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(54) CONTOURED FLUID-FILLED CHAMBER WITH A TENSILE MEMBER

(57) A fluid-filled chamber may include an upper bar-
rier portion, a lower barrier portion, and a tensile member.
An upper tensile layer of the tensile member may be se-
cured to the upper barrier portion, and a lower tensile
layer of the tensile member may be secured to the lower
barrier portion. The upper barrier portion and the lower
barrier portion may have first areas and second areas.
The first areas may be indentations extending into the

chamber, and the second areas may be protrusions ex-
tending outward from the chamber. At least a portion of
the first areas may be unbonded with the upper barrier
portion and the lower barrier portion. Accordingly, one or
more properties of the chamber, such as a flexibility, stiff-
ness, rigidity, tensile response, compressibility, or force
attenuation property, may be altered.
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Description

BACKGROUND

[0001] Articles of footwear generally include two pri-
mary elements, an upper and a sole structure. The upper
is formed from a variety of material elements (e.g., tex-
tiles, foam, leather, and synthetic leather) that are
stitched or adhesively bonded together to form a void on
the interior of the footwear for comfortably and securely
receiving a foot. An ankle opening through the material
elements provides access to the void, thereby facilitating
entry and removal of the foot from the void. In addition,
a lace is utilized to modify the dimensions of the void and
secure the foot within the void.
[0002] The sole structure is located adjacent to a lower
portion of the upper and is generally positioned between
the foot and the ground. In many articles of footwear,
including athletic footwear, the sole structure generally
incorporates an insole, a midsole, and an outsole. The
insole, which may be located within the void and adjacent
to a lower surface of the void, is a thin compressible mem-
ber that enhances footwear comfort. The midsole, which
may be secured to a lower surface of the upper and ex-
tends downward from the upper, forms a middle layer of
the sole structure. In addition to attenuating ground re-
action forces (i.e., providing cushioning for the foot), the
midsole may limit foot motions or impart stability, for ex-
ample. The outsole, which may be secured to a lower
surface of the midsole, forms the ground-contacting por-
tion of the footwear and is usually fashioned from a du-
rable and wear-resistant material that includes texturing
to improve traction.
[0003] Generally, the midsole is primarily formed from
a foamed polymer material, such as polyurethane or
ethylvinylacetate, that extends throughout a length and
width of the footwear. In some articles of footwear, the
midsole may include a variety of additional footwear el-
ements that enhance the comfort or performance of the
footwear, including plates, moderators, fluid-filled cham-
bers, lasting elements, or motion control members. In
some configurations, any of these additional footwear
elements may be located between the midsole and either
of the upper and outsole, embedded within the midsole,
or encapsulated by the foamed polymer material of the
midsole, for example. Although many midsoles are pri-
marily formed from a foamed polymer material, fluid-filled
chambers or other non-foam structures may form a ma-
jority of some midsole configurations.
[0004] Various techniques may be utilized to form fluid-
filled chambers for articles of footwear or other products,
including a two-film technique, a thermoforming tech-
nique, and a blowmolding technique, for example. In the
two-film technique, two separate polymer sheets are
bonded together at specific locations. The thermoforming
technique is similar to the two-film technique in that two
polymer sheets are bonded together, but also includes
utilizing a heated mold to form or otherwise shape the

polymer sheets. In the blow-molding technique, a parison
formed from a molten or otherwise softened polymer ma-
terial is placed within a mold having a cavity with the
desired configuration of the chamber. Pressurized air in-
duces the polymer material to conform to surfaces of the
cavity. The polymer material then cools and retains the
shape of the cavity, thereby forming the chamber.
[0005] Following each of the techniques discussed
above, the chambers are pressurized. That is, a pressu-
rized fluid is injected into the chambers and then sealed
within the chambers. One method of pressurization in-
volves forming inflation conduits in residual portions of
the polymer sheets or the parison. In order to pressurize
the chambers, the fluid is injected through the inflation
conduits, which are then sealed. The residual portions
of the polymer sheets or the parison, including the infla-
tion conduits, are then trimmed or otherwise removed to
substantially complete manufacture of the chambers.

SUMMARY

[0006] Various features of a fluid-filled chamber, which
may be incorporated into articles of footwear and other
products, are disclosed below. In one configuration, a
fluid-filled chamber comprises an outer barrier and a ten-
sile member. The outer barrier is formed of a polymer
material that defines an interior void. The barrier has a
first portion defining a first surface and an opposite sec-
ond portion defining a second surface. The first portion
has a plurality of indented areas that form a plurality of
indentations extending into the chamber. The tensile
member is located within the interior void and extends
between the first portion of the barrier and the second
portion of the barrier.
[0007] In another configuration, a fluid-filled chamber
comprises an outer barrier and a tensile member. The
outer barrier is formed of a polymer material that defines
an interior void. The barrier has a first portion defining a
first surface and an opposite second portion defining a
second surface. The first portion of the barrier has a plu-
rality of bonded areas that are secured to the first layer
and a plurality of unbonded areas that are unsecured to
the first layer. The tensile member is located within the
interior void and extends between the first portion of the
barrier and the second portion of the barrier.
[0008] In a further configuration, a fluid-filled chamber
comprises an outer barrier and a tensile member. The
outer barrier is formed of a polymer material that defines
an interior void. The barrier has a first portion defining a
first surface and an opposite second portion defining a
second surface. The first portion of the barrier has a plu-
rality of indented areas that form a plurality of indentations
extending into the chamber and a plurality of protruding
areas that form a plurality of protrusions extending out-
ward from the chamber. The second portion of the barrier
has a plurality of indented areas that form a plurality of
indentations extending into the chamber and a plurality
of protruding areas that form a plurality of protrusions
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extending outward from the chamber. The tensile mem-
ber is located within the interior void and extends between
the first portion of the barrier and the second portion of
the barrier. The indentations and the protrusions of the
first portion of the barrier have a configuration of a first
regularly repeating pattern, and the indentations and pro-
trusions of the second portion of the barrier have a con-
figuration of a second regularly repeating pattern.
[0009] In yet another configuration, a fluid-filled cham-
ber comprises an outer barrier and a tensile member.
The outer barrier is formed of a polymer material that
defines an interior void. The barrier has a first portion
defining a first surface and an opposite second portion
defining a second surface. The first portion of the barrier
has a plurality of contacting areas being in contact with
the first layer and a plurality of spaced areas being
spaced from the first layer. The tensile member is located
within the interior void and extends between the first por-
tion of the barrier and the second portion of the barrier.
[0010] The advantages and features of novelty char-
acterizing 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 de-
scriptive matter and accompanying figures that describe
and illustrate various configurations and concepts related
to the invention.

FIGURE DESCRIPTIONS

[0011] The foregoing Summary and the following De-
tailed Description will be better understood when read in
conjunction with the accompanying figures.

Figure 1 is a lateral side elevational view of an article
of footwear incorporating a fluid-filled chamber.

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

Figure 3 is a perspective view of the chamber.

Figure 4 is an exploded perspective view of the
chamber.

Figure 5 is a top plan view of the chamber.

Figure 6 is a bottom plan view of the chamber.

Figure 7 is a lateral side elevational view of the cham-
ber.

Figure 8 is a medial side elevational view of the
chamber.

Figures 9A-9C are cross-sectional views of the fluid
filled chamber, as defined by section lines 9A-9A
through 9C-9C in Figure 5.

Figure 10 is a perspective view of a first mold that
may be utilized in a first process for manufacturing
the chamber.

Figures 11A-11C are side elevational views of the
first mold depicting steps in the first process for man-
ufacturing the chamber.

Figures 12A-12C are schematic cross-sectional
views of the first mold, as defined by section lines
12A-12A through 12C-12C in Figures 11A-11C, de-
picting steps in the first process for manufacturing
the chamber.

Figure 13 is a perspective view of a second mold
that may be utilized in a second process for manu-
facturing the chamber.

Figures 14A-14D are side elevational views of the
second mold depicting steps in the second process
for manufacturing the chamber.

Figures 15A-15D are schematic cross-sectional
views of the second mold, as defined by section lines
15A-15A through 15D-15D in Figures 14A-14D, de-
picting steps in the second process for manufactur-
ing the chamber.

Figures 16A-16D are top plan views corresponding
with Figure 5 and depicting additional configurations
of the chamber.

Figures 17A-17D are cross-sectional views corre-
sponding with Figure 9B and depicting additional
configurations of the chamber.

Figures 18A-18B are cross-sectional views corre-
sponding with Figure 9B and depicting additional
configurations of the chamber.

Figures 19A-19C are top plan views corresponding
with Figure 5 and depicting additional configurations
of the chamber.

Figures 20A-20C are top plan views corresponding
with Figure 5 and depicting additional configurations
of the chamber.

Figure 21 is a schematic cross-sectional view corre-
sponding with Figure 12C depicting an additional
configuration of the first mold.

Figures 22A-22E are schematic cross-sectional
views corresponding with Figure 12A and depicting
additional configurations of the first mold.

Figures 23A-23C are perspective views of other ar-
ticles incorporating fluid-filled chambers.
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DETAILED DESCRIPTION

[0012] The following discussion and accompanying
figures disclose various configurations of fluid-filled
chambers and methods for manufacturing the chambers.
Although the chambers are disclosed with reference to
footwear having a configuration that is suitable for run-
ning, concepts associated with the chambers may be ap-
plied to a wide range of athletic footwear styles, including
basketball shoes, cross-training shoes, football shoes,
golf shoes, hiking shoes and boots, ski and snowboard-
ing boots, soccer shoes, tennis shoes, and walking
shoes, for example. Concepts associated with the cham-
bers may also be utilized with footwear styles that are
generally considered to be non-athletic, including dress
shoes, loafers, and sandals. In addition to footwear, the
chambers may be incorporated into other types of ap-
parel and athletic equipment, including helmets, gloves,
and protective padding for sports such as football and
hockey. Similar chambers may also be incorporated into
cushions and other compressible structures utilized in
household goods and industrial products. Accordingly,
chambers incorporating the concepts disclosed herein
may be utilized with a variety of products.

General Footwear Structure

[0013] An article of footwear 10 is depicted in Figures
1 and 2 as including an upper 20 and a sole structure 30.
For reference purposes, footwear 10 may be divided into
three general regions: a forefoot region 11, a midfoot
region 12, and a heel region 13, as shown in Figures 1
and 2. Footwear 10 also includes a lateral side 14 and a
medial side 15. Forefoot region 11 generally includes por-
tions of footwear 10 corresponding with the toes and the
joints connecting the metatarsals with the phalanges.
Midfoot region 12 generally includes portions of footwear
10 corresponding with the arch area of a foot. Heel region
13 generally includes portions of footwear 10 corre-
sponding with rear portions of the foot, including the cal-
caneus bone. Lateral side 14 and medial side 15 extend
through each of regions 11-13 and correspond with op-
posite sides of footwear 10. 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 to aid
in the following discussion. In addition to footwear 10,
regions 11-13 and sides 14-15 may also be discussed
with respect to the individual elements thereof, such as
upper 20 and sole structure 30, and to the foot itself.
[0014] Upper 20 is depicted as having a substantially
conventional configuration incorporating a plurality of
material elements (e.g., textile, foam, leather, and syn-
thetic leather) that are stitched or adhesively bonded to-
gether to form an interior void for securely and comfort-
ably receiving the foot. The material elements may be
selected and located with respect to upper 20 in order to
selectively impart properties of durability, air-permeabil-

ity, wear-resistance, flexibility, and comfort, for example.
An ankle opening 21 in heel region 13 provides access
to the interior void. In addition, upper 20 may include a
lace 22 that is utilized in a conventional manner to modify
the dimensions of the interior void, thereby securing the
foot within the interior void and facilitating entry and re-
moval of the foot from the interior void. Lace 22 may
extend through apertures in upper 20, and a tongue por-
tion of upper 20 may extend between the interior void
and lace 22. Given that various aspects of the present
application primarily relate to sole structure 30, upper 20
may exhibit the general configuration discussed above
or the general configuration of practically any other con-
ventional or nonconventional upper. Accordingly, the
overall structure of upper 20 may vary significantly.
[0015] Sole structure 30 is secured to upper 20 and
has a configuration that extends between upper 20 and
the ground. In effect, therefore, sole structure 30 is lo-
cated to extend between the foot and the ground. In ad-
dition to attenuating ground reaction forces (i.e., provid-
ing cushioning for the foot), sole structure 30 may provide
traction, impart stability, and limit various foot motions,
such as pronation.
[0016] The primary elements of sole structure 30 are
a midsole 31 and an outsole 32. Midsole 31 may be
formed from a polymer foam material, such as poly-
urethane or ethylvinylacetate, that encapsulates a fluid-
filled chamber 33. In addition to the polymer foam mate-
rial and chamber 33, midsole 31 may incorporate one or
more additional footwear elements that enhance the
comfort, performance, or ground reaction force attenua-
tion properties of footwear 10, including plates, modera-
tors, lasting elements, or motion control members. Out-
sole 32, which may be absent in some configurations of
footwear 10, is secured to a lower surface of midsole 31
and may be formed from a rubber material that provides
a durable and wear-resistant surface for engaging the
ground. In addition, outsole 32 may also be textured to
enhance the traction (i.e., friction) properties between
footwear 10 and the ground. Sole structure 30 may also
incorporate an insole or sockliner that is located with in
the void in upper 20 and adjacent a plantar (i.e., lower)
surface of the foot to enhance the comfort of footwear 10.

Chamber Configuration

[0017] Chamber 33 is depicted individually in Figures
3-9C in an initial configuration that is suitable for footwear
applications. Chamber 33 has a substantially flat config-
uration, and when incorporated into footwear 10, cham-
ber 33 corresponds with heel region 13 of midsole 31.
Although the polymer foam material of midsole 31 is de-
picted as forming a sidewall of midsole 31, chamber 33
may be exposed on either or both of sides 14-15 to form
a portion of the sidewall in some configurations of foot-
wear 10. When the foot is located within upper 20, cham-
ber 33 extends under a heel area of the foot in order to
attenuate ground reaction forces that are generated
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when sole structure 30 is compressed between the foot
and the ground during various ambulatory activities, such
as running and walking. In other configurations, chamber
33 may have an alternate extent, such as extending un-
der a forefoot area of the foot, or extending under sub-
stantially all of the foot.
[0018] The primary elements of chamber 33 are a bar-
rier 40 and a tensile member 50. Barrier 40 (a) forms an
exterior of chamber 33, (b) defines an interior void that
receives both a pressurized fluid and tensile member 50,
and (c) provides a durable sealed barrier for retaining the
pressurized fluid within chamber 33. The polymer mate-
rial of barrier 40 includes an upper barrier portion 41 ori-
ented toward upper 20, an opposite lower barrier portion
42 oriented toward outsole 32, and a sidewall barrier por-
tion 43 that extends around a periphery of chamber 33
and between barrier portions 41 and 42. Tensile member
50 is located within the interior void and includes an upper
tensile layer 51, an opposite lower tensile layer 52, and
a plurality of connecting members 53 that extend be-
tween tensile layers 51 and 52. Upper tensile layer 51 is
secured to an inner surface of upper barrier portion 41,
and lower tensile layer 52 is secured to an inner surface
of lower barrier portion 42. Although discussed in greater
detail below, either adhesive bonding or thermobonding
may be utilized to secure tensile member 50 to barrier 40.
[0019] A variety of processes, two of which are dis-
cussed in greater detail below, may be utilized to manu-
facture chamber 33. In general, the manufacturing proc-
esses involve (a) securing a pair of polymer sheets, which
form barrier portions 41-43, to opposite sides of tensile
member 50 (i.e., to tensile layers 51 and 52) and (b) form-
ing a peripheral bond 44 that joins a periphery of the
polymer sheets and may extend around sidewall barrier
portion 43. A fluid may then be injected into the interior
void and pressurized. The pressurized fluid exerts an out-
ward force upon barrier 40, which tends to separate bar-
rier portions 41 and 42. Tensile member 50, however, is
secured to each of barrier portions 41 and 42 in order to
retain the intended shape of chamber 33 when pressu-
rized. More particularly, connecting members 53 extend-
ing across the interior void are placed in tension by the
outward force of the pressurized fluid upon barrier 40,
thereby preventing barrier 40 from expanding outward
and causing chamber 33 to retain an intended shape.
Whereas peripheral bond 44 joins the polymer sheets to
form a seal that prevents the fluid from escaping, tensile
member 50 prevents barrier 40 from expanding outward
or otherwise distending due to the pressure of the fluid.
That is, tensile member 50 effectively limits the expan-
sion of chamber 33 to retain an intended shape of barrier
portions 41 and 42. Suitably configured, tensile member
50 may have any of a range of configurations, including
the range of configurations disclosed in U.S. Patent Ap-
plication Number 12/123,612 to Dua, U.S. Patent Appli-
cation Number 12/123,646 to Rapaport, et al., and U.S.
Patent Application Number 12/630,642 to Peyton.
[0020] Furthermore, both upper barrier portion 41 and

lower barrier portion 42 are formed to include first areas
46 and second areas 48. As discussed in greater detail
below, first areas 46 may be indented areas extending
into chamber 33 and second areas 48 may be protruding
areas extending outward from chamber 33. By forming
barrier 40 to include first areas 46 and second areas 48,
one or more properties of chamber 33 may be altered,
such as a flexibility, stiffness, rigidity, tensile response,
compressibility, or force attenuation property of chamber
33. First areas 46 and second areas 48 may also enhance
an aesthetic quality of chamber 33, such as the appear-
ance or feel of chamber 33. Additionally, forming barrier
40 to include first areas 46 and second areas 48 may
alter a distribution of the cushioning properties of cham-
ber 33.
[0021] The fluid within chamber 33 may be pressurized
between zero and three hundred fifty kilopascals (i.e.,
approximately fifty-one pounds per square inch) or more.
In addition to air and nitrogen, the fluid may include any
of the gasses disclosed in U.S. Patent Number 4,340,626
to Rudy. In some configurations, chamber 33 may incor-
porate a valve or other structure that permits the individ-
ual to adjust the pressure of the fluid. Additionally, cham-
ber 33 may be incorporated into a fluid system, similar
to a fluid system disclosed in U.S. Patent Number
7,409,779 to Dojan, et al., that varies the pressure within
barrier 40 depending upon, for example, the running style
or weight of the wearer.
[0022] A wide range of polymer materials may be uti-
lized for barrier 40. In selecting materials for barrier 40,
engineering properties of the material (e.g., tensile
strength, stretch properties, fatigue characteristics, dy-
namic modulus, and loss tangent) as well as the ability
of the material to prevent the diffusion of the fluid con-
tained by barrier 40 may be considered. When formed
of thermoplastic urethane, for example, barrier 40 may
have a thickness of approximately 1.0 millimeter, but the
thickness may range from 0.25 to 2.0 millimeters or more,
for example. In addition to thermoplastic urethane, ex-
amples of polymer materials that may be suitable for bar-
rier 40 include polyurethane, polyester, polyester poly-
urethane, and polyether polyurethane. Barrier 40 may
also be formed from a material that includes 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. A variation
upon this material may also be utilized, wherein a center
layer is formed of ethylene-vinyl alcohol copolymer, lay-
ers adjacent to the center layer are formed of thermo-
plastic polyurethane, and outer layers are formed of a
regrind material of thermoplastic polyurethane and eth-
ylene-vinyl alcohol copolymer. Another suitable material
for barrier 40 is a flexible microlayer membrane that in-
cludes alternating layers of a gas barrier material and an
elastomeric material, as disclosed in U.S. Patent Num-
bers 6,082,025 and 6,127,026 to Bonk, et al. Additional
suitable materials are disclosed in U.S. Patent Numbers
4,183,156 and 4,219,945 to Rudy. Further suitable ma-
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terials include thermoplastic films containing a crystalline
material, as disclosed in U.S. Patent Numbers 4,936,029
and 5,042,176 to Rudy, and polyurethane including a pol-
yester polyol, as disclosed in U.S. Patent Numbers
6,013,340; 6,203,868; and 6,321,465 to Bonk, et al.
[0023] In order to facilitate bonding between tensile
member 50 and barrier 40, polymer supplemental layers
may be applied to each of tensile layers 51 and 52. When
heated, the supplemental layers soften, melt, or other-
wise begin to change state so that contact with barrier
portions 41 and 42 induces material from each of barrier
40 and the supplemental layers to intermingle or other-
wise join with each other. Upon cooling, therefore, the
supplemental layer is permanently joined with barrier 40,
thereby joining tensile member 50 with barrier 40. In
some configurations, thermoplastic threads or strips may
be present within tensile layers 51 and 52 to facilitate
bonding with barrier 40, as disclosed in U.S. Patent
Number 7,070,845 to Thomas, et al., or an adhesive may
be utilized to secure barrier 40 and tensile member 50.

First Area and Second Area Configuration

[0024] During the manufacturing processes, energy
(e.g., in the form of radio frequency energy or heat) and
pressure may alter the structure of tensile member 50 to
impart contouring. That is, the energy and pressure may
alter the effective lengths of connecting members 53.
More particularly, an energy, a pressure, or both may (a)
deform a portion of connecting members 53 or (b) induce
polymer material from barrier 40 or the supplemental lay-
ers to infiltrate tensile member 50, thereby effectively
shortening the length of connecting members 53. De-
pending upon the degree of energy and pressure applied,
connecting members 53 may be effectively shortened
through both deformation and infiltration of the polymer
material.
[0025] As depicted in Figures 3-9C, both upper barrier
portion 41 and lower barrier portion 42 are formed to in-
clude a plurality of first areas 46 in a square region of
barrier portions 41 and 42. First areas 46 may be inden-
tations extending into chamber 33. Accordingly, first ar-
eas 46 may be indented areas of upper barrier portion
41, lower barrier portion 42, or both. At least a portion of
first areas 46 of upper barrier portion 41 may be secured
to upper tensile layer 51. As well, at least a portion of first
areas 46 of lower barrier portion 42 may be secured to
lower tensile layer 52. Portions of connecting members
53 that are adjacent to or aligned with first areas 46 may
have a shorter effective length than other connecting
members 53 of tensile member 50, which may be due to
an applied energy, an applied pressure, or both. Addi-
tionally, a contour or shape applied during the manufac-
turing process to barrier 40 at first areas 46 (by a mold,
for example) may contribute to the inward extension of
first areas 46.
[0026] Similarly, both upper barrier portion 41 and low-
er barrier portion 42 are also formed to include a plurality

of second areas 48. Second areas 48 may be protrusions
extending outward from chamber 33. Accordingly, sec-
ond areas 48 may be protruding areas of either upper
barrier portion 41 or lower barrier portion 42. Portions of
second areas 48 of upper barrier portion 41 may be un-
secured to upper tensile layer 51. As well, portions of
second areas 48 of lower barrier portion 42 may be un-
secured to lower tensile layer 52. In other words, portions
of tensile member 50 adjacent to or aligned with second
areas 48 may not extend to portions of second areas 48.
An outward force exerted upon barrier 40 by the pressu-
rized fluid within barrier 40 may cause portions of second
areas 48 to extend outward to a greater degree than ar-
eas of barrier 40 to which tensile member 50 is secured.
Additionally, a contour or shape applied by mold to barrier
40 at second areas 48 may contribute to the outward
extension of second areas 48.
[0027] As depicted in Figures 4-6 and 9A-9C, first ar-
eas 46 of upper barrier portion 41 are positioned opposite
from second areas 48 of lower barrier portion 42, and
second areas 48 of upper barrier portion 41 are posi-
tioned opposite from first areas 46 of lower barrier portion
42. That is, first areas 46 are positioned on chamber 33
substantially opposite from second areas 48.
[0028] In some configurations, first areas 46 may be
portions of barrier 40 that are bonded or otherwise joined
to tensile member 50. Accordingly, first areas 46 may be
bonded areas of upper barrier portion 41, lower barrier
portion 42, or both. In such configurations, first areas 46
of upper barrier portion 41 may be secured to upper ten-
sile layer 51, whereas first areas 46 of lower barrier por-
tion 42 may be secured to lower tensile layer 52.
[0029] Additionally, in such configurations, second ar-
eas 48 may be portions of barrier 40 that are not bonded
or otherwise joined to tensile member 50. Accordingly,
second areas 48 may be unbonded areas of upper barrier
portion 41, lower barrier portion 42, or both. In such con-
figurations, second areas 48 of upper barrier portion 41
may be left not secured to upper tensile layer 51, whereas
second areas 48 of lower barrier portion 42 may be left
not secured to lower tensile layer 52.
[0030] In some configurations, portions of first areas
46 may be secured to upper tensile layer 51 or to lower
tensile layer 52 in a plurality of regions. In such configu-
rations, an aggregate area of the plurality of regions may
exceed half of an entire area of either upper tensile layer
51, lower tensile layer 52, or both. In some configurations,
a pattern of first areas 46 and second areas 48 may be
aligned with only part of either upper tensile layer 51 or
lower tensile layer 52. In such configurations, portions of
first areas 46 may be secured to upper tensile layer 51
or lower tensile layer 52 in a plurality of regions, and an
aggregate area of the plurality of regions may exceed
half of the area of tensile layer 51 or 52 associated with
the pattern of first areas 46 and second areas 48.
[0031] In some configurations, first areas 46 may be
portions of barrier 40 in which barrier 40 contacts tensile
member 50. Accordingly, first areas 46 may be contacting
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areas of upper barrier portion 41, lower barrier portion
42, or both. In such configurations, first areas 46 of upper
barrier portion 41 may be immediately adjacent to or in
contact with upper tensile layer 51, whereas first areas
46 of lower barrier portion 42 may be immediately adja-
cent to or in contact with lower tensile layer 52.
[0032] Additionally, in such configurations, second ar-
eas 48 may be portions of barrier 40 that are spaced from
tensile member 50. Accordingly, second areas 48 may
be spaced areas of upper barrier portion 41, lower barrier
portion 42, or both. In such configurations, second areas
48 of upper barrier portion 41 may be not immediately
adjacent to or in contact with upper tensile layer 51, or
may be otherwise separated from upper tensile layer 51,
whereas second areas 48 of lower barrier portion 42 may
be not immediately adjacent to or in contact with lower
tensile layer 52, or may be otherwise separated from low-
er tensile layer 52.
[0033] As depicted in Figures 9A-9C, one or more re-
gions of upper barrier portion 41 may have first areas 46
and second areas 48 that sinusoidally alternate between
extending into chamber 33 and extending outward from
chamber 33. This sinusoidal variance may extend in
more than one direction across upper barrier portion 41.
In other words, first areas 46 of upper barrier portion 41
extending into chamber 33 and second areas 48 of upper
barrier portion 41 extending outward from chamber 33
may extend across a surface of upper barrier portion 41
in a manner similar to the surface of an egg crate material.
At the same time, one or more regions of an aligned re-
gion of lower barrier portion 42 may have second areas
48 positioned opposite first areas 46 of upper barrier por-
tion 41, and may also have first areas 46 positioned op-
posite second areas 48 of upper barrier portion 41. In
turn, first areas 46 and second areas 48 of lower barrier
portion 42 may themselves sinusoidally alternate be-
tween extending into chamber 33 and extending outward
from chamber 33, and may sinusoidally vary in more than
one direction across lower barrier portion 42. According-
ly, various regions of chamber 33 may have an undulating
cross-sectional configuration.
[0034] As depicted in Figures 3-6, first areas 46 and
second areas 48 of upper barrier portion 41 have a con-
figuration of a tessellation or regularly repeating pattern.
More specifically, first areas 46 of upper barrier portion
41 have a substantially octagonal configuration, each be-
ing adjacent on four sides with other first areas 46 and
adjacent on four other sides with second areas 48. Ad-
ditionally, first areas 46 form a continuous region in which
upper barrier portion 41 is bonded to tensile member 50.
At the same time, second areas 48 of upper barrier por-
tion 41 have a substantially square configuration, each
being adjacent on four sides with first areas 46. Each of
first areas 46 and second areas 48 may also have a va-
riety of other shapes that combine to cover the surfaces
of chamber 30. For example, first areas 46 and second
areas 48 may have circular shapes, elliptical shapes,
elongate shapes, triangular shapes, pentagonal shapes,

trapezoidal shapes, or any other regular or irregular
shape. In addition, the shapes of first areas 46 and sec-
ond areas 48 may vary across lower barrier portion 41
and upper barrier portion 42.
[0035] The substantially octagonal first areas 46 and
substantially square second areas 48 alternate regularly
over upper barrier portion 41 in a first regularly repeating
pattern. Similarly, first areas 46 of lower barrier portion
42 have a substantially octagonal configuration and sec-
ond areas 48 of lower barrier portion 42 have a substan-
tially square configuration, and first areas 46 and second
areas 48 of lower barrier portion 42 alternate regularly
over lower barrier portion 42 in a second regularly re-
peating pattern. As depicted in Figures 5-6, the first reg-
ularly repeating pattern is based upon and aligned to a
first square grid, and the second regularly repeating pat-
tern is based upon and aligned to a second square grid.
Furthermore, as first areas 46 are positioned on chamber
33 substantially opposite from second areas 48, the sec-
ond regularly repeating pattern has essentially a 180-
degree offset or phase difference with respect to the first
regularly repeating pattern.
[0036] As depicted in Figures 4 and 9A-9C, tensile
member 50 is a textile tensile member. In some config-
urations, tensile member 50 has a configuration of a
spacer textile that includes an upper tensile layer 51, an
opposite lower tensile layer 52, and a plurality of con-
necting members 53 that extend between tensile layers
51 and 52. In such configurations, lower upper tensile
layer 51, lower tensile layer 52, and connecting members
53 may be formed to include textile elements.

First Manufacturing Process

[0037] A variety of manufacturing processes may be
utilized to form chamber 33. Some manufacturing proc-
esses suitable for use in forming chamber 33 may use a
first mold 60 as depicted in Figure 10. For example, a
thermoforming process may use first mold 60 to form
chamber 33. First mold 60 has an upper mold portion 61
and a lower mold portion 62. Both upper mold portion 61
and lower mold portion 62 have first mold areas 66 and
second mold areas 68.
[0038] A suitable manufacturing process to use in
forming chamber 33 using first mold 60, as depicted in
Figures 11A-12C, will now be discussed. In general, the
process involves (a) forming a precursor to chamber 33
by welding or otherwise joining an upper polymer layer
and a lower polymer layer to define an interior void, to
position a tensile member 50 within the interior void, and
to form a peripheral bond 44 sealing tensile member 50
within the interior void, (b) inflating the precursor to cham-
ber 33, and (c) utilizing a first mold 60 to form chamber
33 by applying to the precursor to chamber 33 at least a
first degree of compression with first mold areas 66 and
at least a second degree of compression with second
mold areas 68, respectively forming first areas 46 and
second areas 48 in an upper barrier portion 41, a lower
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barrier portion 42, or both.
[0039] First, prior to the formation of first areas 46 and
second areas 48, and separately from utilizing first mold
60, the precursor to chamber 33 is formed, as discussed
generally above. A suitable process for forming the pre-
cursor to chamber 33 is disclosed, for example, in U.S.
Patent Application Number 12/123,646 to Rapaport.
[0040] Once the precursor to chamber 33 has been
formed and inflated, first mold 60 is utilized to compress
the precursor to chamber 33 and form first areas 46 and
second areas 48 on the precursor to chamber 33. With
reference to Figure 10, first mold 60 is depicted as in-
cluding an upper mold portion 61 and an opposite lower
mold portion 62. Both upper mold portion 61 and lower
mold portion 62 have surfaces defining a plurality of first
mold areas 66 and a plurality of second mold areas 68.
First mold areas 66 may be protrusions extending out-
ward from upper mold portion 61 and lower mold portion
62, and second mold areas 68 may be indentations ex-
tending into upper mold portion 61 and lower mold portion
62.
[0041] First mold areas 66 of upper mold portion 61
are positioned opposite from second mold areas 68 of
lower mold portion 62, and second mold areas 68 of up-
per mold portion 61 are positioned opposite from first
mold areas 66 of lower mold portion 62. That is, first mold
areas 66 are positioned on mold portions 61 and 62 sub-
stantially opposite from second mold areas 68.
[0042] As depicted in Figures 10-12C, one or more re-
gions of upper mold portion 61 may have first mold areas
66 and second mold areas 68 that sinusoidally alternate
between extending outward from upper mold portion 61
and extending into upper mold portion 61. This sinusoidal
variance may extend in more than one direction across
upper barrier portion 41. In other words, first mold areas
66 extending outward from upper mold portion 61 and
second mold areas 68 extending into upper mold portion
61 may extend across upper mold portion 41 in a manner
similar to the surface of an egg crate material. At the
same time, one or more aligned regions of lower mold
portion 62 may have second mold areas 68 positioned
opposite first mold areas 66 of upper mold portion 61,
and may also have first mold areas 66 positioned oppo-
site second mold areas 68 of upper mold portion 61.
[0043] The surfaces of mold portions 61 and 62 may
be defined such that they flushly abut each other across
the entirety of the surfaces when first mold 60 is closed.
That is, the surfaces of first mold areas 66 and second
mold areas 68 may contact and lay against each other
at all locations across mold portions 61 and 62 when first
mold 60 is closed. Alternatively, first mold areas 66 and
second mold areas 68 may be defined such that when
first mold 60 is closed, they flushly abut each other at
fewer than all locations across mold portions 61 and 62,
or only partially flushly abut each other at some or all
locations across mold portions 61 and 62, or do not abut
each other at all at some or all locations across mold
portions 61 and 62. For example, first mold areas 66 and

second mold areas 68 may be configured such that, when
mold portions 61 and 62 are brought together, there is
more space between central regions of first mold areas
66 and second mold areas 68 than between other regions
of first mold areas 66 and second mold areas 68. As an
alternative example, first mold areas 66 and second mold
areas 68 may be configured such that there is less space
between the central regions of first mold areas 66 and
second mold areas 68 when mold portions 61 and 62 are
brought together.
[0044] In utilizing first mold 60, as depicted in Figures
11A and 12A, the precursor to chamber 33 is first posi-
tioned between upper mold portion 61 and lower mold
portion 62. More particularly, upper barrier portion 41 is
oriented toward upper mold portion 61, and lower barrier
portion 42 is oriented toward lower mold portion 62.
[0045] As depicted in Figures 11B and 12B, after the
precursor to chamber 33 is positioned, first mold 60 clos-
es such that the precursor to chamber 33 is compressed
between upper mold portion 61 and lower mold portion
62. Portions of mold areas 66 and 68 may apply different
degrees of compression to upper barrier portion 41 and
lower barrier portion 42. That is, areas of barrier portions
41 and 42 may be compressed more by portions of first
mold areas 66, and areas of barrier portions 41 and 42
may be compressed less by portions of second mold ar-
eas 68.
[0046] While the degree of compression applied to bar-
rier portions 41 and 42 by first mold areas 66 may differ
from the degree of compression applied to barrier por-
tions 41 and 42 by second mold areas 68, the degree of
compression applied by both mold areas 66 and 68 may
include a common degree of compression. Mold areas
66 and 68 may be defined to have different shapes or
configurations in order to allow mold areas 66 and 68 to
apply differing degrees of compression to barrier portions
41 and 42, since mold areas 66 and 68 are defined in
surfaces of mold portions 61 and 62. In other words, a
common or overall degree of compression associated
with the compression applied by mold portions 61 and
62 may be included in the degree of compression applied
by both first mold areas 66 and second mold areas 68.
Accordingly, differing degrees of pressure may be ap-
plied by both first mold areas 66 and second mold areas
68 to the precursor to chamber 33, including a common
or overall degree of pressure.
[0047] In compressing the precursor to chamber 33,
gaps 69 may exist between upper barrier portion 41 and
upper mold portion 61, or between lower barrier portion
42 and lower mold portion 42. For example, as depicted
in Figure 12B, gaps 69 exist between upper barrier por-
tion 41 and portions of second mold areas 68 in upper
mold portion 61. Similarly, gaps 69 exist between lower
barrier portion 42 and portions of second mold areas 68
in lower mold portion 62. The presence, size, or extent
of gaps 69 may be configured by the degree of compres-
sion applied by second mold areas 68 to the precursor
to chamber 33. For example, a common or overall degree
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of compression applied by mold portions 61 and 62, being
included in the degree of compression applied by second
mold areas 68, may configure the presence, size, or ex-
tent of gaps 69. In turn, the presence, size, or extent of
gaps 69 may affect the presence, size, or extent of sec-
ond areas 48 formed by second mold areas 68.
[0048] First mold 60 may be a laminating apparatus.
That is, upper mold portion 61 may secure parts of upper
barrier portion 41 to upper tensile layer 51. Similarly, low-
er mold portion 62 may secure parts of lower barrier por-
tion 42 to lower tensile layer 52. While being compressed,
radio frequency energy (RF energy, such as heat) may
be emitted by first mold 60 in order to heat barrier portions
41 and 42 and tensile member 50. More particularly, radio
frequency energy may pass between upper mold portion
61 and lower mold portion 62. The amount of radio fre-
quency energy passing between upper mold portion 61
and lower mold portion 62 at least partially depends upon
the spacing between upper mold portion 61 and lower
mold portion 62. Given gaps 69 between barrier portions
41 and 42 and second mold areas 68, first areas 46 and
second areas 48 may be exposed to differing amounts
of radio frequency energy. In addition, as discussed
above, first areas 46 and second areas 48 may be ex-
posed to differing amounts of pressure. Accordingly, the
presence, extent, or character of the bond between bar-
rier 40 and tensile member 50 may be different between
first areas 46 and second areas 48.
[0049] More particularly, the compression and heating
may induce portions of upper barrier portion 41 to bond
with upper tensile layer 51 and may also induce portions
of lower barrier portion 42 to bond with lower tensile layer
52. In addition, differences in compression and radio fre-
quency energy due to the configuration of mold areas 66
and 68 may effectively shorten the lengths of some con-
necting member 53. More particularly, the compression
and heating may (a) deform portions of connecting mem-
bers 53 or (b) induce polymer material from portions of
barrier portions 41 or 42 to infiltrate tensile member 50,
thereby effectively shortening the lengths of connecting
members 53 in the areas where compression and heating
are greatest. Depending upon the degree of compression
and irradiation, both deformation and infiltration of poly-
mer material may cause the shortening of connecting
members 53. Accordingly, compression and irradiation
applied at first mold areas 66 and second mold areas 68
may effectively impart the configuration of first areas 46
and second areas 48 to tensile member 50 and chamber
33.
[0050] In some configurations, first mold areas 66 and
second mold areas 68 may compress different portions
of barrier 40 to different degrees. Portions of more-com-
pressed areas of upper barrier portion 41 may be com-
pressed to a first degree of pressure by first mold areas
66 of upper mold portion 61. At the same time, portions
of less-compressed areas of upper barrier portion 41 may
be compressed to a second degree of pressure by sec-
ond mold areas 68 of upper mold portion 61, the first

degree of pressure being greater than the second degree
of pressure. Similarly, portions of more-compressed ar-
eas of lower barrier portion 42 may be compressed to a
third degree of pressure by first mold areas 66 of lower
mold portion 62. At the same time, portions of less-com-
pressed areas of lower barrier portion 42 may be com-
pressed to a fourth degree of pressure by second mold
areas 68 of lower mold portion 62, the third degree of
pressure being greater than the fourth degree of pres-
sure. In turn, the difference in the degrees of pressure
applied by first mold areas 66 and second mold areas 68
to upper barrier portion 41 may itself be different from
the difference in the degrees of pressure applied by first
mold areas 66 and second mold areas 68 to lower barrier
portion 42.
[0051] In some configurations, first mold areas 66 and
second mold areas 68 may have different extents relative
to mold portions 61 and 62, either into or outward from
mold portions 61 and 62. Portions of first mold areas 66
may have a convex configuration, extending outward
from mold portions 61 and 62. Accordingly, first mold
areas 66 may be convex areas of upper mold portion 61,
lower mold portion 62, or both. At the same time, in such
configurations, portions of second mold areas 68 may
have a concave configuration, extending into mold por-
tions 61 and 62. Accordingly, second mold areas 68 may
be concave areas of upper mold portion 61, lower mold
portion 62, or both.
[0052] First mold areas 66 and second mold areas 68
of upper mold portion 61 have a configuration of a tes-
sellation or regularly repeating pattern. Similarly, first
mold areas 66 and second mold areas 68 of lower mold
portion 62 have a configuration of a tessellation or reg-
ularly repeating pattern. As depicted in Figure 10, first
mold areas 66 and second mold areas 68 alternate reg-
ularly over upper mold portion 61 in a first regularly re-
peating pattern. Similarly, first mold areas 66 and second
mold areas 68 alternate regularly over lower mold portion
62 in a second regularly repeating pattern. In the first
example manufacturing process, the first regularly re-
peating pattern is based upon and aligned to a first square
grid, and the second regularly repeating pattern is based
upon and aligned to a second square grid. Furthermore,
as first mold areas 66 are positioned on mold 60 sub-
stantially opposite from second mold areas 68, the sec-
ond regularly repeating pattern has essentially a 180-
degree offset or phase difference with respect to the first
regularly repeating pattern.
[0053] At least a portion of upper polymer barrier 41
aligned with first mold areas 66 may be secured to upper
tensile layer 51, while at least a portion of upper polymer
barrier 41 aligned with second mold areas 68 may be
unsecured to upper tensile layer 51. Similarly, at least a
portion of lower polymer barrier 42 aligned with first mold
areas 66 may be secured to lower tensile layer 52, while
at least a portion of lower polymer barrier 42 aligned with
second mold areas 68 may be unsecured to lower tensile
barrier 52. Accordingly, in some configurations, at least
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a portion of each more-compressed area of upper barrier
portion 41 may be secured to upper tensile layer 51. Sim-
ilarly, at least a portion of each more-compressed area
of lower barrier portion 42 may be secured to lower tensile
layer 52.
[0054] In some configurations, a plurality of bonded
areas may be formed in barrier portions 41 and 42 by a
compression of first mold 60. In such configurations, at
least a portion of each of the bonded areas of upper bar-
rier portion 41 may be an indentation extending into upper
barrier portion 41. Similarly, at least a portion of each of
the bonded areas of lower barrier portion 42 may be an
indentation extending into lower tensile layer 52.
[0055] In some configurations, a plurality of unbonded
areas may be formed in barrier portions 41 and 42 by a
compression of first mold 60. In such configurations, at
least a portion of each of the unbonded areas of upper
barrier portion 41 may be a protrusion extending outward
from upper barrier portion 41. Similarly, at least a portion
of each of the unbonded areas of lower barrier portion
42 may be a protrusion extending outward from lower
barrier portion 42.
[0056] In some configurations, first mold areas 66 may
be protrusions extending outward from mold portions 61
and 62, and may contact barrier portions 41 and 42 to
impart a configuration to first areas 46 of indentations
extending into chamber 33. As well, second mold areas
68 may be indentations extending into mold portions 61
and 62, and may be positioned adjacent to barrier por-
tions 41 and 42 to impart a configuration to second areas
48 of protrusions extending outward from chamber 33.
[0057] As depicted in Figures 11C and 12C, after com-
pressing the precursor to chamber 33, first mold 60
opens, having formed first areas 46 and second areas
48 in barrier portions 41 and 42 of chamber 33. First
areas 46 may be formed in parts of barrier portions 41
and 42 compressed by first mold areas 66. Similarly, sec-
ond areas 48 may be formed in parts of barrier portions
41 and 42 compressed by second mold areas 68. Ac-
cordingly, chamber 33 may be formed by forming first
areas 46 and second areas 48 in the precursor to cham-
ber 33.
[0058] In the manufacturing process described above,
a peripheral bond in a precursor to chamber 33 is formed,
then the precursor to chamber 33 is inflated, then first
areas 46 and second areas 48 are created in the precur-
sor to chamber 33 through a compression step to form
chamber 33. As an alternative, first areas 46 and second
areas 48 may be created in an upper polymer layer and
a lower polymer layer through a compression step, a pe-
ripheral bond may then be formed to define chamber 33,
and chamber 33 may then be inflated. As a further alter-
native, a peripheral bond may be formed in a precursor
to chamber 33, first areas 46 and second areas 48 may
then be created in the precursor to chamber 33 through
a compression step to form chamber 33, and chamber
33 may then be inflated. In other words, in various em-
bodiments, the steps in the manufacturing process de-

scribed above may be performed in any order.

Second Manufacturing Process

[0059] Other manufacturing processes suitable for
forming chamber 33 may use a second mold 160 as de-
picted in Figure 13. For example, a thermoforming proc-
ess may use second mold 160 to form chamber 33. Sec-
ond mold 160 has an upper mold portion 161 and a lower
mold portion 162. Upper mold portion 161 has an upper
ridge 163. Lower mold portion 162 has a lower ridge 164
and a movable insert 165. Both upper mold portion 161
and movable insert 165 have first mold areas 166 and
second mold areas 168.
[0060] A suitable manufacturing process to use in
forming chamber 33 using second mold 160, as depicted
in Figures 14A-15D, will now be discussed. In general,
the process involves utilizing a second mold 160 to (a)
bond tensile member 50 to each of polymer layers 171
and 172, (b) shape polymer layers 171 and 172, and (c)
form a peripheral bond between polymer layers 171 and
172.
[0061] Initially, the components of chamber 33, i.e.,
one or more of tensile member 50 and polymer layers
171 and 172, are heated to a temperature that facilitates
bonding between the components. The specific materials
utilized for tensile member 50 and polymer layers 171
and 172, which form barrier 40, and the specific temper-
atures they are heated to may be any materials and tem-
peratures suitable in the art to facilitate bonding. Various
radiant heaters, radio frequency heaters, or other devices
may be utilized to heat the components of chamber 33.
In some manufacturing processes, second mold 160 may
be heated such that contact between second mold 160
and the components of chamber 33 raises the tempera-
ture of the components to a level that facilitates bonding.
[0062] Following heating, the components of chamber
33 are located between mold portions 161 and 162, as
depicted in Figures 14A and 15A. In order to properly
position the components, a shuttle frame or other device
may be utilized. Once positioned, mold portions 161 and
162 translate toward each other and begin to close upon
the components such that (a) an upper ridge 163 of upper
mold portion 161 contacts upper polymer layer 171, (b)
a lower ridge 164 of lower mold portion 162 contacts low-
er polymer layer 172, and (c) polymer layers 171 and 172
begin bending around tensile member 50 so as to extend
into a cavity within second mold 160. Accordingly, the
components are located relative to second mold 160 and
initial shaping and positioning has occurred.
[0063] Air may be partially evacuated from the area
around polymer layers 171 and 172 through various vac-
uum ports in mold portions 161 and 162. The purpose of
evacuating the air is to draw polymer layers 171 and 172
into contact with the various contours of second mold
160. This ensures that polymer layers 171 and 172 are
properly shaped in accordance with the contours of sec-
ond mold 160. Note that polymer layers 171 and 172 may
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stretch in order to extend around tensile member 50 and
into second mold 160. In comparison with the thickness
of barrier 40 in chamber 33, polymer layers 171 and 172
may exhibit greater thickness. This difference between
the original thicknesses of polymer layers 171 and 172
and the resulting thickness of barrier 40 may occur as a
result of the stretching that occurs during this stage of
the thermoforming process.
[0064] In order to provide a second means for drawing
polymer layers 171 and 172 into contact with the various
contours of second mold 160, the area between polymer
layers 171 and 172 and proximal tensile member 50 may
be pressurized. During a preparatory stage of this meth-
od, an injection needle may be located between polymer
layers 171 and 172, and the injection needle may be lo-
cated such that ridges 163 and 164 envelop the injection
needle when second mold 160 closes. A gas may then
be ejected from the injection needle such that polymer
layers 171 and 172 engage ridges 163 and 164, thereby
forming an inflation conduit between polymer layers 171
and 172. The gas may then pass through the inflation
conduit, thereby entering and pressurizing the area prox-
imal to tensile member 50. In combination with the vac-
uum, the internal pressure ensures that polymer layers
171 and 172 contact the various portions of second mold
160.
[0065] As second mold 160 closes further, ridges 163
and 164 bond polymer layers 171 and 172 together, as
depicted in Figures 14B and 15B, thereby forming pe-
ripheral bond 44. In addition, a movable insert 165 that
is supported by various springs 175 may depress to place
a pressure upon the components, thereby bonding pol-
ymer layers 171 and 172 to tensile member 50. As dis-
cussed above, a supplemental layer or thermoplastic
threads may be incorporated into tensile member 50 in
order to facilitate bonding between tensile member 50
and polymer layers 171 and 172. The pressure exerted
upon the components by movable insert 165 ensures
that the supplemental layer or thermoplastic threads form
a bond with polymer layers 171 and 172.
[0066] As depicted in Figures 13-15D, both upper mold
portion 161 and movable insert 165 have surfaces defin-
ing a plurality of first mold areas 146 and a plurality of
second mold areas 148. First mold areas 166 may be
protrusions extending outward from upper mold portion
161 and lower mold portion 162, and second mold areas
168 may be indentations extending into upper mold por-
tion 161 and lower mold portion 162. As discussed above
with respect to first mold 60, first mold areas 166 and
second mold areas 168 may impart different amounts of
radio frequency energy, different amounts of pressure,
or both. Additionally, the use of springs 175 may impart
a common or overall degree of pressure to both first mold
areas 166 and second mold areas 168. In turn, compres-
sion and irradiation applied at first mold areas 166 and
second mold areas 168 may effectively impart the con-
figuration of first areas 46 and second areas 48 to tensile
member 50 and chamber 33.

[0067] When bonding is complete, second mold 160
is opened and chamber 33 and excess portions of poly-
mer layers 171 and 172 are removed and permitted to
cool, as depicted in Figures 14C and 15C. A fluid may
be injected into chamber 33 through inflation conduit 173.
In addition, a sealing process may be utilized to seal in-
flation conduit 173 adjacent to chamber 33 after pressur-
ization. The excess portions of polymer layers 171 and
172 are then removed, thereby completing the manufac-
ture of chamber 33, as depicted in Figures 14D and 15D.
As an alternative, the order of inflation and removal of
excess material may be reversed. As a final step in the
process, chamber 33 may be tested and then incorpo-
rated into midsole 31 of footwear 10.

Further Chamber Configurations

[0068] Chamber 33 is depicted individually in Figures
3-9C in a configuration that is suitable for footwear ap-
plications. Chamber 33 may have any a variety of other
configurations also suitable for footwear applications. As
discussed above, and as depicted in Figures 3-6, first
areas 46 may have a substantially octagonal configura-
tion, and second areas 48 may have a substantially
square configuration. Additionally, as discussed above
with respect to first mold 60, differing degrees of pressure
may be applied by both first mold areas 66 and second
mold areas 68 to chamber 33, including a common or
overall degree of pressure.
[0069] For example, as discussed above and as de-
picted in Figures 5 and 9B, a first common or overall
degree of pressure, or degree of compression, is applied
by mold portions 61 and 62 to form substantially octag-
onal first areas 46 and substantially square second areas
48, and substantially octagonal first areas 46 form a con-
tinuous region in which upper barrier portion 41 is bonded
to tensile member 50. In further configurations, other
common or overall degrees of pressure may be applied
by mold portions 61 and 62. In other words, first mold 60
may be compressed to differing degrees in the formation
of first areas 46 and second areas 48. In turn, variance
in a common or overall degree of pressure or degree of
compression during molding may affect the configuration
of first areas 46 and second areas 48. For example, var-
ying the common or overall degree of pressure or degree
of compression may result in the formation of first areas
46 that are continuous or connected and second areas
48 that are discontinuous or disconnected.
[0070] For example, in a further configuration as de-
picted in Figures 16A and 17A, corresponding with a sec-
ond, low degree of compression, first areas 46 have a
substantially square configuration. At the same time, sec-
ond areas 48 have a substantially square configuration,
and form a continuous region in which upper barrier por-
tion 41 is unbonded to tensile member 50.
[0071] In another further configuration as depicted in
Figures 16B and 17B, and corresponding with an third,
intermediate degree of compression between the low de-
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gree of compression depicted in Figures 16A and 17A
and the first degree of compression depicted in Figures
5 and 9B, first areas 46 and second areas 48 have sub-
stantially square configurations. As formed by this third
degree of compression, first areas 46 do not form a con-
tinuous region in which upper barrier portion 51 is bonded
to tensile member 50 as formed by the first degree of
compression. Similarly, second areas 48 do not form a
continuous region in which upper barrier portion 51 is
unbonded to tensile member 50 as formed by the second
degree of compression. Rather, first areas 46 and second
areas 48 are formed to have substantially similar dimen-
sional extent in alternating across upper barrier portion
41.
[0072] In yet another further configuration as depicted
in Figures 16C and 17C, and corresponding with a fourth,
intermediate degree of compression greater than the first
degree of compression depicted in Figures 5 and 9B, first
areas 46 have a substantially octagonal configuration,
and form a continuous region in which upper barrier por-
tion 41 is unbonded to tensile member 50. At the same
time, second areas 48 have a substantially square con-
figuration. In comparison to the first areas 46 and second
areas 48 formed by the first degree of compression, first
areas 46 formed by the fourth degree of compression are
smaller. Accordingly, the continuous region in which up-
per barrier portion 41 is unbonded to tensile member 50
as formed by the fourth degree of compression has a
greater extent across upper barrier portion 41.
[0073] In a still further configuration as depicted in Fig-
ures 16D and 17D, and corresponding with a fifth, high
degree of compression, first areas 46 have a substan-
tially square configuration, whereas no second areas 48
have been formed. In other words, at the fifth, high degree
of compression, upper barrier portion 41 is substantially
free of protruding areas, unbonded areas, and areas
spaced from tensile member 50.
[0074] As depicted in Figures 3-9C, tensile member 50
includes upper tensile layer 51, lower tensile layer 52,
and connecting members 53. In further configurations,
tensile member 50 may be otherwise configured. For ex-
ample, tensile member 50 may have a first surface ad-
jacent upper barrier portion 41 and an opposite second
surface adjacent lower barrier portion 42, and tensile
member 50 may extend between upper barrier portion
41 and lower barrier portion 42. Alternatively, tensile
member 50 may have any of the range of configurations
disclosed in U.S. Patent Application Number 12/630,642
to Peyton and may extend across an interior void of
chamber 33. Additionally, tensile member 50 or a first
surface of tensile member 50 may be bonded to, joined
to, or otherwise secured to upper barrier portion 41 in a
first manner, while tensile member 50 or a second surface
of tensile member 50 opposite the first surface may be
bonded to, joined to, or otherwise secured to lower barrier
portion 42 in a second manner.
[0075] As depicted in Figures 3-9C, chamber 33 has
a substantially flat configuration. In further configura-

tions, either upper barrier portion 41, lower barrier portion
42, or both may be formed to have contours in addition
to the contours of first areas 46 and second areas 48.
For example, in a further configuration as depicted in
Figure 18A, chamber 33 has a contour in which peripheral
regions of chamber 33 are curved inward, or toward each
other, giving chamber 33 a configuration of a cup or a
pocket, such as a heel cup.
[0076] As depicted in Figures 3-9C, both barrier por-
tions 41 and 42 may be formed to include first areas 46,
second areas 48, or both. In other configurations, first
areas 46, second areas 48, or both may selectively be
formed on one of either upper barrier portion 41 or lower
barrier portion 42, and the other barrier portion may be
formed to not include first areas 46, second areas 48, or
both.
[0077] Overall or additional contours may be imparted
to chamber 33 in a number of ways. For example, in
another further configuration as depicted in Figure 18B,
the degree of compression applied during molding to pe-
ripheral regions of chamber 33 is greater than the degree
of compression applied during molding to a central region
of chamber 33. In other words, the degree of compression
applied to chamber 33 during molding increases between
the peripheral regions and the central region. In turn, sec-
ond areas 48 in the peripheral regions of chamber 33
have a greater outward extent than the center of chamber
33, which is substantially free of second areas 48. In other
words, chamber 33 has a configuration of a cup or a
pocket, such as a heel cup. Accordingly, by controlling
degrees of compression applied across chamber 33 dur-
ing molding, chamber 33 may be given any of a range of
contours, including cup contours, tapered contours, and
arch contours. Other ways of imparting overall or addi-
tional contours or tapers to chamber 33 include the range
of ways of imparting contours or tapers disclosed in U.S.
Patent Application Number 12/123,612 to Dua and U.S.
Patent Application Number 12/123,646 to Rapaport, et al.
[0078] As depicted in Figures 3-6, first areas 46 and
second areas 48 alternate regularly over upper barrier
portion 41 in a first regularly repeating pattern aligned to
a first square grid, and first areas 46 and second areas
48 alternate regularly over lower barrier portion 42 in a
second regularly repeating pattern aligned to a second
square grid. In further configurations, first areas 46 and
second areas 48 may alternate in other ways. For exam-
ple, as depicted in Figure 19A, first areas 46 and second
areas 48 may alternate regularly over upper barrier por-
tion 41 in a regularly repeating pattern aligned to a hex-
agonal grid. In a further example, as depicted in Figure
19B, first areas 46 and second areas 48 may alternate
regularly over upper barrier portion 41 in a regularly re-
peating pattern aligned to a triangular grid. In yet another
example, as depicted in Figure 19C, first areas 46 and
second areas 48 may have no regular shape, or may
alternate across upper barrier portion 41 in an irregular
or unpatterned configuration.
[0079] As depicted in Figures 3-6, chamber 33 has a

21 22 



EP 3 357 367 A1

13

5

10

15

20

25

30

35

40

45

50

55

configuration corresponding with heel region 13 of mid-
sole 31, in which square regions of barrier portions 41
and 42 are formed to include first areas 46 and second
areas 48. In further configurations, chamber 33 may cor-
respond with other regions of midsole 31, and other re-
gions of barrier portions 41 and 42 may be formed to
include first areas 46 and second areas 48. For example,
as depicted in Figure 20A, substantially all of barrier por-
tion 41 of chamber 33 corresponding with heel region 13
of midsole 31 may be formed to include first areas 46
and second areas 48. In a further example, as depicted
in Figure 20B, substantially all of barrier portion 41 of a
chamber 33 corresponding with forefoot region 11 of mid-
sole 31 may be formed to include first areas 46 and sec-
ond areas 48. In yet another example, as depicted in
Figure 20C, substantially all of barrier portion 41 of a
chamber 33 corresponding with a forefoot region 11, a
midfoot region 12, and a heel region 13 of midsole 31
may be formed to include first areas 46 and second areas
48. In other words, chamber 33 may correspond with heel
region 13 of midsole 31, forefoot region 11 of midsole
31, substantially all of midsole 31, or any region or regions
of midsole 31.
[0080] As depicted in Figures 3-6 and 9A-9C, first ar-
eas 46 of upper barrier portion 41 are positioned opposite
from second areas 48 of lower barrier portion 42, and
second areas 48 of upper barrier portion 41 are posi-
tioned opposite from first areas 46 of lower barrier portion
42. In other words, the pattern of first areas 46 and second
areas 48 of upper barrier portion 41 has essentially a
180-degree offset or phase difference with respect to the
pattern of first areas 46 and second areas 48 of lower
barrier portion 42. In further configurations, first areas 46
and second areas 48 of upper barrier portion 41 may be
otherwise positioned with respect to second areas 48
and first areas 46, respectively, of lower barrier portion
42. For example, as depicted in Figure 21, first areas 46
of upper barrier portion 41 may be positioned opposite
from first areas 46 of lower barrier portion 42, and second
areas 48 of upper barrier portion 41 may be positioned
opposite from second areas 48 of lower barrier portion
42. In other words, the pattern of first areas 46 and second
areas 48 of upper barrier portion 41 may have essentially
no offset or phase difference with respect to the pattern
of first areas 46 and second areas 48 of lower barrier
portion 42, and may instead be substantially aligned with
or in phase with the pattern of first areas 46 and second
areas 48 of lower barrier portion 42. In other configura-
tions, the pattern of first areas 46 and second areas 48
of upper barrier portion 41 may have any 32 offset or
phase difference with respect to the pattern of first areas
46 and second areas 48 of lower barrier portion 42.
[0081] As depicted in Figures 3-6, the axes of the pat-
tern of first areas 46 and second areas 48 of upper barrier
portion 41 are aligned with the axes of the pattern of first
areas 46 and second areas 48 on lower barrier portion
42. In other configurations, the axes of the pattern of the
pattern of first areas 46 and second areas 48 of upper

barrier portion 41 may be rotated at some angle with re-
spect to the axes of the pattern of first areas 46 and sec-
ond areas 48 of lower barrier portion 42. For example,
the pattern of first areas 46 and second areas 48 of upper
barrier portion 41 may be formed to have a 45-degree
rotation with respect to the pattern of first areas 46 and
second areas 48 of lower barrier portion 42.
[0082] Chamber 33 is discussed above as having a
configuration that is suitable for footwear. In addition to
footwear, chambers having similar configurations may
be incorporated into products other than footwear. For
example, as depicted in Figure 23A, a chamber 33 may
be configured suitably for incorporation into a mat 210 to
be utilized, for example, during yoga or as a camping pad
to provide a comfortable surface for sitting or laying on
the ground. In a further example, as depicted in Figure
23B, chambers 33 may be configured suitably for incor-
poration into carrying straps 222 of a backpack 220. In
yet another example, as depicted in Figure 23C, cham-
bers 33 may be configured suitably for incorporation into
seat cushions 232 for use with seat 230.

Further Manufacturing Processes

[0083] In the first manufacturing process, as depicted
in Figures 10-12C, first mold areas 66 of upper mold por-
tion 61 are positioned opposite from second mold areas
68 of lower mold portion 62, and second mold areas 68
of upper mold portion 61 are positioned opposite from
first mold areas 66 of lower mold portion 62. In other
words, the pattern of first mold areas 66 and second mold
areas 68 of upper mold portion 61 has essentially a 180-
degree offset or phase difference with respect to the pat-
tern of first mold areas 66 and second mold areas 68 of
lower mold portion 62. In further configurations, first mold
areas 66 and second mold areas 68 of upper mold portion
61 may be otherwise positioned with respect to second
mold areas 68 and first mold areas 66 of lower mold por-
tion 62. For example, as depicted in Figure 21, first mold
areas 66 of upper mold portion 61 may be positioned
opposite from first mold areas 66 of lower mold portion
62, and second mold areas 68 of upper mold portion 61
may be positioned opposite from second mold areas 68
of lower mold portion 62. In other words, the pattern of
first mold areas 66 and second mold areas 68 of upper
mold portion 61 may have essentially no offset or phase
difference with respect to the pattern of first mold areas
66 and second mold areas 68 of lower mold portion 62,
and may instead be substantially aligned with or in phase
with the pattern of first mold areas 66 and second mold
areas 68 of lower barrier portion 62.
[0084] In the first manufacturing process, as depicted
in Figures 10-12C, first mold areas 66 and second mold
areas 68 of mold portions 61 and 62 sinusoidally alternate
between extending outward from mold portions 61 and
62 and extending into mold portions 61 and 62. In further
configurations, first mold areas 66 and second mold ar-
eas 68 may otherwise alternate between extending out-
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ward from and into mold portions 61 and 62, and may
differ in cross-sectional configuration, height, or width.
For example, as depicted in Figure 22A, first mold areas
66 and second mold areas 68 have substantially rectan-
gular or square configurations in cross-section that alter-
nate between extending outward from and into mold por-
tions 61 and 62. In a further example, as depicted in Fig-
ure 22B, first mold areas 66 and second mold areas 68
have substantially trapezoidal configurations in cross-
section that alternate between extending outward from
and into mold portions 61 and 62. In a still further exam-
ple, as depicted in Figure 22C, first mold areas 66 and
second mold areas 68 have substantially triangular or
saw-toothed configurations in cross-section that alter-
nate between extending outward from and into mold por-
tions 61 and 62. In another example, as depicted in Figure
22D, first mold areas 66 and second mold areas 68 have
non-sinusoidal but partially curvilinear configurations in
cross-section that alternate between extending outward
from and into mold portions 61 and 62. In yet another
example, as depicted in Figure 22E, first mold areas 66
and second mold areas 68 are broader toward a periph-
ery of mold portions 61 and 62 than toward the centers
of mold portions 61 and 62.
[0085] The invention is disclosed above and in the ac-
companying figures with reference to a variety of config-
urations. The purpose served by the disclosure, however,
is to provide an example of the various features and con-
cepts related to the invention, not to limit the scope of
the invention. One skilled in the relevant art will recognize
that numerous variations and modifications may be made
to the configurations described above without departing
from the scope of the present invention, as defined by
the appended claims.

CLAUSES

[0086]

1. A fluid-filled chamber comprising:

an outer barrier formed of a polymer material
that defines an interior void, the barrier having
a first portion defining a first surface and an op-
posite second portion defining a second surface,
the first portion having a plurality of indented ar-
eas that form a plurality of indentations extend-
ing into the chamber; and
a tensile member located within the interior void,
the tensile member extending between the first
portion of the barrier and the second portion of
the barrier.

2. The fluid-filled chamber of clause 1, wherein at
least a portion of each indented area of the first por-
tion of the barrier is secured to the first layer.

3. The fluid-filled chamber of clause 2, wherein the

portions of the indented areas secured to the first
layer are secured to the first layer in a plurality of
regions, an aggregate area of the plurality of regions
exceeding half of an entire area of the first layer.

4. The fluid-filled chamber of clause 1, wherein the
first portion of the barrier has a plurality of protruding
areas that form a plurality of protrusions extending
outward from the chamber.

5. The fluid-filled chamber of clause 4, wherein at
least a portion of each protruding area of the first
portion of the barrier is unsecured to the first layer.

6. The fluid-filled chamber of clause 1, wherein the
second portion of the barrier has a plurality of indent-
ed areas that form a plurality of indentations extend-
ing into the chamber.

7. The fluid-filled chamber of clause 6, wherein at
least a portion of each indented area of the second
portion of the barrier is secured to the second layer.

8. The fluid-filled chamber of clause 1, wherein the
second portion of the barrier has a plurality of pro-
truding areas that form a plurality of protrusions ex-
tending outward from the chamber.

9. The fluid-filled chamber of clause 8, wherein at
least a portion of each protruding area of the second
portion of the barrier is unsecured to the second lay-
er.

10. The fluid-filled chamber of clause 8, wherein the
indented areas of the first portion of the barrier are
positioned opposite the protruding areas of the sec-
ond portion of the barrier.

11. The fluid-filled chamber of clause 1, wherein:

the first portion of the barrier has a plurality of
protruding areas that form a plurality of protru-
sions extending outward from the chamber; and
at least a portion of each indented area of the
first portion of the barrier is secured to the first
layer, and at least a portion of each protruding
area of the first portion of the barrier is unsecured
to the first layer.

12. The fluid-filled chamber of clause 1, wherein:

the second portion of the barrier has a plurality
of indented areas that form a plurality of inden-
tations extending into the chamber; and
at least a portion of each indented area of the
first portion of the barrier is secured to the first
layer, and at least a portion of each indented
area of the second portion of the barrier is se-
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cured to the second layer.

13. The fluid-filled chamber of clause 1, wherein:

the first portion of the barrier has a plurality of
protruding areas that form a plurality of protru-
sions extending outward from the chamber, the
second portion of the barrier has a plurality of
indented areas that form a plurality of indenta-
tions extending into the chamber, and the sec-
ond portion of the barrier has a plurality of pro-
truding areas that form a plurality of protrusions
extending outward from the chamber; and
at least a portion of each indented area of the
first portion of the barrier is secured to the first
layer, at least a portion of each protruding area
of the second portion of the barrier is unsecured
to the second layer, and the indented areas of
the first portion of the barrier are positioned op-
posite the protruding areas of the second portion
of the barrier.

14. The fluid-filled chamber of clause 1, wherein a
portion of the chamber has an undulating cross-sec-
tional configuration.

15. The fluid-filled chamber of clause 1, wherein the
indented areas of the first portion of the barrier have
a configuration of a regularly repeating pattern.

16. The fluid-filled chamber of clause 15, wherein
the regularly repeating pattern is based on a square
grid.

17. The fluid-filled chamber of clause 1, wherein the
tensile member is a textile tensile member.

18. An article of footwear having a sole structure,
wherein the fluid-filled chamber of clause 1 is incor-
porated into the sole structure.

19. The article of footwear of clause 18, wherein the
chamber extends from a heel region of the footwear
to a forefoot region of the footwear.

20. The article of footwear of clause 19, wherein the
indented areas of the first portion of the barrier ex-
tend through a forefoot region of the footwear.

21. A fluid-filled chamber comprising:

an outer barrier formed of a polymer material
that defines an interior void, the barrier having
a first portion defining a first surface and an op-
posite second portion defining a second surface,
the first portion of the barrier having a plurality
of bonded areas that are secured to the first layer
and a plurality of unbonded areas that are un-

secured to the first layer;
a tensile member located within the interior void,
the tensile member extending between the first
portion of the barrier and the second portion of
the barrier.

22. The fluid-filled chamber of clause 21, wherein an
aggregate area of the plurality of bonded areas of
the first portion of the barrier exceeds half of an entire
area of the first layer.

23. The fluid-filled chamber of clause 21, wherein
the second portion of the chamber has a plurality of
bonded areas that are secured to the second layer.

24. The fluid-filled chamber of clause 21, wherein
the second portion of the chamber has a plurality of
unbonded areas that are unsecured to the second
layer.

25. The fluid-filled chamber of clause 24, wherein
the bonded areas of the first portion of the barrier
are positioned opposite the unbonded areas of the
second portion of the barrier.

26. The fluid-filled chamber of clause 21, wherein:

the first portion of the barrier has a plurality of
unbonded areas that are unsecured to the first
layer, the second portion of the barrier has a
plurality of bonded areas that are secured to the
second layer, and the second portion of the bar-
rier has a plurality of unbonded areas that are
unsecured to the second layer; and
the bonded areas of the first portion of the barrier
are positioned opposite the unbonded areas of
the second portion of the barrier.

27. The fluid-filled chamber of clause 21, wherein a
portion of the chamber has an undulating cross-sec-
tional configuration.

28. The fluid-filled chamber of clause 21, wherein
the bonded areas of the first portion of the barrier
have a configuration of a regularly repeating pattern.

29. The fluid-filled chamber of clause 28, wherein
the regularly repeating pattern is based on a square
grid.

30. The fluid-filled chamber of clause 21, wherein
the tensile member is a spacer textile.

31. An article of footwear having a sole structure,
wherein the fluid-filled chamber of clause 21 is in-
corporated into the sole structure.

32. A fluid-filled chamber comprising:
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an outer barrier formed of a polymer material
that defines an interior void, the barrier having
a first portion defining a first surface and an op-
posite second portion defining a second surface,
the first portion of the barrier having a plurality
of indented areas that form a plurality of inden-
tations extending into the chamber and a plural-
ity of protruding areas that form a plurality of
protrusions extending outward from the cham-
ber, the second portion of the barrier having a
plurality of indented areas that form a plurality
of indentations extending into the chamber and
a plurality of protruding areas that form a plurality
of protrusions extending outward from the
chamber; and
a tensile member located within the interior void,
the tensile member extending between the first
portion of the barrier and the second portion of
the barrier.

wherein the indentations and the protrusions of the
first portion of the barrier have a configuration of a
first regularly repeating pattern, and the indentations
and protrusions of the second portion of the barrier
have a configuration of a second regularly repeating
pattern.

33. The fluid-filled chamber of clause 32, wherein
the indentations of the first portion of the barrier are
aligned opposite the protrusions of the second por-
tion of the barrier.

34. The fluid-filled chamber of clause 32, wherein
the first regularly repeating pattern is aligned to a
first square grid and the second regularly repeating
pattern is aligned to a second square grid.

35. The fluid-filled chamber of clause 32, wherein at
least a portion of each indented area of the first por-
tion of the barrier is secured to the first layer.

36. The fluid-filled chamber of clause 35, wherein
the portions of the indented areas secured to the first
layer are secured to the first layer in a plurality of
regions, an aggregate area of the plurality of regions
exceeding half of an entire area of the first layer.

37. The fluid-filled chamber of clause 32, wherein at
least a portion of each protruding area of the first
portion of the barrier is unsecured to the first layer.

38. The fluid-filled chamber of clause 32, wherein at
least a portion of each indented area of the second
portion of the barrier is secured to the second layer.

39. The fluid-filled chamber of clause 32, wherein at
least a portion of each protruding area of the second
portion of the barrier is unsecured to the second lay-

er.

40. The fluid-filled chamber of clause 32, wherein
the tensile member is a spacer textile.

41. An article of footwear having a sole structure,
wherein the fluid-filled chamber of clause 32 is in-
corporated into the sole structure.

42. A fluid-filled chamber comprising:

an outer barrier formed of a polymer material
that defines an interior void, the barrier having
a first portion defining a first surface and an op-
posite second portion defining a second surface,
the first portion of the barrier having a plurality
of contacting areas being in contact with the first
layer and a plurality of spaced areas being
spaced from the first layer; and
a tensile member located within the interior void,
the tensile member extending between the first
portion of the barrier and the second portion of
the barrier.

43. The fluid-filled chamber of clause 42, wherein an
aggregate area of the contacting areas of the first
portion of the barrier exceeds half of an entire area
of the first layer.

44. The fluid-filled chamber of clause 42, wherein
the second portion of the barrier has a plurality of
contacting areas in contact with the second layer,
and a plurality of spaced areas spaced from the sec-
ond layer.

45. The fluid-filled chamber of clause 44, wherein
the contacting areas of the first portion of the barrier
are positioned opposite the spaced areas of the sec-
ond portion of the barrier.

46. The fluid-filled chamber of clause 42, wherein a
portion of the chamber has an undulating cross-sec-
tional configuration.

47. The fluid-filled chamber of clause 42, wherein
the contacting areas of the first portion of the barrier
have a configuration of a regularly repeating pattern.

48. The fluid-filled chamber of clause 47, wherein
the regularly repeating pattern is based on a square
grid.

49. The fluid-filled chamber of clause 42, wherein
the tensile member is a spacer textile.

50. An article of footwear having a sole structure,
wherein the fluid-filled chamber of clause 42 is in-
corporated into the sole structure.
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Claims

1. A fluid-filled chamber comprising:

an outer barrier formed of a polymer material
that defines an interior void, the barrier having
a first portion defining a first surface and an op-
posite second portion defining a second surface,
the first portion having a plurality of indented ar-
eas that form a plurality of indentations extend-
ing into the chamber and a plurality of protruding
areas that form a plurality of protrusions extend-
ing outward from the chamber; and
a tensile member located within the interior void,
the tensile member extending between the first
portion of the barrier and the second portion of
the barrier, the tensile member including a first
tensile layer disposed adjacent to the first sur-
face, a second tensile layer disposed adjacent
to the second surface, and a plurality of connect-
ing members extending between the first tensile
layer and the second tensile layer,
wherein at least a portion of each indented area
of the first portion of the barrier is secured to the
first tensile layer, and at least a portion of each
protruding area of the first portion of the barrier
is unsecured to the first tensile layer.

2. The fluid-filled chamber of claim 1, wherein the sec-
ond portion of the barrier has a plurality of indented
areas that form a plurality of indentations extending
into the chamber and a plurality of protruding areas
that form a plurality of protrusions extending outward
from the chamber, and wherein at least a portion of
each indented area of the second portion of the bar-
rier is secured to the second tensile layer, and at
least a portion of each protruding area of the second
portion of the barrier is unsecured to the second ten-
sile layer.

3. The fluid-filled chamber of claim 2, wherein the plu-
rality of indentations on the first portion of the barrier
are aligned with the plurality of indentations on the
second portion of the barrier.

4. The fluid-filled chamber of claim 3, wherein the plu-
rality of protrusions in the first portion of the barrier
are aligned with the plurality of protrusions in the
second portion of the barrier.

5. The fluid-filled chamber of claim 2, wherein the plu-
rality of indentations on the first portion of the barrier
are aligned with the plurality of protrusions in the
second portion of the barrier.

6. The fluid-filled chamber of claim 5, wherein the plu-
rality of protrusions in the first portion of the barrier
are aligned with the plurality of indentations in the

second portion of the barrier.

7. The fluid-filled chamber of claim 1, wherein at least
two of the plurality of protrusions in the first portion
of the barrier include at least one of a different size
and shape than one another.

8. The fluid-filled chamber of claim 7, wherein at least
one protrusion in the second portion of the barrier
has a different size and shape than at least one of
the plurality of protrusions in the first portion of the
barrier.

9. The fluid-filled chamber of any of the preceding
claims, wherein the plurality of indentations and pro-
trusions in the first portion of the barrier provide the
first portion with a regularly repeating pattern.

10. The fluid-filled chamber of any of the preceding
claims, wherein the first portion is joined to the sec-
ond portion at a peripheral seal, the chamber con-
taining a predetermined amount of fluid within the
interior void.

11. The fluid-filled chamber of any of the preceding
claims, wherein peripheral regions of the fluid-filled
chamber are curved inward to provide the fluid-filled
chamber with the configuration of a cup.

12. The fluid-filled chamber of any of the preceding
claims, wherein the plurality of protrusions on the
first portion of the barrier extend in a direction away
from the second portion.

13. The fluid-filled chamber of any of the preceding
claims, wherein the plurality of protrusions in the sec-
ond portion of the barrier extend in a direction away
from the first portion.
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