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ARTICLE OF FOOTWEAR WITH A SOLE STRUCTURE

HAVING FLUID-FILLED SUPPORT ELEMENTS

BACKGROUND

[01]

[02]

A conventional article of athletic footwear includes two primary elements, an
upper and a sole structure. The upper provides a covering for the foot that
securely receives and positions the foot with respect to the sole structure. In
addition, the upper may have a configuration that protects the foot and provides
ventilation, thereby cooling the foot and removing perspiration. The sole
structure is secured to a lower surface of the upper and is generally positioned
between the foot and the ground to attenuate ground reaction forces. The sole
structure may also provide traction and control foot motions, such as over
pronation. Accordingly, the upper and the sole structure operate cooperatively to
provide a comfortable structure that is suited for a wide variety of ambulatory

activities, such as walking and running.

The sole structure of athletic footwear generally exhibits a layered configuration
that includes a comfort-enhancing insole, a resilient midsole formed from a
polymer foam, and a ground-contacting outsole that provides both abrasion-
resistance and traction. Suitable polymer foam materials for the midsole include
ethylvinylacetate or polyurethane that compress resiliently under an applied load
to attenuate ground reaction forces and absorb energy. Conventional polymer
foam materials are resiliently compressible, in part, due to the inclusion of a
plurality of open or closed cells that define an inner volume substantially
displaced by gas. That is, the polymer foam includes a plurality of bubbles that
enclose the gas. Following repeated compressions, the cell structure may
deteriorate, thereby resulting in decreased compressibility of the foam.
Accordingly, the force attenuation characteristics of the midsole may decrease
over the lifespan of the footwear.
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[04]

[05]
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One manner of reducing the weight of a polymer foam midsole and decreasing
the effects of deterioration following repeated compressions is disclosed in U.S.
Patent Number 4,183,156 to Rudy, hereby incorporated by reference, in which
cushioning is provided by a fluid-filled bladder formed of an elastomeric
materials. The bladder includes a plurality of tubular chambers that extend
longitudinally along a length of the sole structure. The chambers are in fluid
communication with each other and jointly extend across the width of the
footwear. The bladder may be encapsulated in a polymer foam material, as
disclosed in U.S. Patent Number 4,219,945 to Rudy, hereby incorporated by
reference. The combination of the bladder and the encapsulating polymer foam
material functions as a midsole. Accordingly, the upper is attached to the upper
surface of the polymer foam material and an outsole or tread member is affixed
to the lower surface.

Bladders of the type discussed above are generally formed of an elastomeric
material and are structured to have upper and lower portions that enclose one or
more chambers therebetween. The chambers are pressurized above ambient
pressure by inserting a nozzle or needle connected to a fluid pressure source
into a fill inlet formed in the bladder. Following pressurization of the chambers,
the fill inlet is sealed and the nozzle is removed.

Fluid-filled bladders suitable for footwear applications may be manufactured by a
two-film technique, in which two separate sheets of elastomeric film are formed
to exhibit the overall peripheral shape of the bladder. The sheets are then
bonded together along their respective peripheries to form a sealed structure,
and the sheets are also bonded together at predetermined interior areas to give
the bladder a desired configuration. That is, the interior bonds provide the
bladder with chambers having a predetermined shape and size. Such bladders
have also been manufactured by a blow-molding technique, wherein a molten or
otherwise softened elastomeric material in the shape of a tube is placed in a
mold having the desired overall shape and configuration of the bladder. The
mold has an opening at one location through which pressurized air is provided.



WO 2009/055237 PCT/US2008/079074

The pressurized air induces the liquefied elastomeric material to conform to the
shape of the inner surfaces of the mold. The elastomeric material then cools,
thereby forming a bladder with the desired shape and configuration.

SUMMARY

[06]

[07]

[08]

One aspect relates to an article of footwear having an upper and a sole structure
secured to the upper. The sole structure defines a void with an upper surface
and an opposite lower surface. A fluid-filled chamber is located within the void
and in a rear-lateral area of the footwear. A lower surface of the chamber may
be angled upwardly. An outsole may be secured below the fluid-filled chamber,
and the outsole defines an upward bevel in an area corresponding with the lower
surface of the chamber. In some configurations, the upward bevel may extend in
the medial-to-lateral direction and the front-to-back direction.

Another aspect relates to an article of footwear having an upper and a sole
structure secured to the upper. The sole structure defines a void with an upper
surface and an opposite lower surface extending through a medial side and a
lateral side of the footwear. A fluid-filled chamber is located within the void and
has a first surface and an opposite second surface. The first surface may be
positioned adjacent to the upper surface of the void and bonded to the upper
surface of the void. The second surface may also be positioned adjacent to the
lower surface of the void and bonded to the lower surface of the void.

A further aspect relates to an article of footwear having an upper and a sole
structure secured to the upper. The sole structure defines a void with an upper
surface and an opposite lower surface extending through a medial side and a
lateral side of the footwear. A fluid-filled chamber extends between the upper
surface and the lower surface of the void. A plate extends under a portion of the
chamber and is absent from another portion of the chamber. In addition, an
outsole forms a lower surface of the footwear. The plate may be secured to one
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area of the chamber, and the outsole may be secured to another area of the

chamber.

The advantages and features of novelty characterizing various 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 to the following descriptive matter and accompanying
drawings that describe and illustrate various embodiments and concepts related
to the aspects of the invention.

FIGURE DESCRIPTIONS

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]

[18]

[19]

The foregoing Summary, as well as the following Detailed Description, will be
better understood when read in conjunction with the accompanying drawings.

Figure 1 is a lateral side elevational view of an article of footwear.

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

Figure 3 is a perspective view of a support element of the article of footwear.
Figure 4 is a side elevational view of the support element.

Figure 5 is a cross-sectional view of the support element, as defined by section

line 5-5 in Figure 4.
Figure 6 is an exploded perspective view of the support element.
Figure 7 is an exploded side elevational view of the support element.

Figure 8 is a perspective view of the support element in a non-pressurized

configuration.

Figure 9 is a side elevational view of the support element in the non-pressurized

configuration.
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[20] Figure 10 is a cross-sectional view of the support element in the non-pressurized

configuration, as defined by section line 10-10 in Figure 9.

[21] Figure 11A-11D are schematic cross-sectional views of a mold depicting steps
for manufacturing the support element.

[22] Figure 12 is a perspective view of a support component having four support

elements.
[23] Figure 13 is a lateral side elevational view of another article of footwear.

[24] Figure 14 is a side elevational view of a portion of the article of footwear depicted
in Figure 13.

[25] Figure 15 is a cross-sectional of the portion of the article of footwear, as defined
by section line 15-15 in Figure 14.

[26] Figure 16 is an exploded side elevational view of the portion of the article of
footwear depicted in Figure 13.

[27] Figure 17 is a bottom plan view of a plate member of the article of footwear
depicted in Figure 13.

[28] Figure 18 is a perspective view of the plate member.

[29] Figure 19 is a top plan view of a support component of the article of footwear

depicted in Figure 13.
[30] Figure 20 is a perspective view of the support component.

[31] Figure 21 is a lateral side elevational view showing an alternate configuration of
the article of footwear depicted in Figures 1 and 2.

[32] Figure 22 is a lateral side elevational view showing an alternate configuration of

the article of footwear depicted in Figure 13.
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[33] Figure 23 is an exploded side elevational view of a portion of the article of

footwear depicted in Figure 22.

[34] Figure 24 is a perspective view of a support component of the article of footwear
depicted in Figure 22.

[35] Figure 25A-25C are perspective views showing alternate configurations of the

support component depicted in Figure 24.

[36] Figure 26 is a cross-sectional view of the article of footwear depicted in Figures 1
and 2, as defined by section line 26-26 in Figure 2.

[37] Figure 27 is a cross-sectional view of the article of footwear depicted in Figure

13, as defined by section line 27-27 in Figure 13.
[38] Figure 28 is a lateral side elevational view of another article of footwear.

[39] Figure 29 is a side elevational view of a portion of a sole structure of the article of
footwear depicted in Figure 28.

[40] Figures 30A and 30B are cross-sectional views of the portion of the sole
structure, as defined by section lines 30A and 30B in Figure 29.

[41] Figure 31 is a perspective view of the portion of a sole structure.
[42] Figure 32 is an exploded perspective view of the portion of the sole structure

[43] Figure 33 is a perspective view of a plate and an outsole in the portion of the sole

structure.
[44] Figure 34 is an exploded perspective view of the plate and the outsole.

[45] Figure 35 is a lateral side elevational view of another configuration of the article
of footwear depicted in Figure 28.
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DETAILED DESCRIPTION

[46]

[47]

Introduction

The following discussion and accompanying figures disclose an article of
footwear having support elements in accordance with aspects of the present
invention. Concepts related to the support elements are disclosed with reference
to footwear having a configuration suitable for the sport of running. The support
elements are not solely limited to footwear designed for running, however, and
may be incorporated into a wide range of athletic footwear styles, including shoes
that are suitable for baseball, basketball, football, rugby, soccer, tennis,
volleyball, and walking, for example. In addition, the support elements may be
incorporated into footwear that is generally considered to be non-athletic,
including a variety of dress shoes, casual shoes, sandals, and boots. An
individual skilled in the relevant art will appreciate, therefore, that the concepts
disclosed herein with regard to the support elements apply to a wide variety of
footwear styles, in addition to the specific style discussed in the following material
and depicted in the accompanying figures.

An article of footwear 10 is depicted in Figures 1 and 2 as including an upper 20
and a sole structure 30. For purposes of reference in the following material,
footwear 10 may be divided into three general regions: a forefoot region 11, a
midfoot region 12, and a heel region 13, as defined in Figures 1 and 2. In
addition, footwear 10 includes two sides: lateral side 14 and medial side 15, as
also defined in Figures 1 and 2. Lateral side 14 is positioned to extend along a
lateral side of the foot and generally passes through each of regions 11-13.
Similarly, medial side 15 is positioned to extend along an opposite medial side of
the foot and generally passes through each of regions 11-13. Regions 11-13 and
sides 14-15 are not intended to demarcate precise areas of footwear 10. Rather,
regions 11-13 and sides 14-15 are intended to represent general areas of
footwear 10 that provide a frame of reference during the following discussion.
Although regions 11-13 and sides 14-15 apply generally to footwear 10,
references to regions 11-13 and sides 14-15 may also apply specifically to upper
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20, sole structure 30, or an individual component within either upper 20 or sole

structure 30.

Upper 20 is secured to sole structure 30 and defines a cavity for receiving a foot.
Access to the cavity is provided by an ankle opening 21 located in heel region
11. Alace 22 extends in a zigzag pattern through various apertures in upper 20.
Lace 22 may be utilized in a conventional manner to selectively increase a size
of ankle opening 21 and modify certain dimensions of upper 20, particularly girth,
to accommodate feet with varying dimensions. Various materials are suitable for
upper 20, including leather, synthetic leather, rubber, textiles, and polymer
foams, for example, that are stitched or adhesively bonded together. The
specific materials utilized for upper 20 may be selected to impart wear-
resistance, flexibility, air-permeability, moisture control, and comfort. More
particularly, different materials may be incorporated into different areas of upper
20 in order to impart specific properties to those areas. Furthermore, the
materials may be layered in order to provide a combination of properties to
specific areas. Although the configuration of upper 20 discussed above is
suitable for footwear 10, upper 20 may exhibit the configuration of any

conventional or non-conventional upper.

Sole structure 30 is secured to a lower surface of upper 20 and includes a
midsole 31 and an outsole 32. A conventional midsole is primarily formed of a
polymer foam material, such as polyurethane or ethylvinylacetate, as discussed
in the Background of the Invention section. In contrast with the structure of a
conventional midsole, midsole 31 defines a void 33 in heel region 13 that
includes four fluid-filled support elements 40a-40d. Void 33 extends through sole
structure 30 from lateral side 14 to medial side 15 and has an upper surface 34
and an opposite lower surface 35. Although midsole 31 may be substantially
formed from a polymer foam material, plates or other elements in midsole 31
may define void 33. Each of support elements 40a-40d extend between
surfaces 34 and 35 to provide ground reaction force attenuation as footwear 10
impacts the ground during running, walking, or other ambulatory activities. In
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addition, support elements 40a-40d may impart stability or otherwise control foot
motions, such as the degree of pronation. Outsole 32 forms a ground-engaging
surface of sole structure 30 and is formed of a durable, wear-resistant material,
such as rubber, that is textured to enhance traction. In some embodiments,
outsole 32 may be formed integral with midsole 31 or may be a lower surface of
midsole 31. Sole structure 30 may also include an insole positioned within the
cavity formed by upper 20 and located to contact a plantar (i.e., lower) surface of
the foot, thereby enhancing the overall comfort of footwear 10.

Support Element Structure

The primary portions of support element 40a, as depicted in Figures 3-7, are a
fluid-filled chamber 50 and a pair of inserts 61 and 62. Chamber 50 is a sealed
bladder formed from a polymer material that encloses a pressurized fluid. The
fluid places an outward force upon chamber 50 that tends to distend surfaces of
chamber 50. That is, the fluid has sufficient pressure to cause various surfaces
of chamber 50 to bulge or otherwise protrude outward. Surfaces 34 and 35 of
void 33 have a generally planar configuration in areas where support element
40a contacts and is secured to midsole 31. Inserts 61 and 62 are secured to an
exterior of chamber 50 to limit the distension in various surfaces of chamber 50
and provide generally planar areas that may join with surfaces 34 and 35 of void
33.

Chamber 50 has a generally cylindrical structure that includes a first surface 51,
an opposite second surface 52, and a sidewall surface 53 extending between
first surface 51 and second surface 52. Chamber 50 is formed, as described in
greater detail below, from a pair of polymer barrier layers that are substantially
impermeable to a pressurized fluid contained by chamber 50. One of the barrier
layers forms both first surface 51 and sidewall surface 53, and the other of the
barrier layers forms second surface 52. Accordingly, the barrier layers are
bonded together around their respective peripheries to define a peripheral bond
54 that seals the pressurized fluid within chamber 50. In further embodiments,
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each of the barrier layers may form portions of sidewall surface 53 such that
peripheral bond 54 is positioned between first surface 51 and second surface 52.
As an alternative to utilizing barrier layers to form chamber 50, a blowmolding
may be utilized.

Inserts 61 and 62 have a generally circular structure and are bonded or
otherwise secured to an exterior of chamber 50. More specifically, insert 61 is
recessed into and secured to first surface 51, and insert 62 is recessed into and
secured to second surface 52. Each of inserts 61 and 62 have a plate-like
structure with two opposite surfaces and a tapered sidewall. That is, the area of
the surface that faces outward is greater than the area of the surface that faces
inward and is bonded to chamber 50, and the sidewall forms the taper between
the two surfaces. In further embodiments, each of the surfaces of inserts 61 and
62 may have substantially equal areas.

Each of inserts 61 and 62 are recessed into chamber 50, as depicted in Figure 5.
More particularly, the polymer material of chamber 50 is secured to one surface
and the tapered sidewall of each of inserts 61 and 62. The polymer material of
chamber 50 extends, therefore, from a lower surface of support element 40a to
an upper surface of support element 40a. Sidewall 53 forms, therefore, the
exposed portion of support element 40a when incorporated into footwear 10.
Inserts 61 and 62 may have a diameter that is equal to a diameter of surfaces 51
and 52. Alternatively, the diameter of inserts 61 and 62 may be in a range of
90% to 110%, for example, of a diameter of surfaces 51 and 52, or the diameter
of inserts 61 and 62 may vary beyond this range. Accordingly, inserts 61 and 62
may have a lesser or greater area than surfaces 51 and 52.

Inserts 61 and 62 are depicted as being substantially identical to each other. In
some embodiments, however, the diameters, thicknesses, or materials forming
inserts 61 and 62 may be different. Furthermore, each of inserts 61 and 62 may
include unique protrusions or indentations that assist with positioning support
element 40a in void 33 of midsole 31. Each of inserts 61 and 62 are also

10
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depicted as having substantially constant thicknesses. In some embodiments,
however, the thickness of insert 61, for example, may vary such that one side of
insert 61 is thicker than an opposite side of insert 61. Similarly, the thickness of
insert 61 may vary such that a central area is thicker than a peripheral area.

Figures 3-7 depict support element 40a in a pressurized configuration, wherein
the fluid within support element 40a places an outward force upon first surface
51, second surface 52, and sidewall surface 53 due to differences in pressure
between air surrounding chamber 50 and the fluid. For purposes of comparison,
Figures 8-10 depict support element 40a in a non-pressurized configuration,
wherein differences in pressure between air surrounding chamber 50 and the
fluid are minimal. In the pressurized configuration, inserts 61 and 62 exhibit a
substantially planar structure. That is, neither of inserts 61 and 62 exhibit
substantial curvature or other non-planar characteristics. In the non-pressurized
configuration, however, inserts 61 and 62 each bow inward and toward a center
of support element 40a. That is, both of inserts 61 and 62 exhibit a curved
structure in the non-pressurized configuration. Accordingly, the outward force of
the pressurized fluid within chamber 50 tends to deform inserts 61 and 62 from a

non-planar structure to a generally planar structure.

Support elements 40a-40d are devoid of internal connections between first
surface 51 and second surface 52. That is, first surface 51 and second surface
52 are not connected through an interior of support elements 40a-40d. Some
prior art fluid-filled bladders in footwear include a plurality of internal connections
to prevent surfaces from bulging or otherwise protruding outward. The presence
of inserts 61 and 62, however, limits the degree to which first surface 51 and
second surface 52 protrude outward. Accordingly, internal connections between
first surface 51 and second surface 52 are not necessary. In some

embodiments, however, internal connections may be utilized.

A variety of thermoplastic polymer materials may be utilized for chamber 50, and
particularly the barrier layers, including polyurethane, polyester, polyester

11
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polyurethane, and polyether polyurethane. Another suitable material for chamber
50 is a film formed from alternating layers of thermoplastic polyurethane and
ethylene-vinyl alcohol copolymer, as disclosed in U.S. Patent Numbers
5,713,141 and 5,952,065 to Mitchell et al, hereby incorporated by reference. A
variation upon this material wherein the center layer is formed of ethylene-vinyl
alcohol copolymer; the two layers adjacent to the center layer are formed of
thermoplastic polyurethane; and the outer layers are formed of a regrind material
of thermoplastic polyurethane and ethylene-vinyl alcohol copolymer may also be
utilized. Chamber 50 may also be formed from a flexible microlayer membrane
that includes alternating layers of a gas barrier material and an elastomeric
material, as disclosed in U.S. Patent Numbers 6,082,025 and 6,127,026 to Bonk
et al.,, both hereby incorporated by reference. In addition, numerous
thermoplastic urethanes may be utilized, such as PELLETHANE, a product of the
Dow Chemical Company; ELASTOLLAN, a product of the BASF Corporation;
and ESTANE, a product of the B.F. Goodrich Company, all of which are either
ester or ether based. Still other thermoplastic urethanes based on polyesters,
polyethers, polycaprolactone, and polycarbonate macrogels may be employed,
and various nitrogen blocking materials may also be utilized. Additional suitable
materials are disclosed in U.S. Patent Numbers 4,183,156 and 4,219,945 to
Rudy, hereby incorporated by reference. Further suitable materials include
thermoplastic films containing a crystalline material, as disclosed in U.S. Patent
Numbers 4,936,029 and 5,042,176 to Rudy, hereby incorporated by reference,
and polyurethane including a polyester polyol, as disclosed in U.S. Patent
Numbers 6,013,340; 6,203,868; and 6,321,465 to Bonk et al., also hereby
incorporated by reference.

Inserts 61 and 62 may be formed from a diverse range of materials. Suitable
materials for inserts 61 and 62 include polyester, thermoset urethane,
thermoplastic urethane, various nylon formulations, blends of these materials, or
blends that include glass fibers. In addition, inserts 61 and 62 may be formed
from a high flex modulus polyether block amide, such as PEBAX, which is

manufactured by the Atofina Company. Polyether block amide provides a variety

12
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of characteristics that benefit the present invention, including high impact
resistance at low temperatures, few property variations in the temperature range
of minus 40 degrees Celsius to positive 80 degrees Celsius, resistance to
degradation by a variety of chemicals, and low hysteresis during alternative
flexure. Another suitable material for inserts 61 and 62 is a polybutylene
terephthalate, such as HYTREL, which is manufactured by E.l. duPont de
Nemours and Company. Composite materials may also be formed by
incorporating glass fibers or carbon fibers into the polymer materials discussed
above in order to enhance the strength of inserts 61 and 62. The material
forming inserts 61 and 62 may exhibit a greater modulus of elasticity than the
material forming chamber 50. Whereas the material forming chamber 50 is
generally flexible, the material forming inserts 61 and 62 may exhibit semi-rigid or
rigid properties.

The fluid within chamber 50 may be any of the gasses disclosed in U.S. Patent
Number 4,340,626 to Rudy, hereby incorporated by reference, such as
hexafluoroethane and sulfur hexafluoride, for example. The fluid may also
include gasses such as pressurized octafluorapropane, nitrogen, or air. In
addition to gasses, various gels or liquids may be sealed within chamber 50.
Accordingly, a variety of fluids are suitable for chamber 50. With regard to
pressure, a suitable fluid pressure is fifteen pounds per square inch, but may
range from zero to thirty pounds per square inch. Accordingly, the fluid pressure
within chamber 50 may be relatively high, or the fluid pressure may be at ambient
pressure or at a pressure that is slightly elevated from ambient. When selecting
a fluid pressure, considerations include the shape and thickness of inserts 61
and 62, the materials forming inserts 61 and 62, the materials forming chamber
50, the type of footwear insert 40a is used in, the weight of the wearer, and the

sport the wearer with participate in, for example.

Each of support elements 40a-40d may enclose a fluid with a substantially similar
fluid pressure. More particularly, the fluid pressure within support elements 40a-
40d may be the same when sole structure 30 is in an uncompressed state. As

13
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portions of sole structure 30 are compressed, the fluid pressure will rise in those
support elements 40a-40d that experience the greatest compression. For
example, upon impact with the ground, support element 40a may be more
compressed than support elements 40b-40d, and the fluid pressure within
support element 40a will be greater than the fluid pressure within support
elements 40b-40d. As footwear 10 comes to rest and sole structure 30 is no
longer compressed, the fluid pressure within each of support elements 40a-40d
will return to being the same. As an alternative, however, the fluid pressure
within support elements 40a-40d may be different when sole structure 30 is in an
uncompressed state. As an example, support element 40a may initially have a
fluid pressure of 15 pounds per square inch and each of support elements 40b-
40d may have a greater initial fluid pressure of 20 pounds per square inch.
Accordingly, the relative pressures within support elements 40a-40d may vary

significantly.
Manufacturing Process

One suitable manufacturing process for support element 40a is schematically-
depicted in Figures 11A-11D and involves the use of a mold 70. A substantially
similar process may be utilized for support elements 40b-40d. Mold 70 includes
a first mold portion 71 and a corresponding second mold portion 72. When
joined together, mold portions 71 and 72 define a cavity having dimensions
substantially equal to the exterior dimensions of one of support elements 40a-
40d. Mold 70 may be utilized for thermoforming chamber 50 and simultaneously
bonding or otherwise securing inserts 61 and 62 to chamber 50. In general,
inserts 61 and 62 are placed in or adjacent to mold portions 71 and 72, and a
pair of barrier layers 41 and 42, formed from a thermoplastic polymer material,
for example are placed between mold portions 71 and 72. Barrier layers 41 and
42, which form chamber 50, are then drawn into the contours of mold 70 such
that inserts 61 and 62 are respectively recessed into and bonded to barrier layers
41 and 42. In addition, mold portions 71 and 72 compress barrier layers 41 and
42 together to form peripheral bond 54. Once barrier layers 41 and 42 have

14
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conformed to the shape of chamber 50, inserts 61 and 62 are bonded to barrier
layers 41 and 42, and peripheral bond 54 is formed, chamber 50 may be
pressurized with the fluid and sealed, thereby forming support element 40a.

The manner in which mold 70 is utilized to form support element 40a from barrier
layers 41 and 42 and inserts 61 and 62 will now be discussed in greater detail.
An injection-molding process, for example, may be utilized to form inserts 61 and
62 from the materials discussed above. If necessary, inserts 61 and 62 may then
be cleansed with a detergent or alcohol, for example, in order to remove surface
impurities, such as a mold release agent or fingerprints. The surfaces of inserts

61 and 62 may also be plasma treated to enhance bonding with chamber 50.

Following formation and cleansing, inserts 61 and 62 are placed between mold
portions 71 and 72 and then positioned adjacent to mold portions 71 and 72, as
depicted in Figures 11A and 11B. A variety of techniques may be utilized to
secure inserts 61 and 62 to mold portions 71 and 72, including a vacuum system,
various seals, or non-permanent adhesive elements, for example. In addition,
inserts 61 and 62 may include various tabs that define apertures, and mold
portions 71 and 72 may include protrusions that engage the apertures to secure
inserts 61 and 62 within mold 70.

A plurality of conduits may extend through mold 70 in order to channel a heated
liquid, such as water or oil, through mold 70, thereby raising the overall
temperature of mold 70. As noted above, inserts 61 and 62 are positioned within
mold 70, and inserts 61 and 62 conduct the heat from mold 70, thereby raising
the temperature of inserts 61 and 62. In some embodiments of the invention,
inserts 61 and 62 may be heated prior to placement within mold 70 in order to
decrease manufacturing times, or various conductive or radiative heaters may be
utilized to heat inserts 61 and 62 while located within mold 70. The temperature
of mold 70 may vary depending upon the specific materials utilized for support
element 40a. Following placement of inserts 61 and 62 within mold 70, barrier
layers 41 and 42 are heated and positioned between mold portions 71 and 72, as
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depicted in Figure 11B. The temperature to which barrier layers 41 and 42 are

heated also depends upon the specific material used.

The thickness of barrier layer 41 prior to molding may be greater than the
thickness of barrier layer 42. Although barrier layers 41 and 42 may exhibit
different thicknesses prior to molding, each of barrier layers 41 and 42 may have
a substantially uniform thickness following molding. Although the thickness of
barrier layers 41 and 42 may vary significantly, a suitable thickness range for
barrier layer 41 prior to molding is 0.045 to 0.110 inches, with one preferred
thickness being 0.090 inches, and a suitable thickness range for barrier layer 42
prior to molding is 0.035 to 0.065 inches, with one preferred thickness being
0.045 inches. Whereas barrier layer 42 only forms second surface 52 of
chamber 50, barrier layer 41 forms both first surface 51 and sidewall surface 53
of chamber 50. The rationale for the difference in thickness is that barrier layer
41 may stretch to a greater degree than barrier layer 42 in order to form both
surface 51 and sidewall surface 53. Accordingly, differences between the
original, pre-stretched thicknesses of barrier layers 41 and 42 compensate for
thinning in barrier layer 41 that may occur when barrier layer 41 is stretched or
otherwise distorted during the formation of first surface 51 and sidewall surface
53.

Once inserts 61 and 62 and barrier layers 41 and 42 are positioned, mold
portions 71 and 72 translate toward each other such that barrier layers 41 and 42
are shaped, as depicted in Figure 11C. As mold 70 contacts and compresses
portions of barrier layers 41 and 42, a fluid, such as air, having a positive
pressure in comparison with ambient air may be injected between barrier layers
41 and 42 to induce barrier layers 41 and 42 to respectively contact and conform
to the contours of mold portions 71 and 72. Air may also be removed from the
area between barrier layers 41 and 42 and mold portions 71 and 72 through
various vents, thereby drawing barrier layers 41 and 42 onto the surfaces of mold
portions 71 and 72. That is, at least a partial vacuum may be formed between
the barrier layers 41 and 42 and the surfaces of mold portions 71 and 72. In
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addition, drawing barrier layers 41 and 42 onto the surfaces of mold portions 71
and 72 also draws barrier layers 41 and 42 into contact with inserts 61 and 62.
Accordingly, barrier layers 41 and 42 contact and are bonded to inserts 61 and
62 during this portion of the manufacturing process.

As the area between barrier layers 41 and 42 is pressurized and air is removed
from the area between mold 70 and barrier layers 41 and 42, barrier layers 41
and 42 conform to the shape of mold 70 and are bonded together. More
specifically, barrier layers 41 and 42 stretch, bend, or otherwise conform to
extend along the surfaces of the cavity within mold 70 and form the general
shape of chamber 50. Although barrier layers 41 and 42 conform to extend
along the surfaces of the cavity, barrier layers 41 and 42 generally do not contact
the portions of mold portions 71 and 72 that are covered by inserts 61 and 62.
Rather, barrier layer 41 contacts and is compressed against the inward-facing
surface of insert 61, thereby bonding barrier layer 41 to insert 61. Similarly,
barrier layer 42 contacts and is compressed against the inward-facing surface of
insert 62, thereby bonding barrier layer 42 to insert 62.

The various outward-facing surfaces of inserts 61 and 62 are generally flush with
surfaces of chamber 50. As air pressurizes the area between barrier layers 41
and 42 and air is drawn out of mold 70, barrier layers 41 and 42 and inserts 61
and 62 are compressed against surfaces of mold 70. Barrier layer 41 contacts
the inward-facing surface of insert 61, conforms to the shape of insert 61,
extends around the tapered sides of insert 61, and contacts the surface of mold
portion 71. In this manner, insert 61 is recessed into chamber 50. Similarly,
barrier layer 42 contacts the inward-facing surface of insert 62, conforms to the
shape of insert 62, extends around the tapered sides of insert 62, and contacts
the surface of mold portion 72. In this manner, insert 62 is recessed into
chamber 50.

During bonding of barrier layers 41 and 42 to inserts 61 and 62, air may become
trapped between barrier layer 41 and insert 61 and between barrier layer 42 and
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insert 62, thereby reducing the effectiveness of the bond. In order to facilitate the
removal of air from the area between barrier layers 41 and 42 and inserts 61 and
62, a plurality of apertures may be formed through selected locations of inserts
61 and 62. These apertures may provide outlets for air and may correspond in

position with the various vents in mold 70.

Once support element 40a is formed within mold 70, mold portions 71 and 72
separate such that the combination of chamber 50 and inserts 61 and 62 may be
removed from mold 70, as depicted in Figure 11D. The polymer materials
forming chamber 50 and inserts 61 and 62 are then permitted to cool, and a
pressurized fluid may be injected in a conventional manner. As an example, a
conduit formed during the bonding of barrier layers 41 and 42 may be utilized to
inject the fluid, and the conduit may then be sealed at a position that corresponds
with peripheral bond 54 to seal chamber 50. In addition, excess portions of
barrier layers 41 and 42 may be trimmed or otherwise removed from support
element 40a. The excess portions may then be recycled or reutilized to form
additional barrier layers. When each of support elements 40a-40d are formed
using a single mold, excess portions of barrier layers 41 and 42 may remain in
order to form a support component, as in Figure 12, that may be incorporated

into footwear 10.

The configurations of mold portions 71 and 72 affect the placement of peripheral
bond 54. One advantage of placing peripheral bond 54 at the interface of second
surface 52 and sidewall surface 53 is that unobstructed visibility is retained
through exposed portions of sidewall surface 53. This configuration requires that
barrier layer 41 stretch to a greater degree than barrier layer 42 in order to also
form sidewall surface 53. In further embodiments of the invention, however,
peripheral bond 54 may be positioned at a midpoint of sidewall surface 53, or
peripheral bond 54 may be positioned at the interface of first surface 51 and
sidewall surface 53. Accordingly, the elevation of peripheral bond 54 may be
selected to limit or otherwise control the degree of stretch in barrier layers 41 and
42.
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As barrier layers 41 and 42 stretch during the thermoforming process, the
thickness of barrier layers 41 and 42 decreases. The desired resulting thickness
of barrier layers 41 and 42 generally depends upon the specific use and
configuration of footwear 10. Selecting the position of peripheral bond 54 and
the initial thicknesses of barrier layers 41 and 42 provides control over the
degree of stretch in barrier layers 41 and 42. Accordingly, the position of
peripheral bond 54 and the initial thicknesses of barrier layers 41 and 42 may be
selected in order to minimize the overall thickness of bladder chamber 50 while
retaining sufficient strength.

Although the thermoforming process discussed above is a suitable manner of
forming support element 40a, a blow-molding process may also be utilized. In
general, a suitable blow-molding process involves positioning inserts 61 and 62
within at least one of two mold portions and then positioning a parison between
the mold portions, such as mold portions 71 and 72. The parison is a generally
hollow and tubular structure of molten polymer material. In forming the parison,
the molten polymer material is extruded from a die. The wall thickness of the
parison may be substantially constant, or may vary around the perimeter of the
parison. Accordingly, a cross-sectional view of the parison may exhibit areas of
differing wall thickness. Suitable materials for the parison include the materials
discussed above with respect to chamber 50. Following placement of the
parison between the mold portions, the mold portions close upon the parison and
pressurized air within the parison induces the liquefied elastomeric material to
contact the surfaces of the mold. In addition, closing of the mold portions and the
introduction of pressurized air induces the liquefied elastomeric material to
contact the surfaces of inserts 61 and 62. Air may also be evacuated from the
area between the parison and the mold to further facilitate molding and bonding.
Accordingly, support element 40a may also be formed through a blow molding
process wherein inserts 61 and 62 are placed within the mold prior to the

introduction of the molten polymer material.
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A variety of other manufacturing techniques may also be utilized to form support
element 40a, in addition to thermoforming and blow-molding. For example,
chamber 50 may be formed separate from inserts 61 and 62 and subsequently
bonded together. A dual-injection technique may also be utilized to
simultaneously form chamber 50 and inserts 61 and 62 from separate materials.
In some embodiments, a first element corresponding with first surface 51 and
sidewall surface 53 may be formed, a second element corresponding with
second surface 52 may be joined thereto, and a pair of third elements
corresponding with inserts 61 and 62 may then be secured to the exterior.
Accordingly, structures having the general shape and features of support
element 40a may be formed from a variety of processes.

The above discussion related to the formation of support element 40a. The
various concepts discussed above apply, however, to each of support elements
40b-40d. Accordingly, a substantially similar procedure may be utilized to
manufacture support elements 40b-40d. The various concepts discussed above
may also be applied to other support element configurations.

Exemplar Support Element Variations

Support elements 40a-40d are arranged such that support element 40a is
positioned adjacent to lateral side 14, support element 40b is positioned adjacent
to lateral side 14 and forward of support element 40a, support element 40c is
positioned adjacent to medial side 15, and support element 40d is positioned
adjacent to medial side 15 and forward of support element 40c. Accordingly,
support elements 40a-40d are arranged in a square configuration. In further
embodiments, support elements 40a-40d may be offset from each other, or a
lesser or greater number of support elements may be located within heel region
13. Additional support elements similar to support elements 40a-40d may also
be positioned in one or both of forefoot region 11 and midfoot region 12.
Alternatively, support elements similar to support elements 40a-40d may be
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limited to either of forefoot region 11 and midfoot region 12. Accordingly, the

number and positions of support elements 40a-40d may vary significantly.

The structure of support element 40a, and the structures of support elements
40b-40d, may vary significantly from the general structure discussed above and
depicted in Figures 1-10. As an example, support elements 40a-40d may be
formed to exhibit a shape that varies from cylindrical to include cubic and
spherical. Alternately, sidewall surface 53 may have an elliptical, triangular, or
hexagonal shape in cross-section, for example. In some embodiments, inserts
61 and 62 may have a planar shape in the non-pressurized configuration that
becomes outwardly-curved in the pressurized configuration. Inserts 61 and 62
may also be bonded to chamber 50 in a manner that does not include recessing
inserts 61 and 62 into surfaces 51 and 52.

Inserts 61 and 62 are bonded to upper and lower surfaces of void 33 in midsole
31, thereby securing support element 40a to footwear 10. Accordingly, midsole
31 may include one or more plates, for example, that include bonding locations
for support element 40a. In further embodiments, inserts 61 and 62 may be
formed of unitary (i.e., one-piece) construction with the plates. That is, inserts 61
and 62 may be formed of unitary construction with the polymer foam, plates, or
other elements of midsole 31 that define void 33. This configuration reduces the
number of connections necessary to join support element 40a to midsole 31, and
may also increase durability and reduce the number of manufacturing steps
necessary for footwear 10.

Support elements 40b-40d are depicted as having a substantially identical
structure to support element 40a. In some embodiments of the invention,
however, the relative heights of support elements 40a-40d may vary, or the
pressures of the fluid within support elements 40a-40d may vary. In order to limit
pronation (i.e., roll of the foot from lateral side 14 to medial side 15), support
elements 40a and 40b may have a lesser fluid pressure than support elements
40c and 40d, or the thickness of the barrier layers forming support elements 40a

21



[80]

[81]

[82]

WO 2009/055237 PCT/US2008/079074

and 40b may be less than the thickness of the barrier layers forming support
elements 40c and 40d. Accordingly, the relative structures of support elements
40a-40d may vary significantly.

Each of inserts 61 and 62 are described above as having a plate-like structure
with two opposite surfaces and a tapered sidewall. In further embodiments, one
or both of inserts 61 and 62 may define various ribs that enhance the stiffness of
inserts 61 and 62. Inserts 61 and 62 may also be formed to have various
apertures that define a grid-like structure. Furthermore, inserts 61 and 62 may
each be formed of two or more elements that are recessed into surfaces 51 and
52. For example, the two elements may be formed of different materials to
impart different properties to areas of support elements 40a-40d. Accordingly,
inserts 61 and 62 may have a variety of configurations, in addition to the
configuration of a plate.

The specific configurations of support elements 40a-40d disclosed above are
intended to provide an example of support elements within the scope of aspects
of the present invention. Various alternate configurations, however, may also be
utilized. Referring to Figure 12, a support component having support elements
40a-40d connected by an x-shaped conduit 43 is depicted. In contrast with the
individual support elements 40a-40d disclosed above, conduit 43 places each of
support elements 40a-40d in fluid communication. When support elements 40a-
40d are formed as individual elements, a pressure increase associated with one
of support elements 40a-40d does not increase pressure within other support
elements 40a-40d. When connected by conduit 43, however, increases in
pressure are uniformly distributed among the various support elements 40a-40d.
In forming the support component, support elements 40a-40d may be formed as
a unit or each of support elements 40a-40d may be formed separately and

subsequently joined.

As noted above, the fluid pressure within support elements 40a-40d may be the
same when sole structure 30 is in an uncompressed state. Conduit 43 may be
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utilized to ensure that the fluid pressure in each of support elements 40a-40d is
substantially identical. That is, the support component having support elements
40a-40d and conduit 43 may be formed and pressurized. In this state, each of
support elements 40a-40d will have a substantially identical fluid pressure.
Conduit 43 can then be sealed or otherwise blocked to remove support elements
40a-40d from fluid communication with each other. In effect, therefore, sealing
conduit 43 will isolate each of support elements 40a-40d from fluid
communication and ensure that the initial pressure within each of support

elements 40a-40d is substantially identical.

Sealing conduit 43 may also utilized to isolate one of support elements 40a-40d
from fluid communication with other support elements 40a-40d. For example, the
portion of conduit 43 adjacent to support element 40a may be sealed to prevent
fluid communication between support element 40a and each of support elements
40b-40d. Sealing only a portion of conduit 43 may also be utilized to vary the
fluid pressure among support elements 40a-40d. For example, the support
component having support elements 40a-40d may be inflated to a first pressure,
and the portion of conduit 43 adjacent to support element 40a may be sealed to
prevent further pressure increases. The remaining support elements 40b-40d
may then be pressurized to a higher fluid pressure. A similar process is
disclosed in U.S. Patent Number 5,353,459 to Potter, et al.

Additional Footwear Configuration

Another article of footwear 100 is depicted in Figure 13 as including an upper 120
and a sole structure 130. Upper 120 is secured to sole structure 130 and may
exhibit the general configuration of upper 20 or any conventional or non-
conventional upper. For purposes of example, a portion of sole structure 130
that is primarily located in a heel region of footwear 100 is depicted in Figures 14-
16. This portion of sole structure 130 is secured to a lower surface of upper 120
and includes an outsole 131, a plate 140, and a support component 150.
Outsole 131 forms a ground-engaging surface of sole structure 130 and may be
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formed from one or more durable, wear-resistant elements that are textured to
enhance traction. Plate 140 is positioned adjacent to upper 120 and provides a
surface for attaching support component 150. In some embodiments, a polymer
foam material, such as polyurethane or ethylvinylacetate, may extend between
plate 140 and upper 120. Plate 140 and outsole 131 cooperatively define a void
that extends through sole structure 130 and from a medial side to a lateral side of
sole structure 130. Support component 150 is located within the void. More
particularly, support component 150 extends between plate 140 and outsole 131
and includes four chambers 151a-151d. Other portions of sole structure 130

located in a midfoot and forefoot region may have a similar configuration.

Plate 140 is formed from a semi-rigid polymer material and extends along a lower
surface of upper 120. As depicted in Figures 17 an 18, a lower surface of plate
140 defines four attachment members 141a-141d and a plurality of ribs 142.
Attachment members 141a-141d are formed of unitary (i.e., one-piece)
construction with plate 140 and extend downward from plate 140 to respectively
engage chambers 151a-151d, and the lower surfaces of attachment members
141a-141d are contoured to mate with chambers 151a-151d. Ribs 142 extend in
a longitudinal direction of footwear 100 and enhance the stiffness of sole
structure 130.

Suitable materials for plate 140 include a variety of polymer materials and any of
the materials discussed above for inserts 61 and 62, for example. In some
embodiments, attachment members 141a-141d may be formed of a different
material than a remainder of plate 140. Similarly, attachment members 141a-
141d may be formed of a material with a different color than the remainder of
plate 140. As an example, attachment members 141a-141d may be formed from
a clear or at least partially clear material, whereas the remainder of plate 140
may be formed from a colored and opaque material. Other properties, such as
hardness and density, may also vary between attachment members 141a-141d
and the remainder of plate 140. Accordingly, a dual injection molding process,
for example, may be utilized to form plate 140. In some embodiments,
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attachment members 141a-141d may be formed separate from plate 140 and

subsequently attached during the manufacture of footwear 100.

Support component 150 is formed from a barrier material that is substantially
impermeable to a pressurized fluid contained by chambers 151a-151d. As with
chamber 50 discussed above, each of chambers 151a-151d may be formed from
a first barrier layer that is bonded to a second barrier layer. More particularly, the
first barrier layer may define a first surface and a sidewall surface of chambers
151a-151d, and the second barrier layer may define a second surface of
chambers 151a-151d. Accordingly, the barrier layers may be bonded together
around the peripheries of chambers 151a-151d to define peripheral bonds that
seal the pressurized fluid within support component 150. In further
embodiments, each of the barrier layers may form portions of the sidewall
surface such that the peripheral bonds are positioned between the first surface
and the second surface. As an alternative to utilizing barrier layers to form
support component 150, a blowmolding may be utilized.

The barrier layers forming support component 150 extends between chambers
151a-151d to form a base 152 that connects chambers 151a-151d. When
incorporated into footwear 100, base 152 is positioned adjacent to outsole 131,
but may be positioned adjacent to plate 140. An x-shaped conduit 153 places
each of chambers 151a-151d in fluid communication. Accordingly, an increase in
pressure within one of chambers 151a-151d induces a corresponding increase in
pressure in the other chambers 151a-151d. In some embodiments, conduit 153
may be absent such that chambers 151a-151d are not in fluid communication.
Alternately, base 152 may be absent such that chambers 151a-151d are
separate from each other.

Inserts 61 and 62 were discussed above as limiting the degree to which first
surface 51 and second surface 52 protrude outward due to the pressure of the
fluid within chamber 50. Similar inserts may be utilized with chambers 151a-
151d. As depicted in Figures 19 and 20, however, each of chambers 151a-151d
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include an internal bond 154 that extends between opposite surfaces and limits
the degree to which the opposite surfaces protrude outward. Accordingly,
structures similar to inserts 61 and 62 may be absent from chambers 151a-151d.
Each of chambers 151a-151d define various centrally-located indentations in
areas corresponding with bond 154. Attachment members 141a-141d are each

contoured to extend into the indentations.

As discussed above, attachment members 141a-141d may be formed from a
clear or at least partially clear material. The polymer material forming chambers
151a-151d may also be clear or at least partially clear such that the optical
properties of attachment members 141a-141d and chambers 151a-151d are
similar. Together, attachment members 141a-141d and chambers 151a-151d
form a portion of a thickness of sole structure 130. By forming attachment
members 141a-141d from a material with similar optical properties as chambers
151a-151d, sole structure 130 has the appearance that chambers 151a-151d
form a greater portion of the thickness of sole structure 130. That is, forming
attachment members 141a-141d and chambers 151a-151d from a material with
similar optical properties imparts the appearance that chambers 151a-151d
extend from outsole 131 to upper portions of plate 140. In addition to forming
attachment members 141a-141d and chambers 151a-151d from a clear material
to impart optical similarity, attachment members 141a-141d and chambers 151a-
151d may be formed from materials that are similarly colored, materials that have
similar surface textures, materials with similar designs incorporated therein, or
materials with any other properties that may impart similar appearances.
Accordingly, attachment members 141a-141d and chambers 151a-151d may be
formed from materials with a substantially identical color or transparency, for
example, to impart optical similarity.

The above discussion focuses upon the structure of sole structure 130 in the heel
region of footwear 100. A similar structure may also be utilized in the midfoot
and forefoot regions. With reference to Figure 13, sole structure 130 includes

various elements that extend downward from upper 120 and each include an
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individual plate portion, chamber portion, and outsole portion. Whereas support
component 150 includes four chambers 151a-151d, each of these elements
include a single chamber. In some embodiments, the heel region of sole
structure 130 may have a similar configuration wherein each of chambers 151a-
151d are separate from each other.

Beveled Lower Surface

Footwear 10 is depicted in Figures 1 and 2 as having a configuration wherein
upper and lower surfaces of support elements 40a-40d are located on a
common, generally horizontal plane. With reference to Figure 21, however, an
alternate configuration of footwear 10 is depicted, wherein support element 40a
is angled or otherwise tilted with respect to support elements 40b-40d. More
particularly, support element 40a angles upwardly in a rear-lateral area of
footwear 10, and outsole 32 also angles upwardly in the rear-lateral area of
footwear 10 to form a beveled or otherwise angled lower surface of footwear 10.
With reference to U.S. Patent Number 6,964,120 to Cartier, et al., which is
incorporated herein by reference, a foam support element is also angled to form
a beveled lower surface in the rear-lateral area of an article of footwear.

Although the angled configuration of support element 40a in Figure 21 is
depicted as being in the front-to-back direction (i.e., support element 40a is tilted
forward) , the angled configuration may be oriented in various directions. For
example, the angle of support element 40a may be oriented toward lateral side
14 (i.e., perpendicular to a longitudinal axis of footwear 10), toward the rear of
footwear 10 (i.e., parallel to the longitudinal axis of footwear 10), or in a direction
that is both toward lateral side 14 and the rear of footwear 10 (i.e., diagonal to
the longitudinal axis of footwear 10). That is, the lower surface of the rear-lateral
area of footwear 10 may have an upward bevel in the medial-to-lateral direction,
the front-to-back direction, or both of the medial-to-lateral and the front-to-back

directions. Accordingly, the upward bevel may be oriented in various directions.
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Support elements 40b-40d are oriented such that longitudinal axes of support
elements 40b-40d are oriented in a substantially vertical direction. In contrast, a
longitudinal axis of support element 40a is angled or tilted with respect to the
vertical direction. In some configurations, however, support element 40a may be
formed with a substantially horizontal upper surface and a beveled lower surface.
That is, the upper and lower surfaces of support element 40a may be angled with
respect to each other to impart the beveled or otherwise angled configuration to
the rear-lateral area of the lower surface of footwear 10.

A rationale for the beveled configuration in the lower surface of footwear 10
corresponds with the typical motion of the foot during running. In general, the
foot rolls from (a) the heel to the ball and (b) the lateral side to the medial side
during the time that the foot is in contact with the ground. Initially, therefore, a
rear-lateral area of the foot makes contact with the ground prior to other portions
of the foot. A similar process occurs when footwear 10 is worn over the foot.
That is, the rear-lateral area of footwear 10 first contacts the ground during the
running cycle. The angled configuration of support element 40a and the
corresponding bevel in outsole 32 impart a relatively smooth transition as
footwear 10 rolls both forward and from lateral side 14 to medial side 15 during

the running cycle.

A beveled rear-lateral corner may also be utilized with footwear 100. Referring to
Figure 22, chamber 151a angles upward to form a beveled lower surface in
outsole 131. As with the configuration of footwear 10 depicted in Figure 21, the
rear-lateral corner of footwear 100 may also exhibit a configuration that is
beveled upward. In contrast with the configuration of footwear 10 depicted in
Figure 21, the upward bevel is in both the front-to-back direction and the medial-
to-lateral direction. Chamber 151a may be formed in support component 150
such that upper and lower surfaces are on a common plane with chambers 151b-
151d, as depicted in Figure 20. When incorporated into footwear 100, however,
chamber 151a may be rotated upward to form the beveled configuration. As an
alternative, chamber 151a may be formed such that upper and lower surfaces
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are angled in comparison with surfaces of chambers 151b-151d, as depicted in
Figures 23 and 24. That is, support component 150 may be manufactured such
that the angle in chamber 151a is formed prior to incorporating support
component 150 into footwear 100, as depicted in Figures 23 and 24.

Figure 21 depicts a configuration wherein support element 40a is angled in the
front-to-back direction and outsole 32 has a corresponding upward bevel in the
front-to-back direction. Similarly, Figures 22-24 depict a configuration wherein
chamber 151a angles upward to form a beveled lower surface in both the medial-
to-lateral direction and the front-to-back direction. In other configurations, other
support elements may form a beveled lower surface and the orientation of the
bevel may vary. For example, Figure 25A illustrates a configuration wherein
chambers 151a and 151c are angled upward. In this configuration, outsole 131
would form a beveled surface that extends from the medial to lateral side of
footwear 100. That is, the bevel would extend across substantially all of the rear
area of footwear 100 and would not be limited to the rear-lateral area. Referring
to Figure 25B, both of chambers 151a and 151b are angled upward to illustrate a
configuration wherein the beveled surface would extend along the lateral side of
the footwear. More particularly, chambers 151a and 151b form a bevel in the
medial-to-lateral direction. Another configuration is depicted in Figure 25C,
wherein chamber 151a is angled upward to form a corresponding upward bevel
in the front-to-back direction, but not in the medial-to-lateral direction.
Accordingly, the orientations and numbers of support elements or chambers that

form a bevel may vary.
Bonding

Based upon the above discussion, a variety of materials are suitable for support
elements 40a-40d and other elements of footwear 10. In addition to providing
performance properties (i.e., reduced mass, higher strength, etc.), the materials
selected for support elements 40a-40d and other elements of footwear 10 may
contribute to enhancing the manufacturing efficiency of footwear 10. More
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particularly, the materials selected for portions of support elements 40a-40d (i.e.,
chamber 50 and inserts 61 and 62) may be heatbonded to join chamber 50 and
inserts 61 and 62 in a manner that does not require adhesives or mechanical
interlocks. As utilized herein, the term “heatbonding” or variants thereof is
intended to encompass bonding processes wherein two elements are heated
such that materials of the elements form a bond without adhesives or mechanical
interlocks. In some heatbonding processes, at least one of the elements is
heated to or above a glass transition temperature such that material from one
element joins or otherwise becomes integrated with material from the other
element and forms a bond that secures the elements together upon cooling.
Heating of the elements may occur as a result of raising the temperature of the
air or material around the elements, radiant heating, or radio frequency heating,

for example.

When heatbonding is utilized to join the components of support elements 40a-
40d, one or more of barrier layers 41 and 42 and inserts 61 and 62 are heated
while in mold 70 or prior to placement within mold 70. As barrier layer 41 and
insert 61 or barrier layer 42 and insert 62 make contact, the materials from the
heated components intermingle to form a heatbond after subsequent cooling.
That is, barrier layers 41 and 42 and inserts 61 and 62 may be heated during the
molding operation to a glass transition temperature, or other temperature at
which bonding occurs, such that the material of inserts 61 and 62 becomes
respectively heatbonded to barrier layers 41 and 42. In addition to shaping
chamber 50 and recessing inserts 61 and 62 into chamber 50, therefore, the
molding operation may be utilized to bond inserts 61 and 62 to chamber 50 when
materials that bond with each other are selected. Accordingly, an efficiency of
the manufacturing process for footwear 10 may be increased by utilizing
heatbonding, rather than adhesives or mechanical interlocks, to join components
of support elements 40a-40d.

Although heatbonding may be utilized to secure support elements 40a-40d to
surfaces 34 and 35, an adhesive or a mechanical interlock may also provide an
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efficient approach. Although many adhesives may efficiently bond two different
materials together, an enhanced bond may be formed when a particular adhesive
is selected to bond two components formed from the same material. That is, an
adhesive may be selected to bond a thermoplastic polyurethane component with
a polyether block amide component, but an enhanced bond may be formed when
an adhesive is selected to bond two thermoplastic polyurethane components.
Accordingly, adhesively bonding components of sole structure 30 that are formed
from similar or identical materials may impart stronger or more durable bonds

between the components.

Referring to the cross-section of Figure 26, a thermoplastic polyurethane
material, for example, may be utilized for surfaces 34 and 35 (i.e., surface 35
may be formed from a plate 36 located between support elements 40a-40d and
outsole 32) and portions of support elements 40a-40d (i.e., one or both of
chamber 50 and inserts 61 and 62). As discussed above, an enhanced bond
may be formed when a particular adhesive is selected to bond two components
formed from the same material. Given that portions of support elements 40a-40d
and surfaces 34 and 35 may be formed form the same material, the adhesive
utilized to bond support elements 40a-40d within sole structure 30 may be
selected based upon its ability to bond thermoplastic polyurethane materials, for
example, rather than two different materials. Accordingly, adhesively bonding
portions of support elements 40a-40d and surfaces 34 and 35 that are formed
from the same material may impart stronger or more durable bonds between the
components. Similarly, and as depicted in the cross-section of Figure 27, when
similar materials are selected, an adhesive may be utilized to join support
component 150 to either or both of (a) plate 140 and (b) a plate 132 located
between support component 150 and outsole 131. In some configurations,
heatbonding may also be utilized to secure support elements 40a-40d within
footwear 10 when materials that bond with each other are selected.

31



WO 2009/055237 PCT/US2008/079074

[102]

[103]

Plate Configuration

Another article of footwear 200 is depicted in Figure 28 as including an upper 220
and a sole structure 230. Upper 220 is secured to sole structure 230 and may
exhibit the general configuration of upper 20, upper 120, or any conventional or
non-conventional upper. For purposes of example, a portion of sole structure
230 that is primarily located in a heel region of footwear 200 is depicted in
Figures 29-32. This portion of sole structure 230 is secured to a lower surface of
upper 220 and includes an outsole 231, an upper plate 240, a support
component 250, and a lower plate 260. Outsole 231 forms a ground-engaging
surface of sole structure 230 and may be formed from one or more durable,
wear-resistant elements that are textured to enhance traction. Upper plate 240 is
positioned adjacent to upper 220 and provides a surface for attaching support
component 250. In some embodiments, a polymer foam material, such as
polyurethane or ethylvinylacetate, may extend between upper plate 240 and
upper 220. Upper plate 240 and both of outsole 231 and lower plate 260
cooperatively define a void that extends through sole structure 230 and from a
medial side to a lateral side of sole structure 230. Support component 250 is
located within the void. More particularly, support component 250 includes four
chambers 251a-251d and extends between upper plate 240 and both of outsole
231 and lower plate 260. Other portions of sole structure 330 located in a

midfoot and forefoot region may have a similar configuration.

Upper plate 240 is similar in configuration to plate 140, which is described above.
As depicted in Figures 29-32, a lower surface of upper plate 240 defines four
attachment areas 241a-241d that engage chambers 251a-251d, and the lower
surfaces of attachment areas 241a-241d are contoured or otherwise shaped to
mate with chambers 251a-251d. Suitable materials for upper plate 240 include a
variety of polymer materials and any of the materials discussed above for inserts
61 and 62, for example. When formed from the same material as support
component 250, an adhesive may be utilized to form a stronger and more
durable bond between upper plate 240 and support component 250.
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Support component 250 is formed from a barrier material that is substantially
impermeable to a pressurized fluid contained by chambers 251a-251d. As with
chamber 50 and support component 150 discussed above, each of chambers
251a-251d may be formed from a first barrier layer that is bonded to a second
barrier layer. More particularly, the first barrier layer may define a first surface
and a sidewall surface of chambers 251a-251d, and the second barrier layer may
define a second surface of chambers 251a-251d. Accordingly, the barrier layers
may be bonded together around the peripheries of chambers 251a-251d to
define peripheral bonds that seal the pressurized fluid within support component
250. In further embodiments, each of the barrier layers may form portions of the
sidewall surface such that the peripheral bonds are positioned between the first
surface and the second surface. As an alternative to utilizing barrier layers to
form support component 250, a blowmolding may be utilized.

The barrier layers forming support component 250 extends between chambers
251a-251d to form a base 252 that connects chambers 251a-251d. When
incorporated into footwear 200, base 252 is positioned adjacent to upper plate
240, but may be positioned adjacent to outsole 231. As with support component
150, support component 250 may include a conduit that places each of
chambers 251a-251d in fluid communication. In some configurations, the conduit
may be absent or sealed such that chambers 251a-251d are not in fluid
communication. Alternately, base 252 may be absent such that chambers 251a-
251d are separate from each other.

Inserts 61 and 62 were discussed above as limiting the degree to which first
surface 51 and second surface 52 protrude outward due to the pressure of the
fluid within chamber 50. Similar inserts may be utilized with chambers 251a-
251d. As depicted in Figures 30A, 30B, and 32, however, each of chambers
251a-251d include an internal bond 254 that extends between opposite surfaces
and limits the degree to which the opposite surfaces protrude outward.
Accordingly, structures similar to inserts 61 and 62 may be absent from
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chambers 251a-251d. Each of chambers 251a-251d define various centrally-

located indentations in areas corresponding with bond 254b.

Lower plate 260 extends between support component 250 and outsole 231. An
upper portion of lower plate 260 includes four attachment members 261a-261d,
which are contoured to respectively engage and mate with chambers 251a-251d.
Suitable materials for lower plate 260 include a variety of polymer materials and
any of the materials discussed above for inserts 61 and 62, for example. When
attachment members 261a-261d are formed from the same material as support
component 250, an adhesive may form a stronger and more durable bond
between lower plate 260 and support component 250. Although attachment
members 261a-261d are depicted in Figures 33 and 34 as being separate
elements that are joined to lower plate 260, attachment members 261a-261d
may be formed of unitary (i.e., one-piece) construction with lower plate 260 in
some configurations of footwear 200. Accordingly, the material of lower plate
260 or the material of attachment members 261a-261d may engage and bond
(e.g., heatbonding or adhesive bonding) with support component 250.

Although lower plate 260 extends under support component 250, edges of lower
plate 260 are spaced inward from edges of support component 250. Referring to
Figures 30A, 30B, 33, and 34, for example, outsole 231 defines four protrusions
232a-232d that extend upward and along the edges of lower plate 260 to contact
peripheral portions of support component 250. More particularly, plate 260
extends under interior areas of support component 250, whereas protrusions
232a-232d respectively extend under and contact the peripheral portions of
support component 250. In this configuration, each of chambers 251a-251d are
supported by each of plate 260 and outsole 231. That is, each of plate 260 and
outsole 231 contact and are bonded to chambers 251a-251d. Whereas plate
260 contacts and is bonded to portions of chambers 251a-251d that are located
more towards an interior of sole structure 30, outsole 231 contacts and is bonded
to portions of chambers 251a-251d that are located more towards an exterior

(i.e., periphery) of sole structure 30.
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Both outsole 231 and lower plate 260 extend under chambers 251a-251d and
are secured to chambers 251a-251d. As depicted in Figures 30A and 30B, lower
plate 260 extends under and is secured to a majority of each of chambers 251a-
251d, whereas outsole 231 extends under and is secured to only a relatively
small portion of chambers 251a-251d. More particularly, lower plate 260 is
shown as extending under approximately five-sixths of the diameter of chambers
251a-251d, whereas outsole 231 is shown as extending under approximately
one-sixth of the diameter of chambers 251a-251d. As depicted, therefore, lower
plate 260 extends under more than eighty percent of the area of chambers 251a-
251d. In further configurations of footwear 200, however, lower plate 260 may
extend under between fifty and ninety-five percent of the area of chambers 251a-
251d. That is, lower plate 260 may extend under more than fifty percent of the
area of chambers 251a-251d. In other configurations, lower plate 260 may
extend under and be secured to a relatively small portion of each of chambers
251a-251d, whereas outsole 231 extends under and is secured to a relatively
large portion of chambers 251a-251d.

Lower plate 260 is depicted as having a generally flat configuration with greater
width and length than thickness. Lower plate 260 also defines various areas for
receiving attachment members 261a-261d. The configuration of lower plate 260
may, however, vary significantly to include thicker members, contouring,
apertures, or areas formed from different materials. Accordingly, the
configuration of lower plate 260 may vary significantly to include other shapes

and proportions.

The sport of basketball, as well as other athletic activities, involves a variety of
actions that include both forward and rearward running, jumping, sideways
movements, quick direction changes, and coming to an abrupt stop. In each of
these actions, portions of sole structure 230 are compressed between the foot
and the ground. Although the entirety of sole structure 230 may be compressed
between the foot and the ground, peripheral portions of sole structure 230 may
experience greater degrees of compression than other areas of sole structure

35



WO 2009/055237 PCT/US2008/079074

[112]

[113]

[114]

230. During running, for example, the rear-lateral area of sole structure 230 first
contacts the ground, thereby initially compressing the rear-lateral area. During
sideways movements, either the medial side or the lateral side of sole structure
230 may first contact the ground and become compressed.

Although outsole 231, chambers 251a-251d, and lower plate 260 may be formed
from a variety of materials, outsole 231 and chambers 251a-251d may be formed
from materials that are softer and more compliant than the material of lower plate
260. That is, in many configurations of footwear 200, the material of lower plate
260 is harder and less flexible than the materials forming outsole 231 and
chambers 251a-251d. When sole structure 230 is compressed between the foot
and the ground, outsole 231 and lower plate 260 are compressed into chambers
251a-251d. By spacing lower plate 260 inward from exterior portions of
chambers 251a-251d, wear at the interface of lower plate 260 and chambers

251a-251d is decreased, thereby increasing the durability of sole structure 230.

The above discussion focuses upon the structure of sole structure 230 in the heel
region of footwear 200. A similar structure may also be utilized in the midfoot
and forefoot regions. With reference to Figure 28, sole structure 230 in the
midfoot and forefoot regions includes various elements that extend downward
from upper 220 and each include an individual plate portion, chamber portion,
and outsole portion. Whereas support component 250 includes four chambers
251a-251d, each of these elements include a single chamber. In some
embodiments, the heel region of sole structure 230 may have a similar
configuration wherein each of chambers 251a-251d are separate from each
other.

Both of footwear 10 and footwear 100 are discussed above as having
configurations with a beveled rear-lateral corner. A beveled rear-lateral corner
may also be utilized with footwear 200. Referring to Figure 35, chamber 251a
angles upward to form a beveled lower surface in outsole 231. More particularly,
the upward bevel is in both the front-to-back direction and the medial-to-lateral
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direction. Chamber 251a may be formed in support component 250 such that
upper and lower surfaces are on a common plane with chambers 251b-251d.
When incorporated into footwear 200, however, chamber 251a may be rotated
upward to form the beveled configuration. As an alternative, chamber 251a may
be formed such that upper and lower surfaces are angled in comparison with
surfaces of chambers 251b-251d. That is, support component 250 may be
manufactured such that the angle in chamber 251a is formed prior to
incorporating support component 250 into footwear 200. As an alternative,
support component 250 may be manufactured such that only the lower surface of

chamber 251a is angled.

The invention is disclosed above and in the accompanying drawings with
reference to a variety of embodiments. The purpose served by the disclosure,
however, is to provide an example of the various features and concepts related
to aspects of the invention, not to limit the scope of aspects of the invention. One
skiled in the relevant art will recognize that numerous variations and
modifications may be made to the embodiments described above without
departing from the scope of the invention, as defined by the appended claims.
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CLAIMS
1. An article of footwear having an upper and a sole structure secured to the upper,
the sole structure comprising:

a void extending through a medial side and a lateral side of the footwear, the void
defining an upper surface and an opposite lower surface;

a fluid-filled chamber located within the void and in a rear-lateral area of the
footwear, the chamber having a first surface and an opposite second
surface, the first surface being located adjacent to the upper surface of the
void, and the second surface being located adjacent to the lower surface
of the void, at least the second surface being angled upwardly; and

an outsole secured below the fluid-filled chamber, the outsole defining an upward

bevel in an area corresponding with the second surface of the chamber.
2. The article of footwear recited in claim 1, wherein the chamber and three
additional chambers are located within the void and extend between the upper surface

and the lower surface of the void.

3. The article of footwear recited in claim 2, wherein a longitudinal axis of the
chamber is rotated with respect to longitudinal axes of the three additional chambers.

4. The article of footwear recited in claim 2, wherein a longitudinal axis of the
chamber is parallel to longitudinal axes of the three additional chambers.

5. The article of footwear recited in claim 2, wherein the chamber and the three
additional chambers are positioned in a heel region of the footwear.

6. The article of footwear recited in claim 1, wherein the upward bevel of the outsole
is in a rear-lateral area of the footwear.

7. An article of footwear having an upper and a sole structure secured to the upper,

the sole structure comprising:
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a fluid-filled support element located in a rear-lateral area of the footwear, the
support element having an upper surface and an opposite lower surface,
the lower surface of the support element having an upward angle in a
medial-to-lateral direction and a front-to-back direction; and
an outsole located below the support element, the outsole having an upward
bevel in the medial-to-lateral direction and the front-to-back direction,
the upward angle of the support element being positioned above the upward bevel of
the outsole.

8. The article of footwear recited in claim 7, wherein the sole structure includes
another support element located in a real-medial area of the footwear.

9. The article of footwear recited in claim 8, wherein a lower surface of the another

support element is substantially horizontal.

10.  An article of footwear having an upper and a sole structure secured to the upper,
the sole structure comprising:

a void extending through a medial side and a lateral side of the footwear, the void
defining an upper surface and an opposite lower surface;

a fluid-filled chamber extending between the upper surface and the lower surface
of the void, the chamber having a first portion that is located adjacent to
one of the medial side and the lateral side of the footwear, and the
chamber having a second portion that is located inward from the first
portion;

a plate extending under the second portion of the chamber, the plate being
absent from an area under the first portion of the chamber; and

an outsole that forms a lower surface of the footwear, the outsole extending
under both the first portion and the second portion of the chamber.

11.  The article of footwear recited in claim 10, wherein the plate is secured to the

second portion of the chamber.
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12.  The article of footwear recited in claim 10, wherein the outsole is secured to the
first portion of the chamber and the plate is secured to the second portion of the

chamber.

13. The article of footwear recited in claim 12, wherein the plate is recessed into an

upper surface of the outsole.

14.  The article of footwear recited in claim 10, wherein the plate extends under more

than fifty percent of the chambers.

15. The article of footwear recited in claim 10, wherein a material of the outsole is
softer than a material of the plate.

16.  An article of footwear having an upper and a sole structure secured to the upper,
the sole structure comprising:
a void positioned in a heel region of the footwear and defining an upper surface
and an opposite lower surface;
a plurality of fluid-filled chambers located within the void and extending between
the upper surface and the lower surface;
an outsole that defines a depression spaced inward from sides of the sole
structure, the outsole forming a peripheral portion of the lower surface of
the void; and
a plate positioned between the outsole and the chambers, the plate being located
within the depression in the outsole, and the plate forming a central
portion of the lower surface of the void,
wherein each of the chambers are located above areas of both the peripheral portion
and the central portion of the lower surface of the void.

17.  The article of footwear recited in claim 16, wherein the depression is defined in

an upper surface of the outsole.
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18.  The article of footwear recited in claim 16, wherein the plate extends under more

than eighty percent of the chambers.

19.  The article of footwear recited in claim 16, wherein the plate extends under more

than fifty percent of the chambers.

20. The article of footwear recited in claim 16, wherein a material of the outsole is

softer than a material of the plate.

21.  An article of footwear having an upper and a sole structure secured to the upper,
the sole structure comprising:

a void positioned in a heel region of the footwear and extending through a medial
side and a lateral side of the footwear, the void defining an upper surface
and an opposite lower surface, at least a portion of the upper surface and
the lower surface being formed from a polymer material;

a plurality of fluid-filled and pressurized support elements extending between the
upper surface and the lower surface, two of the support elements being
positioned adjacent to the medial side of the footwear, and another two of
the support elements being positioned adjacent to the lateral side of the
footwear, at least a portion of the support elements being formed from the
polymer material; and

an adhesive that secures the support elements within the void, the adhesive
being located to bond the polymer material of the void with the polymer

material of the support elements.

22. The article of footwear recited in claim 21, wherein conduits place the support

elements in fluid communication.

23. The article of footwear recited in claim 21, wherein the support elements each

include a chamber and at least one insert recessed into a surface of the chamber.
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24. The article of footwear recited in claim 23, wherein the chamber is devoid of
internal connections that join the first surface and the second surface.

25. The article of footwear recited in claim 21, wherein at least one of the support

elements includes an internal bond that joins opposite surfaces to each other.
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