 120 to accommodale proportions of the foot. More
particularly, lace 122 permits the wearer to tighten upper 120 around the foot,
and lace 122 permils the wearer (o loosen upper 120 to facililale entry and
removal of the foot from the void (i.e., through ankle opening 121). in addition,
upper 120 includes a tongue 124 that exiends under lace 122 and lace apertures
123 to enhance the comfort of footwear 100, In further configurations, upper 120
may include additional elements, such as (a) a heel counter in heel region 103
that enhances stability, (b) a toe guard in forefoot region 101 that is formed of a
wear-resistant material, and (¢} logos, trademarks, and placards with care

instructions and material information.
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Many conventional foolwear uppers are formed from mulliple material elements
{e.g., textiles, polymer foam, polymer sheets, leather, synthetic leather) that are
joined through stitching or bonding, for example. In conirast, a majority of upper
120 is formed from a knitted component 130, which extends through each of
regions 101-103, along both lateral side 104 and medial side 105, over forefoot
region 101, and around heel region 103. In addition, knitied component 130
forms portions of both an exterior surface and an opposite interior surface of
upper 120. As such, knitted component 130 defines at least a portion of the void
within upper 120, In some configurations, knitted component 130 may also
extend under the foot. Referring o Figures 4A-4C, however, a strobel sock 125
is secured to knitted component 130 and an upper surface of midsole 111,

thereby forming a portion of upper 120 that extends under sockliner 113,
Knitted Component Configuration

Knitted component 130 is depicted separate from a remainder of footwear 100 in
Figures 5 and 6. Knitted component 130 is formed of unitary knit construction.
As utilized herein, a knitted component {e.g., knilted component 130} is defined
as being formed of “unitary knit construction” when formed as a one-piece
element through a knitling process. That is, the knitling process substantially
forms the various fealures and structures of knitted component 130 without the
need for significant additional manuifacturing steps or processes.  Although
portions of knitted component 130 may be joined o each other {e.4., edges of
knitted component 130 being joined together) following the knilting process,
knitted component 130 remains formed of unitary knit construction because il is
formed as a one-piece knit element. Moreover, knitted component 130 remains
formed of unitary knit construction when other elements {(e.g., lace 122, tongue
124, logos, trademarks, placards with care instruclions and material information)

are added following the knitling process.

The primary elements of knitted component 130 are a knit element 131 and an
infaid strand 132, Knit element 131 is formed from al least ong vamn that is
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manipulated {(e.g., with a knitting machine) to form a plurality of intermeshed
loops that define a variely of courses and wales. That is, knit element 131 has
the structure of a knil texdile. Inlaid strand 132 extends through knit element 131
and passes betwsen the various loops within knit element 131, Although inlaid
strand 132 generally extends along courses within knit element 131, inlaid strand
132 may also exiend along wales within knit element 131, Advantages of inlaid
strand 132 include providing support, siability, and structure. For example, inlaid
strand 132 assists with securing upper 120 around the fool, limits deformation in
areas of upper 120 {e.g., imparis stretch-rasistance} and operates in conneclion

with lace 122 to enhance the fit of footwear 100.

Knit element 131 has a generally U-shaped configuration that is outlined by &
perimeter edge 133, a pair of heel edges 134, and an inner edge 135, When
incorporated inlo footwear 100, perimeter edge 133 lays against the upper
surface of midsole 111 and is joined to strobel sock 125, Heel edges 134 are
joined o each other and exiend vertically in heel region 103, In some
configurations of foolwear 100, a matlerial element may cover a seam between
heel adges 134 to reinforce the seam and enhance the assthetic appeal of
footwear 100, inner edge 135 forms ankle opening 121 and extends forward to
an area where lace 122, lace aperiures 123, and tongue 124 are located. In
addition, knit element 131 has a first surface 136 and an opposite second surface
137. First surface 136 forms a portion of the exterior surface of upper 120,
whereas second surface 137 forms a portion of the interior surface of upper 120,

thereby defining at least a portion of the void within upper 120.

inlaid strand 132, as noted above, extends through knit slement 131 and passes
between the varous loops within knit element 131, More particularly, inlaid
strand 132 is located within the knit structure of knit element 131, which may
have the configuration of a single texiile layer in the area of inlaid strand 132, and
between surfaces 136 and 137, as depicted in Figures 7A-7D. When knitted
component 130 is incorporated into footwear 100, therefore, inlaid strand 132 is

located between the exterior surface and the interior surface of upper 120, in
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some configurations, portions of inlaid strand 132 may be visible or exposed on
one or both of surfaces 136 and 137. For example, inlaid sirand 132 may lay
against one of surfaces 136 and 137, or knil element 131 may form indentations
or aperiures through which inlaid strand passes. An advantage of having inlaid
strand 132 located between surfaces 1368 and 137 is that knil element 131

protects inlaid strand 132 from abrasion and snagging.

Referring fo Figures & and 6, inlaid strand 132 repeatedly extends from perimeter
edge 133 toward inner edge 135 and adjacent to a side of one lace aperiure 123,
at least partially around the lace aperture 123 to an opposite side, and back to
perimeter edge 133. When knitted component 130 is incorporated into footwear
100, knit element 131 extends from a throat area of upper 120 (i.e., where lace
122, lace apertures 123, and tongue 124 are located) to a lower area of upper
120 (i.e., where knil element 131 joins with sole structure 110. In this
configuration, inlaid strand 132 also extends from the throat area o the lower
area. More particularly, inlaid strand repeatedly passes through knit element 131

from the throat area to the lower area.

Although knit element 131 may be formed in a variely of ways, courses of the knit
structure generally extend in the same direction as inlaid strands 132. That is,
courses may extend in the direction exiending belween the throat area and the
lower area. As such, a majority of inlaid strand 132 extends slong the courses
within knit element 131, In areas adjacent to lace apertures 123, however, inlaid
strand 132 may also extend along wales within knit element 131, More
particularly, sections of inlaid strand 132 that are parallel {0 inner edge 135 may

extend along the wales.

As discussed above, inlaid strand 132 passes back and forth through knit
element 131. Referring to Figures 5 and 6, inlaid strand 132 also repeatediy
exits knit element 131 at perimeter edge 133 and then re-enters knit element 131
at another location of perimeter edge 133, thereby forming loops along perimeter
edge 133. An advantage to this configuration is that each seclion of inlaid strand

10
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132 that exiends beilween the throal area and the lower area may be
independently tensioned, loosened, or otherwise adjusted during the
manufacturing process of footwear 100, That is, prior 10 securing sole struclure
110 to upper 120, sections of inlaid strand 132 may be independently adjusted 1o

the proper tension.

In comparison with knit element 131, inlaid strand 132 may exhibit greater
stretch-resistance. That is, inlaid strand 132 may stretch less than knit element
131, Given that numerous sections of inlaid strand 132 exiend from the throat
area of upper 120 {o the lower area of upper 120, inlaid strand 132 imparts
stretch-resistance o the portion of upper 120 between the throat area and the
lower area. Moreover, placing lension upon lace 122 may impart tension to inlaid
strand 132, thereby inducing the portion of upper 120 between the throat area
and the lower area (o lay against the fool. As such, inlaid sirand 132 operates in

connection with lace 122 1o enhance the fit of footwesar 100.

Knit element 131 may incorporate various fypes of vamn that impart different
properiies (o separate areas of upper 120. That is, one area of knit element 131
may be formed from a first type of yarn that imparts a first set of properties, and
another area of knit element 131 may be formed from a second type of yarn that
imparts a second set of properties.  In this configuration, properties may vary
throughout upper 120 by selecting specific yvarns for different areas of knit
element 131. The properties that a particular iype of yarm will impart o an area
of knit element 131 partially depend upon the materials that form the various
filaments and fibers within the varmn. Collon, for example, provides a soft hand,
natural aesthetics, and bicdegradability. Elastane and siretch polyester each
provide substantial streich and recovery, with siretch polyester also providing
recyclability. Rayon provides high luster and moisture absorption. Wool also
provides high moisture absorption, in addition fo insulating properties and
biodegradability. Nvlon is a durable and abrasion-resistant material with
relatively high strength. Polyesier is a hydrophobic material that also provides
relatively high durability.  In addition to malerials, other aspects of the yams

11
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selected for knit element 131 may afiect the properiies of upper 120. For
example, a yarn forming knit element 131 may be a monofilament yam or a
multifilament yam. The yarn may also include separate filaments that are each
formed of differeni materials. In addition, the varn may include filaments that are
each formed of two or more different materials, such as a bicomponent yarn with
filaments having a sheath-core configuralion or two halves formed of different
materials. Different degrees of twist and crimping, as well as different deniers,
may also affect the properties of upper 120, Accordingly, both the materials
forming the yvarn and other aspects of the yarn may be selected o impart a

variety of properties to separate areas of upper 120.

As with the yams forming knil slement 131, the configuration of inlaid strand 132
may also vary significantly.  In addition o varn, inlaid strand 132 may have the
configurations of a filament {(e.g., a monofilament)}, thread, rope, webbing, cable,
or chain, for example. In comparison with the yarns forming knit element 131,
the thickness of inlaid strand 132 may be greater. In some configurations, infaid
strand 132 may have a significantly greater thickness than the vams of knit
element 131, Although the cross-sectional shape of inlaid strand 132 may be
round, triangular, square, rectangular, elliptical, or irregular shapes may also be
utiized. Moreover, the materials forming inlaid strand 132 may include any of the
materials for the varmn within knil element 131, such as cotion, elastane,
polyester, rayon, wool, and nylon. As noted above, inlaid strand 132 may exhibit
grealer stretch-resistance than knil glement 131, As such, suilable materials for
inlaid strands 132 may include a variety of engineering filaments that are utilized
for high tensile strength applications, including glass, aramids {e.g., para-aramid
and meta-aramid), ultra-high molecular weight polyethylene, and liquid crystal
polymer. As ancther example, a braided polyester thread may also be utilized as
infaid strand 132.

An example of a suitable configuration for a portion of knitted component 130 is
depicted in Figure 8A. in this configuration, knit element 131 includes a yamn 138

that forms a plurality of intermeshed loops defining mulliple horizontal courses

12
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and vertical wales. Inlaid strand 132 exiends along one of the courses and
aliernates betwseen bsing located (8) behind loops formed from yvam 138 and (b)
in front of loops formed from varn 138, In effect, inlaid strand 132 weaves
through the structure formed by knit element 131, Although yam 138 forms each
of the courses in this configuration, additional yarns may form one or more of the

courses or may form a portion of one or more of the courses.

Another example of a suitable configuration for a portion of knitted component
130 is depicied in Figure 8B. In this configuration, kni element 131 includes yarn
138 and another yarn 138. Yarns 138 and 138 are plated and cooperatively form
a plurality of intermeshed loops defining multiple horizontal courses and vertical
wales. That is, varns 138 and 138 run parallel o each other. As with the
configuration in Figure 8A, inlaid strand 132 extends along one of the courses
and alternates between being located (a) behind loops formed from yarns 138
and 139 and {b) in front of loops formed from yvarns 138 and 139. An advantage
of this configuration is that the properties of each of yarns 138 and 139 may be
present in this area of knitted component 130, For example, varns 138 and 139
may have different colors, with the color of varn 138 being primarily present on a
face of the various sliiches in knit element 131 and the color of yam 139 being
primarily present on a reverse of the various stitches in knit element 131. As
another example, yarm 138 may be formed from a yarn that is softer and maore
comfortable against the foot than yarn 138, with yarn 138 being primarily present
on first surface 136 and yarn 139 being primarily present on second surface 137.

Continuing with the configuration of Figure 8B, varn 138 may be formed from at
least one of a thermoset polymer material and natural fibers {e.q., cotton, wool,
sitk}, whereas yarmn 138 may be formed from a thermoplastic polymer material. in
general, a thermoplastic polymer material melts when heated and returns o a
solid staie when cooled. More particularly, the thermoplastic polymer material
fransitions from a solid state to a softened or liquid stale when subjected to
sufficient heat, and then the thermoplastic polymer material transitions from the

softened or lquid stale to the solid state when sufficiently cooled.  As such,

13
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thermoplastic polymer materials are often used {o join two objects or elements
together. In this case, varn 138 may be utlilized {0 join {a) one portion of yarn 138
to another portion of yarn 138, (b} yarm 138 and inlaid strand 132 to sach other,
or {¢)} ancther selement {(e.g., logos, trademarks, and placards with care
instructions and material information} {o knitted component 130, for example. As
such, vam 139 may be considered a fusible yam given that it may be used (o
fuse or otherwise join portions of knilted component 130 (o each other.
Moreover, yam 138 may be considered a non-fusible yarn given that it is not
formed from materials that are generally capable of fusing or otherwise joining
portions of knitted component 130 to each other. That is, yamnm 138 may be &
non-fusible yarn, whereas yam 138 may be a fusible varn. In some
configurations of knitted component 130, yarn 138 (i.e., the non-fusible varn) may
be substantially formed from a thermoset polyester material and yam 138 {i.e,,
the fusible yarn} may be at least partially formed from a thermoplastic polyester

material.

The use of plaied yarms may impart advaniages to knitted component 130.
When vam 139 is heated and fused to yvam 138 and inlaid strand 132, this
process may have the effect of stiffening or rigidifying the structure of knitted
component 130. Moreover, joining {a) one portion of yarn 138 to another portion
of yarmn 138 or (b} yvarn 138 and inlaid strand 132 {0 each other has the effect of
securing or locking the relative positions of yarn 138 and inlaid strand 132,
thereby imparting siretch-resistance and stiffness. That is, portions of yarn 138
may noi slide relative {o each other when fused with yarn 138, thereby preventing
warping or parmanent stretching of knit element 131 due o relative movement of
the knit structure. Anocther benefil relates o limiling unraveling if a portion of
knitted component 130 becomes damaged or one of varns 138 is severed. Also,
infaid strand 132 may not slide relative to knit element 131, thereby praventing
portions of inlaid strand 132 from pulling outward from knit element 131,
Accordingly, areas of knitted component 130 may benefit from the use of both

fusible and non-fusible yarns within knit element 131.
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Another aspect of knitted component 130 relates {0 a padded area adjacent {o
ankie opening 121 and exiending at least partially around ankle opening 121.
Referring to Figure 7&, the padded area is formed by two overlapping and at
least partially coextensive knitted layers 140, which may be formed of unitary knit
construction, and a plurality of floating vams 141 extending between Kknitted
layers 140. Although the sides or edges of knitted layers 140 are secured o
each other, a central area is generally unsecured. As such, knilted layers 140
effectively form a tube or tubular structure, and floating varns 141 may be located
or inlaid between knitted layers 140 {0 pass through the tubular structure, That
is, floating varns 141 extend belween knitted layers 140, are generally parallel o
surfaces of knitted layers 140, and also pass through and fill an interior volume
between knitted layers 140. Whereas a majority of knit element 131 is formed
from yarns that are mechanically-manipulated to form intermeshed loops, floating
varns 141 are generally free or otherwise inlaid within the interior volume
between knilled layers 140. As an additional matter, knitted layers 140 may be
at least partially formed from a strelch yarn. An advaniage of this configuration is
that knitted {ayers will effeclively compress floating varns 141 and provide an
elastic aspect to the padded area adjacent to ankle opening 121. That is, the
stretch varn within knitted layers 140 may be placed in tension during the knitling
process that forms knitted component 130, thereby inducing knitted layers 140 to
comprass floaling yarns 141, Although the degree of streich in the streich yvamn
may vary significantly, the stretch yarn may streich at least one-hundred percent

in many configurations of knitted component 130,

The presence of floating yams 141 imparis a compressible aspect to the padded
area adjacent o ankle opening 121, thereby enhancing the comfort of footwear
130 in the area of ankle opening 121, Many conventional articles of footwear
incorporate polymer foam elements or other compressible materials inlo areas
adjacent to an ankle opening. In conirast with the conventional articles of
footwear, portions of knitted component 130 formed of unitary knil construction
with a remainder of knitted component 130 may form the padded area adjacent

to ankle opening 121. In further configurations of {ootwear 100, similar padded

15



[55]

[56]

[57]

WO 2012/125490 PCT/US2012/028576

areas may be localed in other areas of knitted component 130. For example,
similar padded areas may be located as an area comresponding with joints
between the metatarsals and proximal phalanges to impart padding to the joinis.
As an sliernative, a terry loop structure may also be utilized to impart some

degree of padding to areas of upper 120.

Based upon the above discussion, knit component 130 imparts a variety of
features o upper 120. Moreover, knit component 130 provides a variety of
advantages over some conventional upper configurations.  As noted above,
conventional foolwear uppers are formed from mulliple material elements (e.g.,
textiles, polymer foam, polymer sheets, leather, synthetic leather) that are joined
through stiiching or bonding, for example. As the number and type of material
elements incorporated into an upper increases, the time and expense associated
with transporting, stocking, cutting, and joining the material elements may also
increase. Waste material from cutling and stitching processes also accumulates
o a greater degree as the number and type of material elemenis incorporated
into the upper increases. Moreover, uppers with a greater number of material
elementis may be maore difficult to recycle than uppers formed from fewer fypes
and numbers of material elements. By decreasing the number of material
elements ulilized in the upper, therefore, waste may be decreased while
increasing the manufacturing efficiency and recyclability of the upper. To this
end, knitted component 130 forms a substantial portion of upper 120, while
increasing  manufacturing  efficiency, decreasing waste, and simplifying

recyclability.
Further Knitted Component Configurations

A knitted component 150 is depicted in Figures 9 and 10 and may be utilized in
place of knitted component 130 in footwear 100. The primary elements of knitted
componert 150 are a knit element 151 and an inlaid strand 152, Knit slement
151 is formed from at {east one yarn that is manipulated {e.g., with a knilling

machine) to form a plurality of intermeshed loops that define a variety of courses
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and wales. That is, knit element 151 has the structure of a knit textile. Inlaid
strand 152 extends through knit element 151 and passes between the various
loops within knit element 151, Although inlaid strand 152 generally extends
along courses within knit element 151, inlaid strand 152 may also extend along
wales within knil element 151, As with inlaid strand 132, inlaid strand 152
imparts stretch-resistance and, when incorporaied info footwear 100, operales in

connection with lace 122 1o enhance the fii of footwear 100.

Knit element 151 has a generally U-shaped configuration that is outlined by a
perimeler edge 153, a pair of heel edges 154, and an inner edge 155, In
addition, knit element 151 has a first surface 156 and an opposite second surface
157. First surface 156 may form a portion of the exterior surface of upper 120,
whereas second surface 157 may form a portion of the interior surface of upper
120, thereby defining at least a portion of the void within upper 120, In many
configurations, knil element 151 may have the configuration of a single textile
layer in the area of inlald strand 152. That is, knit element 151 may be a single
{extile layer between surfaces 156 and 157. In addition, knil element 151 defines

a plurality of lace apertures 158.

Similar to inlaid strand 132, inlaid strand 152 repeatedly extends from perimeter
edge 153 toward inner edge 155, at least partially around one of lace apertures
158, and back o perimeler edge 153. In conirast with inlaid strand 132,
however, some portlions of inlaid strand 152 angle rearwards and extend o heel
edges 154. More particularly, the portions of inlaid strand 152 associated with
the most rearward lace apertures 158 exiend from one of heel edges 154 toward
inner edge 155, al least partially around one of the most rearward lace apertures
158, and back o one of heel edges 154, Additionally, some portions of inlaid
strand 152 do notl extend around one of lace aperiures 158. More particularly,
some sections of inlaid strand 152 extend toward inner adge 155, twm in areas
adjacent to one of lace aperiures 158, and extend back toward perimeler edge
153 or one of heel edges 154.
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Although knit element 151 may be formed in a variely of ways, courses of the knit
structure generally extend in the same direction as inlaid strands 152. In areas
adjacent o lace apertures 158, however, inlaid strand 152 may also extend along
wales within knit element 151, More particularly, sections of inlaid strand 152

that are paraliel to inner edge 155 may extend along wales.

In comparison with knit element 151, inlaid strand 152 may exhibit greater
stretch-resistance. That is, inlaid strand 152 may stretch less than knit element
151, Given that numerous sections of inlaid strand 152 exdend through knit
element 151, inlaid strand 152 may impart stretch-resisiance to portions of upper
120 between the throat area and the lower area. Moreover, placing tension upon
lace 122 may impart tension {o inlaid strand 152, thereby inducing the portions of
upper 120 between the throat area and the lower area to lay against the fool.
Additionally, given that numercus sections of inlaid strand 152 extend toward
heel edges 154, inlaid strand 152 may impart stretch-resistance to portions of
upper 120 in heel region 103. Moreover, placing tension upon lace 122 may
induce the portions of upper 120 in heel region 103 to lay against the fool. As
such, inlaid strand 152 operates in connection with lace 122 o enhance the fit of

footwear 100.

Knit element 151 may incorporate any of the various types of yvarn discussed
above for knit element 131. Inlaid strand 152 may also be formed from any of the
configurations and materials discussed above for inlaid strand 132, Additionally,
the various knit configurations discussed relative to Figures 8A and 88 may also
be utilized in knitted component 150, More particularly, knit element 151 may
have areas formed from a single varn, two plated yams, or a fusible yam and a
non-fusible yarn, with the {fusible yarm joining {8} one portion of the non-fusible
yarn 1o another porlion of the non-fusible yvam or {b) the non-fusible yarn and

inlaid strand 152 to each other.

A majority of knit element 131 is depicted as being formed from a relatively

untexiured textile and a common or single knit structure {e.g., a tubular knit
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structure). In conirast, knit element 151 incorporates various knit structures that
impart specific properties and advantages {0 different areas of knitted component
150. Moreover, by combining various yam types with the knil structures, knitted
component 150 may impart a range of properties {o different areas of upper 120,
Referring to Figure 11, a schematic view of knitted component 150 shows
various zones 160-169 having different knit structures, each of which will now be
discussed in detail. For purposes of reference, each of regions 101-103 and
sides 104 and 105 are shown in Figure 11 to provide a reference for the locations
of knit zones 160-168 when knitted component 150 is incorporated into footwear
100.

A tubular knit zone 160 extends along a majority of perimeler edge 153 and
through each of regions 101-103 on both of sides 104 and 105. Tubular knit
zone 1060 also exiends inward from each of sides 104 and 105 in an area
approximately localed at an interface regions 101 and 102 to form a forward
portion of inner edge 155, Tubular knit zone 160 forms a relatively untextured
knit configuration. Referring o Figure 12A, a cross-section through an area of
tubular knit zone 160 is depiclted, and surfaces 158 and 157 are substantially
parallel to each other. Tubular knit zone 160 imparts various advaniages to
footwear 100. For example, tubular knit zone 160 has greater durability and
wear resisiance than some other knit struclures, especially when the yam in
tubular knit zone 160 is plated with a fusible yvarn. In addition, the relatively
untextured aspect of tubular knit zone 160 simplifies the process of joining
strobel sock 125 to perimeter edge 153, That is, the portion of tubular knit zone
160 located along perimeter edge 153 facilitates the lasting process of foctwear
100. For purposes of reference, Figure 13A depicts a loop diagram of the

manner in which tubular knit zone 160 is formed with a knitling process.

Two streich knit zones 161 extend inward from perimeter edge 153 and are
located o correspond with a location of joints between melalarsals and proximal
phalanges of the fool. That is, strefch zones extend inward from perimeler edge

in the area approximately located at the interface regions 101 and 102, As with
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tubular knit zone 160, the knit configuration in siretch knit zones 161 may be a
tubular knif structure.  In contrast with wibular knit zone 160, however, siretch knit
zones 161 are formed from a streich yam that imparis stretch and recovery
properties to knitied component 150. Although the degree of streich in the
stretch yarn may vary significantly, the stretch yarn may streich at least one-

hundred percent in many configurations of knitted component 150.

A tubular and interlock tuck knit zone 162 exiends along a portion of inner edge
155 in at least midfool region 102, Tubular and intertock tuck knit zone 162 also
forms a relatively untextured knil configuration, but has greater thickness than
tubular knit zone 160. In cross-section, tubular and interiock tuck knit zone 162
is similar to Figure 12A, in which surfaces 156 and 157 are substantially paraliel
o each other. Tubular and interlock tuck knit zone 1862 imparts various
advantages to footwear 100. For example, wbular and interlock fuck knil zone
162 has greater sirslch resistance than some other knit structures, which is
beneficial when lace 122 places tubular and interlock tuck knit zone 162 and
inlaid strands 152 in tension. For purposes of reference, Figure 138 depicts a
loop diagram of the manner in which tubular and interlock tuck knit zone 162 is

formed with a knilting process.

A 1x1 mesh knit zone 163 is localed in forefoot region 101 and spaced inward
from perimeter edge 153, 1x1 mesh knit zone has a C-shaped configuration and
forms a plurality of aperfures that extend through knit element 151 and from first
surface 156 1o second surface 157, as depicted in Figure 12B. The apertures
enhance the permeability of knitted component 150, which allows air to enter
upper 120 and moisture to escape from upper 120, For purposes of reference,
Figure 13C depicts a loop diagram of the manner in which 1x1 mesh knit zone

163 is formed with a knitling process.

A 2xZ2 mesh Knit zone 164 exiends adjacen! {o 1x1 mesh knit zone 163, In
comparison with 1x1 mesh knit zone 163, 2x2 mesh knit zone 164 forms larger

aperiures, which may further enhance the permeability of knitled component 150.
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For purposes of reference, Figure 13D depicts a loop diagram of the manner in

which 2xZ mesh knit zone 164 is formed with a knitting process.

A 3x2 mesh knit zone 165 is located within 2x2 mesh knit zone 164, and ancther
3x2 mesh knit zone 165 is located adjacent 0 one of stretch zones 161, in
comparison with 1x1 mesh knit zone 163 and 232 mesh knit zone 164, 3x2 mesh
knit zone 165 forms even larger aperiures, which may further enhance the
permesability of knitted component 150. For purposes of reference, Figure 13k
depicts a loop diagram of the manner in which 3x2 mesh knit zong 165 s formed

with a knitling process.

A 1x1 mock mesh knit zone 166 is located in forefoot region 101 and extends
around 1x1 mesh knit zone 163. In contrast with mesh knit zones 163-165,
which form apertures through knit element 151, 1x1 mock mesh knit zone 166
forms indentations in first surface 156, as depicted in Figure 120, In addition to
enhancing the aesthetics of footwear 100, 1x1 mock mesh knit zone 166 may
enhance flexibility and decrease the overall mass of kniited component 150. For
purposes of reference, Figure 13F depicts a loop diagram of the manner in which

1x1 mock mesh knit zone 166 is formed with a knilling process.

Two 2x2 mock mesh knit zones 167 are located in heel region 103 and adjacent
o heel edges 154, In comparison with 1x1 mock mesh knit zone 166, 2x2 mock
mesh knit zones 167 forms larger indentations in first surface 158, In areas
where inlaid strands 152 extend through indentations in 2x2 mock mesh knit
zones 167, as depicted in Figure 12D, inlaid strands 152 may be visible and
exposed in a lower area of the indeniations. For purposes of reference, Figure
136G depicts a loop diagram of the manner in which 2x2 mock mesh knit zones

167 are formed with a knitting process.

Two 2x2 hybrid knit zones 168 are locaied in midico! region 102 and forward of
2x2 mock mesh knit zones 167. 2xZ hybrid knit zones 168 share characteristics
of 2x2 mesh knil zone 1684 and 2x2 mock mesh knit zones 167, More

particularly, 2x2 hybrid knit zones 168 form apertures having the size and
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configuration of 2x2 mesh knit zone 164, and 2x2 hybrid knit zones 168 form
indentations having the size and configuration of 2xZ mock mesh knit zones 167.
In areas where inlaid slrands 152 extend through indentalions in 2x2 hybrid knit
zones 168, as depicted in Figure 12E, inlaid strands 152 are visible and exposed.
For purposes of reference, Figure 13H depicts a loop diagram of the manner in

which 2x2 hybrid knit zones 168 are formed with a knitling process.

Knitted component 150 also includes two padded zones 168 having the general
configuration of the padded area adjacent to ankle opening 121 and exiending at
least partially around ankle opening 121, which was discussed above for knitted
component 130. As such, padded zones 169 are formed by two overlapping and
at least parlially coexdensive knitted layers, which may be formed of unitary knit
construction, and a plurality of floating varns exitending between the knitted

layers.

A comparison between Figures 8 and 10 reveals that a majority of the texturing in
knit element 151 is located on first surface 156, rather than second surface 157.
That is, the indentations formed by mock mesh knil zones 166 and 167, as well
as the indentations in 2x2 hybrid knit zones 168, are formed in first surface 1506.
This configuration has an advantage of enhancing the comfort of footwear 100.
More particularly, this configuration places the relatively untextured configuration
of second surface 157 against the fool. A further comparison between Figures 8
and 10 reveals that portions of inlaid strand 152 are exposed on first surface 1586,
but not on second surface 157. This configuration also has an advantage of
enhancing the comfort of footwear 100, More particularly, by spacing inlaid
strand 152 from the fool by a portion of knit element 151, inlaid strands 152 will

not contact the foot.

Additional configurations of knitted component 130 are depicted in Figures 14A-
14C. Although discussed in relalion to kilted component 130, conceplts
associated with each of these configurations may also be utlilized with knitted

component 150. Referring o Figure 144, inlaid sirands 132 are absent from
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knitted component 130. Although inlaid strands 132 impart strefch-resistance o
areas of knitted component 130, some configurations may not require the
streich-resistance from inlaid strands 132, Morsover, some configurations may
benefit from greater strefch in upper 120. Referring to Figure 148, knit element
131 includes two flaps 142 that are formed of unitary knit construction with a
remainder of knit element 131 and extend along the length of knitted component
130 at perimeler edge 133, When incorporated into footwear 100, flaps 142 may
replace strobel sock 125, That is, flaps 142 may cooperatively form a portion of
upper 120 that exitends under sockliner 113 and is secured to the upper surface
of midsole 111, Referring o Figure 14C, knitted component 130 has a
configuration that is imited 1o midfoot region 102, In this configuration, cther
material elements {e.g., textiles, polymer foam, polymer sheels, leather, synthetic
leather) may be joined fo knitted component 130 through stitching or bonding, for

example, to form upper 120.

Based upon the above discussion, each of knit components 130 and 150 may
have various configurations that impart features and advantages to upper 120.
More particularly, knit elements 131 and 151 may incorporate various knit
structures and varn types thal impart specific properties to different areas of
upper 120, and iniaid strands 132 and 152 may extend through the knit
structuras o imparl stretch-resistance {o areas of upper 120 and operate in

connection with lace 122 to enhance the fit of footwear 100.
Knitting Machine And Feeder Configurations

Although knitting may be performed by hand, the commercial manufacture of
knitted components is generally performed by knitting machines. An example of
a knitting machine 200 that is suitable for producing either of knitled components
130 and 150 s depicted in Figure 15, Knitling machine 200 has a configuration
of a V-bed flat knilting machine for purposes of example, but either of knitted
componerts 130 and 150 or aspects of knilted components 130 and 150 may be

produced on other types of Knitting machines.
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Knilling machine 200 includes two needle beds 201 that are angled with respect
to each other, thereby forming a V-bed. Each of needle beds 201 include a
plurality of individual needles 202 that lay on a common plane. That is, needies
202 from one needle bed 201 lay on a first plane, and needles 202 from the other
needle bed 201 lay on a second plane. The first plane and the second plane
{i.e., the two needle beds 201) are angled relalive to each other and meet {o form
an intersection that extends along a majority of a width of knitling machine 200.
As described in greaier detaill below, needles 202 each have a first position
where they are refracted and a second position where they are sxtended. In the
first position, needles 202 are spaced from the intersection where the first plane
and the second plane meet. In the second position, however, neadles 202 pass

through the intersection where the first plane and the second plane mest.

A pair of rails 203 exiend asbove and paraliel o the intersection of needie beds
201 and provide attachment poinis for multiple standard feeders 204 and
combination feeders 220, Each rall 203 has two sides, each of which
accommodates either one standard feeder 204 or one combination feeder 220.
As such, knitting machine 200 may include a {otal of four feedears 204 and 220.
As depicted, the forward-most rail 203 includes one combination feeder 220 and
one standard feeder 204 on opposite sides, and the rearward-most rail 203
includes two standard feeders 204 on opposile sides. Although two rails 203 are
depicted, further configurations of knitting machine 200 may incorporate

additional rails 203 to provide attachment points for more feeders 204 and 220,

Due to the action of a carriage 205, feaders 204 and 220 move along rails 203
and needie beds 201, thereby supplying varms to needies 202. in Figure 15, a
yvamn 206 is provided o combination feeder 220 by a spool 207, More
particularly, yvarn 206 extends from spool 207 o various yarn guides 208, a yarn
take-back spring 208, and a vam iensioner 210 before eniering combination
feeder 220, Although not depicted, additional spools 207 may be utilized to
provide yams to feeders 204.
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Standard feeders 204 are conventionally-utilized for a V-bed flal knilling
machine, such as knitting machine 200. That is, existing knitting machines
incorporate standard feeders 204. Each standard feeder 204 has the ability to
supply a yarn that needles 202 manipulate o knit, tuck, and float. As 3
comparison, combination feeder 220 has the ability to supply a yam {e.g., vamn
206) that needles 202 knit, tuck, and floal, and combinatlion feeder 220 has the
ability to inlay the yarn. Moreover, combination feader 220 has the ability (o inlay
a variety of different strands {(e.g., filament, thread, rope, webbing, cable, chain,
or yarn). Accordingly, combination feeder 220 exhibils greater versatility than

gach standard feeder 204,

As noted above, combination feeder 220 may be ulilized when inlaving a vamm or
other strand, in addition {o knitling, tucking, and floating the yvam. Conventional
Knitting machines, which do not incorporate combination feeder 220, may also
infay a yarmn. More particularly, conventional knitting machines that are supplied
with an inlay feeder may also inlay a yarn. A conventional inlay feeder for a V-
bed flat knilling machine includes two components that operale in conjunction to
infay the vam. Each of the components of the inlay feeder are secured to
separate altachment points on two adjacent rails, thereby occupying Iwo
attachment points. Whereas an individual standard feeder 204 only occupies
one altachment point, two altachment points are generally occupied when an
inlay feeder is utilized 1o inlay a8 yamn into a knitted component. Moreover,
whereas combination feeder 220 only occupies one attachment point, a

conventional inlay feeder occupies two attachment points.

Given that knitting machine 200 includes two rails 203, four altachment points
are available in knitting machine 200. if a conventional inlay feeder were ulilized
with knitling machine 200, only two attachment poinis would be available for
standard feeders 204. When using combination feeder 220 in knilling machine
200, however, three altachment poinis are available for standard feeders 204.

Accordingly, combination feeder 220 may be utilized when inlaying a yarmn or
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other strand, and combination feeder 220 has an advantage of only occupying

one attachment point.

Combination feeder 220 is depicted individually in Figures 16-19 as including a
carrier 230, & feeder arm 240, and a pair of actuation members 250. Although a
majority of combination feeder 220 may be formed from metal materials (e.g.,
steel, aluminum, titanium), portions of carrier 230, feeder arm 240, and actuation
members 250 may be formed from polymer, ceramic, or composite materials, for
example. As discussed above, combination feeder 220 may be ulilized when
infaying a yarn or other strand, in addition 1o knitting, tucking, and floating a yarn.
Referring to Figure 16 specifically, a portion of yarm 206 is depicted to #llustrate

the manner in which a strand interfaces with combination feeder 220.

Carrier 230 has a generally rectangular configuration and includes a first cover
member 231 and a second cover member 232 that are joined by four bolts 233.
Cover members 231 and 232 define an interior cavity in which portions of feeder
arm 240 and actuation members 250 are located. Carrier 230 aiso includes an
attachment element 234 thal exiends outward from first cover member 231 for
securing feeder 220 to one of rails 203. Although the configuration of attachment
element 234 may vary, attachment element 234 is depicted as including two
spaced protruding areas that form a dovelail shape, as depicted in Figure 17. A
reverse dovetail configuration on one of rails 203 may extend into the dovetail
shape of asttachment element 234 to effectively join combination feeder 220 (o
knitting machine 200. H should also be noted that second cover member 234

forms a centrally-located and elongate slot 235, as depicied in Figure 18,

Feeder arm 240 has a generally elongate configuration that exitends through
carrier 230 {i.e., the cavity between cover members 231 and 232) and outward
from a lower side of carrier 230. In addition o other elements, feeder arm 240
includes an actuation bolt 241, a spring 242, a pulley 243, a loop 244, and a
dispensing area 245. Actuation bolt 241 exiends oulward from feeder arm 240
and is located within the cavity between cover members 231 and 232, One side
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of actuation bolt 241 is also located within slot 235 in second cover member 232,
as depicted in Figure 18. Spring 242 is secured to carrier 230 and feeder arm
240, More particularly, one end of spring 242 is secured o carrier 230, and an
opposite end of spring 242 is secured to feeder arm 240. Pulley 243, loop 244,
and dispensing area 245 are present on feeder arm 240 (o interface with yamn
206 or ancther sirand. Moreover, pulley 243, loop 244, and dispensing area 245
are configured o ensure that yam 208 or another strand smoothly passes
through combination feeder 220, thereby being reliably-supplied 1o needles 202.
Referring again to Figure 16, yvarn 2086 exiends around pulley 243, through loop
244, and into dispensing area 245. In addition, varn 208 extends out of a
dispensing tip 246, which is an end region of feeder arm 240, o then supply
needies 202.

Each of actuation members 250 includes an arm 251 and a plate 252, In many
configurations of actuation members 250, each arm 251 is formed as a one-piece
element with one of plates 252, Whereas arms 251 are located outside of carrier
230 and at an upper side of carrier 230, plates 252 are localed within carrier 250.
Each of arms 251 has an elongate configuration that defines an outside end 253
and an opposite inside end 254, and arms 251 are positioned {o define a space
255 hetween both of inside ends 254, That is, arms 251 are spaced from each
other. Plates 252 have a generally planar configuration. Referring to Figure 19,
each of plates 252 define an aperiure 256 with an inclined sdge 257. Morsover,
actuation boll 241 of feeder arm 240 extends into each aperture 256,

The configuration of combinalion feeder 220 discussed above provides a
structure that facilitates a translating movement of feeder arm 240. As discussed
in greater detail below, the transiating movement of feeder arm 240 seleclively
positions dispensing fip 246 al a location that is above or below the inferseclion
of needle beds 201. That is, dispensing tip 246 has the ability 1o reciprocate
through the inlersection of needle beds 201, An advantage o the transiating
movemeni of feeder arm 240 is that combination feeder 220 {(a) supplies vamn

206 for knitting, tucking, and floating when dispensing tip 246 is positioned above
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the intersection of needle beds 201 and {b) supplies yvarn 206 or another sirand
for inlaying when dispensing tip 246 is positioned below the intersection of
needle beds 201. Moreover, feeder arm 240 reciprocales between the two
positions depending upon the manner in which combination feeder 220 is bsing

utitized.

in reciprocaling through the intersection of needle beds 201, feeder arm 240
translates from a refracted position o an extended position. When in the
retracted posilion, dispensing tip 246 is positioned above the intersection of
needle beds 201. When in the exiended position, dispensing tip 246 is
positioned below the intersection of needie beds 201. Dispensing lip 246 is
closer [o carrier 230 when feeder arm 240 is in the relracted position than when
feeder arm 240 is in the extended position. Similarly, dispensing lip 246 is
further from carrier 230 when feeder arm 240 is in the extended position than
when feeder arm 240 is in the retracted position. In other words, dispensing fip
246 moves away from carrier 230 when in the extended posilion, and dispensing

tip 246 moves closer (o carrier 230 when in the retracted position.

For purposes of reference in Figures 16-20C, as well as further figures discussed
later, an arrow 221 is positioned adjacent to dispensing area 245. When armrow
221 points upward or toward carrier 230, feeder arm 240 is in the retracted
position. When arrow 221 poinis downward or away from carrier 230, feeder arm
240 is in the extended position. Accordingly, by referencing the position of arrow
221, the position of feeder arm 240 may be readily asceriained.

The natural state of feeder arm 240 is the retracted position. That is, when no
significant forces are applied to areas of combination feeder 220, feeder arm
remains in the reiracted position. Referring to Figures 16-19, for example, no
forces or other influences are shown as interacling with combination feeder 220,
and feeder arm 240 is in the retracted position. The translating movement of
feader arm 240 may occur, however, when g sufficient force is applied o one of

arms 251, More particularly, the translaling movement of feeder arm 240 ocours
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when a sufficient force is applied to one of ouiside ends 253 and is directed
toward space £55. Referring to Figures 20A and 208, a force 222 is acling upon
one of cutside ends 253 and is directed toward space 255, and feader arm 240 is
shown as having translated to the extended position. Upon removal of force 222,
however, feeder arm 240 will return to the retracted posilion. It should also be
noted that Figure 200 depicts force 222 as acling upon inside ends 254 and

being directad outward, and feeder arm 240 remains in the relracted position.

As discussed above, feeders 204 and 220 move along rails 203 and needie beds
201 due to the action of carriage 205. More particularly, a drive bolt within
carriage 205 contacts feeders 204 and 220 o push feeders 204 and 220 along
needle beds 201, With respect to combinalion feeder 220, the drive bolt may
either contact one of culside ends 253 or one of inside ends 254 to push
combination feeder 220 along needle beds 201, When the drive boll contacts
one of outside ends 253, feeder arm 240 translates {0 the extended position and
dispensing lip 246 passes below the intersection of needle beds 201, When the
drive bolt contacts one of inside ends 254 and is localed within space 255, feeder
arm 240 remains in the retracted position and dispensing tp 246 is above the
intersection of needle beds 201. Accordingly, the area where carriage 205
contacts combination feeder 220 delermines whether feeder arm 240 is in the

retracied posilion or the exiended position.

The mechanical action of combination feeder 220 will now be discussed. Figures
18-208 depict combination feeder 220 with first cover member 231 removed,
thereby exposing the elemenis within the cavity in carrier 230, By comparing
Figure 19 with Figures 204 and 208, the manner in which force 222 induces
feeder arm 240 lo transiate may be apparent. When force 222 acts upon one of
outside ends 253, one of actuation members 250 slides in g direclion that is
perpendicular to the length of feeder arm 240. That is, one of actuation members
250 slides horizonially in Figures 18-20B. The movement of one of actuation
members 250 causes actuation bolt 241 1o engage one of inclined edges 257.

Given that the movement of actuation members 250 is constrained to the
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direction that is perpendicular to the length of feeder arm 240, actuation bolt 241
rolls or slides against inclined edge 257 and induces feeder arm 240 to translate
o the extended position. Upon removal of force 222, spring 242 pulls feeder arm
240 from the extended position to the retracted position.

Based upon the above discussion, combination feeder 220 reciprocates between
the retracted position and the exiended position depending upon whether a yarmn
or other strand is being utilized for knitling, tucking, or floating or being ulilized for
infaying. Combination feeder 220 has a configuration wherein the application of
force 222 induces feeder arm 240 {o transiate from the retracted posilion to the
extended position, and removal of force 222 induces feeder arm 240 (o transiate
from the exiended position to the retracted position. That is, combination feeder
220 has a configuration wherein the application and removal of force 222 causes
feeder arm 240 (o reciprocate between opposile sides of needie beds 201, In
general, outside ends 253 may be considered actuation areas, which induce
movement in feeder arm 240, In further configurations of combination feeder
220, the actuation areas may be in other localions or may respond to other
stimuli to induce movement in feeder arm 240, For example, the actustion areas
may be electrical inpuls coupled to servomechanisms that control movement of
feeder arm 240. Accordingly, combination feeder 220 may have a variety of
structuras that operate in the same gensral manner as the configuration

discussed above.
Knitting Process

The manner in which knitting machine 200 operates to manufacture a knitted
component will now be discussed in detail. Moreover, the {ollowing discussion
will demonstrate the operation of combination feeder 220 during a knitting
process. Referring (o Figure 21A, a portion of knitling machine 200 that includes
variocus needles 202, rall 203, standard feeder 204, and combination feeder 220
is depicted. Whereas combination feeder 220 is secured to a front side of rail

203, standard feeder 204 is secured 10 a rear side of rail 203, Yarn 206 passes
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through combination feeder 220, and an end of yarmn 2006 extends outward from
dispensing tip 246. Although varn 206 is depiclted, any other strand {(e.g.,
filament, thread, rope, webbing, cable, chain, or yarn) may pass through
combination feeder 220. Another yarn 211 passes through standard feeder 204
and forms a portion of a knitled component 280, and loops of yarn 211 forming
an uppermost course in knitted component 260 are held by hooks located on

ends of neadias 202.

The knitling process discussed herein relates io the formation of knitled
component 260, which may be any knitted component, including knitted
components that are similar 1o knitted components 130 and 150, For purposes
of the discussion, only a relatively small section of knitted component 260 is
shown in the figures in order to permit the knit structure to be illustrated.
Moreover, the scale or proportions of the various elements of knifting machine
200 and knitted component 260 may be enhanced o better illustrate the knitting

PIOCESS.

Standard feeder 204 includes a feeder arm 212 with a dispensing tip 213,
Feeder arm 212 is angled fo posilion dispensing tip 213 in a location that is (a)
certered between needles 202 and (b) above an intersection of needle beds 201.
Figure 22A depicts a schematic cross-seclional view of this configuration. Note
that needles 202 lay on different planes, which are angled relative to each other.
That is, neadies 202 from neeadle beds 201 lay on the different planes. Needles
202 each have g first position and a second position. In the first position, which
is shown in solid line, needles 202 are relracted. In the second position, which is
shown in dashed ling, needles 202 are exiended. In the first position, needles
202 are spaced from the intersection where the planes upon which needle beds
201 lay meet. In the second position, however, needles 202 are extended and
pass through the intersection where the planes upon which needie beds 201
meel. That is, needles 202 cross each other when exiended to the second
position. It should be noted that dispensing tip 213 is located above the
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intersection of the planes. In this position, dispensing tip 213 supplies varmn 211

to needies 202 for purposes of knitting, tucking, and floaling.

Combination feeder 220 is in the refracted position, as evidenced by the
orientation of arrow 221. Feeder arm 240 extends downward from carrier 230 to
position dispensing lip 246 in a location that is {a) centered between needies 202
and {b) above the intersection of needle beds 201, Figure 228 depicis a
schematic cross-sectional view of this configuration. Note that dispensing lip 246

is positioned in the same relative location as dispensing tip 213 in Figure 22A.

Referring now to Figure 21B, standard feeder 204 moves along rail 203 and a
new course is formed in Knitted componeant 260 from yam 211. More particularly,
needles 202 pulled seclions of yarn 211 through the locops of the prior course,
thereby forming the new course. Accordingly, courses may be added to Knitted
component 260 by moving standard feeder 204 along needies 202, thereby
permitling needles 202 to manipulate yarn 211 and form additional loops from
vam 211

Continuing with the knitling process, feeder arm 240 now translaies from the
refracied posilion (o the extended posilion, as depicted in Figure 210, in the
extended posilion, feeder arm 240 extends downward from carrier 230 to posilion
dispensing lip 246 in a location that is (a) centerad between nesdles 202 and (b)
below the intersection of needle beds 201, Figure 22C depicis a schematic
cross-sectional view of this configuration. Note that dispensing tip 246 is
positioned below the location of dispensing tip 248 in Figure 228 due o the

translating movement of feeder arm 240,

Referring now to Figure 210, combination feeder 220 moves along rail 203 and
yvarn 206 is placed between loops of knilted component 260, That is, varmn 206 is
located in front of some loops and behind other loops in an alternating patiern.
Moreover, vam 206 is placed in front of loops being held by needles 202 from
one needie bed 201, and yvarn 206 is placed behind loops being held by needies
202 from the other needle bed 201. Note that feeder arm 240 remains in the
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extended position in order {o fay varn 206 in the area below the intersection of
needie beds 201. This effectively places yarn 206 within the course recently
formed by standard feeder 204 in Figure 21B.

in order to complete inlaying yamn 208 into knitled component 280, standard
feeder 204 moves along rail 203 to form a new course from yarn 211, as
depicied in Figure 21E. By forming the new course, yam 206 is effectively knit
within or otherwise integraied into the siructure of knilted component 260. Al this
stage, feeder arm 240 may also translate from the exdended posilion to the

retracted position.

Figures 21D and 21E show separate movements of feeders 204 and 220 along
rail 203. Thatis, Figure 210 shows a first movement of combination feeder 220
along rail 203, and Figure 21k shows a second and subseguent movement of
standard feeder 204 along rail 203, In many knitting processes, feeders 204 and
220 may effectively move simultaneously to inlay yam 206 and form a new
course from varmn 211, Combination feeder 220, however, moves ahead or in
front of standard feeder 204 in order 1o position yarn 206 prior to the formation of

the new course from yarn 211,

The general knitting process oullined in the above discussion provides an
example of the manner in which inlaid strands 132 and 152 may be localed in
knit elements 131 and 151. More particularly, knitted components 130 and 150
may be formed by utilizing combination feeder 220 to effectively insert inlaid
strands 132 and 152 inlo knit elements 131, Given the reciprocating action of
feeder arm 240, inlaid strands may be located within g previously formed course

prior {o the formation of a new course.

Continuing with the knitling process, feeder arm 240 now transiaies from the
retracted position o the extended position, as depicted in Figure 21F.
Combination feader 220 then moves along rail 203 and varmn 206 is placed
between loops of knitted component 260, as depicted in Figure 21G.  This

effectively places yarn 206 within the course formed by standard feeder 204 in
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Figure 21k, In order to complete inlaying yarn 208 into knitted component 260,
standard feeder 204 moves along rail 203 to form a new course from vam 211,
as depicted in Figure 21H. By forming the new course, yam 208 is effectively
knit within or otherwise integrated into the structure of knitted component 260. At
this stage, feeder arm 240 may also translate from the extended position (o the

retracited position.

Referring to Figure 21H, yvarn 206 forms a loop 214 between the two inlaid
sections. In the discussion of knitted component 130 above, it was noled that
inlaid strand 132 repeatedly exits knit element 131 at perimeter edge 133 and
then re-enters knit element 131 at ancther location of perimetsr edge 133,
thereby forming loops along perimeter edge 133, as seen in Figures 5 and 6.
Loop 214 is formed in a similar manner. That is, loop 214 is formed where yarn
206 exits the knit structure of Knitted component 260 and then re-enters the knit

struciure.

As discussed above, standard feeder 204 has the ability to supply a yam {e.g.,
varn 211} that needles 202 manipulate 1o knit, tuck, and float. Combination
feeder 220, however, has the abilily to supply a yam {e.g., varn 206) that needles
202 knit, tuck, or float, as well as inlaying the vam. The above discussion of the
Knitting process describes the manner in which combination feeder 220 inlays a
varm while in the extended position. Combination feeder 220 may also supply the
yarn for knitling, tucking, and floating while in the relracted position. Refarring (o
Figure 211, for example, combination feeder 220 moves along rail 203 while in
the retracted position and forms a course of knitted component 260 while in the
retracted position.  Accordingly, by reciprocating feeder arm 240 between the
refracied position and the extended position, combination feeder 220 may supply
yarn 206 for purposes of knitting, tucking, floating, and inlaying. An advantage {o
combination feeder 220 relates, therefore, {0 its versatilily in supplying a yam that
may be utilized for a greater number of functions than standard feeder 204
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The ability of combination feeder 220 to supply yarn for knitling, tucking, floating,
and inlaying is based upon the reciprocating action of feeder arm 240. Referring
to Figures 22A and 22B, dispensing tips 213 and 246 are at identical positions
relative 1o needles 220. As such, both feeders 204 and 220 may supply a yamn
for knitting, tucking, and floating. Referring to Figure 22C, dispensing tip 246 is
at a different position. As such, combination feeder 220 may supply a varm or
other strand for inlaying. An advantage o combination feeder 220 relates,
therefore, 1o its versatility in supplying a varn that may be ulilized for knitting,
tucking, floating, and inlaying.

Further Knitting Process Considerations

Additional aspects relating to the knilling process will now be discussed.
Referring to Figure 23, the upper course of knitted component 260 is formed from
hoth of yvarns 206 and 211. More particularly, a left side of the course is formed
from yarm 211, whereas a right side of the course is formed from yam 208.
Additionally, yarn 208 is inlaid into the left side of the course. In order to form
this configuration, standard feeder 204 may initially form the left side of the
course from yamn 211. Combination feeder 220 then lays yarn 206 into the right
side of the course while feeder arm 240 is in the exiended position.
Subsequently, feeder arm 240 moves from the extended position to the retracted
position and forms the right side of the course. Accordingly, combination feeder
may inlay a yam into one portion of a course and then supply the yam for

purposes of knitling a remainder of the course.

Figure 24 depicts a configuration of knitling machine 200 that includes four
combination feeders 220. As discussed above, combination feeder 220 has the
ability to supply a varn {e.g., yarn 206} for knitting, tucking, floating, and inlaying.
Given this versatility, standard feeders 204 may be replaced by multiple
combination feeders 220 in knitling machine 200 or in various conventional

knitting machines.
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Figure 8B depicts a configuration of knitted component 130 where two yvarmns 138
and 139 are plated to form knit element 131, and inlaid strand 132 extends
through knit element 131, The general knitting process discussed above may
also be utilized to form this configuration. As depicited in Figure 15, knitling
machine 200 includes mulliple standard feeders 204, and two of standard
feeders 204 may be utlilized to form knit element 131, with combination feeder
220 depositing inlaid strand 132, Accordingly, the knitling process discussed
above in Figures 21A-211 may be modified by adding ancther standard feeder
204 1o supply an additional yam. |In configurations where yamnm 138 is a non-
fusible varmn and yvarn 139 is g fusible yam, knitted component 130 may be
heated following the knitling process {o fuse knitted component 130.

The portion of knilted component 260 depicted in Figures 21A-211 has the
configuration of a rib Knit texiile with regular and uninterrupted courses and
wales. That is, the portion of knitted component 260 does not have, for exampile,
any mesh areas similar to mash knit zones 163-165 or mock mesh areas similar
to mock mesh knit zones 166 and 167. In order {o form mesh knit zones 163-165
in either of knitled components 150 and 260, a combination of a racked needie
bed 201 and a transfer of stilch loops from front to back needie beds 201 and
back to front needle beds 201 in different racked positions is ulilized. In order to
form mock mesh areas similar to mock mesh knit zones 166 and 167, a
combination of a racked needle bed and a transfer of stitch loops from front o

back needle beds 201 is utilized.

Courses within a knitted component are generally parallel to each other. Given
that a majorily of inlaid strand 152 follows courses within knit element 151, it may
be suggested that the various seclions of inlaid strand 152 should be paraliel to
each other. Referring to Figure 9, for example, some sections of inlaid strand
152 extend between edges 153 and 155 and other sections extend between
edges 153 and 154, Various sections of inlaid strand 152 are, therefore, not
parallel. The concept of forming darts may be utilized 1o impart this non-paraliel

configuration to inlaid strand 152, More particularly, courses of varying length
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may be formed to effectively inser! wedge-shaped structures between sections of
infaid strand 152. The structure formed in knitted component 150, therefore,
where various sections of inlaid strand 152 are not parallel, may be

accomplished through the process of darting.

Although a majority of inlaid strands 152 follow courses within knit element 151,
some sections of inlaid strand 152 follow wales. For example, sections of inlaid
strand 152 that are adjacent {o and parallel to inner edge 155 follow wales. This
may be accomplished by first inserting & section of inlaid strand 152 along a
portion of a course and o a point where inlaid strand 152 is intended to Tollow a
wale. Inlaid strand 152 is then kicked back to move inlaid strand 152 out of the
way, and the course is finished. As the subsequent course is being formed, inlay
strand 152 is again kicked back o move inlaid strand 152 out of the way at the
point where inlaid strand 152 is intended to follow the wale, and the course is
finished. This process is repeated until inlaid strand 152 extends a desired
distance along the wale. Similar concepts may be ulllized for portions of inlaid

strand 132 in knitted component 130.

A variety of procedures may be utilized to reduce relative movement between (a)
knit element 131 and inlaid strand 132 or {b} knit element 151 and inlaid strand
152. That is, various procedures may be utilized to prevent inlaid strands 132
and 152 from slipping, moving through, pulling out, or otherwise becoming
displaced from knit elements 131 and 151, For example, fusing one or more
yamns that are formed from thermoplastic polymer materials {o inlaid strands 132
and 152 may prevent movement between inlaid strands 132 and 152 and knit
elements 131 and 151, Additionally, inlaid strands 132 and 152 may be fixed to
knit elements 131 and 151 when periodically fed to knitting needles as a tuck
element. That s, inlaid strands 132 and 152 may be formed into tuck stifches at
points along their lengths {e.g., once per centimeter) in order to secure inlaid
strands 132 and 152 to knit glements 131 and 151 and prevent movement of
iniaid strands 132 and 152.
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Following the knilling process described above, various operations may be
performed o enhance the properties of either of knilled components 130 and
150. For example, a water-repellant coating or other water-resisting treaiment
may be applied to limil the ability of the knit structures {0 absorb and retain waler.
As ancther example, Knitted components 130 and 150 may be steamed (o
improve lofl and induce fusing of the yams. As discussed above with respect o
Figure 8B, varn 138 may be a non-fusible vam and yam 138 may be a fusible
varmn. YWhen steamed, yarn 138 may melt or otherwise soften so as {o transition
from a solid stale to a sofiened or liquid state, and then transition from the
softened or liquid state o the solid stale when sufficiently cooled. As such, yam
138 may be utilized 1o join (a) one portion of yarn 1338 to another portion of yam
138, (b) varn 138 and inlaid strand 132 o each other, or {¢} another element
{e.g., logos, trademarks, and placards with care instructions and malerial
information) (o knitted component 130, for example. Accordingly, a steaming
process may be utilized to induce fusing of varns in knitted components 130 and
150,

Although procedures associated with the steaming process may vary greatly, one
method involves pinning one of knitled components 130 and 150 to a jig during
steaming. An advantage of pinning one of knitted components 130 and 150 o a
jig is that the resulting dimensions of specific areas of knilted components 130
and 150 may be controlled. For example, pins on the jig may be located 1o hold
areas corresponding 1o perimeler edge 133 of knitlted component 130, By
retgining specific dimensions for perimeter edge 133, perimeter edge 133 will
have the correct length for a portion of the lasting process that joins upper 120 to
sole structure 110, Accordingly, pinning areas of knitted components 130 and
150 may be utilized to control the resulling dimensions of knitted components

130 and 150 following the steaming process.

The knitling process described above for forming knilled component 260 may be
applied to the manufaciure of knitted components 130 and 150 for footwear 100,
The knitting process may also be applied to the manufacture of a variely of other
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knitted components.  Thal is, knitling processes utilizing one or more
combination feeders or other reciprocating feeders may be ulilized o form a
variely of knitted components. As such, knitted components formed through the
knitling process described above, or a similar process, may alsg be utilized in
other types of apparel {(e.g., shirts, pants, socks, jackets, undergarments),
athletic equipment {(e.g., golf bags, baseball and football gloves, soccer ball
restriction structures), containers {e.g., backpacks, bags), and uphoistery for
furniture {e.q., chairs, couches, car seats). The knilled componenis may also be
utitized in bed coverings {e.qg., sheets, blankets), lable coverings, towels, flags,
tents, sails, and parachutes. The knitted components may be utilized as
technical texiiles for industrial purposes, including structures for automotive and
aerospace applicalions, filler materials, medical textiles {e.g. bandages, swabs,
implants), geotexiiles for reinforcing embankments, agrotextiles for crop
profection, and industrial apparel that prolects or insulales against heat and
radiation. Accordingly, knilted components formed through the kniiting process
described above, or a similar process, may be incorporated info a variety of

products for both personal and industrial purposes.

The invention is disclosed above and in the accompanying figures with reference
to a variety of configurations. The purpose served by the disclosure, however, is
o provide an example of the various features and concepts related to the
invention, not to limit the scope of the invention. One skilled in the relevant art
will recognize that numerous variations and modifications may be made (o the
configurations described above without departing from the scope of the present

invention, as defined by the appended claims.
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CLAIMS
1. A method of knitling comprising:
producing a knit component by manipulating at least one yarmn to form a plurality
of courses and wales; and
reciprocaling a feeder arm of a feeder belween an extended position and a
retracted position, the feeder inlaying a strand along one of the courses
when the feeder arm is in the exiended position, and the sirand being

absent from the courses when the feeder arm is in the retracted position.

2. The meathod recited in claim 1, wherein the step of producing the knit component
further includes selecting the yam 10 be at least patially formed from a thermoplastic

polymer material,

3. The method recited in claim 1, wherein the al least one yarn includes a first yam
and a second varn, the first yarn being at least partially formed from a thermoplastic
polymer material, and the second yarn being entirely formed from at least one of a

thermoset polymer material and natural fibers.

4. The method recited in claim 1, wherein the step of reciprocating the feeder arm
further includes moving a tip of the feeder arm from a first side of a needle bed when in
the retracted position 10 an opposile second side of the needle bed when in the

extended position.

5. The method recited in claim 1, further including steps of {a) moving a varn feeder
that dispenses the vamn along a needle bed and (b) moving the feeder in front of the

yvarn feeder.

8. A method of knitting comprising:
providing a knitting machine having a first feeder that dispenses a yarn, a second
feeder that dispenses a strand, and a needle bed that includes a plurality

of needles;
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moving at least the first feeder along the needle bed to form a first course of a
knit component from the yarn; and

moving the first feeder and the second feeder along the needie bed o (@) form a
second course of the knit component from the yam and (b) inlay the
strand into the knit component, the second feeder being located in front of
the first feeder, and a dispensing lip of the second feeder being located
below a dispensing tip of the first feeder.

7. The method recited in claim 8, further including a step of reciprocaling a position

of the dispensing tip of the second feeder in a vertical direction.

8. The method recited in claim 8, further including a step of reciprocating a position
of the dispensing lip of the second feeder from a position that is on one side of an area
where the needles cross each other {0 an opposite side of the area where the needles

cross each other.

9. The method recited in claim 6, further including a step of selecting the varmn to be

at least partially formed from a thermoplastic polymer material.

10.  The method recited in claim 9, wherein the step of providing the knitling machine
further includes having a third feeder that dispenses a yamn entirely formed from at least

one of a thermosset polymer material and natural fibers.

11.  The method recited in claim 6, wherein the step of providing the knitting marching
further includes a third {eader that dispenses a second yarn, and further including a step
of incorporating the second varn into at least one of the first course and the second

COourse.
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12. A method of knitling comprising:

providing a knitting machine having a first feeder that supplies a first yam, a
second feeder that supplies a second vam, and a needle bed thal includes
a pluraiity of needles;

positioning a dispensing tip of the second feeder below an elevation of a
dispensing tip of the first feeder;

moving the first feeder and the second feeder along the needie bed to (@) form a
first portion of a course of a knit component from the first varn and {b)
infay the second yarn into the first portion of the course;

positioning the dispensing lip of the second feeder at the elevation of the
dispensing tip of the first feeder; and

moving at least the second feeder along the needie bed to form a second portion

of the course from the second varn.

13.  The method recited in claim 12, further including a step of locating the second

feeder in front of the first feeder while inlaying the second yarn.

14.  The method recited in claim 12, wherein the step of positioning the dispensing tip
of the second feeder below the slevation of the dispensing lip of the first feeder further
includes locating the dispensing tip of the second feeder below an area where the

nesdles cross each other.

15.  The method recited in claim 14, wherein the step of positioning the dispensing tip
of the second feeder at the elevatlion of the dispensing tip of the first feeder further
includes locating the dispensing tip of the second feeder above the area where the

needles cross each other.

16. A method of knitling comprising:
providing a knitting machine having:
(a) a first feeder including a first feeder arm with a first dispensing tip for

supplying a yam,
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(b)Y a second feeder including a second feeder arm with a second
dispensing tip for supplying a strand, and
(¢} a plurality of needles;

manipulating the varmn with the needles o form a first course of a knit component,
the second dispensing tlip of the second feeder being in a relracted
position during formation of the first course, the retracted position being at
or above the first dispensing tip;

placing the second dispensing lip in an extended position to locate the strand
adjacent to at least a portion of the knit component, the extended position
being below the elevation of the first dispensing lip; and

manipulating the yarn with the nesdles {0 form a second course of the knit

component and inlay the strand.

17. The method recited in claim 16, wherein the step of providing the knitling
machine further includes locating a first portion of the needles on a first plane and
locating a second portion of the needles on a second plane, the needles being movable
from a first position {0 a second position, the needies being spaced from an intersection
of the first plane and the second plane when in the first position, and the needles
passing through the intersection of the first plane and the second plane when in the

second position.

18.  The method recited in claim 17, further including & steps of {(a) selecting the
refracted position to be above the intersection of the first plane and the second plane
and {b) selecting the extended position 1o be below the intersection of the first plane and
the second plane.

19.  The method recited in claim 16, further including steps of {a} moving the first

feeder and the second feeder along a needie bed formed by the needles and (b)
focating the second feeder in front of the first feeder.
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20. A method of knitling comprising:

providing a knitting machine having:
(a) a first feeder including a first feeder arm with a first dispensing tip for
supplying a first yam,
(b} a second fesder including a second feeder arm with a second
dispensing tip for supplying a second yarn,
{c} a third feeder including a third feeder arm with a third dispensing tip for
supplying a strand, and
{(d} a plurality of needles;

manipulating the first yarn and the second yam with the needles to form a first
course of a knit component, the third dispensing tip of the third feeder
being in a retracled position during formation of the first course, the
retracted position being at or above the first dispensing tip;

placing the third dispensing tip in an extended position o locale the strand
adjacent to at least g portion of the first course, the extended posilion
being below the elevation of the first dispensing tip; and

manipulating the first yarn and the second yarn with the needies to form a

second course of the knit component and inlay the strand.

21, The method recited in claim 20, wherein the step of providing the knitling
machine further includes localing a first porlion of the needles on a first plane and
locating a second portion of the needles on a second plane, the needles being movable
from a first position o an second position, the needies being spaced from an
intersection of the first plane and the second plane when in the first position, and the
neadies passing through the intersection of the first plane and the second plane when in

the second position.

22. The method recited in claim 21, further including a sleps of {(8) selecting the
retracted position to be above the intersection of the first plane and the second plane
and {b) selecting the extended position 1o be below the intersection of the first plane and

the second plane.
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23,  The method recited in claim 20, wherein the step of providing the knilling
machine further includes selecting the first yarn o be at least partially formed from a

thermoplastic polymer material.

24.  The method recited in clgim 23, wherein the step of providing the knilling
machine further includes selecting the second yam (o be entirely formed from at least

one of a thermoset polymer material and natural fibers.

25. The method recited in claim 20, further including steps of (8) moving the first
fecder, the second feeder, and the third feeder along a needie bed formed by the
needies and (b} locating the third feeder in front of the first feeder and the second

feader.

26. A method of knitling comprising utilizing a combination feeder {o supply a yarn for
knitting, tucking, and floating, and utilizing the combination feeder to inlay the yarmn.

27. The method recited in claim 26, further including a step of securing the

combination feeder to a knitling machine that includes a needie bed.

28. The method recited in claim 27, further including a step of reciprocating a feeder
arm of the combination feeder 1o move a tip of the feeder arm from a first side of the

needie bed o an opposite second side of the needle bed.

29, The method recited in claim 27, further including a step of ulllizing the
combination feeder with an additional feeder that dispenses an additional yarn to form a

knit component.
30. The method recited in claim 28, iurther including steps of (8) moving the

additional feeder along the needle bed and (b} moving the combination feeder in front of
the additional feeder.
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A method of knitting comprising:

providing a knitting machine having:

(a) a neadle bed that includes a plurality of neeadles, a first portion of the
needies being located on a first plane, and a second portion of the
needies being localed on a second plane, the needles being movabile from
a first position to a second posilion, the needies being spaced from an
intersection of the first plane and the second plane when in the first
position, and the needles passing through the intersection of the first plane
and the second plane when in the second position,

(b} a first fesder thal is movable along the needie bed, the first feeder
including a first feeder arm with a first dispensing tip for supplying a yarn,
the first dispensing tip being located above the intersection of the first
plane and the second plane, and

(¢} a second feader thal is movable along the needle bed, the second
feeder including a second feeder arm with a second dispensing lip for
supplying a strand, the second dispensing lip being movable from a
retracted position that is located above the interseclion of the first plane
and the second plane to an extended position that is located below the

intersection of the first plane and the second plane;

forming a first course of a knif component by {a8) moving the first feeder along the

needie bed and in a direction that is paraliel to the inlersection of the first
plane and the second plane, (b) manipulating the yarn with the needles fo
form a plurality of first loops in the yarn, and (¢} placing the second
dispensing tip in the retracted position; and

forming a second course of a knil component and inlaying the strand by (a)

moving the first feeder and the second feeder along the needle bed and in
the direction that is parallel o the intersection of the first plane and the
second planeg, the second feeder being located in front of the first feeder,
{b) manipulating the varm with the needles to form a plurality of second
oops in the yarn, the second loops being intermeshed with the first loops,

and {c) placing the second dispensing tip in the exiended position.

46



WO 2012/125490 PCT/US2012/028576

32.  The method recited in claim 31, wherein the step of providing the knilling
machine further includes a third feeder that is movable along the needie bed, the third
feeder including a third feeder arm with a third dispensing tip for supplying a second
varn, the third dispensing tip being located above the intersection of the first plane and

the second plane.

33. The method recited in claim 32, wherein the step of forming the first course
further includes (a) moving the third feeder along the needle bed and in the direction
that is paraliel {o the inlersection of the first plane and the second plane and (b)
incorporating the second varn into the plurality of first loops.

34. The method recited in claim 32, whersin the step of forming the second course
further includes {a8) moving the third feeder in the direction that is parallel o the
intersection of the first plane and the second plane, the second feeder being located in
front of the third feeder and {b) incorporating the second yarn into the plurality of second
loops.

35. The method recited in claim 32, wherein the first yarn is a non-fusible yarn and

the second yarn is a fusible yam.

36. The method recited in claim 35, further including a step of healing the knit
component o {a) bond the second varm o the first yam and {b) bond the second yamn o
the strand.

37. The method recited in claim 35, wherein the first yam is entirely formed from at

least one of a thermoset polymer material and natural fibers, and the second yamn is at

feast partially formed from a thermoplastic polymer material.
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38. The method recited in claim 35, wherein the first yam is substantially formed from
thermosel polyesier, and the second vyam is at least partislly formed from a
thermoplastic polyester.

39. A method of knilting comprising:

providing a knitting machine having a first feeder that supplies a first yam, a
second feeder that supplies a second yam, and a needle bed thatl includes
a plurality of needies, the needie bed defining an infersection where
planes upon which the needles lay cross each other,

positioning a dispensing tip of the first feeder above the intersection and
positioning a dispensing tip of the second feeder below the intersection;

moving the first feeder and the second feeder along the needle bed to (a) form al
least a portion of a first course of a knit component from the first yarn and
(b} inlay the second yarn into the portion of the first course,;

positioning the dispensing lip of the second feeder above the intersection; and

moving at least the second feeder along the needle bed to form at least a portion

of a second course,

40, The method reciled in claim 38, further including a step of locating the second

feeder in front of the first feeder while inlaying the second yam.
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