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Description

Background of the Invention
1. Field of the Invention

[0001] This invention relates generally to footwear, and more particularly to an article of footwear having a cushion-
ing member disposed therein which provides enhanced cushioning properties to the article of footwear.

2. Description of Related Art

[0002] One of the problems associated with shoes has always been striking a balance between support and cush-
ioning. Throughout the course of an average day, the feet and legs of an individual are subjected to substantial impact
forces. Running, jumping, walking and even standing exert forces upon the feet and legs of an individual which can lead
to soreness, fatigue, and injury.

[0003] The human foot is a complex and remarkable piece of machinery, capable of withstanding and dissipating
many impact forces. The natural padding of fat at the heel and forefoot, as well as the flexibility of the arch, help to cush-
ion the foot. An athlete's stride is partly the result of energy which is stored in the flexible tissues of the foot. For exam-
ple, during a typical walking or running stride, the achilles tendon and the arch stretch and contract, storing energy in
the tendons and ligaments. When the restrictive pressure on these elements is released, the stored energy is also
released, thereby reducing the burden which mast be assumed by the muscles.

[0004] Although the human foot possesses natural cushioning and rebounding characteristics, the foot alone is
incapable of effectively overcoming many of the forces encountered during athletic activity. Unless an individual is wear-
ing shoes which provide proper cushioning and support, the soreness and fatigue associated with athletic activity is
more acute, and its onset accelerated. This results in discomfort for the wearer which diminishes the incentive for fur-
ther athletic activity. Equally important, inadequately cushioned footwear can lead to injuries such as blisters, muscle,
tendon and ligament damage, and bone stress fractures. Improper footwear can also lead to other ailments, including
back pain.

[0005] Proper footwear should complement the natural functionality of the foot, in part by incorporating a sole (typ-
ically, an outsole, midsole and insole) which absorbs shocks. However, the sole should also possess enough resiliency
to prevent the sole from being "mushy" or "collapsing," thereby unduly draining the energy of the wearer.

[0006] In light of the above, numerous attempts have been made over the years to incorporate means into a shoe
which provides improved cushioning and resiliency to the shoe. For example, attempts have been made to enhance the
natural elasticity and energy return of the foot by providing shoes with soles which store energy during compression and
return energy during expansion. These attempts have included using compounds such as ethylene vinyl acetate (EVA)
or polyurethane (PU) to form midsoles. However, foams such as EVA tend to break down over time, thereby losing their
resiliency.

[0007] Another concept practiced in the footwear industry to improve cushioning and energy return has been the
use of fluid-filled devices within shoes. The basic concept of enhancing cushioning and energy return by transferring a
pressurized fluid between the heel and forefoot areas of a shoe is known. U.K. Patent No. 338,266 to Rayne, U.S. Pat-
ent No. 547,645 to Lacroix, U.S. Patent No. 1,069,001 to Guy, U.S. Patent No. 2,080,499 to Nathanson, and U.S. Reis-
sue Patent No. 34,102 to Cole, each disclose the basic concept of having cushions containing pressurized fluid
disposed adjacent the heel and forefoot areas of a shoe. Each of these technologies presents its own complications.
However, the overriding problem common to each of these technologies is that the cushioning means taught therein are
inflated with i fluid under pressure. Each of the above-noted patents discloses a cushioning means wherein a pressu-
rized gas is forced into the cushioning means, usually through a valve accessible from the exterior of the shoe.

[0008] There are several difficulties associated with using a pressurized fluid within a cushioning device. Most nota-
bly, it may be inconvenient and tedious to constantly adjust the pressure or introduce a fluid to the cushioning device.
Moreover, it is difficult to provide a consistent pressure within the device thereby giving a consistent performance of the
shoes. In addition, a cushioning device which is capable of holding pressurized gas is comparatively expensive to man-
ufacture. Further, pressurized gas tends to escape from such a cushioning device, requiring the introduction of addi-
tional gas. Finally, a valve which is visible to the exterior of the shoe negatively affects the aesthetics of the shoe, and
increases the probability of the valve being damaged when the shoe is worn.

[0009] A cushioning device which, when unloaded contains air at ambient pressure provides several benefits over
similar devices containing pressurized fluid. U.S. Patent No. 2,100,492 to Sindler and U.K. Patent Application No.
2,039,717 to Karhu-Titan both disclose the use of a cushioning device containing ambient air. However, neither of these
patents provides for the transfer of air between the heel and forefoot portions of the shoe.

[0010] German Patent No. 820,869 to Weinhardt et al. and U.S. Patent No. 4,577,417 to Cole both appear to dis-
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close a cushioning device having heel and forefoot cavities containing ambient air. The Weinhardt et al. patent appears
to disclose a pneumatic shoe warmer insert equipped with two air chambers joined by a tube. The Cole patent discloses
a sole and heel structure having premolded bulges connected by a passageway, wherein air at atmospheric pressure
is disposed within the sole and heel structure.

[0011] The technologies taught in these patents do not provide for more than one rate or type of air flow between
the cavities. Both these patents show a cushioning device having merely a straight "tube" passageway which connects
the cavities of the device. This straight "tube" structure results in the passageways providing only one rate or type of air
flow between the cavities. Neither the Cole patent nor the Weinhardt et al. patent discloses a cushioning device which
may be customized for different types of activities and body weights.

[0012] A similar disadvantage is present in U.S. Patent No. 4,458,430 to Peterson. The Peterson patent describes
a cushioning device having cushions disposed beneath the heel and front transverse arch of the foot. The cushions are
partially or completely filled a fluid, which may be of varying viscosities. Similar to the above-noted devices, a major defi-
ciency of the Peterson device is that the channels connecting the cushions are merely straight "tube" channels, of a uni-
form diameter throughout their length. As previously indicated, this structure has the disadvantage of providing only one
amount or degree of cushioning, which cannot be tailored or modified to accommodate different athletic activities and
body types.

[0013] Although attempts have been made to create valve means which can control or vary the rate of fluid flow,
such attempts have resulted in overly cumbersome, complex and expensive structures. U.S. Patent No. 4,446,634 to
Johnson et al. shows an article of footwear having heel and ball bladders, two conduits connecting the bladders, and
valves disposed on the conduits. By rotating knobs attached to the valves, the rate of fluid flow between the bladders
can be regulated. In addition to the difficulties associated with pressurized fluid, the Johnson et al. patent suffers from
several other shortcomings. Most prominent among these are that the numerous parts and intricate interrelationship
thereof results in a cushioning member which is expensive to manufacture, and prone to malfunction.

[0014] PCT Application No. PCT/GB91/00740 (International Publication No. WO 91/16831) to Seymour teaches
valve means comprising two ribbed members formed from a stiff plastic which are disposed above and beneath a cap-
illary tube. Because the ribbed members of the Seymour device are formed of a different material than the cushioning
member thereof, the cost of manufacturing the device is increased. In addition, the ribbed members are designed to
"pinch" the capillary tube closed entirely during use, which can prevent an adequate amount of fluid from reaching the
forefoot container prior to forefoot strike. Further, the capillary tube of the Seymour device merely comprises a straight
tube, and thus shares the inadequacies of other devices discussed herein which possess the same feature.

[0015] Accordingly, prior to the development of the present invention, there was not a shoe which incorporated a
cushioning member containing ambient air, wherein the cushioning member included a communication channel having
impedance means disposed therein which served to restrict the flow of air between distinct chambers. In addition, prior
to the development of the present invention, there was not a shoe which taught altering the structure of the impedance
means, such that differently-sized and shaped impedance means provided varying types of air flow between the cham-
bers, and consequently provided varying degrees of cushioning. Further, those shoes which have attempted to use
fluid-filled devices incorporating valve means to cushion the foot of a wearer have had such drawbacks as adding
increased weight to the shoe, providing inadequate and uneven cushioning, and being inordinately complex and expen-
sive to manufacture.

[0016] Therefore, it is an object of the present invention to provide an article of footwear having enhanced cushion-
ing and energy-returning characteristics.

[0017] US-A-4446634 discloses the use of pressurized fluid of a liquid/air combination movable within a blad-
der/bladders. One such arrangement dislcoses an article of footwear having heel and box portions, an elastomeric blad-
der supported on the shoe heel portions so as to bear the weight of the heel of a user's foot. Another elastomeric
bladder portion supports the ball of the user's foot. Conduit means interconnects the two bladders and valve means in
the conduit permits a selectable rate of flow of fluid between the highly pressurized bladders to obtain support beneath
the appropriate part of the foot.

Summary of the Invention

[0018] To achieve the foregoing object, there is provided in accordance with the present invention an article of foot-
wear including a sole, a resilient cushioning member disposed within said sole, said cushioning member including a first
chamber, a second chamber, a communication chamber connecting said first chamber and said second chamber, said
communication chamber having an average cross-sectional area which is less than the average cross-sectional area of
both said first chamber and said second chamber, characterized in that said resilient cushioning member contains air
at generally ambient pressure, and said article of footwear further includes an impedance means disposed within said
communication chamber for restricting the flow of air between said first chamber and said second chamber and having
an average cross-sectional area less than the remainder of said communication chamber, wherein said impedance
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means is arranged to control the amount of air and condition of air flow passing through said communication chamber
throughout an entire gait pattern.

[0019] The sole may comprise a midsole having a cavity portion, wherein the cushioning member is disposed within
the cavity portion. Alternatively, the sole may comprise an outsole having a cavity portion, wherein the cushioning mem-
ber is dispose therein. The sole may also comprise an insole having a cavity portion, wherein the cushioning member
is disposed therein. The article of footwear may further comprise a sockliner having a cavity portion disposed within a
upper, wherein the cushioning member is disposed within the cavity portion of the sockliner.

[0020] The cushioning member may be formed of a blow-molded elastomeric material. The article of footwear may
further include a moderating member disposed above the cushioning member for defusing impact forces upon the
cushioning member and providing support to the foot of a wearer. The moderating member may be formed of a material
having a Shore A hardness of 75-95 or Shore C hardness of 55-75. The moderating member may be integral with the
sole of the article of footwear.

[0021] The article of footwear of the present invention may further comprise a heel portion and a forefoot portion,
and the first and second chambers of the cushioning member my be disposed adjacent the heel and forefoot portions
of the sole, respectively. Flexure grooves may be disposed on the second chamber of the cushioning member. A parti-
tion may be disposed on one of the first and second chambers for altering the direction of the air flow within the cush-
ioning member.

[0022] The impedance means of the present invention may be substantially hourglass-shaped, or, alternatively,
may be substantially "z"-shaped, substantially "w"-shaped, or substantiality "s"-shaped.

[0023] The cushioning member may further comprise an upper portion and a lower portion which are mirror images
of one another, such that the cushioning member may be readily disposed in either a left shoe or a right shoe.

[0024] Alternatively, the article of footwear of the present invention comprises a sole having a heel portion, an arch
portion and a forefoot portion, and a cavity portion formed within the sole extending substantially from the heel portions
to the forefoot portion thereof A non-permeable, resilient first chamber containing ambient air is disposed within the cav-
ity portion adjacent the heel portion. A non-permeable, resilient second chamber containing ambient air is disposed
within the cavity portion adjacent the forefoot portion. A non-permeable communication chamber containing ambient air
is disposed within the cavity portion adjacent the arch portion, and connects the first and second chambers. Impedance
means is disposed within the communication chamber and has an average cross-sectional area which is smaller than
the average cross-sectional area of the remainder of the communication chamber. The impedance means restricts the
flow of air between the first and second chambers and provides enhanced cushioning to the article of footwear by con-
trolling the velocity at which the air moves between the first and second chambers.

[0025] The article of footwear may be formed of an unitary piece of blow-molded elastomeric material. The imped-
ance means may increase the velocity and turbulence of the air as it moves between the first and second chambers.
The communication chamber may be sized and shaped to provide turbulent air flow between the first and second cham-
bers when the weight of a wearer applies downward pressure to the first chamber. Alternatively, the communication
chamber may be sized and shaped to provide laminar air flow or transitional air flow between the first and second cham-
bers when the weight of a wearer applies downward pressure to the first chamber.

[0026] Ridges may be disposed on the upper and lower surfaces of the communication chamber. The vertical dis-
tance between the upper and lower surfaces of the second chamber may be less than the vertical distance between
upper and lower surfaces of the first chamber.

[0027] A moderating member may be disposed above the cavity portion for diffusing impact forces upon the cush-
ioning member and for providing support to the foot of a wearer. The sole of the present invention may further comprise
an upper surface and a lower surface, wherein the cavity portion is formed within the lower surface of the sole, and the
moderating member comprises the upper surface of the sole.

[0028] Alternatively, the article of footwear of the present invention may comprise a sole and a resilient cushioning
member containing pressurized air disposed within the sole. The cushioning member includes a first chamber, a sec-
ond chamber and a communication chamber connecting the first and second chambers. The communication chamber
has an average cross-sectional area which is less than the average cross-sectional area of both the first and second
chambers. Impedance means for restricting the flow of air between the first and second chambers is disposed within
the communication chamber and has an average cross-sectional area which is less than the remainder of the commu-
nication chamber.

[0029] In one embodiment in accordance with the present invention there has been provided an article of footwear
having a cushioning member containing ambient or slightly pressurized air.
[0030] In another embodiment in accordance with the present invention there has been provided an article of foot-

wear having a cushioning member with impedance means which restricts the flow of air between chambers.

[0031] Preferably there may be provided an article of footwear having a cushioning member which is capable of
providing varying amounts or degrees of cushioning.

[0032] Conveniently, the present invention may provide an article of footwear having a cushioning member which
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will maintain its cushioning characteristics throughout the life of the shoe.

[0033] In a further embodiment in accordance with the present invention there may be provided an article of foot-
wear having a cushioning member surrounded by a stabilising rim and covered by a moderator which enhances the
cushioning characteristics of the cushioning member.

[0034] In yet another embodiment in accordance with the present invention there is provided an article of footwear
having a cushioning member which may easily be incorporated in either a left or a right shoe without modification to the
member.

[0035] In yet a further embodiment in accordance with the present invention there may be provided an article of
footwear having a cushioning member which is simple and inexpensive to manufacture.

Brief Description of the Drawings

[0036] The accompanying drawings, which are incorporated in and form a part of the specification, illustrate various
embodiments of the present invention and, together with the description, serve to explain the principles of the invention.
In the drawings:

FIG. 1 is a top plan view of a cushioning member for use with the article of footwear of the present invention;

FIG. 2 is a medial side view of the cushioning member of FIG. 1;

FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 1;

FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 1;

FIG. 4A is a cross-sectional view taken along line 4A-4A of FIG. 1;

FIG 5 is an exploded view of one possible interrelationship of a moderator, cushioning member and cradle for use
with an article of footwear in accordance with the present invention;

FIG. 5A is a cross-sectional view taken along line 5A-5A of FIG. 5;

FIG. 6 is a top plan view of an impedance means for use in an article of footwear in accordance with the present
invention;

FIG. 7 is a cross-sectional view taken along line 7-7 of FIG. 6;

FIG. 8 is a cross-sectional view taken along line 8-8 of FIG 6;

FIG. 9 is a top plan view of an alternative embodiment of an impedance means for use in an article of footwear in
accordance with the present invention;

FIG. 10 is a cross-sectional view taken along line 10-10 of FIG. 9;

FIG. 11 is a top plan view of another alternative embodiment of impedance means for use in an article of footwear
in accordance with the present invention;

FIG. 12 is a cross-sectional view taken along line 12-12 of FIG. 11;

FIG. 13 is a top plan view of yet another alternative embodiment of impedance means for use in an article of foot-
wear in accordance with the present invention;

FIG. 14 is a cross-sectional view taken along line 14-14 of FIG. 13;

FIG. 15 is a top plan view of an alternative embodiment of a midsole for use in an article of footwear in accordance
with the present invention;

FIG. 16 is a bottom plan view of the midsole of FIG. 15;

FIG. 17 is a top plan view of an integrated moderator and midsole for use in an article of footwear in accordance
with the present invention;

FIG. 18 is a bottom plan view of the integrated moderator and midsole of FIG. 17;

FIG. 19 is a sectional view taken along line 19-19 of FIG. 18;

FIG. 20 is a top plan view of an alternative embodiment of a cushioning member for use with an article of footwear
in accordance with the present invention;

FIG. 21 is a perspective view of a further alternative embodiment of a cushioning member for use in an article of
footwear in accordance with the present invention; and

FIG. 22 is a perspective view of yet a further alternative embodiment of cushioning member for use in an article of
footwear in accordance with the present invention.

Detailed Description of the Invention

[0037] Reference will be made in detail below to the preferred embodiment of the present invention illustrated in the
accompanying drawings. It should be noted that similar or identical structure is identified using identical reference num-
bers.

[0038] Referring now to the preferred embodiments, a cushioning member for use in an article of footwear in
accordance with the present invention is shown generally at 10 in FIG. 1. The cushioning member provides continu-
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ously modifying cushioning to an article of footwear, such that a wearer's stride forces air within the cushioning member
to move in a complementary manner with respect to the stride.

[0039] FIG. 1 is a plan view of the top of the cushioning member for use in an article of footwear in accordance with
the present invention. However, FIG. 1 may in fact be either a top or bottom plan view, as the top and bottom of the cush-
ioning member 10 are substantially mirror images of one another. In light of this symmetrical construction, the cushion-
ing member in use with an article of footwear of the present invention may readily be incorporated within either a left or
a right shoe. It will be appreciated that the symmetrical structure of cushioning member 10 increases the ease and
reduces the expense of manufacturing cushioning member 10.

[0040] Cushioning member 10 is a three-dimensional structure including a first portion 12 and a second portion 14.
First portion 12 and a second portion 14 form the upper and lower surfaces of cushioning member 10. In addition, first
portion 12 and second portion 14 join to form a first sidewall 20 and a second sidewall 22. Cushioning member extends
transversely from first sidewall 20 to the second sidewall 22, and extends forwardly from heel or rear terminus 18 to front
terminus 16. First portion 12 and second portion 14 are connected along a peripheral edge 24, which results from a
preferred molding process (discussed below) used to form cushioning member 10. Peripheral edge 24 helps hermeti-
cally seal cushioning member 10. Depending upon which shoe (the left or the right) cushioning member 10 is incorpo-
rated within, first portion 12 may comprise either an upper surface or a lower surface.

[0041] Cushioning member 10 is formed of a suitably resilient material so as to allow cushioning member 10 to
compress and expand while also resisting breakdown. Preferably, cushioning member 10 may be formed from a host
of Thermoplastic Elastomers. Suitable materials used to form cushioning member 10 may include various ranges of the
following physical properties:

Lower Limit | Upper Limit

Density (Specific Gravity in g/cm®) 0.80 1.35
Modulus @ 300% Elongation (psi) 1,000 6,500
Permanent Set @ 200% Strain (%) 0 55
Compression Set 22 hr/23°C 0 45
Hardness Shore A 70 -
Shore D 0 55
Tear Strength (KN/m) 60 600
Permanent Set at Break (%) 0 250

[0042] Many materials within the class of Thermoplastic Elastomers (TPE's) can be utilized to provide the above
physical characteristics. Thermoplastic Vulcanates (such as SARLINK from PSM, SANTAPRENE from Monsanto and
KRATON from Shell) are possible materials due to physical characteristics, processing and price. However, at present
Thermoplastic Urethanes (TPU's) such as PELLETHANE from Dow, ESTANE from B.F. Goodrich and ELASTOLLAN
from BASF (to name but a few) provide the best overall physical characteristics and consequently are the preferred
choice.

[0043] The preferred method of manufacturing cushioning member 10 is via extrusion blow molding. It will be
appreciated by those skilled in the art that the blow molding process is relatively simple and inexpensive. Further, each
element of the cushioning member of the present invention is created during the same preferred molding process. This
results in a unitary, "one-piece" cushioning member, wherein all the unique elements of the cushioning member dis-
cussed herein are accomplished using the same mold.

[0044] Cushioning member 10 is a hollow structure preferably filled with ambient air. It is important that cushioning
member 10 be impermeable to air; i.e., hermetically sealed, such that it is not possible for the ambient air disposed
therein to escape upon application of force to cushioning member 10. Naturally, there may be diffusion in and out of
cushioning member 10. The unloaded pressure within cushioning member 10 is preferably equal to ambient pressure.
Accordingly, cushioning member 10 retains its cushioning properties throughout the life of the article of footwear in
which it is incorporated.

[0045] As can be seen with reference to FIG. 1, cushioning member 10 is preferably a unitary member comprising
three distinct components: a first or heel chamber 26, a second or forefoot chamber 42, and a third or communication
chamber 58. Heel chamber 26 is generally shaped to conform to the outline of the bottom of an individual's heel, and
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is disposed beneath the heel of a wearer when cushioning member 10 is incorporated within a shoe. Heel chamber 26
extends transversely from first sidewall 20 to second sidewall 22, and extends forwardly from heel terminus 18 to rear
arch terminus 32. Angled transition walls 31 are disposed adjacent rear arch terminus 32 of heel chamber 26. A direc-
tional partition 34 may be disposed within heel chamber 26, and if so, serves to substantially divide heel chamber 26
into two regions: medial heel region 36 and lateral heel region 38. A sealed molding port 40 is disposed adjacent rear
terminus 18, indicating the area where a molding nozzle was positioned during a preferred manufacturing process dis-
cussed above. Port 40 may easily be removed (such as by cutting or shaving) during the manufacturing process.

[0046] Disposed opposite heel chamber 26 is a second or forefoot chamber 42. Forefoot chamber 42 is generally
shaped to conform to the forefoot or metatarsal area of a foot, and is disposed beneath a portion of the forefoot of a
wearer when incorporated within a shoe. Forefoot chamber 42 extends transversely from first sidewall 20 to second
sidewall 22, and extends rearwardly from front terminus 16 to forward arch terminus 48. Preferably, the volume of air
within forefoot chamber 42 is substantially the same as the volume of air within heel chamber 26.

[0047] A small indentation or notch 52 extends inwardly from front terminus 16. Similar to heel chamber 26, forefoot
chamber 42 may include a directional partition 34 which serves to substantially divide forefoot chamber 42 into two
regions: medial metatarsal region 54 and lateral metatarsal region 56. A series of flexure grooves 50 extend trans-
versely across forefoot chamber 42. Flexure grooves 50 comprise indentations or valleys formed within first surface 12
and second surface 14 of forefoot chamber 42, and facilitate the flexing or bending of forefoot chamber 42 during an
individual's gait, especially during the "toe-off" phase of the gait cycle.

[0048] Disposed between heel chamber 26 and forefoot chamber 42 is a communication chamber 58. Communi-
cation chamber 58 comprises an elongated, substantially straight chamber which connects heel chamber 26 to forefoot
chamber 42. Communication chamber 58 extends transversely from first sidewall 20 to second sidewall 22, and extends
forwardly from a posterior region 64 adjacent rear arch terminus 32 of heel chamber 26 to an anterior region 66 adja-
cent forward arch terminus 48 of forefoot chamber 42.

[0049] Ridges 68 may be disposed adjacent anterior region 64 and posterior region 66 of communication chamber
58. Ridges 68 facilitate the use of cushioning member 10 within either a left or a right shoe, by allowing cushioning
member 10 to flex and bend to accommodate the last bottom shape of both left and right shoes. Further, ridges 68 help
prevent expansion of communication chamber 58 and increase the turbulence of air flow within cushioning member 10,
as will be discussed below. Locator flanges 72 may also be disposed adjacent anterior region 64 and posterior region
66 of communication chamber 58. Locator flanges 72 can be used to assist in the placement of cushioning member 10
within an article of footwear, as will be addressed herein.

[0050] Central to the present invention is the inclusion of impedance means 74 within communication chamber 58.
Impedance means 74 comprises a restriction or convolution in communication chamber 58 which restricts the flow of
air through communication chamber 58. Essentially, impedance means 74 comprises a communication channel 80
formed and bordered by restriction walls 78. In FIGS. 1, 5 and 6, impedance means 74 is shown as being substantially
"hourglass"-shaped. However, impedance means 74 my comprise numerous shapes or structures. For example, FIGS.
9-14 show some of the other forms impedance means 74 my take. FIGS. 9-10 show impedance means 74 as being
substantially "w"-shaped, FIGS. 11-12 show impedance means 74 as being substantially "z"-shaped, and FIGS. 13-14
show impedance means 74 as being substantially "s"-shaped.

[0051] Impedance means 74 increases the resistance to air flow by increasing the turbulence within the air flow.
The shape or structure of impedance means 74 determines the amount of air or type of air flow that is permitted to pass
through communication chamber 58 at any given time. For example, of the embodiments illustrated, the "hourglass"-
shaped impedance means of FIGS. 1, 5 and 6 provides the least resistance to air flow, while the "s"-shaped impedance
means of FIGS. 13-14 offers the greatest resistance. Because the differently-shaped impedance means provide differ-
ent types of air flow, it follows that they also provide different degrees of cushioning. That is, the structure of impedance
means 74 significantly affects the degree of cushioning provided by heel chamber 26 and forefoot chamber 42 of cush-
ioning member 10. Accordingly, different impedance means can be used to accommodate various types of athletic
activities, as well as different body weights. For example, one structure of impedance means can be provided to accom-
modate walking gait patterns, while a different structure can be used to suit running gait patterns. This is a significant
improvement over previously-known cushioning devices, which merely have straight "tubes" offering only one type or
degree of cushioning.

[0052] The different structures of the impedance means of the present invention are accomplished during the pre-
ferred blow-molding manufacturing process described above. Accordingly, no complicated or expensive valve means
need be attached to cushioning member 10. Rather, the shape of impedance means 74 is determined by the same
mold used to form the remainder of cushioning member 10.

[0053] As noted above, the shape of impedance means 74 will affect the rate and character of air flow within cush-
ioning member 10, in particular between heel chamber 26 and forefoot chamber 42 thereof. Essentially, there are three
recognized types of air flow: "laminar," "transitional" and "turbulent" (however, at times transitional flow is ignored, and
only laminar and turbulent flow are referred to). Laminar air flow moves in a smooth manner such that its velocities are
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free of macroscopic fluctuations. As the flow of air becomes more erratic, it enters a phase referred to as transitional
flow, where the air flow acts primarily like laminar flow, with sporadic outbursts. In turbulent flow, the largely regular
motion of laminar air flow is destroyed; the air flow undergoes a transition, becoming "thicker" and having random move-
ment within the air flow; i.e., turbulence. In the chaotic phase of air flow referred to as turbulence, disturbances such as
shear, impulse and viscous forces come into play.

[0054] Each of the embodiments of the present invention provide for different flow characteristics. These character-
istics affect the performance of cushioning member 10. For example, if the cross-section dimensions of the "hourglass”
embodiment of the impedance means (as shown in Figure 1) are 3.17mm X 4.76mm, the Reynold's Number of the air
flow from heel chamber to forefoot chamber is approximately 1451, meaning the flow is laminar. Conversely, if the
cross-sectional area of the same embodiment of impedance means is 1.5mm X 3.00mm, the Reynold's Number has
been found to be approximately 2651, meaning the flow is transitional. For purposes of the above calculations, the Rey-
nold's Number was defined as

_ VpD
u

where V is the fluid velocity, p is the fluid density, D is the equivalent diameter of the flow region, and p is the dynamic
viscosity of air. The equivalent diameter is the diameter of a circular duct having the same area as the rectangular duct
used in the preferred embodiments of the invention. Several assumptions were made in doing the above-referenced
calculations (such as an absence of shearing forces, and an assumption that heel strike occurs on a perfectly horizontal
plane), and therefore the numbers reflected should be viewed as representations of what occurs in the system, not pre-
cise numerical solutions.

[0055] Returning now to the drawing figures, as previously indicated, cushioning member 10 is formed of a suitably
resilient material so as to enable the heel and forefoot chambers 26, 42 thereof to compress and expand. While com-
munication chamber 58 is preferably formed of the same resilient material as the two oppositely-disposed chambers
adjacent its ends, communication chamber 58 is preferably constructed so as to prevent or substantially limit any com-
pression or expansion thereof. Preferably, this is achieved in part by making communication chamber 58, and particu-
larly impedance means 74 thereof, such that they each possess a smaller cross-sectional area than both heel chamber
26 and forefoot chamber 42.

[0056] A comparison of various Figures reveals the differences in the cross-sectional areas of these elements. As
can be seen in FIG. 1, the transverse width dé of communication chamber 58 is less than the transverse width d1, 42
of heel chamber 26 and forefoot chamber 42. Further, the transverse width of impedance means 74 is less than the
transverse width d6é of the remainder of communication chamber 58. As can be seen with reference to FIG. 2, the lon-
gitudinal height d5 of communication chamber 58 is less than the longitudinal height d3, d4 of heel chamber 26 and
forefoot chamber 42. Further, the longitudinal height of impedance means 74 may be less than the longitudinal height
of the remainder of communication chamber 58, although in FIG. 2 the longitudinal height of communication chamber
58 is shown as being substantially constant throughout its length.

[0057] The difference in the cross-sectional areas of the aforementioned elements is further evidenced upon
reviewing FIGS. 7-14. FIG. 7 is taken along line 7-7 of FIG. 6, and shows the average cross-sectional area of commu-
nication chamber 58 apart from impedance means 74. FIGS. 8, 10, 12, and 14 clearly show that the average cross-sec-
tional area of impedance means 74 is less than the average cross-sectional area of the remainder of communication
chamber 58, regardless of the embodiment of impedance means 74 employed.

[0058] The reduced cross-sectional structure provides a rigidity to communication chamber 58 and impedance
means 74 thereof that reduces any appreciable expansion or contraction of these elements. Additionally, the rigidity of
communication chamber 58 may be provided by making the walls of communication chamber 58 thicker than the walls
of the remainder of cushioning member 10. For example, one possible construction would be to have the walls of heel
chamber 26 and forefoot chamber 42 approximately 1.5 millimeters thick, and the walls of communication chamber 58
approximately 2.5 millimeters thick.

[0059] In order to appreciate the manner in which cushioning member 10 may be incorporated within a shoe, FIG.
5 discloses one possible manner of incorporation. Figure 5 is an exploded view showing cushioning member 10 dis-
posed between a moderating member 88 and a rim or cradle 104. In the embodiment shown in FIG. 5, moderating
member 88 comprises part of a sockliner 89, and cradle 104 comprises a midsole.

[0060] Sockliner 89 includes a foot supporting surface 90 having a forefoot region 92, an arch support region 94
and a heel region 96. A peripheral wall 98 extends upwardly from and surrounds a portion of foot supporting surface
90. Disposed on the underside of sockliner 89 is a moderating surface comprising moderator 88. Moderator 88 acts as
a stiff "plate” between cushioning member 10 and the foot of a wearer. Preferably, moderator 88 is formed of material
having a hardness of Shore A 75-95 or Shore C 55-75. Potential materials used to form moderator 88 include EVA, PU,
polypropylene, polyethylene, PVC, PFT, fiberboard and other thermoplastics which fall within the aforementioned hard-
ness range. The relatively stiff material acts as a moderator for foot strike, preventing the foot of a wearer from collaps-
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ing into the center portion of cushioning member 10, and diffusing impact forces evenly upon cushioning member 10,
thereby reducing localized pressures. Although moderator 88 is shown in FIG. 5 as being part of a sockliner, it will be
appreciated by those skilled in the art that moderator may alternatively comprise any structure that accomplishes the
above-mentioned moderating function, including part of a midsole, outsole, insole, or a combination of these elements.
Indeed, it is preferred that moderator 88 comprise a "plate" which is integral with cradle 104 of the present invention, as
discussed below.

[0061] Disposed beneath moderator 88 in FIG. 5 is a cushioning member in accordance with the present invention.
It will be noted that the cushioning member of FIG. 5 differs somewhat from that shown in FIG. 1. For example, cush-
ioning member 10 of FIG. 5 does not include locator flanges, which are an entirely optional feature that do not directly
contribute to the cushioning effect of cushioning member 10. Further, the structure of directional partition 34 in FIG. 5
differs from those of FIG. 1. In the embodiment shown in FIG. 1, directional partitions 34 essentially comprise elon-
gated, unitary walls formed by grooves within first surface 12 and second surface 14 of both heel chamber 26 and fore-
foot chamber 42 (see, e.g., FIGS. 4 and 4A). Conversely, in FIG. 5, two discrete directional partitions 34 are disposed
within forefoot chamber 42 only. Each directional partition 34 essentially comprises a short wall formed by small inden-
tations within first surface 12 and second surface 14 of forefoot chamber 42 (see, e.g., FIG. 5A).

[0062] With continuing reference to FIG. 5, disposed beneath cushioning member 10 is a cradle 104 comprising a
midsole. It has been found that in order to most effectively complement a gait function, cushioning member 10 prefera-
bly comprises a core of more compliant cushioning surrounded by a midsole or similar structure that is stiffer than cush-
ioning member 10, and creates a "cradling" effect to cushioning member 10. In FIG. 5, this cradle is shown as being a
midsole. Midsole 104 has a top surface 106 including a toe portion 118, a forefoot portion 120, an arch or middle portion
122 and a rear portion 124. Locator flange receiving means 100 may be disposed on top surface of midsole 104 (see,
e.g., FIG. 15). An exterior sidewall 126 extends around the medial side 128 (not shown) and lateral side 130 of midsole
104. A pattern 132 is disposed on exterior sidewall 126, as are outsole-engaging notches 134. Exterior sidewall 126
may be constructed so that cushioning member 10 is visible from the exterior of the shoe.

[0063] A cavity 138 is formed within and extends completely through midsole 104 from top surface 106 to bottom
surface 140 thereof. Cavity 138 extends generally from rear portion 124 to forefoot portion 120 of midsole 104, and
forms an interior sidewall 142 within midsole 104 which is substantially identical in shape to the outline of peripheral
edge 24 of cushioning member 10.

[0064] A rim 144 extends upwardly from and surrounds a portion of top surface 106 of midsole 104. In the illustrated
arrangement of FIG. 5, midsole 104 receives cushioning member 10 such that peripheral edge 24 of cushioning mem-
ber 10 contacts interior sidewall 142 formed by cavity 138 substantially about the entire periphery thereof. When cush-
ioning member 10 is placed within cavity 138, top surface 106 of midsole 104 is substantially flush with cushioning
member 10. However, heel chamber 26 and forefoot chamber 42 preferably bulge slightly above top surface 106 of mid-
sole 104, in order to facilitate the cushioning effect of cushioning member 10. Although in the illustrated embodiment of
FIG. 5 cushioning member is disposed within a midsole, those skilled in the art will appreciate that cushioning member
10 may alternatively be disposed within a cavity formed within an outsole, an insole, or even within a shoe "upper," such
as in a sockliner disposed within the upper.

[0065] In order to fully appreciate the cushioning effect of the present invention, the operation of the present inven-
tion will now be described in detail. As previously indicated, cushioning member 10 is disposed within an article of foot-
wear (not shown). When stationary, the foot of a wearer is adequately cushioned by cushioning member 10. When the
wearer begins a stride, the heel area of the article of footwear contacts the ground or other support surface first. At this
time, the weight of the wearer applies downward pressure on heel chamber 26 of cushioning member 10, causing first
portion 12 of heel chamber 26 to be forced downwardly toward second portion 14 thereof. The compression of heel
chamber 26 causes the air within the chamber to be forced forwardly, through communication chamber 58, into forefoot
chamber 42. The velocity at which the air flows between chambers depends upon the structure of communication
chamber 58, particularly the structure of impedance means 74.

[0066] As air passes through communication chamber 58, ridges 68 help increase the turbulence within the air flow.
The turbulence in the air flow is further increased as the air passes through impedance means 74. As previously
described, the manner in which and degree to which turbulence increases is a factor of the shape of impedance means
74. In the embodiment shown in FIGS. 1, 5, 6 and 8, the air is essentially funneled in a straight manner through the
reduced cross-sectional area of impedance means 74. In the embodiment shown in FIGS. 9-10, some air is channeled
straight through a narrow communication channel 80 formed and bordered by resistance walls 78, while other air is
routed into diversion channels 82 formed and bordered by resistance walls 78. Those skilled in the art will appreciate
that this construction creates more turbulence in the air flow than does the "hourglass" construction previously
described.

[0067] In the embodiment of impedance means disclosed in FIGS. 11-14, the air flow substantially reverses direc-
tion while travelling through communication channel 80. In the embodiment of FIGS. 11-12, the turbulence in the air flow
is further increased by the air passing through circular rotaries 84. In the embodiment of FIGS. 13-14, turbulence in the
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air flow is further increased as the air flow hits several resistance walls 78 comprising right angles, and passes through
substantially rectangular ports 86. Those skilled in the art will appreciate that, of the embodiments shown in the Figures,
the embodiment of FIGS. 13-14 provides the greatest resistance to air flow.

[0068] The flow of air into forefoot chamber 42 causes forefoot chamber 42 to expand, which slightly raises the fore-
foot or metatarsal area of the foot. It should be noted that when forefoot chamber 42 expands, the first and second por-
tions 12, 14 thereof assume a somewhat convex shape. When the forefoot of the wearer is placed upon the ground, the
expanded forefoot chamber 42 helps cushion the corresponding impact forces. As the weight of the wearer is applied
to the forefoot, the downward pressure caused by the impact forces causes forefoot chamber 42 to compress, forcing
the air therein to be thrust rearwardly through communication chamber 58 into heel chamber 26. Once again, the veloc-
ity at which the air flows from forefoot chamber 42 to heel chamber 26 will be determined by the structure of impedance
means 74. After "toe-off," no downward pressure is being applied to the article of footwear, so the air within cushioning
member 10 should return to its normal state. Upon the next heel strike, the process is repeated.

[0069] In light of the foregoing, it will be understood that the cushioning member of the present invention provides
a variable, non-static cushioning, in that the flow of air within cushioning member 10 complements the natural biody-
namics of an individual's gait.

[0070] Because the "heel strike" phase of a stride or gait usually causes greater impact forces than the "toe-off"
phase thereof, it is anticipated that the air will flow more quickly from heel chamber 26 to forefoot chamber 42 than from
forefoot chamber 42 to heel chamber 26. Similarly, impact forces are usually greater during running than walking.
Therefore, it is anticipated that the air flow will be more rapid and more turbulent between the chambers during running
than during walking.

[0071] The foregoing description of the preferred embodiment has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the precise form disclosed, and obviously many
modifications and variations are possible in light of the above teachings. For example, it is not necessary that the cush-
ioning member, especially the heel, forefoot and communication chambers thereof, be shaped as shown in the draw-
ings. Chambers of other shapes may function equally as well. One modification would be to construct the sidewalls of
the heel and forefoot chambers so as to comprise bellows, to further facilitate the downward flexing of the chambers. In
addition, there need not be specific forefoot, heel and communication chambers. For example, all three chambers may
be disposed only in the forefoot area, and the impedance means would control the air flow between the two oppositely
disposed forefoot chambers.

[0072] With reference to FIGS. 1 and 5, it will be appreciated that cushioning member 10 comprises an insert which
may be positioned within different areas of an article of footwear. Accordingly, although cushioning member 10 is shown
as being positioned within a midsole in FIG. 5, it is to be understood that cushioning member 10 may readily be posi-
tioned within a cavity formed within an outsole, an insole, or within a sockliner disposed within the upper. When posi-
tioned within an outsole, cushioning member 10 may be visible from the exterior of the shoe. Further, because
cushioning member 10 comprises an insert, it will be appreciated that the shoe in which it is incorporated may be con-
structed so that cushioning member 10 is readily removable and may easily be replaced with another cushioning mem-
ber. Accordingly, different cushioning members can be inserted depending upon the physical characteristics of the
individual and/or the type of activity for which the shoe is intended.

[0073] Further, although FIG. 5 shows moderator 88 as comprising part of a sockliner, moderator 88 may comprise
any structure that results in a relatively stiff "plate” disposed above cushioning member 10. In fact, it is preferred that
moderator 88 and cradle 104 be integral or unitary with one another. FIGS. 17-19 show one possible construction of
this embodiment. In FIGS. 17-19, moderator 88 is shown as being integral with or comprising top surface 106 of cradle
or midsole 104. In this regard, rather than having a complete cavity formed within midsole 104, moderator 88 serves to
form a partial cavity or reservoir 139 within the bottom surface 140 of midsole 104. Moderator 88 further serves to cre-
ate slightly raised areas 152 within top surface 106 of midsole 104 adjacent the forefoot and heel areas thereof. Partial
cavity or reservoir 139 comprises a first or heel chamber receiving area 146, a second or forefoot chamber receiving
area 148, and a third or communication chamber receiving area 150. Reservoir 139 receives cushioning member 10 of
the present invention. Similar to complete cavity 138, partial cavity or reservoir 139 forms an interior sidewall 142 within
midsole 104. In this embodiment, it is preferred that the top surface of the outsole of the article of footwear also include
a small indentation or cavity for receiving communication chamber 58. It will be appreciated that the preferred integral
moderator and cradle is relatively simple to manufacture, and increases the simplicity of the present invention by elim-
inating the need for a sockliner or other separate moderating means.

[0074] As previously indicated, directional partitions 34 may be incorporated within cushioning member 10,
although they need not be. If incorporated, directional partitions 34 can help compensate for the problem of pronation,
the natural tendency of the foot to roll inwardly after heel impact. During a typical gait cycle, the main distribution of
forces on the foot begins adjacent the lateral side of the heel during the "heel strike" phase of the gait, then moves
toward the center axis of the foot in the arch area, and then moves to the medial side of the forefoot area during "toe-
off." Directional partitions 34 can be incorporated within cushioning member 10 to ensure that the air flow within cush-
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ioning member 10 complements such a gait cycle. Referring to FIGS. 1, 4A and 5A, it has been previously noted that
directional partition 34 within forefoot chamber 42 essentially divides the chamber into two regions: medial metatarsal
region 54 and outer metatarsal region 56. When air is forced into forefoot chamber 42, directional partition 34 directs
the majority of the air into medial metatarsal region 54, the region where the most impact forces will occur. Similarly,
when air is forced into heel chamber 26, directional partition 34 formed therein ensures that the air will enter lateral heel
region 38 first, as that is the region which will receive the greatest impact forces during heel strike.

[0075] In addition to the above-noted changes, it will be readily appreciated that the number of chambers of cush-
ioning member 10 may also be varied. For example, a second forefoot chamber 154, second heel chamber 156 and
second communication chamber 158 may be provided, such as disclosed in FIG. 20, such that cushioning member 10
has two cushioning systems which function independently of one another. Alternatively, numerous, interconnected
cushioning chambers may be provided, such as shown in FIG. 21. In the embodiment of FIG. 21, cushioning member
10 would provide "multistage" cushioning, wherein the different chambers would compress in sequence through the gait
cycle.

[0076] An alternative embodiment would include valve means disposed adjacent communication chamber 58, in
order to allow the flow rate to be adjusted. Another embodiment, shown in FIG. 21, would be to provide cushioning
member 10 with at least two communication chambers, with each chamber including an interior check-valve 160. Check
valves 160 could simply comprise clamping means formed within communication chambers. In such a construction,
each communication chamber would be a one-way chamber such that air could only flow in one direction therethrough.
FIG. 22 shows such an embodiment, wherein fluid flows from heel chamber 26 to forefoot chamber 42 through first
communication chamber 58, and from forefoot chamber 42 to heel chamber 26 via second communication chamber
158. The air flow in this embodiment could thus be directed such that it mimics the typical gait cycle discussed above.
Further, one of the communication chambers could include impedance means which provides laminar air flow, while the
other communication chamber could include impedance means to provide turbulent air flow.

[0077] Although three differently-shaped impedance means are shown in the accompanying drawings, other
shapes will also serve to provide support and cushioning to the cushioning member of the present invention. The shape
of impedance means 74 will directly affect the velocity of the air as it travels within cushioning member 10, and will
therefore also affect the Reynold's Number of the air flow within cushioning member 10. As previously alluded to, the
Reynold's Number, based on Reynold's Transport Theorem, is a tool which is used to determine which phase or type
of air flow is present in a specified system. The Reynold's Number is a unitless number which allows one to understand
which phase of air flow is present in a system, by comparing the "value" of the air flow to a predetermined number. For
a smooth pipe, it is widely accepted that air flow having a Reynold's Number below 2100 constitutes laminar flow, where
the Reynold's Number is defined by

Air flow having a Reynold's Number between 2100 and 4000 is generally considered transitional flow, and anything over
4000 is considered to be turbulent flow.

[0078] The mass flowrate of air within the cushioning member of the present invention is dependent upon the veloc-
ity of the heel strike (in the case of air travelling from the heel chamber to the forefoot chamber). Further, the size and
structure of the impedance means of the present invention directly affects the impulse forces exerted by the air moving
within the chambers of the cushioning member. With a given flowrate, the size and structure of the impedance means
will dramatically affect the velocity of the air as it travels through the impedance means. Specifically, as the cross-sec-
tional area of the impedance means becomes smaller, the velocity of the air flow becomes greater, as do the impulse
forces felt in the forefoot and heel chambers.

[0079] As discussed herein, in the preferred embodiment of the present invention, ambient air is disposed within
cushioning member 10. However,. in an alternate embodiment of the present invention, pressurized air may be dis-
posed within cushioning member 10. For example, in order to keep forefoot and heel chambers 42, 26 slightly convex,
a slight pressure of 6.9 k Pa to 27.6 k Pa (approximately 1-4 psi) above ambient pressure may be introduced into cush-
ioning member 10 when sealing the member closed. Further, it will be appreciated that other fluid mediums, including
liquids and large molecule gasses, may be disposed within cushioning member 10 and provide the desired support and
cushioning thereto. If a fluid medium other than ambient air is used, the structure of the impedance means may be mod-
ified in order to effectively provide the character of fluid flow desired.

[0080] It is anticipated that the preferred embodiment of the cushioning member of the present invention will find its
greatest utility in athletic shoes (i.e., those designed for walking, hiking, running, aerobics, basketball and other athletic
activities). However, the cushioning member is also suited to provide enhanced cushioning when incorporated within
other types of footwear, including formal "dress" shoes.

[0081] The preferred embodiment was chosen and described in order to best explain the principles of the present
invention and its practical application to thereby enable others skilled in the art to best utilize the invention in various
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embodiments and with various modifications as are suited for the particular use contemplated. It is intended that the
scope of the invention be defined by the claims appended hereto.

Claims

10.

1.

12.

13.

14.

An article of footwear including a sole, a resilient cushioning member (10) disposed within said sole, said cushion-
ing member (10) including a first chamber (26), a second chamber (42), a communication chamber (58) connecting
said first chamber (26) and said second chamber (42), said communication chamber (58) having an average cross-
sectional area which is less than the average cross-sectional area of both said first chamber (26) and said second
chamber (42), characterized in that said resilient cushioning member (10) contains air at generally ambient pres-
sure, and said article of footwear further includes an impedance means (74) disposed within said communication
chamber (58) for restricting the flow of air between said first chamber (26) and said second chamber (42) and hav-
ing an average cross-sectional area less than the remainder of said communication chamber (58), wherein said
impedance means (74) is arranged to control the amount of air and condition of air flow passing through said com-
munication chamber throughout an entire gait pattern.

An article of footwear as claimed in claim 1, wherein said sole further comprises a midsole (104) having a cavity
portion, and wherein said cushioning member (10) is disposed within said cavity portion of said midsole (104).

An article of footwear as claimed in claim 1 or 2, wherein said sole further comprises an outsole having a cavity
portion, and wherein said cushioning member (10) is disposed within said cavity portion of said outsole.

An article of footwear as claimed in claim 1, 2 or 3, wherein said sole further comprises an insole having a cavity
portion, and wherein said cushioning member (10) is disposed within said cavity portion of said insole.

An article of footwear as claimed in any preceding claim, further comprising a sockliner (89) having a cavity portion
disposed within an upper, and wherein said cushioning member (10) is disposed within said cavity portion of said
sockliner (89).

An article of footwear as claimed in any preceding claim, wherein said cushioning member (10) is formed of a blow-
molded elastomeric material.

An article of footwear as claimed in any preceding claim, further comprising a moderating member (88) disposed
above said cushioning member (10) for diffusing impact forces upon the cushioning member (10) and providing
support to a foot of a wearer.

An article of footwear as claimed in claim 7, wherein said moderating member (88) comprises a material having a
Shore A hardness of 75-95 or Shore C hardness of 55-75.

An article of footwear as claimed in claim 7 or 8, wherein said moderating member (88) and said sole are integral
with one another.

An article of footwear as claimed in any preceding claim, wherein said sole further comprises a heel portion and a
forefoot portion, and wherein said first chamber (26) and said second chamber (42) are disposed adjacent said

heel portion and said forefoot portion, respectively.

An article of footwear as claimed in any preceding claim, further comprising flexure grooves (50) disposed on said
second chamber (42).

An article of footwear as claimed in any preceding claim, further comprising a partition (34) disposed within one of
said first and second chambers (26, 42) for altering the direction of the air flow within said cushioning member (10).

An article of footwear as claimed in any preceding claim, wherein said impedance means (74) is substantially hour-
glass-shaped.

An article of footwear as claimed in any of claims 1 to 12, wherein said impedance means (74) is substantially "z"-
shaped.
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An article of footwear as claimed in any of claims 1 to 12, wherein said impedance means (74) is substantially "w"-
shaped.

An article of footwear as claimed in any of claims 1 to 12, wherein said impedance means (74) is substantially "s"-
shaped

An article of footwear as claimed in claim 10, wherein said cushioning member (10) further comprises said upper
portion and said lower portion being mirror images of one another, so that said cushioning member (10) may be
readily disposed in either a left shoe or a right shoe.

An article of footwear as claimed in claim 1, wherein the sole has a heel portion, an arch portion, and a forefoot
portion, a cavity portion formed within said sole extending substantially from said heel portion to said forefoot por-
tion, a non-permeable, resilient first chamber (26) disposed within said cavity portion adjacent said heel portion,
said first chamber (26) having an upper surface, a lower surface, a lateral side surface and a medial side surface,
a non-permeable, resilient second chamber (42) disposed within said cavity portion adjacent said forefoot portion,
said second chamber (42) having an upper surface, a lower surface, a lateral side surface and a medial side sur-
face, a non-permeable communication chamber (58) disposed within said cavity portion adjacent said arch portion,
said communication chamber (58) connecting said first chamber (26) and said second chamber (42) and having an
upper surface, a lower surface, a medial side surface and a lateral side surface, wherein said impedance means
(74) provides enhanced cushioning to said article of footwear by controlling the amount of air and type of air flow
passing through said communication chamber between said first chamber (26) and said second chamber (42)
throughout an entire gait pattern.

An article of footwear as claimed in claim 18, wherein said cushioning member (10) is formed of a unitary piece of
blow-molded elastomeric material.

An article of footwear as claimed in claim 18 or 19, wherein said impedance means (74) increases the velocity and
turbulence of the air as it moves between said first chamber (26) and said second chamber (42).

An article of footwear as claimed in claim 18, 19 or 20, wherein said communication chamber (58) is sized and
shaped to provide turbulent air flow between said first chamber (26) and said second chamber (42) when the weight
of a wearer applies downward pressure to said first chamber (26).

An article of footwear as claimed in any of claims 18 to 21, wherein said communication chamber (58) is sized and
shaped to provide laminar air flow between said first chamber (26) and said second chamber (42) when the weight
of a wearer applies downward pressure to said first chamber (26).

An article of footwear as claimed in any of claims 18 to 21, wherein said communication chamber (58) is sized and
shaped to provide transitional air flow between said first chamber (26) and said second chamber (42) when the
weight of a wearer applies downward pressure to said first chamber (26).

An article of footwear as claimed in any of claims 18 to 22, further comprising ridges disposed on said upper sur-
face and said lower surface of said communication chamber (58).

An article of footwear as claimed in any of claims 18 to 23, wherein a vertical distance between said upper surface
and said lower surface of said second chamber (42) is less than the vertical distance between said upper surface
and said lower surface of said first chamber (26).

An article of footwear as claimed in claim 18, wherein said sole further comprises an upper surface and a lower sur-
face, said cavity portion is formed within said lower surface of said sole, and said moderating member (88) com-
prises said upper surface of said sole.

An article of footwear as claimed in any preceding claim, wherein said resilient cushioning member (10) contains
air under a pressure of 6.9 k Pa to 27.6 k Pa (one to four pound per square inch) above ambient pressure when in
an unloaded condition, said impedance means (74) having an average cross-sectional area less than the remain-
der of said communication chamber (58).

An article of footwear as claimed in claim 27, wherein the said cushioning member (10) contains air under a pres-
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sure of 6.9 k Pa (one pound per square inch) above ambient pressure when in an unloaded condition.

Patentanspriiche

1.

10.

1.

12.

13.

14.

FuRbekleidungsstiick mit einer Sohle, einem federnden Polsterelement (10), das innerhalb der Sohle angeordnet
ist, wobei das Polsterelement (10) eine erste Kammer (26), eine zweite Kammer (42) und eine Verbindungskam-
mer (58) enthalt, die die erste (26) und zweite Kammer (42) miteinander verbindet, wobei die Verbindungskammer
(58) eine Querschnittsflache aufweist, die im Mittel kleiner als die mittlere Querschnittsflache der ersten Kammer
(26) und der zweiten Kammer (42) ist, dadurch gekennzeichnet, da®

das federnde Polsterelement (10) dazu geeignet ist, Luft im wesentlichen bei Umgebungsdruck zu enthalten,
und daf} das FuRbekleidungsstiick weiter ein Widerstandselement (74) enthalt, das innerhalb der Verbin-
dungskammer (58) angeordnet ist, um den Luftstrom zwischen der ersten Kammer (26) und der zweiten Kam-
mer (42) zu begrenzen, dessen mittlere Querschnittsflache kleiner ist als die der tibrigen Verbindungskammer
(58), wobei das Widerstandselement (74) so angeordnet ist, dal} es die Luftmenge und den Zustand des Luft-
stroms, der die Verbindungskammer passiert, durch einen vollstdndigen Gangzyklus hindurch kontrolliert.

FuRbekleidungsstiick nach Anspruch 1, wobei die Sohle ferner eine Zwischensohle (104) mit einem Hohlraum auf-
weist, und wobei das Polsterelement (10) innerhalb des Hohlraums der Zwischensohle (104) angeordnet ist.

FuRbekleidungsstiick nach Anspruch 1 oder 2, wobei die Sohle ferner eine AuRensohle mit einem Hohlraum
umfaBlt, und wobei das Polsterelement (10) innerhalb des Hohlraums der AuRensohle angeordnet ist.

Fuflbekleidungsstiick nach Anspruch 1, 2 oder 3, wobei die Sohle ferner eine Innensohle mit einem Hohlraum
umfafdt, und wobei das Polsterelement (10) innerhalb des Hohlraums der Innensohle angeordnet ist.

FuRbekleidungsstiick nach einem der vorhergehenden Anspriiche, ferner umfassend eine Sockeneinlage (89), bei
der im Obermaterial ein Hohlraum angeordnet ist, und wobei das Polsterelement (10) innerhalb des Hohlraumes
der Sockeneinlage (89) angeordnet ist.

Fulibekleidungsstiick nach einem der vorhergehenden Anspriiche, wobei das Polsterelement (10) aus einem blas-
geformten Elastomer gebildet wird.

FuRbekleidungsstiick nach einem der vorhergehenden Anspriiche, ferner umfassend ein Verteilungselement (88),
das Uber dem Polsterelement (10) angeordnet ist, um Stol3krafte auf das Polsterelement (10) zu verteilen und den
Ful’ eines Tragers zu stltzen.

FulRbekleidungsstiick nach Anspruch 7, wobei das Verteilungselement (88) ein Material mit einer Shore A-Harte
von 75 bis 95 oder einer Shore C-Harte von 55 bis 75 umfaft.

Fufibekleidungsstiick nach Anspruch 7 oder 8, wobei das Verteilungselement (88) und die Sohle einstlickig aus-
gebildet sind.

FulRbekleidungsstiick nach einem der vorhergehenden Anspriiche, wobei die Sohle ferner einen Fersenbereich
und einen VorderfuRBbereich umfal3t und die erste Kammer (26) an den Fersenbereich und die zweite Kammer (42)

an den VorfuBRbereich angrenzt.

FuRRbekleidungsstiick nach einem der vorhergehenden Anspriiche, ferner umfassend Flexionskerben (50), die an
der zweiten Kammer (42) angeordnet sind.

FuBRbekleidungsstiick nach einem der vorhergehenden Anspriiche, ferner umfassend eine Teilung (34), die jeweils
in der ersten und zweiten Kammer (26, 42) angeordnet ist, um die Richtung des Luftstroms in dem Polsterelement

(10) zu &ndern.

FulRbekleidungsstiick nach einem der vorhergehenden Anspriiche, wobei das Widerstandselement (74) im
wesentlichen Sanduhr-férmig ist.

FuRbekleidungsstiick nach einem der Anspriiche 1 bis 12, bei dem das Widerstandselement (74) im wesentlich Z-
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formig ist.

FuRbekleidungsstiick nach einem der Anspriiche 1 bis 12, bei dem das Widerstandselement (74) im wesentlichen
W-férmig ist.

FuRbekleidungsstiick nach einem der Anspriiche 1 bis 12, bei dem das Widerstandselement (74) im wesentlichen
S-férmig ist.

FuRbekleidungsstiick nach Anspruch 10, wobei das Polsterelement (10) ferner eine Oberseite und eine Unterseite
umfaldt, die sich spiegelbildlich zueinander verhalten, so dal} Polsterelement (10) jeweils in einem linken oder rech-
ten Schuh angeordnet werden kann.

FulRbekleidungsstiick nach Anspruch 1, wobei: die Sohle einen Fersenbereich, einen FulRgewdlbebereich und
einen VorderfuRbereich hat; ein Hohlraum innerhalb der Sohle ausgebildet ist, der sich im wesentlichen vom Fer-
senbereich zum VorderfuRRbereich erstreckt; eine undurchlassige, federnde erste Kammer (26) im am Fersenbe-
reich liegenden Hohlraum ausgebildet ist, wobei die erste Kammer (26) eine obere Flache, eine untere Flache,
eine laterale Seitenfliche und eine mediale Seitenflache aufweist; eine undurchlassige, federnde zweite Kammer
(42) im am VorderfulRbereich liegenden Hohlraum ausgebildet ist, wobei die zweite Kammer (42) eine obere Fla-
che, eine untere Flache, eine laterale Seitenflache und eine mediale Seitenflache aufweist; eine undurchlassige,
Verbindungskammer (58) im am FulRgewdlbebereich liegenden Hohlraum ausgebildet ist, wobei die die erste (26)
und zweite Kammer (42) verbindende Verbindungskammer (58) eine obere Flache, eine untere Flache, eine late-
rale Seitenflaiche und eine mediale Seitenflache aufweist und das Widerstandselement (74) dadurch eine verbes-
serte Dampfung des Fullbekleidungsstiicks gewahrleistet, indem es die Luftmenge und die Art des Luftstroms, die
die Verbindungskammer zwischen der ersten Kammer (26) und der zweiten Kammer (42) passieren, Uber einen
vollstdndigen Gangzyklus kontrolliert.

FuRbekleidungsstiick nach Anspruch 18, bei dem das Polsterelement (10) einstlickig aus einem blasgeformten
Elastomer gebildet ist.

FuRbekleidungsstiick nach Anspruch 18 oder 19, wobei das Widerstandselement (74) die Geschwindigkeit und die
Turbulenz der Luft erhoht, die sich zwischen der ersten Kammer (26) und der zweiten Kammer (42) bewegt.

FuRbekleidungsstiick nach Anspruch 18, 19 oder 20, wobei die Verbindungskammer (58) so dimensioniert und
gestaltet ist, dald ein turbulenter Luftstrom zwischen der ersten Kammer (26) und der zweiten Kammer (42) ent-
steht, wenn das Gewicht eines Tragers einen Abwartsdruck auf die erste Kammer (26) ausubt.

FuRbekleidungsstiick nach einem der Anspriiche 18 bis 21, wobei die Verbindungskammer (58) so dimensioniert
und gestaltet ist, daR ein laminarer Luftstrom zwischen der ersten Kammer (26) und der zweiten Kammer (42) ent-
steht, wenn das Gewicht eines Tragers einen Abwartsdruck auf die erste Kammer (26) ausubt.

Fuflbekleidungsstiick nach einem der Anspriiche 18 bis 21, wobei wobei die Verbindungskammer (58) so dimen-
sioniert und gestaltet ist, daR ein Ubergangsluftstrom zwischen der ersten Kammer (26) und der zweiten Kammer
(42) entsteht, wenn das Gewicht eines Tragers einen Abwartsdruck auf die erste Kammer (26) ausubt.

FuRRbekleidungsstiick nach einem der Anspriiche 18 bis 21, ferner umfassend, Rillen, die an der oberen Flache
und an der unteren Flache der Verbindungskammer (58) angeordnet sind.

FuRbekleidungsstiick nach einem der Anspriiche 18 bis 23, wobei ein vertikaler Abstand zwischen der oberen Fla-
che und der unteren Flache der zweiten Kammer (42) kleiner ist als der vertikale Abstand zwischen der oberen Fla-
che und der unteren Flache der ersten Kammer (26).

FuRbekleidungsstiick nach Anspruch 18, wobei die Sohle ferner eine obere Flache und eine untere Flache umfalt,
der Hohlraum innerhalb der unteren Flache der Sohle ausgebildet ist und das Verteilungselement (88) die obere
Flache der Sohle umfalt.

FuRbekleidungsstiick nach einem der vorhergehenden Anspriiche, wobei das elastische Polsterelement (10) im

unbelasteten Zustand Luft unter einem Druck von 6,9 k Pa bis 27,6 kPa (1 bis 4 psi) liber den Umgebungsdruck
enthalt, und das Widerstandselement (74) eine mittlere Querschnittsflache aufweist, die kleiner ist als die der Ubri-
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gen Verbindungskammer (58).

FuRbekleidungsstiick nach Anspruch 27, wobei das Polsterelement (10) im unbelasteten Zustand Luft unter einem
Druck von 6,9 kPA (1 psi) Uber dem Umgebungsdruck enthalt.

Revendications

10.

1.

12.

Article chaussant comprenant une semelle, une piéce d'amortissement élastique (10) disposée a l'intérieur de
ladite semelle, ladite piéce d'amortissement (10) comprenant une premiére chambre (26), une deuxi€me chambre
(42), une chambre de communication (58) reliant ladite premiére chambre (26) et ladite deuxiéme chambre (42),
ladite chambre de communication (58) ayant une section transversale moyenne qui est plus petite que la section
transversale moyenne a la fois de ladite premiére chambre (26) et de ladite deuxiéme chambre (42), caractérisé
en ce que ladite piece d'amortissement élastique (10) est adaptée pour renfermer de I'air a une pression globale-
ment ambiante, et ledit article chaussant comprend en outre des moyens d'impédance (74) disposés a l'intérieur
de ladite chambre de communication (58) pour limiter I'écoulement d'air entre ladite premiére chambre (26) et
ladite deuxiéme chambre (42) et ayant une section transversale moyenne plus petite que le reste de ladite chambre
de communication (58), dans lequel lesdits moyens d'impédance (74) sont agencés pour réguler la quantité d'air
et I'état de I'écoulement d'air traversant ladite chambre de communication sur toute une séquence de la marche.

Article chaussant selon la revendication 1, dans lequel ladite semelle comprend en outre une semelle intermédiaire
(104) ayant une partie formant cavité, dans lequel ladite pieéce d'amortissement (10) est disposée a l'intérieur de
ladite partie formant cavité, et dans lequel ladite piece d'amortissement (10) est disposée dans ladite partie for-
mant cavité de ladite semelle intermédiaire (104).

Article chaussant selon les revendications 1 ou 2, dans lequel ladite semelle comprend en outre une semelle exté-
rieure ayant une partie formant cavité, et dans lequel ladite piéce d'amortissement (10) est disposée dans ladite
partie formant cavité de ladite semelle extérieure.

Article chaussant selon les revendications 1, 2 ou 3, dans lequel ladite semelle comprend en outre une semelle
intérieure ayant une partie formant cavité, et dans lequel ladite piece d'amortissement (10) est disposée a l'inté-
rieur de ladite partie formant cavité de ladite semelle intérieure.

Article chaussant selon l'une des revendications précédentes, comprenant en outre une semelle intérieure (89)
ayant une partie formant cavité a l'intérieur d'une empeigne, et dans lequel ladite piéce d'amortissement (10) est
disposée a l'intérieur de ladite partie formant cavité de ladite semelle intérieure (89).

Article chaussant selon I'une des revendications précédentes, dans lequel ladite piece d'amortissement (10) est
formée a partir d'un matériau élastomere moulé par soufflage.

Article chaussant selon I'une des revendications précédentes, comprenant en outre un élément modérateur (88)
disposé au-dessus de ladite piéce d'amortissement (10) pour diffuser les forces d'impact sur la piéce d'amortisse-
ment (10) et conférer un soutien au pied d'un utilisateur.

Article chaussant selon la revendication 7, dans lequel ledit élément modérateur (88) comprend un matériau pré-
sentant une dureté Shore A comprise entre 75 et 95 ou une dureté Shore C comprise entre 55 et 75.

Article chaussant selon la revendication 7 ou 8, dans lequel ledit élément modérateur (88) et ladite semelle ne for-
ment qu'une seule piéce I'un avec l'autre.

Article chaussant selon I'une des revendications précédentes, dans lequel ladite semelle comprend en outre une
partie correspondant au talon et une partie correspondant a la partie antérieure du pied, et dans lequel ladite pre-
miére chambre (26) et ladite deuxiéme chambre (42) sont respectivement disposées a proximité de ladite partie
correspondant au talon et de ladite partie correspondant a la partie antérieure du pied.

Article chaussant selon I'une des revendications précédentes, comprenant en outre des rainures de flexion (50)
disposées sur ladite deuxiéme chambre (42).

Article chaussant selon I'une des revendications précédentes, comprenant en outre une cloison (34) disposée a
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l'intérieur de I'une desdites premiére et deuxi€me chambres (26, 42) pour modifier la direction de I'écoulement d'air
a l'intérieur de ladite piece d'amortissement (10).

Article chaussant selon |'une des revendications précédentes, dans lequel lesdits moyens d'impédance (74) sont
sensiblement en forme de sablier.

Article chaussant selon I'une des revendications 1 a 12, dans lequel lesdits moyens d'impédance (74) sont sensi-
blement en forme de "z".

Article chaussant selon I'une des revendications 1 a 12, dans lequel lesdits moyens d'impédance (74) sont sensi-
blement en forme de "w".

Article chaussant selon I'une des revendications 1 a 12, dans lequel lesdits moyens d'impédance (74) sont sensi-
blement en forme de "s".

Article chaussant selon la revendication 10, dans lequel ladite piece d'amortissement (10) comprend en outre
ladite partie supérieure et ladite partie inférieure qui sont des images inversées l'une de l'autre, de telle sorte que
ladite piece d'amortissement (10) peut étre facilement disposée soit dans une chaussure gauche, soit dans une
chaussure droite.

Article chaussant selon la revendication 1, dans lequel la semelle possede une partie correspondant au talon, une
partie correspondant a la voQte plantaire, et une partie correspondant a la partie antérieure du pied, une partie for-
mant cavité étant ménagée a l'intérieur de ladite semelle s'étendant sensiblement depuis ladite partie correspon-
dant au talon jusqu'a ladite partie correspondant a la partie antérieure du pied, une premiére chambre élastique
imperméable (26) disposée a l'intérieur de ladite partie formant cavité adjacente a ladite partie correspondant au
talon, ladite premiére chambre (26) ayant une surface supérieure, une surface inférieure, une surface latérale et
une surface latérale médiale, une deuxieme chambre élastique imperméable (42) disposée a l'intérieur de ladite
partie formant cavité adjacente a ladite partie correspondant a ladite partie antérieure du pied, ladite deuxiéeme
chambre (42) ayant une surface supérieure, une surface inférieure, une surface latérale et une surface latérale
médiale, une chambre de communication imperméable (58) disposée a l'intérieur de ladite partie formant cavité
adjacente a ladite partie correspondant a la volte plantaire, ladite chambre de communication (58) reliant ladite
premiére chambre (26) et ladite deuxiéme chambre (42) et ayant une surface supérieure, une surface inférieure,
une surface latérale médiale et une surface latérale, dans lequel lesdits moyens d'impédance (74) conférent un
amortissement amélioré audit article chaussant en régulant la quantité d'air et le type d'écoulement d'air traversant
ladite chambre de communication entre ladite premiére chambre (26) et ladite deuxiéme chambre (42) tout au long
d'une séquence de la marche.

Article chaussant selon la revendication 18, dans lequel ladite piéce d'amortissement (10) est formée a partir d'un
seul morceau de matériau élastomere moulé par soufflage.

Article chaussant selon les revendications 18 ou 19, dans lequel lesdits moyens d'impédance (74) augmentent la
vitesse et la turbulence de I'air lorsqu'ils se déplacent entre ladite premiere chambre (26) et ladite deuxieme cham-
bre (42).

Article chaussant selon les revendications 18, 19 ou 20, dans lequel ladite chambre de communication (58) est
dimensionnée et formée pour générer un écoulement d'air turbulent entre ladite premiére chambre (26) et ladite
deuxieme chambre (42) lorsque le poids d'un utilisateur applique une pression vers le bas sur ladite premiére
chambre (26).

Article chaussant selon I'une des revendications 18 a 21, dans lequel ladite chambre de communication (58) est
dimensionnée et formée pour générer un écoulement d'air laminaire entre ladite premiére chambre (26) et ladite
deuxiéme chambre (42) lorsque le poids d'un utilisateur applique une pression vers le bas sur ladite premiére
chambre (26).

Article chaussant selon I'une des revendications 18 a 21, dans lequel ladite chambre de communication (58) est
dimensionnée et formée pour générer un écoulement d'air transitionnel entre ladite premiére chambre (26) et ladite
deuxieme chambre (42) lorsque le poids d'un utilisateur applique une pression vers le bas sur ladite premiére
chambre (26).
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Article chaussant selon I'une des revendications 18 a 22, comprenant en outre des arétes disposées sur ladite sur-
face supérieure et sur ladite surface inférieure de ladite chambre de communication (58).

Article chaussant selon I'une des revendications 18 a 23, dans lequel une distance verticale entre ladite surface
supérieure et ladite surface inférieure de ladite deuxiéme chambre (42) est inférieure a la distance verticale entre
ladite surface supérieure et ladite surface inférieure de ladite premiére chambre (26).

Article chaussant selon la revendication 18, dans lequel ladite semelle comprend en outre une surface supérieure
et une surface inférieure, ladite partie formant cavité est ménagée a l'intérieur de ladite surface inférieure de ladite
semelle, et ledit élément modérateur (88) comprend ladite surface supérieure de ladite semelle.

Article chaussant selon I'une des revendications précédentes, dans lequel ladite piece d'amortissement élastique
(10) contient de I'air a une pression comprise entre 6,9 kPa et 27,6 kPa (1 a 4 livres par pouce carré) supérieure a
la pression ambiante lorsqu'elle est dans un état non chargé, lesdits moyens d'impédance (74) ayant une section
transversale moyenne plus petite que le reste de ladite chambre de communication (58).

Article chaussant selon la revendication 27, dans lequel ladite piéce d'amortissement (10) renferme de I'air & une

pression de 6,9 kPa (1 livre par pouce carré) supérieure a la pression ambiante lorsqu'il est dans un état non
chargé.
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