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FOOTWEAR INCLUDING A TEXTILE UPPER

FIELD OF THE INVENTION

[0001] The present invention relates to an article of footwear and, in particular, footwear

including an upper with a knit construction a seamless and/or stitchless heel cup.

BACKGROUND

[0002] Articles of footwear typically include an upper and a sole structure attached to the upper.

A variety of different materials can be used to form the upper. Athletic footwear, for example,

often includes an upper having textiles that are stitched or adhesively bonded to a foam layer.

Similarly, hiking boots and work boots often include a durable outer shell formed of leather and

an inner lining formed of a textile joined with foam materials. Footwear uppers formed from

textiles are generally lightweight and flexible structures designed to provide comfort to the user

and provide other desirable features. Other materials, such as leather, synthetic leather, rubber

and/or other components can also be incorporated with a textile to form an upper having

desirable aesthetic and functional features that incorporate durability, flexibility, air permeability

and/or other types of desirable properties to the upper. Providing such features in an upper,

however, can increase the complexities associated with manufacture of the upper. Furthermore,

the incorporation of materials such as leather or rubber into the upper to increase the strength and

durability of the upper can also incorporate other undesirable properties into the upper, such as a

reduction in air permeability of the upper resulting in trapping of moisture (e.g., perspiration)

within the upper during use.

[0003] While knit uppers have been proposed to address some of these issues, the structure of

such uppers results in stitching in the heel cup and/or along the toe cage. Stitching not only adds

weight to the upper, but generates friction against the foot of the wearer upon contact.

Accordingly, it would be desirable to provide a textile upper for footwear that is lightweight,

breathable, and durable, but avoids seams and/or stitches along portions or areas of the upper.



SUMMARY OF THE INVENTION

[0004] An article of footwear includes a sole structure and an upper attached to the sole

structure. The sole structure includes a midsole and an outsole. The upper comprises at least

one microclimate moderation structure located at one or more regions of the upper.

[0005] In an embodiment, a microclimate moderation structure includes a plurality of knitted

strands, the knitted strands including a first strand type and a second strand type, the first strand

type having a greater thermal conductivity than the second strand type.

[0006] In another embodiment, the microclimate moderation structure includes an uneven

exterior surface that includes a plurality of knitted beams and a plurality of indentations defined

between the knitted beams.

[0007] The above and still further features and advantages of embodiments of the present

invention will become apparent upon consideration of the following detailed description thereof,

particularly when taken in conjunction with the accompanying drawings wherein like reference

numerals in the various figures are utilized to designate like components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an exploded view of an article of footwear in accordance with an embodiment

of the invention.

[0009] FIG. 2A is side view in elevation of the article of footwear shown in FIG. 1, showing the

medial footwear side.

[0010] FIG. 2B is a side view in elevation of the article of footwear shown in FIG. 1, showing

the lateral footwear side.

[0011] FIG. 2C is a front perspective view of the article of footwear of FIG. 1, showing the

lateral footwear side (footwear configured for a right foot).

[0012] FIG. 2D is a front perspective view of the article of footwear shown in FIG. 1, showing

the medial footwear side.

[0013] FIG. 2E is a rear perspective view of the article of footwear shown in FIG. 1, showing the

medial footwear side.



[0014] FIG. 3 is a side view in elevation of the article of footwear shown in FIG. 1, showing the

lateral footwear side and further including a partial cut-out section.

[0015] FIG. 4 is an isolated rear view of the upper of the article of footwear of FIG. 1, showing

the seamless heel section.

[0016] FIG. 5 is a cross sectional view of the upper, taken along lines 5 - 5 in FIG. 2D.

[0017] FIG. 5A is an enlarged cross sectional view of a portion of the upper and focusing on a

microclimate moderation structure provided at the vamp section of the upper.

[0018] FIGS. 6A and 6B are front perspective views of an article of footwear in accordance with

another embodiment of the invention, showing the orientation of a lace at a first medial position

(FIG. 6A) and a second medial position (FIG. 6B).

[0019] FIG. 7A is a plan view of a user-facing side of a template for the upper (configured for

receipt of a left foot) in accordance with an embodiment of the invention.

[0020] FIG. 7B is a plan view of an outward-facing side of a template for the upper (configured

for receipt of a right foot) in accordance with an embodiment of the invention.

[0021] FIGS. 8A - 8C are cross-sectional views of portions of strands formed having different

cross-sectional geometries.

[0022] FIG. 9 is a side view of a portion of a double covered yarn.

[0023] Like reference numerals have been used to identify like elements throughout this

disclosure.

DETAILED DESCRIPTION

[0024] As described herein with reference to the example embodiment of FIG. 1, an article of

footwear 100 in accordance with the invention includes an upper 105 coupled to a sole structure

110 and further including a heel counter 115 and a fastening element or fastener 120 (e.g., a lace

or cord, which is shown in phantom). The upper 105 is a textile formed as a single or unitary

structure (also called a unitary member) having a minimal number of seams utilized to form the

shape of the upper. That is, the upper 105 is formed as a one-piece structure each portion of

which is integral with adjacent portions in a seamless manner. Knitting is a process for



constructing fabric by interlooping one or more yarns. In general, knitting includes warp knitting

and weft knitting. In warp knitting, the yarns generally run lengthwise in the fabric (e.g., tricot,

milanese, and raschel knitting). In weft knitting, one continuous thread runs crosswise in the

fabric making all of the loops in one course. Weft knitting includes both circular knitting and

flat knitting. In circular knitting, the fabric is produced on the knitting machine in the form of a

tube, with the threads running continuously around the fabric. In flat knitting, the fabric is

produced on the knitting machine in flat form, the threads alternating back and forth across the

fabric. By way of example, the template is knitted using the programmable CMS 530 H or CMS

730 S flat knitting machine from H . Stoll GmbH & Co.

[0025] The upper 105 may possess a plaited knit structure, containing an interior layer or face

and an exterior layer or face formed of the same or varying strands and or stitches. Both the

interior and exterior layers are formed concurrently by knitting a plaited construction so that the

layers are distinct, yet integrated one with the other.

[0026] Referring to FIGS. 2A - 2D, the article of footwear 100 is an athletic shoe (e.g., a

running shoe) defining a forefoot region 200A, a midfoot region 200B, and a hindfoot region

200C, as well as a medial side 205A and a lateral side 205B. The forefoot region 200A generally

aligns with the ball and toes of the foot, the midfoot region 200B generally aligns with the arch

and instep areas of the foot, and the hindfoot region 200C generally aligns with the heel and

ankle areas of the foot. Additionally, the medial side 205A is oriented along the medial (big toe)

side of the foot, while the lateral side 205B is oriented along the lateral (little toe) side of the

foot. While most of the example embodiments depicted in the figures show an article of

footwear (shoe) configured for a right foot, it is noted that the same or similar features can also

be provided for an article of footwear (shoe) configured for a left foot (where such features of the

left footed shoe are reflection or "mirror image" symmetrical in relation to the right footed shoe).

[0027] The upper 105 includes a first portion and a second portion. The first portion covers the

hindfoot, the sides and dorsum of the midfoot, and the planum (bottom facing side) of the entire

foot. Accordingly, the first portion includes a heel section 210 (including heel cup 400 (FIG.4));

a lateral quarter section 215 (oriented on the lateral shoe side 205B); a medial quarter section 220

(oriented on the medial shoe side 205A), and a planum section 300 (FIG. 3) that engages the

planum of the foot. The second portion covers the dorsum and sides of the forefoot. The second



portion includes a vamp section 225, a toe cage section 230, and an instep cover section 240.

With this configuration, the heel section 210, lateral quarter 215, medial quarter 220, vamp 225,

toe cage 230 and planum section 300 cooperate to form the cavity 332 (FIG. 3) into which a foot

is inserted by way of an access opening 235, which is defined by the heel section, the lateral and

medial quarters, and the instep cover.

[0028] Referring to FIGS. 4 and 5, the heel section 210 is a seamless, stitchless structure

including a heel cup 400. The heel cup 400 possesses a generally arcuate profile. Specifically,

the heel cup 400 is generally dome shaped, curving from a point proximate opening 235 toward

the planum section 300, as well as curving from the lateral quarter 215 to the medial quarter 220

(and vice versa). Similarly, the lateral quarter section 215 and the medial quarter section 220

seamlessly couple with the planum section 300. In conventional knit uppers, the heel section and

planum section contain a seam resulting from the particular knit process utilized. Prior art

uppers are generally formed via either circular knitting or flat knitting. In circular knitting, a

large textile tube is formed such that the upper is a textile element forming a smaller portion of

the tube wall that must be separated from the larger tube structure. Once removed, the textile

element is generally planar, so the outer edges must be must be folded toward each other,

overlapped, and secured together (via stitching, adhesive, etc.). Thus, while the textile

element initially is flat, upon folding of the textile element and formation of the seams, an upper

is formed that defines a void capable of receiving a foot. Seams are formed when joining the

edges of the textile element. Specifically, a seam exists along the length of upper, extending

along the planum section and the heel section. In conventional flat knitting processes, the

resulting template is again completely flat in the heel and/or planum sections. It is necessary to

secure the edges together, requiring stitching along the heel and/or planum sections to form the

upper. An example of this conventional upper formation is provided in, e.g., US 7,347,01 1 .

[0029] This is in contrast with the upper 105 of the present invention, which is seamless and

stitchless along both the heel section 210 (including the heel cup 400 (FIG. 4)) and the planum

section 300, where the heel section 210 is seamlessly coupled with the planum section 300. This

is the result of the heel cup 400 being a flat-knitted curve. That is, the template of the upper

possesses one or more curving regions. In the illustrated embodiment, the heel section 210

defines the curving region, i.e., a region with a predetermined curvature. The desired degree of

curvature of the heel cup 400 may be any suitable for its described purpose (to receive the heel of



the foot). The curve is achieved through the selective placing of loops within the textile (or the

selective omission of loops) using a flat knitting machine such as the Stoll CMS 730 S or the

CMS 530 H, both available from H . Stoll GmbH & Co. KG, Stollweg 1, D-72760 Reutlingen,

DE. By way of further example, short row shaping may be utilized.

[0030] The lateral quarter 215 extends upward from the planum section 300 such that the lateral

quarter spans the lateral side of the foot, at least in the hindfoot and midfoot areas. Referring

back to FIG. 2A, the lateral quarter 215 includes a looped section or tab operable to receive the

fastener. Specifically, the lateral quarter 215 includes a plurality of looped sections 245A, 245B,

245C, 245D disposed at the lateral quarter distal edge (upper edge). Each of the looped sections

245A - 245D includes a strip of material or linear segment extending from the distal edge of the

lateral quarter 215. The strip of material is folded over and secured back upon itself (e.g., via

stitching, adhesive, etc.) to form a loop defining an opening operable to permit passage of a lace

therethrough. As illustrated, the looped sections 245A - 245D are linearly spaced, being

generally aligned in an array extending longitudinally along the shoe 100. In this manner, each

looped section 245A - 245D is configured to receive the fastener 120 (the shoe lace), movably

capturing the fastener therein. The looped sections 245A - 245D, moreover, cooperate with one

or more elements disposed on the instep cover to engage the fastener 120 and secure the shoe

100 to the foot of the wearer (described in greater detail, below).

[0031] The medial quarter 220 extends upward from the planum section 300 such that the medial

quarter spans the medial side of the foot, at least in the hindfoot and midfoot areas. In the

illustrated embodiment, the medial quarter 220 extends from the heel section 210 to the vamp

section 225. An instep cover 240 may be formed integrally with the medial quarter 220 such that

the instep cover spans the dorsum of the midfoot (i.e., the instep). Referring to FIG. 3, instep

cover 240 defines a forward edge 305, a rearward edge 310 oriented generally parallel to the

forward edge. The instep cover 240 further defines distal edge 315 oriented generally orthogonal

to the forward and rearward edges. The instep cover 240 generally spans the instep of the foot,

extending from the medial shoe side 205A to the lateral shoe side 205B, and extending from the

vamp 225 at its forward edge 305 to the access opening 235 at its rearward edge 310. As noted

above, the access opening 235 is partially defined by the rearward edge 310. The width of the

instep cover 240 (i.e., the dimension of the instep cover that is transverse its longitudinal or

lengthwise dimension can be generally uniform. Alternatively, the width of the instep cover 240



can change in dimension, e.g., where one or both of the forward edge 305 and rearward edge 310

tapers in a direction extending from the distal edge 315 to the medial quarter 220 such that the

width of the instep cover 240 varies (e.g., the width of the instep cover 240 is greatest at the

distal edge 315).

[0032] The length of the instep cover 240 (i.e., the length in the transverse (width) dimension of

the shoe 100), is selected such that a distal portion of the instep cover 240 overlaps the lateral

quarter 215. For example, when the shoe 100 is placed on the foot of the wearer, distal edge 315

of the instep cover 240 is oriented within the cavity 332, being positioned below the lateral

quarter 215 (e.g., proximate the planum section 300). The forward edge 305 of the instep cover

240 may be secured to the vamp 225 along seam 250 (FIG. 2A), e.g., via stitching, adhesive, etc.

In an embodiment, only a portion of the forward edge 305 is secured to the vamp 225 via a vamp

seam 250. The distal portion of the instep cover forward edge 305 (i.e., the area of the forward

edge proximate the distal edge 315), as well as the instep cover distal edge 315, may be

unsecured to permit repositioning relative to the lateral quarter 215. By way of example, about

50% to about 75% of the instep cover forward edge 305 may be secured to the vamp 225 along

vamp seam 250. In other embodiments, the entire forward edge 305 is secured.

[0033] While the instep cover 240 has been described herein and depicted in the drawings as

being an integral portion or extension of the medial quarter 220 that overlaps the lateral quarter

215, it is noted that alternative embodiments may also be provided in which the instep cover is

instead integral with and is an extension of the lateral quarter such that it overlaps the medial

quarter of the upper (i.e., a reverse of the configuration described herein).

[0034] The instep cover 240 may include one or more narrow, elongated openings or slots 260

operable to permit passage of the fastener therethrough. In the illustrated embodiment (see, e.g.,

FIG. 6A), the instep cover 240 includes a first set 265A of slots, a second set 265B of slots, and a

third set 265C of slots. The slots 260 forming a set 265A - 265C are generally aligned in a row.

The slot sets 265A - 265C are laterally spaced across the instep cover 240, with each set running

generally parallel to an adjacent set. To state another way, each slot set is distanced from

another set in a direction transverse a lengthwise direction of the upper and includes at least one

pair of slots aligned in a linear array that extends the lengthwise direction of the upper.



[0035] Each slot set 265A - 265C includes a plurality of slots 260 extending in a generally linear

array along the lengthwise direction or dimension (i.e., a direction/dimension that extends

between the toe cage 230 and heel section 210) of the upper 105. The slots 260 within a set

265A - 265C may be arranged in a series of slot pairs 270 including a first slot 275A adjacent a

second slot 275B. These two adjacent slots 275A, 275B are closer in proximity to each other

compared to the next closest slot 260 neighboring the pair 270 along the linear array. The region

between each slot pair 270 (the section of the upper 105 between each pair) defines a material

loop 280 along the instep cover 240. With this configuration, each slot pair 270 defines a

connection point for the fastener 120. Specifically, the fastener 120 may be inserted through a

first slot 275A of a slot pair 270 such that it enters the cavity 332, travels along the interior

surface of the instep cover 240, and then exits the cavity via the second slot 275B. The loop 280

applies a downward (toward the cavity 332) force onto the fastener 120, frictionally securing the

fastener in place.

[0036] As illustrated, each slot set 265A - 265C is oriented further to the medial shoe side 205A

(toward the medial quarter 220); moreover, each slot pair 270 is further aligned with a

corresponding looped section 245A - 245D so as to facilitate lacing of a fastener 120 (shoe lace)

in a serpentine or zig-zag pattern or manner between looped sections 245A - 245D of the lateral

quarter section and loops 280 of the medial quarter section in order to tighten or loosen the

lateral, medial, and/or midfoot regions of the shoe 100 to conform in a desired manner against a

user's foot.

[0037] With the above configuration, the shoe 100 includes a first lacing structure on the lateral

quarter 215 and a second lacing structure on the medial quarter 220. Specifically, the looped

sections 245A - 245D maintain the fastener 120 on the shoe exterior (outside the cavity 332),

while the slot sets 265A - 265C permit the fastener into shoe interior (into cavity). Thus, the

lacing system for the shoe 100 includes different lacing structure at each of its lateral 205B and

medial 205A sides that facilitate lacing of the securing structure for the shoe.

[0038] In addition, providing a plurality of slot sets 265A - 265C, where the slot sets are

transversely spaced from each other in directions toward the medial quarter 220 and/or lateral

quarter 215 of the upper 105, facilitates different locations for lacing the fastener 120 along the

instep cover 240 and through the loops 280 formed by slot pairs 270 and proximate the medial



quarter 220 (i.e., opposite the lateral quarter 215 including looped sections 245A - 245D).

Referring to FIGS. 6A and 6B, the fastener 120 may extend through looped sections 245A -

245D and the first slot set 265A (FIG. 6A). Alternatively, the fastener 120 extends from looped

sections 245A - 245D to the third slot set 265C. Selecting of a set 265A - 265C closer to/further

away from the looped sections 245A - 245D alters the overall fit of the shoe 100 on the foot of

the wearer. In addition, it provides an adjustable fit depending on the girth of the foot as well as

user preference. For example, with a large girth foot, the more medially positioned sets 265B,

265C may be utilized to accommodate fit. The set 265A - 265C selected will alter the extent to

which the instep cover 240 and the lateral quarter 215 overlap, providing a more- or less-

compressive fit. In this manner, these further sets of slots 260 facilitate lacing of a fastener 120

through loops 280 and at different locations along the instep cover 240.

[0039] The slots may serve a variety of functions. For example, the slots may enable flexing

within the upper 105 (e.g., without excessive bunching); may provide additional ventilation and

air exchange (to help keep the foot cool); or may be provided for aesthetic purposes.

[0040] The instep cover 240 can also include additional openings or windows 285 operable to

improve airflow into/out of the upper. These openings 285 may possess any dimensions suitable

for their described purpose. In general, the openings possess larger dimensions in relation to the

slots 260. The openings 285, moreover, may be disposed at any location suitable for their

described purpose. In the illustrated embodiment, the openings 285 are disposed at locations that

are closer to the lateral side 205B of the shoe 100 in relation to the slots 260. The slots 260 and

openings 285 may cooperate to enhance ventilation through the upper 105 during use of the shoe

100. As with the upper, the openings 285 may serve a variety of other functions. For example,

the slots may enable flexing within the upper 105 (e.g., without excessive bunching) or may be

provided for aesthetic purposes.

[0041] In addition, while not shown in the embodiments in the figures, the lateral quarter 215 of

the upper 105 (i.e., at the lateral side 205B of the shoe 100) can also include slots 260, openings

285, and/or any other form of apertures to enhance ventilation through the upper during use of

the shoe 100.

[0042] The inventive sole structure includes a unique lacing system that permits insertion of the

instep cover into the cavity 332 and below the lateral quarter 215. For example, the adjustable



lacing system comprises a first connection configuration located at one of the medial and lateral

sides, where the first connection configuration engages a fastener structure so as to position at

least one portion of the fastener structure exterior to the cavity of the upper. The adjustable

lacing system further comprises a second connection configuration located at the other of the

medial and lateral sides, where the second connection configuration engages the fastener

structure so as to position at least another portion of the fastener structure within the cavity of the

upper. Thus, the adjustable lacing system facilitates selective engagement of the fastener

structure with different sets of fastener engaging elements of at least one of the first and second

connection configurations so as to adjust a fit of the upper around a width of the foot disposed

within the cavity.

[0043] Specifically, the lacing system includes a first connection configuration that movably

captures the lace, positioning it along the exterior of the upper 105, and a second connection

configuration that movably captures the lace, positioning at least a portion of the lace within the

upper interior (i.e., the cavity 332). The first system includes a plurality of loops, each loop

generally aligning with a corresponding slot pair. The second configuration may further include

a plurality of pair sets aligned in the transverse dimension of the shoe 100. Each slot pair is

effective to capture lace. Accordingly, lace is selectively secured a predetermined distance from

a loop. This system provides an adaptable fit, permitting users with differing feet girths to thread

the lace through the proper row of slots to alter the cavity diameter within the instep area of the

foot.

[0044] The second portion of the template, which includes the vamp 225 and toe cage 230

sections of the upper 105, includes at least one microclimate moderation structure operable to

affect the movement of airflow and/or moisture within the cavity 332, as well as affect

temperature of the cavity along the forefoot. As noted above, the vamp 225 is secured to the

forward edge 305 of the instep cover 240 via forward transverse seam 250. Disposed forward

the seam 250 is a microclimate moderation region 287 (see FIGS. 2D, 5 and 5A). As shown, the

region 287 includes a plurality of depressions or indentations 295 formed within the textile

structure of the upper 105 (i.e., of the vamp 225). The indentations 295 are defined as the

portions of the region 287 that are disposed between intersections of a plurality of elongated

knitted beams 292 extending in a longitudinal or lengthwise direction of the shoe between the

instep cover 240 and the toe cage 230 with a plurality of elongated sections 290 of the region 287



that extend transverse the lengthwise direction of the shoe between its lateral and medial sides.

The beams 292 define areas of increased thickness for region 287, while the elongated sections

290 define areas of thickness that are thinner relative to the longitudinal beams 292 but thicker

relative to the indentations 295. As can be seen in the cross-sectional view of FIGS. 6 and 6A,

an undulating surface is defined at region 287 by alternating rows of elongated sections 290 and

indentations 295 in a direction between the toe cage 120 and the instep cover 240, thus defining

peaks (i.e., elongated sections 290) and valleys (i.e., indentations 295) in this direction.

[0045] As depicted in FIG. 5A, the indentations 295 further define channels that extend between

neighboring elongated sections 290 from the lateral side to the medial side of the shoe, where the

channels further extend underneath the beams 292. Each beam 292 extends over the elongated

sections 290 so as to form a bridge-like structure or bridging portion 293 between pairs of

neighboring or consecutively aligned elongated sections 292, with an open channel defined

beneath the bridging portion 293 of the beam 292 that communicates with neighboring

indentations 295 consecutively aligned on each side of the bridging portion 293 of the beam 292.

In other words, each beam 292 bridges (at bridging portions 293) the peaks (at elongated sections

292) and valleys (at indentations 295) defined by the undulating surface of the region 287. With

this configuration, the elongated sections 290, beams 292, and indentations 295 cooperate to

provide an uneven, wavy and/or undulating exterior surface that provides a waffle-like textured

pattern for the region 287.

[0046] This configuration modulates the comfort of the shoe 100 by affecting the movement of

moisture, airflow, and/or heat. Specifically, heat and moisture from the foot may be conducted

along the knitted beams 292, being dispersed along the length of the beam (e.g., at beam bridging

portions 293) and/or being evaporated to the ambient environment (via movement from cavity

332 to the shoe exterior). The depressions or indentations 295, moreover, maintain a cushion of

air along the foot for added warmth during static physical conditions and enhanced air flow

during physical activity, thereby creating a heat dissipating or cooling effect. Additionally, the

undulating surface of region 287 defined by the combination of elongated sections 290 and

indentations 295 to increases the surface area at this region, which (in combination with

materials of construction forming the second portion) enhances heat transfer between the user's

foot and the ambient environment during use of the shoe 100.



[0047] While the figures depict the microclimate moderation region 287 as being located in the

vamp 225 region of the shoe 100 proximate the instep of the upper 105, the toe cage 230 can

alternatively include one or more regions of indentations located at a variety of different

locations along within the second portion. For example, some or all of the exterior surface of the

toe cage 230 can define one or more microclimate moderation regions such as region 287

described herein. The dimensions (e.g., length, width, depth), spacing, geometric shape and

pattern of the beams 292, indentations 295 and/or elongated sections 290 can vary for different

embodiments to provide different aesthetic and/or heat transfer effects for the upper 105.

[0048] Other types of microclimate moderation structures can also be implemented in any

selected portions of the upper. In an embodiment, the second portion and, in particular, the toe

cage 230 may further include a microclimate moderation structure comprising one or more heat

dissipation strands effective to conduct heat at a rate greater than other strands forming the

textile structure. In an embodiment, the knit structure includes a strand possessing greater

thermal transfer properties (axial or transverse) than one or more strands present in the structure

(e.g., all other strands in the knit structure). Such strands are also referred to herein as heat

dissipation strands. In order to feel comfortable, it is desirable to maintain the body and/or skin

temperature constant. Accordingly, it is necessary to keep heat emission in balance with heat

production. The second portion (e.g., the vamp 225 and/or toe cage 230) may include strands

effective to dissipate heat from the inside of the upper 105 (the cavity 332) to the outside (the

ambient environment). For example, heat dissipation strands may be may comprise a gel-spun,

multi-filament fiber produced from ultra-high molecular weight polyethylene (UHMW-PE) such

as DYNEEMA, available from DSM Dyneema, Stanley, NC. UHMW-PE, possessing a thermal

conductivity of 0.42 - 0.51 W/mK, transfers heat at a higher rate than polymers such as polyester

and nylon (each having a thermal conductivity of no more than 0.40 W/mK). In operation, it is

believed the heat transfer strand absorbs the heat from the cavity 332 and transfers the heat to the

ambient environment outside the upper 105, thereby slowing heat accumulation within the

cavity. In addition, UHMW-PE does not absorb water. Accordingly, it is believed that any

water vapor present in the cavity contacts the UHMW-PE, where it is drawn away from the foot

via capillary action within the knit structure.

[0049] The amount of heat dissipation strands present within the toe cage may be any suitable

for its described purpose. In an embodiment, the heat dissipation strand is at least 25% (e.g., at



least 30%, at least 40%, at least 50%, etc.) of the strands forming the textile structure of the toe

cage 230 and/or vamp 225 sections. In a further embodiment, the heat dissipation strand

represents no more than 60% of the strands used to form the toe cage 230 and/or vamp 225

sections. As noted above the knit structure may define a plurality of layers, e.g., two layers—an

inner layer and an outer layer—plaited together. The heat dissipation strands may be located

solely within the inner layer of the knit structure, or may be located in both the inner and outer

layers of the structure. Heat dissipation strands are indicated as 710 in FIG. 7A.

[0050] As noted above, the upper 105 is formed as a single, unitary member utilizing techniques

and materials of construction as described herein. As further noted, the upper 105 is preferably

formed utilizing a knitting process, and in particular a weft knitting process, where one or more

strands run crosswise to form loops in one or more courses of the textile material. A flat knitting

process (e.g., a Jacquard flat knitting process) can be utilized to form the textile material

represented as the unitary member of FIGS. 7A (interior (user-facing) side 705A) and 7B

exterior (outward facing) side 705B). While FIG. 7A depicts a unitary member configured for a

left foot of a user and FIG. 7B depicts a unitary member configured for a right foot of a user, the

same or similar features are provided for each of the left foot configured and right foot

configured uppers, where the left foot configured upper and right foot configured upper are

"mirror image" symmetrical in relation to each other. An exemplary knitting capable of forming

the upper 105 includes the CMS 730 S or the CMS 530 H, both available from H . Stoll GmbH &

Co. KG, Stollweg 1, D-72760 Reutlingen, DE.

[0051] As illustrated, the flat knitting process produces a knitted material that has three-

dimensional (e.g., curved) portions (e.g., the toe cage and heel section portions of the upper) and

flat portions (all other portions of the upper). The upper 105 is initially formed as a template or

blank 700 having the configuration as depicted in FIGS. 7A and 7B. In particular, the template

700 (unitary member) is formed including generally flat or planar sections, including some or all

of the portions forming the planum section 300, the medial quarter 220 with instep cover 240,

and the lateral quarter 215 with linear segments or strips 712 which form the looped sections

245A - 245D. In addition, part of the template 700 (unitary member) is also formed with non-

planar or curved sections (e.g., three-dimensional), including some or all of the portions forming

the heel cup 400. The forward portion of the toe cage 230 can be formed as a planar section or a

curved section.



[0052] The upper 105 is assembled from the template 700 by folding the portion defining the toe

cage 230 over onto the planum section 300 and securing (e.g., via stitching, adhesive, or any

other suitable securing manner) the toe cage forward edge 715 to planum section forward edge

720 (the edges of the toe cage and forward planum edge are generally complementary). In

addition, the medial quarter 220 is folded upward and the instep cover 240 wrapped in the

transverse dimension to position the instep cover distal edge 315 along the inner side 705A of the

lateral quarter 215. Once positioned, the forward edge 305 of the instep cover 240 is secured to

vamp rearward edge 725. The looped sections 245A - 245D, furthermore, are formed by folding

over each of the linear segments 712 upon itself and securing (e.g., via stitching, adhesive or any

other suitable securing manner) at its free edge (defining a seam at such connection). The

resulting structure may then be heated (via steam) to shrink and/or set and/or fuse strands within

the textile structure. Once set, the upper 105 may be secured to the sole structure 110 via, e.g.,

adhesive.

[0053] The sole structure 110 comprises a durable, wear-resistant component configured to

provide cushioning as the shoe 100 impacts the ground. In certain embodiments, the sole

structure 110 may include a midsole and an outsole. In additional embodiments, the sole

structure 110 can further include an insole that is disposed between the midsole and the upper

105 when the shoe 100 is assembled. In other embodiments, the sole structure 110 may be a

unitary and/or one-piece structure. As can be seen, e.g., in the exploded view of FIG. 1, the sole

structure 110 includes an upper facing side 125 and an opposing, ground-facing side 130. The

upper facing side 125 may include a generally planar surface and a curved rim or wall that

defines the sole perimeter for contacting the bottom surface 135 of the upper 105. The ground-

facing side 130 of the sole structure 110 can also define a generally planar surface and can

further be textured and/or include ground-engaging or traction elements (e.g., as part of the

outsole of the sole structure) to enhance traction of the shoe 100 on different types of terrains and

depending upon a particular purpose in which the shoe is to be implemented. The ground-facing

side 130 of the sole structure 110 can also include one or more recesses formed therein, such as

indentations or grooves extending in a lengthwise direction of the sole structure 110 and/or

transverse the lengthwise direction of the sole structure, where the recesses can provide a number

of enhanced properties for the sole structure (e.g., flexure/pivotal bending along grooves to

enhance flexibility of the sole structure during use).



[0054] The sole structure 110 may be formed of a single material or may be formed of a plurality

of materials. In example embodiments in which the sole structure includes a midsole and an

outsole, the midsole may be formed of one or more materials including, without limitation,

ethylene vinyl acetate (EVA), an EVA blended with one or more of an EVA modifier, a

polyolefin block copolymer, and a triblock copolymer, and a polyether block amide (e.g., a

PEBAX® material). The outsole may be formed of one or more materials including, without

limitation, elastomers (e.g., thermoplastic polyurethane), siloxanes, natural rubber, and synthetic

rubber.

[0055] The article of footwear 100 can also include a heel counter 115 having a generally curved

configuration that corresponds with the heel section 210 of the upper 115 so as to surround a

portion of the heel section. In an embodiment, the heel counter 115 includes a central member

mounted with the sole structure 110 at a region corresponding with the hindfoot region 200C of

the shoe 100 and extending distally (upward) from the upper-facing side 125 of the sole structure

110. A pair of arms and extends from the distal portion of the central member. In particular, a

first arm extends from the lateral portion of the central member and along the medial shoe side

205A, while a second arm extends from the distal portion of the central member and along a

lateral shoe side 205B. Each arm may possess a curved, generally L shaped configuration so as

to extend initially from the central member generally horizontally and along a lengthwise

dimension and toward the forefoot region 200A of the shoe 100 and then curve vertically

downward toward the upper-facing side 125 of the sole structure 110. The heel counter 115

provides external strengthening at this area of the shoe 100. In particular, the heel counter 110 is

configured to control and stabilize the user's heal inside the shoe to minimize excessive

supination or pronation of the foot. The heel counter 115 can further be flexible, semi-rigid or

rigid, and is further configured to provide rear foot stability, preventing injury and prolonging the

lifespan of the shoe. The heel counter 115 can be formed of any one or more suitable materials

including, without limitation, one or more thermoplastic elastomers such as EVA or TPU

(thermoplastic polyurethane). The upper 105 can be coupled to heel counter 115 in any suitable

manner including, without limitation, via an adhesive, via welding (e.g., ultrasonic welding), etc.

[0056] The strands forming the textile (e.g., knit) structure (and thus the unitary member) may

be any suitable for its described purpose (to form a shoe upper). The term strand includes a

single fiber, filament, or monofilament, as well as an ordered assemblage of textile fibers having



a high ratio of length to diameter and normally used as a unit (e.g., slivers, roving, single yarns,

plies yarns, cords, braids, ropes, etc.). In a preferred embodiment a strand is a yarn (a continuous

strand of textile fibers, filaments, or material in a form suitable for knitting, weaving, or

otherwise intertwining to form a textile fabric). A yarn may include a number of fibers twisted

together (spun yarn); a number of filaments laid together without twist (a zero-twist yarn); a

number of filaments laid together with a degree of twist; and a single filament with or without

twist (a monofilament).

[0057] In an embodiment, the textile (e.g., knit) structure includes a primary strand and a

secondary strand. The primary strand is present in an amount greater than the secondary (e.g., by

weight %). Optionally, the textile structure includes a tertiary strand. The secondary strand is

present in an amount greater than that of the tertiary strand. By way of example, when no

tertiary strand is present, the ratio of the primary strand to the secondary strand (by weight) is

approximately 5 to 1 . When a tertiary strand is present, the ratio of primary strand to secondary

strand to tertiary strand is about 16 : 2 : 1 .

[0058] In an embodiment, the primary strand is present in an amount of at least about 50 wt%

(e.g., 5 1 wt% or more). Preferably it is present in an amount of at least about 75 wt% (e.g., 80

wt% or more). The secondary strand is present in an amount of about 5 wt% or more (e.g., 5 - 20

wt%). The tertiary strand is present in an amount of up to about 4 wt% (e.g., 0 - 5 wt%).

[0059] In general, the strands forming the textile upper 105 can be natural strands (e.g., cotton

strands, wool strands, silk strands, etc.) and/or synthetic strands formed of one or more types of

polymers, including fibers or filaments having one or more polymer components formed within

the fibers or filaments. Examples of materials that may be utilized in the spun staple and/or

continuous filament hard yarns include cotton, polyester, nylon, polypropylene, polyethylene,

acrylics, wool, acetate, polyacrylonitrile, and combinations thereof. Natural fibers include

cellulosic fibers (e.g., cotton, bamboo) or protein fibers (e.g., wool, silk, and soybean).

[0060] The strands forming the textile upper 105 may be formed of and/or include at least one

type of polymer component that either softens or melts (becomes molten) when heated to a

predetermined temperature. Softening polymers will possess a softening point within a certain

desired range. The softening point is the temperature at which a material softens beyond some



arbitrary softness (as determined by, e.g., Vicat method). In an embodiment, the softening point

of the polymer is from about 60°C to 90°C.

[0061] Melting polymers possess a melting or glass transition point at which the solid polymer

liquefies, generating viscous flow (i.e., becomes molten). In an embodiment, the melting or

glass transition point of the fusing polymer may be approximately 80°C to about 150°C (e.g.,

85°C). Accordingly, the strands may be one or more of softening strands (formed of softening

polymers), melting strands (formed of melting polymers), and/or non-fusing strands (strands that

neither soften nor fuse).

[0062] Examples of suitable fusing polymer components that can be used to form fusing strands

and fusing yarns include, without limitation, thermoplastic materials such as polyurethanes (i.e.,

thermoplastic polyurethane or TPU), polyesters (e.g., polyethylene terephthalate), polyolefins

(e.g., polyethylene and polypropylene), and polyamides (e.g., aliphatic polyamides such as

Nylon), and any suitable combinations or copolymers thereof. Preferred examples of fusing

polymer components suitable for use in fusing strands and fusing yarns for forming the upper

105 include TPU and polyester.

[0063] With fusing strands, the melting of the polymer results in the fusion of a portion of the

fusing strand to one or more adjacent strands within the textile upper 105 (e.g., due to the molten

polymer component of the fusing strand surrounding an adjacent strand and/or intermingling

with a molten polymer component of the adjacent strand). Fusing strands secure the loops of the

knit in place. Specifically, when an appropriate amount of heat (wet or dry) is applied to the

textile structure, the fusing strands flow to adjacent strands. Upon cooling, the fusing strands

anchor adjacent loops to each other. This not only alters the elasticity of a given area of the

upper, but also reinforces the area, adding rigidity thereto. With this configuration, it is possible

to control the elasticity and/or rigidity of the upper by controlling the amount of fusing strands

within the textile structure. Inserting a greater amount of fusing strand (e.g., placing every three

course) provides greater rigidity and less elasticity to the upper than inserting a lower amount of

fusing strand (e.g., placing every 10 courses).

[0064] In a preferred embodiment, the textile structure includes fusing strands in each of the first

portion and second portion, i.e., in each of the heel section 210, lateral quarter section 215,

medial quarter section 220, vamp section 225, toe cage section 230, instep cover 240, and



planum section 300. The fusing strand is generally uniformly dispersed in each section. Each

section 210, 215, 220, 225, 230, 240, 300, however, may contain a different amount (weight

percent) of fusing strand within the section. For example, the heel section 210 (including the

heel cup 400) includes a higher amount (weight percent) of fusing strands, while the toe cage

includes a lower amount of fusing strand. Accordingly, the heel section 210 is less resilient and

more rigid than the toe cage 230.

[0065] In other embodiments, heat may be applied not to causing melting of strands, but to

shrink and/or heat set strands contained within the textile structure.

[0066] A non-fusing polymer refers to any polymer component that possesses a softening, glass

transition, or melting point greater than that of any softening or fusing strands present in the

textile structure and/or greater than the temperature ranges specified above. Accordingly, a non-

fusing strand refers to a strand that does not include any fusing polymer component, while a non-

fusing yarn refers to a yarn that does not include any fusing strand. By way of example, non-

fusing strands includes strands with one or more non-fusing polymer components and/or strands

comprising naturally occurring fibers or filaments (e.g., wool, cotton, silk, etc.). Non-fusing

polymer components can include both thermosetting polymers and thermoplastic polymers with

melting points (or temperature points at which at least some of the polymer components begin to

soften and/or melt) greater than fusing polymer components. Examples of suitable non-fusing

polymer components that can be used to form non-fusing strands and non-fusing yarns for

forming the textile upper 105 include, without limitation, polyurethanes, polyesters (e.g.,

polyethylene terephthalate), polyolefins (e.g., polyethylene and polypropylene), polyamides,

elastomers and any suitable combinations or copolymers thereof.

[0067] The strands, in addition to being fusing, non-fusing, or softening, may further be elastic

or non-elastic strands. An elastic strand possesses elasticity and/or recovery, i.e., the ability to

recover its original size and shape immediately after removal of a stress (i.e., after stretching)

causing deformation (the degree to which fibers, yarn, or cord returns to its original size and

shape after deformation indicates how well a fabric recovers). An elastic strand, by virtue of its

composition, possesses the ability to stretch. Some specific examples of elastic polymer

components suitable for forming an elastic strand are, without limitation, elastomeric polyester-

polyurethane copolymers such as elastane, which is a manufactured fiber in which the fiber-



forming substance is a long chain synthetic polymer composed of at least 85% of segmented

polyurethane.

[0068] Non-elastic strands possess little to no elasticity. Strands formed of hard fibers and

strands formed of high tensile strength filaments are examples of non-elastic strands. Hard yarns

are yarns that are substantially non-elastic. That is, hard yarns include knitting yarns which

possess little to no elastic stretch, such as natural and/or synthetic spun staple yarns, natural

and/or synthetic continuous filament yarns, and combinations thereof. Examples of materials

that may be utilized in the spun staple and/or continuous filament hard yarns include cotton,

polyester, nylon, polypropylene, polyethylene, acrylics, wool, acetate, polyacrylonitrile, and

combinations thereof. Natural fibers include cellulosic fibers (e.g., cotton, bamboo) or protein

fibers (e.g., wool, silk, and soybean). They also can be of mono component poly(ethylene

terephthalate) and poly(trimethylene terephthalate) fiber, polycaprolactam fiber,

poly(hexamethylene adipamide) fibers acrylic fibers, modacrylic, acetate fibers, rayon fibers,

nylon and combinations thereof.

[0069] It should be understood that while non-elastic yarns do not possess elasticity, may be

made resilient via texturing. For example, crimping a polyester filament permits the filament to

expand from its normal position to an expanded position upon application of force. Upon

removal of the force, the filament returns to its normal position.

[0070] Additionally, the strand may be high tensile strength strands, i.e., strands possessing high

tensile strength. Examples of high-tensile-strength strands are rayon, nylon, polyester,

polyacrylic, silk, cotton, carbon, glass, aramids (e.g., para-aramid fibers and meta-aramid fibers),

ultra high molecular weight polyethylene, and liquid crystal polymer. In a preferred

embodiment, the high tensile strength strand is an ultrahigh molecular weight polyolefins such as

ultrahigh molecular weight polyethylene (UHMW-PE) having a molecular weight of at least

about 2 million Dalton (Da) (e.g., a molecular weight from about 2 million Da to about 6 million

Da) (e.g., DYNEEMA, available from DMS Dyneema).

[0071] In an example embodiment, utilizing the flat knitting process, individual sections 210,

215, 220, 225, 230, 240, 300, 400 of the knitted textile upper can be formed with one or more of

softening, fusing, non-fusing, elastic, non-elastic, and high-tensile-strength strands. For

example, one region of the upper 105 may be formed of a non-fusing, elastic strand and a fusing



strand. Another region of the upper may be formed of a non-fusing, elastic strand, a fusing

strand, and a non-fusing, high-tensile strength (non-elastic) strand.

[0072] In particular, the primary strand may be a non-fusing, elastic strand; the secondary strand

may be a fusing strand; and the tertiary strand may be a non-fusing, non-elastic, high-tensile-

strength strand. By way of specific example, various regions of the upper may contain two or

more of the combination of the following three yarns: UHMW-PE yarn (non-elastic, non-fusing,

high-tensile strength yarn), a double covered yarn (DCY) including an elastane core wrapped in

two layers of polyester (elastic, non-fusing yarn); and a thermoplastic polyurethane

monofilament yarn (fusing yarn). Each of the yarns can be selectively incorporated into the

knitted textile upper at selected courses within a particular region of the upper.

[0073] For example, the UHMW-PE yarn can be integrated into the knitted material forming the

toe cage 230 per every selected number of courses that are formed utilizing the DCY and TPU

monofilament yarns (e.g., one UHMW-PE yarn within the knitted material at every Nth course).

In particular, the textile material section that defines the toe cage 230 for the second portion

includes non-fusing UHMW-PE yarns (e.g., Dyneema yarns) combined with non-fusing DCY

yarns and fusing TPU monofilament yarns, where at least about 25% by weight of the toe cage

230 is formed of UHMW-PE. Each of the DCY fusing yarns has a configuration similar to the

DCY 900 depicted in FIG. 9 (described herein) and includes a central core strand (e.g., strand

905) formed of a non-fusing elastomeric polymer component (e.g., elastane), an inner wrap

strand (e.g., strand 910) formed of a non-fusing polymer component (e.g., polyester), and an

outer wrap strand (e.g., strand 915) formed of a non-fusing polymer component (e.g., polyester).

The inner and outer wrap strands 910, 915 can be the same or different type of polymer

component (e.g., the same polyester or different types of polyester).

[0074] Within the second portion, the vamp 225 may possess a different weight percentage

composition of one or more of the UHMW-PE, DCY and TPU yarns in relation to the toe cage

230. In particular, the weight percentage composition of UHMW-PE yarns within the vamp 225

can be less in relation to the weight percentage composition of UHMW-PE yarns within the toe

cage 230. The weight percentage of UHMW-PE yarns within the vamp 225 can be about 25% to

about 40% by weight of the vamp, whereas the weight percentage of UHMW-PE yarns within

the remaining toe cage 230 can be about 40% to about 50% by weight of the remaining toe cage



region. The amount of DCY yarn within the vamp 225 can be about 50% to about 70% by

weight, while the amount of DCY yarn within the toe cage 230 can be about 40% to about 60%

by weight. Finally, the amount of TPU monofilament yarn within the vamp 225 can be about

0 .04% to about 3% by weight, while the amount of TPU yarn within the toe cage 230 can be

about 0 .02% to about 3% by weight of the toe cage.

[0075] The weight percentage of each of the different types of yarns forming the vamp, 225, toe

cage 230, as well as other sections of the textile upper 105 is based upon both the number of

knitted courses including such yarns in a particular section as well as the yarn denier. Therefore,

even with the amount by weight of the fusing yarn being much smaller in relation to non-fusing

yarns, the number of fusing yarns are still placed sufficiently throughout the toe cage regions (as

well as other regions of the upper) such that the upper 105 has one continuous or unitary fused

area after heat treatment is applied to the upper.

[0076] The remaining sections of the unitary member (i.e., sections that form the heel section

210, lateral quarter 215, medial quarter 220, instep cover 240, and planum section 300) can be

formed in the knitting process having the same general composition and weight percentages of

yarns. In particular, the remaining sections of the unitary member can be formed utilizing fusing

DCY yarn and fusing TPU yarn, where both of these two yarns are of the same or similar type as

the fusing DCY yarn and the fusing TPU yarn used to form the toe cage 230. These two types of

yarns can be provided at the same yarn ratio (e.g., at a 1 : 1 ratio, with every other knitted course

forming the same type of yarn) throughout the remaining sections of the unitary member.

However, the weight percentage of each type of yarn in the remaining sections of the unitary

member may still differ due to differing deniers for each yarn type. These remaining sections,

which do not include the UHMW-PE yarn, have a greater degree of flexibility and elasticity in

relation to the toe cage 230. However, by providing fusing yarns throughout these remaining

sections of the unitary member, the heat treatment of the formed textile upper 105 provides some

enhanced degree of rigidity to the upper at these sections. Further, the knitted material at these

sections also provides for air permeability and breathability through the upper 105. In an

example embodiment, the remaining sections of the upper 105 (i.e., the knitted material forming

all sections of the upper other than the toe cage 230) can be formed utilizing DCY yarn in an

amount of about 85%> to about 95% by weight of the remaining upper sections, and utilizing



monofilament TPU yarn in an amount of about 0.05% to about 0 .15% by weight of the

remaining upper sections.

[0077] Assembly of the shoe 100 can be performed by initially forming the unitary member, e.g.,

via a flat knitting process as previously described herein. The slots 260 and openings 285 can be

formed as voids in the knitting process and/or by removing material after the knitting process

(i.e., forming cut-outs in the unitary member after it is formed). The upper 105 is then formed in

the manner as previously described, in which the portion of the unitary member defining the

second portion (the vamp 225 and toe cage 230) is folded over the first portion (i.e., over the

planum section 300) and secured (e.g., via stitching, an adhesive or any other suitable securing

manner) to one or more free edge portions defined at the toe cage 230 with a free edge portion

defining a front of the planum section 300 and a forward edge 305 of the instep cover 240 that is

adjacent the rear edge of vamp 225.

[0078] The loop sections 245A - 245D are formed by folding over each of the linear segments

712 (which extend from the portion of the unitary member defining the lateral quarter 215) upon

itself and securing (e.g., via stitching, adhesive or any other suitable securing manner) at its free

edge (defining a seam at such connection). The resultant textile upper 105 may then be heat

treated to impart fusing to the fusing strands and/or yarns with adjacent yarns in the upper. A

suitable heat treatment process such as treatment (e.g., with heated air, steam, etc.) can be

implemented to achieve a suitable temperature (e.g., at least about 90°C, generally between

about 85°C - 120°C) at which the fusing strands sufficiently melt to obtain a fused surface area

for the upper 105. For example, the textile upper 105 can be subjected to steam at a temperature

from about 90°C to about 120°C (e.g., about 100°C) to achieve sufficient melting of the fusing

polymer components and sufficient fusion between strands and/or yarns within the upper 105.

[0079] The upper 105 including fused area(s) can be coupled with the heel counter 115 and sole

structure 110 in any suitable manner as previously described herein. Alternatively, the upper 105

can be coupled with the heel counter 115 and sole structure 110 and then subsequently subjected

to heat treatment to form the fused area(s) for the upper.

[0080] The upper 105 formed in this manner from a unitary member 700 defines a shell that

encloses a foot inserted within the upper (e.g., in a manner similar to a sock). Conventional

footwear typically includes an upper with an opened bottom that is attached (e.g., stitched) to the



sole (e.g., to a portion of a midsole). A layer of material is then set inside the footwear to create

a cushioned layer between the sole and the foot that hides the joint between the upper and the

sole structure. In contrast, the upper 105 described herein can be configured such that an insole

is not required for the shoe 100, since no seam or joint that would be exposed to the foot exists

between the planum section 300, heel section 210, lateral quarter 215, and medial quarter 220

due to its one piece or unitary construction.

[0081] In addition, the upper 105 includes an instep cover 240 that is integral (i.e., seamless)

with the medial quarter 220, where the instep cover extends to a free end 315 such that the instep

cover is generally configured as a flap which partially folds within the cavity 332 of the upper

105 and with the free end 315 being proximate or adjacent an interior surface portion of the

lateral quarter 215 when the shoe 100 is worn by a user. The upper 105 can also be configured

such that there is a variable amount or degree at which the free end 315 may extend within the

cavity 332 of the upper 105, which correspondingly enhances the fit of the upper 105 against the

user's foot. The fastener 120 (e.g., a lace) can be utilized to maintain the instep cover 240 at a

particular degree or amount of fold within the upper cavity or overlap relative to the lateral

quarter 215 (i.e., maintaining the distance that the free end 315 of the instep cover 240 is inserted

within the cavity 332) so as to adjust the shoe fit to be tighter or more loose for a user as desired.

As previously noted, a shoe lace can be laced through loops 280 provided between different sets

of slots 265A - 265C located medially (i.e., located closer toward the medial shoe side 205A) or

laterally (i.e., located closer to the lateral shoe side 205B) in relation to other sets of slots 265A -

265C so as to adjust the amount or degree of distance at which the free end 315 of the instep

cover 240 folds within the cavity 332 of the upper 105.

[0082] Providing UHMW-PE yarns in certain amounts within the vamp 225 and/or toe cage 230

of the textile upper 105 serves to limit the degree of stretch within the toe cage. That is, while

some degree of stretch is imparted by the elastomeric polymer component of the DCY yarns, the

high tensile strength (UHMW-PE) yarns, lacking elasticity and resiliency, limit the amount of

stretch permitted in the area of the knit structure into which the yarn is inserted. As noted above,

the fusing that occurs (due to the TPU monofilament yarn) after heat treatment also locks down

the loops of the knit structure, not only further limiting the stretch of the vamp and toe cage, but

also imparting rigidity and structure.



[0083] As noted above, the UHMW-PE yarns also enhance the thermal or heat transfer

properties within the toe cage, since the UHMW-PE provides poor thermal resistance and thus

acts as a heat sink to draw heat from the user's foot and impart a cooling effect at the toe cage.

As previously noted, a region of the vamp 225 includes an uneven, wavy and/or waffle-like

surface including indentations 290 that increase the overall surface area at this section. The

combination of the UHMW-PE yarns with the indentations 290 within the vamp 225 further

enhances heat transfer from the user's foot to the ambient environment that is external to the

upper 105. Further, the greater weight percentage of UHMW-PE yarns in the remaining toe cage

230 provides slightly more or enhanced, since greater rigidity may be desired at the periphery of

the toe cage (i.e., at the front end of the shoe 100) in relation to the vamp 225 area.

[0084] In another embodiment, the strands (one of the primary, secondary, or tertiary strand)

may be a bicomponent fiber. A bicomponent fiber is formed of two polymers of differing

properties. By way of example, one segment of the fiber may be formed of a polymer possessing

a first shrinkage rate (when exposed to wet or dry heat) and a second segment of the fiber may be

formed of a polymer possessing second shrinkage rate. The segments may be oriented in a side-

by-side relationship, being connected along the length of the fiber. Accordingly, when the fiber

is exposed to heat, the segments shrink at different rates, causing the filament to crimp or coil.

In a preferred embodiment, the first fiber segment is a 2GT type polyester polyethylene

terephthalate (PET) and the second fiber segment is a 3GT type polyester (e.g., polytrimethylene

terephthalate (PTT)). In an embodiment, the 2GT type polyester forms about 60 wt% of the

filament, while the 3GT type polyester forms about 40 wt% of the filament.

[0085] As noted above, when exposed to heat, the first fiber segment shrinks at a different rate

than the second fiber segment, producing a regular, helical crimp in the fibers forming the yarn.

This generates elastic properties within the yarn. In addition, since the crimp is not created

mechanically, no texturing or covering of the fiber is necessary prior to weaving. This is in

contrast with elastane, which requires covering or texturing. In general, the stretch and recovery

the bicomponent fiber is greater and more durable than those of mechanically textured yarns. A

commercially available type of bicomponent fiber or filament is T400®, available from

INVISTA, Wilmington, NC.



[0086] In an embodiment, the strand is a bicomponent filament such as a polyester bicomponent

filament. A polyester bicomponent filament is a continuous filament having a pair of polyesters

connected side-by-side, along the length of the filament such that the filament cross-section is,

e.g., an eccentric sheath-core or other suitable cross-section from which a crimp develops upon

heating. The polyester bicomponent filament comprises poly(trimethylene terephthalate) and at

least one polymer selected from the group consisting of poly(ethylene terephthalate),

poly(trimethylene terephthalate), and poly(tetramethylene terephthalate) or a combination

thereof. By way of example, the polyester bicomponent filaments include poly(ethylene

terephthalate) and poly(trimethylene terephthalate) in a weight ratio of about 30/70 to about

70/30, and have an after-heat- set crimp contraction value from about 10% to about 80% (e.g.,

from 30% to 60%).

[0087] Various co-monomers can be incorporated into the polyesters of the bicomponent

filament in minor amounts, provided such co-monomers do not have an adverse effect on the

amount of fiber crimp, and if the benefits of the invention are not deleteriously affected.

Examples include linear, cyclic, and branched aliphatic dicarboxylic acids (and their diesters)

having 4-12 carbon atoms; aromatic dicarboxylic acids (and their esters) having 8-12 carbon

atoms (for example isophthalic acid, 2,6-naphthalenedicarboxylic acid, and 5-sodium-

sulfoisophthalic acid); and linear, cyclic, and branched aliphatic diols having 3-8 carbon atoms

(for example 1,3-propane diol, 1,2-propanediol, 1,4-butanediol, 3-methyl-l,5-pentanediol, 2,2-

dimethyl- 1,3 -propanediol, 2-methyl- 1,3 -propanediol, and 1,4-cyclohexanediol). Isophthalic acid,

pentanedioic acid, 5-sodium-sulfoisophthalic acid, hexanedioic acid, 1,3-propane diol, and 1,4-

butanediol are preferred. The polyesters can also have incorporated therein additives, such as

titanium dioxide.

[0088] The linear density of the polyester bicomponent filament yarn of which the fabric of the

invention is comprised can range from about 70 denier to about 900 denier (78 dtex to 1000

dtex) and, in particular, from about 100 denier to about 450 denier. The bicomponent filament

yarns can be present from about 2 to about 90 weight percent based on the total weight of the

textile structure (e.g., 5 - 50 wt%; 10 - 30 wt%; or 15 to 20 wt %).

[0089] In an embodiment, the textile structure (e.g., knit structure) includes a combination of

hard yarns and bicomponent filaments or fibers. Hard yarns are yarns that are substantially non-



elastic. That is, hard yarns include knitting yarns which possess little to no elastic stretch, such

as natural and/or synthetic spun staple yarns, natural and/or synthetic continuous filament yarns,

and combinations thereof. Examples of materials that may be utilized in the spun staple and/or

continuous filament hard yarns include cotton, polyester, nylon, polypropylene, polyethylene,

acrylics, wool, acetate, polyacrylonitrile, and combinations thereof. Natural fibers include

cellulosic fibers (e.g., cotton, bamboo) or protein fibers (e.g., wool, silk, and soybean). They also

can be of mono component poly(ethylene terephthalate) and poly(trimethylene terephthalate)

fiber, polycaprolactam fiber, poly(hexam ethylene adipamide) fibers acrylic fibers, modacrylic,

acetate fibers, rayon fibers, nylon and combinations thereof.

[0090] Bicomponent filaments or fibers, while non-elastic (thus are hard fibers), still possess

good mechanical stretch and recovery characteristics as a result of their coiled structure.

Compared with elastic filaments such as elastane, bicomponent filaments/fibers possessed

improved recovery properties.

[0091] In an embodiment, the primary yarn is a hard yarn, while the secondary strand is a

bicomponent filament/fiber.

[0092] While the invention has been described in detail and with reference to specific

embodiments thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof. For

example, while knitting is the preferred process for forming the upper, it should be understood

that other processes may be used to form structural portions of the upper. By way of specific

example, woven and nonwoven processes may be utilized. Within the knit structure, various

stitches may be used to provide different areas of the upper with different properties. For

example, a first area may be formed of a first stitch configuration, and a second area may be

formed of a second stitch configuration that is different from the first stitch configuration to

impart varying textures, structures, patterning, and/or other characteristics to the upper member.

[0093] Stitching may be utilized to connect sections of the template 700 together. In addition,

Bemis Associates, Inc. of Shirley, Mass., United States manufactures polymer heat seal seam

tapes that may be utilized to reinforce seams, replace stitching, and/or prevent fraying. The seam

tapes are thermoplastic polymers that may be applied by commercially-available taping



machines and join textile sections formed of a variety of materials, such as polyester, cotton, and

blended fabrics that include both polyester and cotton fibers.

[0094] Furthermore, a securing structure other than a shoe lace can also be utilized to loosen or

tighten the fit of the upper 105 on the user's foot. For example, in other embodiments, securing

structure (e.g., hook and loop fasteners, button/snap fasteners, etc.) can be provided proximate

the free end 315 of the instep cover 240 and also correspondingly along an interior upper surface

portion at the lateral quarter 215 to secure the instep cover free end with the lateral quarter.

[0095] The access opening or collar 230 may be finished with any suitable material, e.g., fabric

tape applied via adhesive. In an example embodiment, a strip of material is applied around an

inside edge of collar 235 to allow the edge of collar to be finished without a binding to reduce

fraying and/or to help collar adhere to the skin of the user. The material may be an elastomeric

and/or tacky polymer such as, but not limited to, polyurethane, silicone, nylon, and polyester. In

another exemplary embodiment as described herein, the collar 235 may be formed of a textile

material that is constructed of a composition of yarns or strands that differ from other textile

material portions of the upper 105. The remaining portion of the opening to the interior cavity of

the upper 105 is defined by an edge 305 of the instep cover 240 that extends from the medial

quarter 220 toward the lateral quarter 215 when the instep cover 240 is folded over to fit within

the interior cavity 332 of the upper 105 along lateral shoe side 205B as described herein.

[0096] Fibers or filaments having a variety of different cross-sectional configurations (i.e., where

the cross-section is transverse the longitudinal or lengthwise direction of the strand). Some

examples of different cross-sections include, without limitation, a monofilament cross-section

including a strand with a single polymer component 810 as depicted in FIG. 8A, a multi-

component cross-section such as a bi-component strand including different polymer components

810 and 812 as depicted in FIG. 8B, and a strand with a sheath-core cross-section including one

polymer component 810 comprising the core and another polymer component 812 comprising

the sheath (i.e., material surrounding the core) as depicted in FIG. 8C. The textile upper 105 can

also include synthetic strands having other configurations including, without limitation, trilobal

or multi-lobal, non-round (e.g., elliptical, polygonal, irregular shaped, etc.), flat or ribbon shaped

(with single or multiple polymer components), eccentric sheath-core (e.g., where the core

component is not centrally located within the cross-section), islands-in-the-sea or INS



configurations (e.g., with two or more polymer components comprising the island and/or sea

sections of the INS strand).

[0097] Strands for the textile upper 105 can also be formed as yarns comprising any one or

combination of strand cross-sections such as those previously described. In one example,

embodiment, the textile upper 105 can include one or more double covered yarns as depicted in

FIG. 9 . In particular, the double covered yarn (DCY) 900 depicted in FIG. 9 includes a first core

strand 905, a second strand 910 twisted or wrapped around the longitudinal or lengthwise

direction of the first strand, and a third strand 915 twisted or wrapped around the longitudinal or

lengthwise directions of both the first and second strands. The second strand 910 and third

strand 915 can be twisted or coiled in opposite directions around the core strand 905. Each

strand 905, 910, 915 can have any suitable cross-section with one or more polymer components,

including cross-sections as previously described and depicted in FIGS. 8A - 8C. In an example

embodiment, each strand 905, 910, 915 forming the DCY 905 is a monofilament strand (i.e.,

single polymer component strand, such as depicted in FIG. 8A).

[0098] A strand may further include a non-elastomeric, resilient fiber. A non-elastomeric,

resilient fiber is a stretch fiber that, while not containing elastomeric fiber, possesses a

recoverable stretch of such yarn greater than 10% (ASTM D6720-07). The non-elastomeric

elastic fibers can be textured PET stretch filament, textured PPT stretch filament, bi-component

fiber (such as PET/PTT side-by-side bicomponent), or PBT stretch fiber.

[0099] The knitted process used to form the unitary member of the upper 105 can be configured

such that fusing strands and/or fusing yarns are located at selected locations within the unitary

member. For example, in some embodiments, fusing strands and/or fusing yarns can be

provided at selected locations along the unitary member during the knitting process such that,

after heat treatment of the formed textile upper 105 as described herein to induce fusing, only

some surface areas of the textile upper 105 are fused while other surface areas of the textile

upper remain unfused. In other embodiments, fusing strands and/or fusing yarns are provided

throughout the unitary member during the knitting process such that, after heat treatment of the

formed textile upper, a single fused surface area (i.e., the area encompassed by fusing strands

and/or fusing yarns that have been fused to other strands and/or yarns) extends continuously

through the entire upper 105.



[00100] Further, the textile upper 105 can be formed via the knitting process so as to include a

selected portion or percentage of fusing strands and/or fusing yarns of one or more types. For

example, the textile upper 105 can be formed entirely from fusing strands and/or fusing yarns.

Alternatively, the textile upper 105 can be formed from some fusing strands and/or fusing yarns

combined with some non-fusing strands and/or non-fusing yarns. A fusing strand or a fusing

yarn can fuse with other fusing strands and fusing yarns and also with non-fusing strands and

non-fusing yarns. Thus, any fused surface area of the upper 50 can have only fusing strands

and/or fusing yarns or, alternatively, can have a combination of fusing strands and/or fusing

yarns and non-fusing strands and/or non-fusing yarns.

[00101] The textile upper 105 can also be formed such that a continuous fused surface area that

encompasses some or all of the surface area of the upper can include different types of fusing

and non-fusing strands and/or yarns. For example, a textile upper 105 having its entire surface

area being fusing can include certain types and/or weight percentage compositions of fusing

and/or non-fusing strands and/or yarns at one location of the upper (e.g., at the toe cage 230) that

differ from fusing and/or non-fusing strands and/or yarns at another location of the upper (e.g., at

the heel section 210). Such variations in types and/or weight percentage compositions of strands

provided at different locations of the upper can be implemented to effect different physical

characteristics of the upper at these different locations. For example, different types and/or

amounts of thermoplastic strands and/or yarns can be provided at different areas of the upper 105

so as to modify an amount or degree of fusing and/or a degree of flexibility or rigidity to such

areas.

[00102] In another example, different types and/or amounts of elastomeric strands and/or yarns

can be varied at different areas of the upper 105 so as to vary the elasticity of the upper at such

areas. Further still, different types and/or amounts of strands and/or yarns having different

thermal or heat transfer properties can be varied at different areas of the upper 105 so as to vary a

degree of heat transfer (e.g., insulation or cooling) at different areas of the upper.

[00103] In an example embodiment, the unitary member 700 is formed via a flat knitting process

so as to include a single, continuous fused surface area defined along the unitary member, where

the single, continuous fused surface area includes different sections including different types of

filaments and/or yarns and/or different weight percentage compositions of the same or different



types of filaments and/or yarns. For example, since the flat knitting process used to form the

unitary member for the textile upper 105 can be configured so as to feed different strands and/or

yarns over different courses and/or wales as the unitary member is formed, the different types of

strands and/or yarns can be selectively inserted into the textile material forming the unitary

member for each individual course that is formed.

[00104] Thus, an article of footwear is formed that is easy to manufacture and assembly, since the

unitary member forming the textile upper requires the formation of fewer seams in relation to

other, conventional textile uppers, and further provides enhanced flexibility as well as sufficient

rigidity due to the combination of materials including fusing and/or non-fusing strands and/or

yarns used to form various sections or regions of the upper. The unitary upper including a instep

cover with a free end also provides additional locations for lacing or other securing structure to

engage with the instep cover and/or medial side of the upper so as to enhance loosening or

tightening of the upper to conform to varying foot widths. The use of certain textile materials

(e.g., UHMW-PE in the toe cage) as well as modified surface regions (e.g., the vamp 225) also

enhances heat transfer properties of the article of footwear.

[00105] While the invention has been described in detail and with reference to specific

embodiments thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.

[00106] For example, instead of an instep cover 240, the upper 105 may include a conventional

tongue including a longitudinally extending member free on its lateral and medial sides. The

upper 105 can further include any selected number and/or different types of microclimate

moderation structures located at any selected regions of the upper.

[00107] Thus, it is intended that the present invention covers the modifications and variations of

this invention provided they come within the scope of the appended claims and their equivalents.

It is to be understood that terms such as "top", "bottom", "front", "rear", "side", "height",

"length", "width", "upper", "lower", "interior", "exterior", and the like as may be used herein,

merely describe points of reference and do not limit the present invention to any particular

orientation or configuration.



What is claimed:

1. A textile upper for an article of footwear, the textile upper comprising a

microclimate moderation structure located at one or more regions of the upper, the microclimate

moderation structure comprising a plurality of knitted strands, the knitted strands including a first

strand type and a second strand type, the first strand type having a greater thermal conductivity

than the second strand type.

2 . The textile upper of claim 1, wherein the microclimate moderation structure is

located at a forefoot region of the upper.

3 . The textile upper of claim 2, wherein at least 50% of the strands that form the

microclimate structure disposed at the forefoot region of the upper are of the first strand type.

4 . The textile upper of claim 3, wherein the first strand type has a thermal

conductivity of 0.42 - 0.51 W/mK.

5 . The textile upper of claim 4, wherein the second strand type has a thermal

conductivity of no more than 0.40 W/mK.

6 . The textile upper of claim 4, wherein the first strand type comprises an ultra-high

molecular weight polyethylene.

7 . The textile upper of claim 1, wherein the microclimate moderation structure

comprises a plurality of layers plaited together including an inner layer and an outer layer, and

strands of the first strand type are provided in at least one of the inner layer and the outer layer.

8 . The textile upper of claim 1, further comprising a second microclimate

moderation structure, the second microclimate moderation structure comprising an uneven

exterior surface that includes a plurality of knitted beams and a plurality of indentations defined

between the knitted beams.



9 . The textile upper of claim 8, wherein the second microclimate moderation

structure further comprises a plurality of elongated sections extending transverse the knitted

beams.

10. The textile upper of claim 9, wherein the uneven exterior surface comprises an

undulating exterior surface defined by alternating rows of elongated sections and indentations.

11. The textile upper of claim 10, wherein the beams overlie the elongated sections

and include bridging portions that extend over the indentations.

12. The textile upper of claim 1, wherein the upper further comprises:

a first portion comprising a planum section, a heel section, a lateral quarter section and a

medial quarter section, wherein the heel section is seamless and each of the heel section, lateral

quarter section and medial quarter section seamlessly couples with the planum section; and

a second portion comprising a vamp, a toe cage and an instep cover configured to span an

area covering an instep of a foot inserted within the upper;

wherein the first and second portions combine to form a cavity configured to receive a

user's foot.

13. The textile upper of claim 12, wherein the microclimate moderation structure is

disposed at the vamp and/or the toe cage of the upper.

14. The textile upper of claim 12, wherein at least part of the upper is formed

including at least one of a fusing strand and a fusing yarn.

15. The textile upper of claim 12, further comprising an adjustable lacing system that

comprises:

a first connection configuration located at one of the medial and lateral quarter sections,

wherein the first connection configuration engages a fastener structure so as to position at least

one portion of the fastener structure exterior to the cavity of the upper; and



a second connection configuration located at the other of the medial and lateral quarter

sections, wherein the second connection configuration engages the fastener structure so as to

position at least another portion of the fastener structure within the cavity of the upper;

wherein the adjustable lacing system facilitates selective engagement of the fastener

structure with different sets of fastener engaging elements of at least one of the first and second

connection configurations so as to adjust a fit of the upper around a width of the foot disposed

within the cavity.

16. The textile upper of claim 15, wherein the fastener structure comprises a shoe

lace, and the adjustable lacing system is configured to receive and retain the shoe lace such that

the shoe lace is guided through fastener engaging elements of the first and second connection

configurations as the shoe lace extends in a zig-zag pattern between the medial and lateral

quarter sections.

17. The article of footwear of claim 15, wherein the first connection configuration

comprises a plurality of looped segments extending from one of the medial and lateral quarter

sections, and each looped segment is suitably dimensioned to receive a portion of the fastener

structure.

18. The article of footwear of claim 17, wherein the second connection configuration

comprises a plurality of slots extending through the upper at the other of the medial and lateral

quarter sections, the plurality of slots being arranged in sets, each set being distanced from

another set in a direction transverse a lengthwise direction of the upper and including at least one

pair of slots aligned in a linear array that extends the lengthwise direction of the upper, and each

slot being suitably dimensioned to receive a portion of the fastener structure when the fastener

structure is guided through each slot of a pair.

19. An article of footwear comprising a sole structure coupled with the textile upper

of claim 1.



20. A textile upper for an article of footwear, the textile upper comprising a

microclimate moderation structure located at a selected region of the upper, the microclimate

moderation structure comprising an uneven exterior surface that includes a plurality of knitted

beams and a plurality of indentations defined between the knitted beams.

2 1. The textile upper of claim 20, further comprising a plurality of elongated sections

extending transverse the knitted beams.

22. The textile upper of claim 21, wherein the uneven exterior surface comprises an

undulating exterior surface defined by alternating rows of elongated sections and indentations.

23. The textile upper of claim 22, wherein the beams overlie the elongated sections

and include bridging portions that extend over the indentations.

24. The textile upper of claim 20, wherein the microclimate moderation region is

located at a forefoot region of the upper.
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