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IMPROVEMENTS IN AND RELATING TO
* PRESSURISED ENVELOPES

Th;s invention relates to internally pressuriz-
able multi-layered envelopes, and more particularly,

to an improved multi-layered pressurized, gas containing

envelope which is particularly adapted for use as

a cushioning device such as an insole or other component

in footwear. %3 (T.
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Previously, considerable difficulty had been experienced
in providing 1ntorna11y_pressurizab10 nulti-layered envelopes
wherein the envelope was a flat or uniformly contoured

supporting surface, with the capacity of being pressurized to

.relatively high levels. Previously much of the absorbed, re-

distributed, and stored impact/shock energy was lost and not (-
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returned in a useful form because of the requirement to

encapsulate the unit in a viscoelastic foam acting as a

moderator to develop the desired smooth or contoured surface.

It was simply not possible to provide a product wherein
much (greater than.so%) of the load supporting material of the
produot was a gas under pressure. With the former product, .
less than 40%'ot the energy of impact on the sﬁructure was
returned in a beneficial, efficient and comfortable manner,
ﬁhe balance of the energy being absorbed and dissipated as
heat. The present design is capable of returning, in a usetul
form, up to 92% of the otherwise wasted energy. In addition,
superior cushioning and compliance are also provided, which
significantly reduces damaging impact shock loads to the foot

and legs to levels under 12 G’s.

‘The  new product was developed because difficulty had been
experienced with the prior products in prodocing light weight,
long-life, hi§h-pressdro inflated structuros'tor use in foot
wear and the like which possessed a high degree of resilience
and compliance wherein the shock energy absorbed,
redistributed and stored at impact is otficiently returned as
useful energy in a smooth manner, at a rate equal to or
greater than the rate at which the app;ied load is removed
fron the devices. Success of this new product depended upon
solving several basic problems: 1) separation (deiaminetion)

between the tensile element (fabric layer with drop threads)
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and the gas containing barrier layer, when subjected to high
loads with iong-tern cyclical fatigue conditions, 2) crushing.
abrasion, and bending fatigue tailure of the drop-threads, 3)
hydrolytio degradation failure of the drop tnreads, 4) fungus,
bacteria and hydrolytic stress fracture of the barrier |
material, 5) unraveiling of the tensile-elements immediately
adjacent to the cut edges of the cloth, when subject to high
loads and bending.and flexing, 6} punctura and abrasion -
tailura of the barrier fiin, 7) leakago ‘of the pressurizing ~
gas at the perinetar seal, caused by tiber filaments extending
from the sides of the tensila cloth being trapped in, and
bridging the perimeter barrier seal so as to Create minute
leakage paths through which pressurizing gas could slowly loa;\.

out.

In addition to the above problens, one of the more

| difficult challenges was the provision of a sealed,

.pernanently inflated cushioning device with flat surfaces, as )
contrastod to tubular or roundad chambers, and which could be ‘;)
made rolativoly thin so as to achieve 100% air support and |
cushioning and which possessed sufficient fatigue resistance

to withstand millions of compression cycles in use. In the

case of consumer items, especially footwear, a usatul life of

' several.yoars_is assentiaI; ?urthernoro-this product nmust
maintain tha unique and beneticiai cushioning properties, .

without significant degradation throughout its full lifetime.

As is apparent, a significant loss or gain of pressure over a
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ﬁériod of time is not fcceptablc, especially in consumer
products. It is also desirable to provide an inflated product
capable of vithstanding relatively high localized loads
without bottoming out, such as the Ioads'ﬁypically encéuntered
in athletic activities.

For example, in running or other sport events_whiqh
involve running or jumping, there are substantial localized
loads during heel strike or push off. If the cushioning'
device bottoms out, then the entire purpose of the cushioh is
compromised. For most conditions encountered, to prevent
bottoming out, the inflated product either may be made
sufficiently thick or highly pressurized or both. Another
desirable approach is to use smaller chambers intlated at
lower pressures, and positioned under the load bearing surface
so that there is little or no accumulator volume into which
the gas may escape. Relatively high pressurization of the
prior art inflated devices with rounded tubular chambers
produced an uncomfortable feel, unless encapsulated with foam,

or used with some other type of surface/contoﬁr moderator

element.

The load/deflection curve of this tensile product
achieves totally hew, unique and beneficial cushioning
characteristics never before possible with other prior art

load cushioning devices. 
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The load deflection characteristics of my earlier
inventions, P@teht No. 4,183,156, provided a very soft
cushiched support under light loads. Then, with progressively
heavier loads, the éupportiv. force increased either in a
linear or in an exponential manner. This type of
load/detiection characteri;tic-is suitab1§ for many
applications. However, there are other uses vhere it is very
desirable that the pressurized pneumatic cushioning device
initially exhibit a very firn_cushion support under light to i;)
moderate compression loads, a degrée of support greater than
the product of the area of the applied load times the internal
working pressure. Then, when greater'compressién loads are
applied, the device automatically, at a predetermined load, C}
changes from the firm, board-like cushioning support and
exhibits a soft, relatively consistent and gradual increasing
level of cushioned-qupport throughout the full, available
‘displacenent of the inflated device.

This type of cushioned support embraces substantially
different, new novel technology from the prior art. New,
novel and highly useful products are now possible that vere

impossible using the prior art.

Thus, a need exists for an improved essentially
permanently pre-pressurized product which has advantages over
the prior art inflated products. It is also apparent that

there are the practical considerations of being able to
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‘manufacture such products relatively inexpensively, at

relatively high volume and of a very high guality which
assures that the product will be free of leaks and have an
acceptable service life even when built as a permanent and
integral part of the footwear. It is also an advantage to
be able to provide a gas pressurized load bearing
cushioning membér which may be formed in various shapes,
thicknesses and contours.

It is an object of the present invention to obviate
or mitigate these disadvantages. |

The present invention is a processlfor making an
internally préssurized envelope comprising the steps of:

selecting a semi-permeable elastomeri¢ material in
sheet form which is substantially impervious to large
molecule size non-polar gases and slightly gas permeable
to oxygen;

selecting a compreséible structure whicﬁ includes a
first fabric layer, a second fabric layer nbrmally spaced
from said first layer and means between the proximal sides
of séid fabric layers for_restraining said fabric layers
from separating more than a predetermined disténce and
having attachment points distributed over said fabric
layers, the material of said fabric layers having been
flannelised, or textured or bulked and heat set,

impregnatihg the distal sides of said first and
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second fabric layers with a coupling agent to a depth
which is less than about the thickness of said fabric
layers;

bonding said elastomeric material to said distal
sides to form a bond between said fabric layers and said
elastomeric material, which bond extends substantialiy
continuously over said distal sides;‘

sealing said elastomeric material around the
periphery of said compressible structure to form an -
hermetically sealed envelope; and :

placing a gas in said chamber to pressurize said

envelope.
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Embodiments of the present invention provide a
gas pressurized and inflated structure which comprises
an hermetically sealed outer covering barrief layer
which is securely bonded, as will be described,
substantially over the entire outer surfaces of a double
walled interior fabric structure. The double walled fabric
structure comprises first and second outer fabric layers which
are normally spaced apart.tron one another at a predetermined
distance. Drop-threads, (or more appropriately drop-yarns)
preferably in the form of multi-filament yarns comprised of
many individual fibers extend internally between the proximal
or facing surfaces of the respective.tabric layers. The use
of nulti—fllanent drop-yarns is unique to this product. The
filaments of the drop yarns form tensile restraining means and

are anchored to the respective fabric layers. The restraining
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‘means or darop Yarns-may be arranged nominally perpendicular to

‘the first and second fabric layers, or they may be arranged ih'

a triangular arrangement. It is noted that the yarn

g comprisingfthc drop threads or restraining means may be
separate and distinct from the yarn of the first and second
fabric layers, i.e., the yarn used for the first and second
fabric layers may be completely different from the yarn of the
drop threads or resfraininqineans, depending an the
application and the use environment. These restraining means
function to maintain the general flat or contoured planar fé;a
of the pfessnrized.and inflated structure, and the bonding of
the outer covering to the distal sides or exposed outer
surfaces of the respective fabric layir-preventl'thc outer

covering from peeling away or separating from the distal

surfaces and forming an aneurysa. The_drdp yarns wvhich extégi
from one fabric layer to the other, function in pure tension
as the preferred restraining means and are present in
quantities sufficient to hold the structure in the desired
planar form without offering substintia;':eiistancé to the
compression of the two outer layers towards one another. That
is, the restraining means have véty little conpressivi

- strength and very substantial tensile strength and thus do not
provide any significant compressive support to externally |
applied loads and thus exhibit a very considerable fatigue
life. It is the pressurized gas component that provides 100%
of the cushioned support for the very heavy, life-time cyclic

compression loads. The pressurized gas has iiterally an
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infinite fatigue life. -Thus, by separating the compression,

and tension load carrying components of the device in this

manner, a very unigue and beneficial :esult is achieved. The

-resulting product has a fatigue life many times greater than

is otherwise possible. The region between the proximal
surfaces of the fabric layers is of sufficient openness to
allow movement of the pressurizing gas throughout the

pressurized chamber.

The hermetically sealed outer barrier layers, which
operate to contain the gas, preferably are composed of a
composite elastomeric semi-permeable material which is
substantially impervious to those gases which are essentially
non-polar and that may additionally have very large molecular
sizes. The outer barrier layers also can control the rate of
inward and outward diffusion of N, and 0, and other.conponent
gases of the ambient air by means of the percentage
composition of the crystalline component within the
elastomeric component of th._barricr layer. Therétore, this
outer barrier layer provides a very important secondary
function of being slightly permeable to some other gases such
as oxygen. With this material, a selective inward diffusion
of oxygen occurs from the ambient air which, by means of
partial pressures, tends to increase the total pressure within
the already pressurized enclosure. This is described in some
detail in, for example, Rudy U.S. Patent No.4,340,626 patented
July 20, 1982; Rudy et al, U.S. Patent No.4,183,156 patented



July 15, 1980; Rudy et al, U.S. Patent No.4,271,606 patented
June 9, 1981; and Rudy et.al. U.S. Patent No.4,219,945
patented Septémbef-z, 1986. Attention is respectfully invited
to these patents, ﬁhich are hereby incorporated herein by
feference, for a desctiptiop as to the barrier £ilm, the
pressurizihg gas and the physical_phenomenon which are
involved in diffusion pumping and the activated diffusion of

‘'gas through the seni-perneable barrier 1ayér.

are particularly unique and suited for use where they are required |
“to absorb and cushion an impact load'vithin a limited space

and then return this otherwise wasted energy in a useful

manner. This structure has a tutthet'advantagu becausg it hai:}

a substantially reduced mass as compared to the prior art
structures, thus providing pressh:efconst:aining walls or

elements which have a low hysteresis energy loss when flexed.

Gas(s) pressurized to at least 2 psi #nd preferably more than

15 psi, functions well to provide éxccilcnt'and comfortable ~
cushioning and then to return the stored energy in a |
resilient. efficient 1ife-l1ike and beneficial manner. When

the structure of the present invention is pressurizéd to a

level in excess of 40 to 50 psi the structure gives back as

much as 92% of the energy of an 1npgct.

Therefore, if a weight having the shape, mass, and

velocity of a representative human foot at heel-strike, is



dropped from approximately two feet height on to a properly
designed structure in accordancé with the present invention,
which is pressurized to a level of approximately 55 psig., the
weight will tirst:be weil cushioned from the force of lnpact,
such that the G forces on the weight will be in the range of 9
to 12 G’s. Then nearly all of the impact energy that is
absorbed, redistributed and stored in.the device during the
downward compression portion of the cycle (i.e., about 92%)
will be very efficiently returned to the weight, causihg it to
rebound to approximately 92% of the original drop height, or
22 inches. The word compliance is used to express the
conbinition of these two tactoriz i.e., cushionihg and
resilience. A product_sinultaneously_exhibiting maximun
cushioning and maximum useful energy return,.or resilienco, is
considered to have good coﬁpliancc. Poor compliance would, of

course, be the opposite.

The present invention is uniquely suited to footwear and
other similar cushioning applications where high style and/or
maximum cushion comfort, support and shock protection are to
be achieved in a minimum of thickness and ipaco (.e., low
profile). Thicker devices as disclosed in Rudy Patent
4,183,156, vere, in large measure, poorly suited'tor this type
of applicaﬁioh. The hills and valleys of the earlier product,
coupled with the need for some.typg of foam encapsulation or

moderator device to provide a smooth, comfortable support

‘surface, created a product that was relatively thick and



clunsy fbr this type of application.

The flat or contoured planar_load'bearing surfaces of the
presehﬁ iﬁvent;on achieves a completeiy’néw and unique degree
of 100% floétlng_on'éir cushioned, resilient support, comfort
and protectidn.hevet before possible. This invention
.elininaﬁes the need for foan encapsulation. However, in
certain circumstances it may be desirable to use foam in order
to build the unit into a midsole, to absdrb'moisture and to -C;'
increase further the service life of the gas pressurized A
~ product. The use of foam can also con£r01 or eliminate the
tendenéy of the subject cushioning product from buckling, when
bent in a sharp radius.
>
In the present invention the formation of one or more
aneurysms.constitutes failure. Aheuxysms'can develop either
| vhen there is delamination of the barrier material from the
distal or outer surfaces of the aouble-walléd fabric, or by
fajilure of the drop yarns. Such drop yarn failure can be Y
caused by bending fatigue and/or abrasion of the drop yarns,
normally referred to as a tibrillation?typc failure. See
Figure 30 for an illustration of an electron microscope imag§
of a typical fibrillation failure of drop yarn tensile fibers
under the bali of tha toot atter approxinateiy six months of
wear in high parfornance'athletic shoes. As discussed later,

the present invention'sélves these problenms for the life of

the product.
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The use of drop yarns in a double walled structure acting
in tension to constrain and shape the barrier surfaces has
been proposed previously. An example of the aneurysm which
can develop when the drop yarns are of insufficient strength
or are deliberately severed, is illustrated for example in
Cross, U.S. Patent No. 3,205,106 patented September 7, 1965.
There the product functions completely as a structural device,

it does not produce a cushioning function; nor does it solve

. the problens inherent in a cushioning product such as does the

present invention. Cross does not address the problems that
mus; be solved in order to achieve permanent inflation nor
does he attempt to use or control ditfusiop pumping in a
useful and'unique manner as described in this present

invention.

The use of drop yarns and filaments as structural
compressional cushioning or stiffening neanrs in double
walled structures has been proposed, for example, by Tungseth,
U.S. Patent No.3,616,126 patented October 26, 1971 and Giese
et al, U.8. Patent No. 4,005,532 patented February 1, 1977.
These prior structures are copprised of a éihgle heavy (i.e.,
large .003 to .025 inch diameter) plastic monofilament strand
woven into a stiff three-dimensional, compression load
suppdrtive mat. The Tungseth ‘126 patent describes g product
of this type that relies completely on the buckling

characteristics of select dianetex plastic monofilaments in
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the woven structure and which are placed in compression in
order to absorb compression shock loads. In Tungseth ‘126, no

pneumatic support is provided at all.

The Giese patent ’532 likewise is a stitt"cdmpresdion
load supporting mat woven from a .010 of an inch diameter
plastic monofilament strand in order to form a thérnal

insulation insert for articles of footweiré wherein it is

stated "The separating material®(i.e., plastic monofilaments) . -

. . _ /
*are of such a strength as to prevent deformation of the mesh-

like fabrics toward each other when subjected to the wveight of
the wearer of the shoes." This is idéntical to Tungseth. The
embodiment calls.tor th@ mat to be covered with a barrier
material and closed to form a hérmctically sealed chamber. c;
one form, air may be left within the chamber to form an
insulative dead-air space, while in other forms, the air may
be evacuated from tho_chanbet or, replaced with a gas such as
CO, in order to achieve a thermal coefficient of heat transfer
that is lower than the ambient air. These structures are very
poor shock absorbing devices réturning little, if any, of the
impact energy to the user and thus wasting and'dissipatinq the
energy away as internal frictional heat. Our tests reveal
rapid tatiguo-failure of these large diameter, compression
load auppbrting plastic monofilaments which thus create sharp,
protruding plastic splinters thét easily puncture the envelope

tilm, resulting in a ldss of vacuum or loss of speciai low

thermal conductive gas. The sharp splinters likewise
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penetrate, irritate and puncture the skin of the foot,

resulting in pain, discomfort and possible infection.

Other prior patents include U.S. Patent 4,409,271 issued
to Pehr on October 11, 1983 and which relates to a lightweight
construction element. The Pehr structure is composed of an
untrimmed velﬁet fabric having a vertical pile between the
upper an lower webs. The fabric is rendered impermeable to
air by a rubber coating which is vulcanized and the fabric is
joined together by a seam. The Pehr product may be filled
with a gas, liquid or foam. The Pehr product is not intended
to be used as a cushioning or shock absorbing device, as.is

the case with the present invention.

Similar to Pehr is United States Patent 2,743,510 issued
to Mauney et al on May 1, 1956. There, however, fabric is
used which has not been tensilized so that when exposed to

"heat and tension, the fabric will stretch.

U.S. Patent 3,205,106 of September 7, 1965 issued to
Cross also discloses a structure in which drop cords are
present. The drop cords are severed in order to increase
stiffness in the product by providing a convex section. This
effectively producés an aneurysn, the very situation which the

present invention. seeks to avoid.

Also of interest, but describing an entirely different
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product from that here disclosed is U.S. Patent 4,261,776 of

April 14, 1981, issued to Lea et al and the patents therein
discussed. The Lea et al product is a self-inflating air

| mattress.

In the preéent_invention the drop yarns consist of many
very fine, textutizeﬁ or bulked sepatato filaments (not a
single nbncfilamght as in the above prior art) each having a
high tensile strength and being of a very small cross-sectiog:}
diameter in comparison with the priog art such that thgy
cannot act as Euler column compression members and are
completely incapable of supporting any significant compression
load by themselves. Should filaments become broken, the
tesulting product does not create a sharp splinter that coul(j
puncture or otherwise dinago'the barrier envelope. Thus, the
load supporting mechanism of the present invention is
completely different from the prior art, and with greatly
superior high preéssure containment, load carrying’capability,
shock absorption, fatigue life, resiliency, long term
permanent inflation and beneficial life-1like energy storage

and return characteristicc thit are not even remotely possible

with the above stated prior art.

Various gas containing foanm matc:iali have previously'
been sealed in flexible air-tight compartments, see for
example, Rdsenberg,lu.s; Patent No. 4,590,639 patented May 27,
1986 and Striegel, U.S. Patent No. 3,914,881 patented October
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28, 1975. Foam products of this type pressurized even with

supergas (Rudy U.S. Patént 4,183,156) have not been successful
because of several problems; (1) the tensile strength of even

the best open-cell foam materials is not sufficiently strong

‘and reliable to support the necessary intlation'preséures over

the life of a product to be used in this manner in footwear:;
(2) under heavy cyclic.compression loads, typical of the foot
strike when walking or running, the walls of the 1ﬁd1vidua1
cells constituting the foam structure abrade and tear as they
move against one another and thus rapidly fail, resulting in

an aneurysm and/or a subsequent loss of pressure.

It is known that the highest possible quality foam, when
used as a cushioning load supportive, compression ﬁember
(i.e., mid halfsole or insole) in athletic footwear such as
running shoes, loses a substantial percent of its original
cushioning properties within just a few miles of running, and
at about 150 miles approximately 75% of the initial cushioning
properties have been lost. The loss og cushioning is the
result of internal breakdown of the cell walls of the foam as

described above. In this usage, the footwear does not become

- unusable becaﬁse of the described breakdown of the foah. The

user simply is exposed to reduced cushioning (and poorer foot
support) and thus much greater shéck forces. However, with a
pressurized structure, breakdown of the foam structure results
in formation of a'protruding aneurysa or bulge under the foot.

Even the smallest failure of this type (i.e., diameter) makes
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the product painful under the foot and theritoro unusable.

~ The relatively high pressures which are required to
provide the desired and necessary degree of support and
' springiness present very substantial pfoblons'with'the.peeling
or delamination of the outer barricr_tiln'away from the distal
or outer surfaces of the double-walled fabric. It is thus
important, in accordance with this 1nvengion,'to provide a
‘strong bond between the outer surface ot-#ach-ot the layersig}_w-_
the fabric and the facing surfacc of the enveiope or barrier |
layﬁr. In other words, the peel strength or the force needed
to delaminate the bonded layers must be very high throughout
the life of the product. ' - ' - ‘

~— |

() {

It has been found, in accordance with this iﬁvention,

that if the yarn which is used to form the double-walled

fabric and which creates the fiber interface reinforcement of

the barrier layer, is in some way'bulked}'texturized or

flannelized or made from at least 20t discontinuous W
filaments, so that there is a large degree of openness to the

yarn and there are numerocus loops and/or séirals of small | |
diameter tendrils or other tendrils-and-prbjections of ;
filamentary material extending slightly from the distal | |
surfaces of thc fabric layers, greatly inptoved bonding can be
achieved. Actually, thg tendrils extend from the larger

diameter yarnS-tron whiéh the fabric material is formed. The

texturizing can be provided for example, by abrading the
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distal surfaces of the double-walled éabric, by crimping the
individual filaments wliich go to make up the yarn, by using a
false twist or air bulk heat-set texturizing step in
manufacturing the yarn, and the like. Such a surface or bulk
treatment is referred herein as.a FIRTEC (Fiber Interface
Reinforcement Technology) surtace.treatnent. It is also
desirable to use a yarn wvherein the filament surfaces are dull
or semi-bright, as contrﬁsted to bright. Therefori, in a
preferred embodiment, the yarn from which the double-walled
fabric is constructed is treated so that in the final product
there is a large degree of cpenness to the yarn, and the
distal sides of the respective fabric layers present a great
many tiny loops or outwardly projecting. The individual

filaments may be continuous in nature in the preferred

'enbodiment so that the loops are anchored at both ends.

Crimped filaments when combined into a yarn are also suitable
for use according.to the present invention. In some cases it
ﬁay be desirable to have a yarn core of straight fibers
surrounded Sy texturized fibers. Also, fibers, other than
fibers of circular cross-section, may be useful to increase
the surface area for bonding-purboses: such fibers are oval,
cruciform, dumbbell or Y-shaped in cross section. It has been
found that best resulis are achieved wvhen the yarn is properly
heat set in the texturized/bulked condition.

The presenéé of a multiplicity of tendrils in the fo;n of
loops and the like significantly increases the bond strength
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beyond that which has herctotoro beon achievod in the industry
to provide exceptionally strong bonding between the barrier
envelope material and the tacing fabric layer. One of the
factors is that the presenco of the tondrilsloiqniticantly
increases the surfacc area of the anchoring conpononts.
Another factor is the essentially uniform and widespread
dispersion of fiber inter-face reinforcement anchoring
components thus assuting strong bonds_ovor the entiro mating -
surfaces of the tabric and the oute:.envelopc.componcnt. Yotc;
another factor is that the openness oz the yarn permits a
carefully controlled degree of penotration of the coupling

material into the facing cloth members.

The cloth or fabric structure which roins the tensile >
load bearing portion of the inglated product may be
constructed according to any.known procedures including
knitting, weaving, sooiog. matting, etc. It is preferred that
the drop throads ho,socuroly anchorod to tho f;bric layers,
for example by a lock stitch, whoreby'fho tensile elements
remain in place to prevent ballooninq alohg tho edges of the
fabric layers. The double needlo bar Raschol knit naterial is
particularly satisfactory to use according to tho present
invention sipoo it provides the lock otitching to the fabric
layers. Also material which is wovoﬁ Qith a lockinq stitch is
suitable to use. A wide range of products_havidg complex
contoured and/or tcporod'sorfaces in many different shapes are

possible using high spoed'computer controlled, gang type
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sewing techniques where the length and angularity of each drop
thread or restraininq_méans may be different from those
adjacent restraining means. The drop yarn or tensile elements
may extend ﬁerpendicularly from the fabric layer or may be at
.shear force balahcinq angles.' In some inétances, where
l#teral ioads are involved, as contrasted to loads
perpendicular to the surface of the product, opposing and
balancing angular orientation of the tensile yarn has
advantages in supporting shear loads which, of course, cannot
be supported by the pressurizing gas. It is important that
the finished cloth or fabric structure be free of lubricants
or processing aids that wodld be detrimental to Achieving a
strong bond between the filaments of the fabric and the

coupling material.

The yarn from which the drop thread linked double-walled
fabrics are constructed must be made of a high tensile
strehgth material which is stable under the intended
conditions of both manufacture and usago; A variety of
synthetic yarn materials may be used. However, because of the
bending and abrasion of the drop threads which occurs when the
two 6uter fabric layers noVe toward one another when cyclic
loads are appligd for :elatively long periocds of time, it is
important to use fibers that have good abrasion properties and

. bending fatique resistance as discussed later.

In general the filaments utilized in the yarn .in embodiments
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of eﬂndﬁuatscﬂfthe;neﬂaﬂ:inwaﬂinnlﬁwea:dbnﬂu'pm:fihﬁenttﬁ
fram about 1-20 with a prpfm range of from about 2-5. The
individual tilanents_in general_exhibit tensile strengths
(tenaclty) ot-tron 2 10 grams pér-denier with a ﬁreterred
range of fron approxlnately 4-6 grans per denier. In general
the nunbar of filaments per yarn ranges from about 1-300 with
the preferred range being from about 40-200. In general there
ar& gton:approiimately 1-8 yarns pér'tutt or strand with the
preferred range being from about.l-s yarns per strand. The -C;
 preferred fabric is knitted with fron about 50~1000 strands or
tufts per squarc:inch of tabric'and pre:eiably from about 400~
500 strands pet sqﬁaré inch. The bulk density of the fabric

is therefore in general in the range of from about 5,000-

150,000 fibers per square inch. o

It is inpottanf that the finished cloth (in addition to
the beginning yarn) bc given a heat-set treatment so that in
the doublc-wallod fabric the drop yarn will tend to stand up
. so that a given point on one fabric layer will tend to remain
axially aligﬁéd with the sanc'given poiht oh the opposed
fabric layer. Thisfis advantageous in construction. It is
preferable during the_ﬁanufacturing'procedure to have the drop
yarns standing up so that there is no signitiéant nis-
alignment between the uppet and lower gutface tab:ié layers.
Texturizing of:the dro§ yarn pte#ents the individual filaments

from acting as Euler column compression members under any

circumstance.

J
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The construction of the internally pressurizable multi-
layer envelop according to the present invention begins with
the selection of an appropriate double-~walled fabric which

incorporates drop threads extending between the proximal

“surfaces of the respective fabric layers. The distal sides of

the respective fabric layers are impregnated Qith a carefully
metered quantity of coupling material. This may be done by
starting with large sheets or rolls of fabric material, then

‘applying the coupling material. The properly shaped article

can then be cut from these larger sheets or rolls of material
that have been pre-treated. This procedure has advantages to

be described later.

In general, the coupling material is a product which
will, 1) penetrate and bond to the-naterial of the outer
fabric layers to a caretully.controlled-depth, not exceeding
the thickness of said surface cloth members, 2) act as a seni-
permeable elastomeric matrix, penetrating the yarn bundles and
tenaciously attaching to and joining ‘together the fibers
éonstituting the outer fabric layer elements, and 3) also
forming a strong bond with the semi-permeable elastomeric

outer barrier material, or envelope.

The coupling material may be applied using conventional
application procedures ipcluding, for example, heated platen

presses, extrusion procedures, or calendering, spraying and .
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doctor blading.

In general, however, the preferred method application is
to provide.thc-ccupiing_naterial in a sheet form 002 to .008
inches thick, with .004 being the preterrdd'thiékness and to
melt and press the molten sheet material into the distal sides
of the fabric layers. Tho.fabric is moved under an upper and
lower heated platen hot press with a sheet of coupling
material on top and on the bottom of the fabric and with a C; _
sheet of release agent between the coupling material and the
heated platens of the press. Such sheets ot a suitable
release agent (strippers) are used to prevent the sheets of
coupling material from sticking to the upper and lower heated
platens of the press. The stack of fabric and coupling
material sheets are subjeétcd'to relatively light pressure in
the press between the heated piatens'(appréximately 5-3 psi)
for 6-25 seconds in the range of tempéfature of 340 to 400

~ degrees F. When thermoplastic polyurethane is used as the

coupling material, the temperature has to be high enough to QJ
soften and melt the coupling material but not so high as to

‘damage or shrink the fabric. The feed system for this process

can be either a batch system (using in-and-out shuttles) or a |
continuous process using rolls of fabric and rolls of coupling
nate:iai moved along on an intermittent basis by means of
suitable relaxer and 1ndexer conveyor mechanisms. Platen
sizei are normally 14 inches x 1a'in¢hes;'3o 1n¢hes x 30

inches or 36 inches x 36 inches, with platens ground flat and
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parallel within .002 of an inch. Temperature uniformity

should be plus or minus 5 degrees F of the set-point.
Structural deflection of the press should not exceed .002 of
an inch to .004 of an inch. The cold press used to freeze the
hot coupling material operates in the range of 60 to 120
degrees F. The up-and-down motion of the cold press is in the
same timed sequence as the hot press. Because some fabrics
tend to shrink somewhat when heated during this process, it
may be ugeful to use pre-shrunk fibers when knitting or
weaving the cloth. In some cases it is useful to apply
longitudinal or lateral tension to the fabric during
application of the coupling material. In this way a finished,
smooth surface is obtained on both top and bottom surfaces of

the fabric.

Accurate temperature, pressure and time control is
essential so #s_to achieve a good grip between the fabric and
coupling material while also avoiding driving the couplinq'
material all_the way through the fabric which would impair the
tlexibility of the,&rop threads or at worst, bond the opposite
fabric layers together so the product could not be inflated
and pressurized. In the preferred embodiment, the quantity'of
coupling material available to penetrate the tabfic is
controlled by controlling the thickness of the sheet of
coupling material which'is applied to the fabric. Also, the

heat is very accurately controlled and regulated so that hot

spots do not occur and the depth of penetration does not vary
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from one area of the fabric to another due to changes in the
fluidity of the coupling agent. A superlét and pfeferred
procedure presently-used'tollows'in detail this coupling
material application step. '

The outer surfaces of the fabric must have a controlled
and uniform degree of closeness or density of weave. The
density should be sufficiently uniform such that when the
fabric is held up to a light source it must not be possible :CD
detect peﬁetratibn of discrete light rays. The density should
nét be toc loose in any areas. Also, the density should not
be too tight. Such control of density is achieved'in several
vays: i) nunber of yarns per square inch, 2) number of _
filaments per yarn, 3) amount of the bulking, texturizing or;J
FIRTEC treatment, 4) tension in the Raschel machine during the
knittin§ process, tor-exanplég Thus the coupling agent can
penettate both the yarn bundles and the cross section
thickness of the surface cloth elenenfs only to a controlled

depth and can effectively join together the yarns comprising

the outer surfaces of the fabric.

Anoiher factor to control during fabric manufacture is
the use of lubricants br processing aids in the manufacture of
fibers, yarns and fabric. Such agents can be detrimental to
the achievement of a strong bong. ‘Particularly harmful are
silicone lubricants and polytetraflﬁroethylenc pzéceésing

sids. The use of such lubricants should be reduced to a

W
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mininun or eliminated completely during manufacture of fibers,
yarns and fabrics. .If ;ny,such agents remain qh the surfaces
of the fabric, the fabric should be washed (scoured) or
properly dry-cleaned prior to'aﬁplication of the coupling

agent.

One of th§ advantages of prefixing the coupling material
to thé fabric is that it-virtuqlly eliminates free and
laterally extending fibers when the bonded fabric subassembly
is die cut. The absence of such lateral fibers is important
in the subsequent sealihg operation in vhich the barrier is
joined togethér in the appropriate areas at the perimeter of
the Qroduct so.as to create an enclosure that can be |
preséurized with a gas. In effect, thq absence of laterally
~extending fibers prevents leakage paths in the region of the
perimeter seal joint or in the portion ot'the envelop
laterally of the edge of the fébric. The presence of small.
fibers or even one small fiber extending laterally and
bridging thi perimeter seal forms a potgntia; leak area which
is so small that it is extremely difficult to find in the
usual quality control inspection. The result is a very slov
and virtually undetectable leak which results in loss of

pressurization in a period of two to three months.

Tﬁe coupling ﬁaterial may also be extruded as a semi-
molten viscose film and driven into the surface fabric

layer(s) uéing heated, and éoo;ing, rbllers'on a continuous
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feed process.

- Still another nethod of applying the couplinq material,
is to apply by ‘extrusion or spraying a properly tornulated-

polyol-isocyanate mixture as a viscose partially cured liquid'

to the surface fabric layer followed by a doctor blade
treatment and thun with rollers and release material to drive
the coupling material, also referred to as a couplinq agent,
to the necessary carefully controlled depth. This is not a
preferred technique because the residual reactivity of the
mixture is likely to react with the tensile yarn so as to
weaken and'enbrittle.it.' Also the bond strengths with this
technique are generally much poorer thnn can pe achieped with

the heated platen approach described above.

The coupling material impregnated fabnic is next cut into
the desired shape, being careful that the cut is tpée of
laterally'extending fibers or tilaﬁents; The coupling
material impregnated fabric is then placed within the semi-
permeablc elastomeric outer neubrano envelope, and the semi—
permeable membrane is secnrely bonded to the distal surface of
the coupling nateriai impregnating the upper nnd lower fabric
layers, preferably by radio frequency heating. The
temperature of the dies which are used to etfgct these
laminations are preferably adjusted so that nélting occurs at
the interface between the coupling material and the inner

surface of the barrier membranes and not otherwiso. rhe radio
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frequgncy power setting, pre¥sea1, seal, and cooling cycle and

die temperatures and die heat sinks are preferably selected so
as to minimize the amount of heating to the fabric and the
barrier film. At this point the outer.nembranc perimeter seal

is not yet been made.

Another approach that can be used to bond the hafrier
film to the fabric (impregnated with the coupling material)
utilizes a radiant heat source, such as infra-red heaters, and
atmospheric pressure to apply the needed bbnding pressure.
This can be accompiished by sealing the £wo layers of the
barrier film (using a suitable clamping mechanism) around the:

‘edges ofthe fabric, and then drawing a vacuum within the

sealed envelope. The pressure of the ambient atmosphere is
thus utilized to apply the appropriate laminating/bonding
pressure to the external surfaces of the barrier layers as

they become molten and flow into the cloth layers.

The part which results from the bonding of the semi-

. permeable outer membrane to the distal sides of th§ coupling

material impregnated sﬁrtace fabric members, is uhifornly
attached by a bond which is enhanced by a multiplicity of tiny
connection sites comprisinq'loops or tendrils of the yarn, so
that the attachment of the seni-perneable'nembrane to the
fabric is substantially continuous throughout the upper and
lower'surfice tabrié members, completely free of yarn fibers

or filaments that may bridge (from the inner to the outer
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surfaces), thrdugh the barrier envélope, ‘The outer barrier
must also be completély free from pin-holes. The peel
strength exhibited by this structure is-hiqh; i.e., in excess
of 20 pounds-pet linear inch and generally exceeding the
ultimate tensile strength of the tensile yarns when subjected

to a typical Instron type tensile test procedure.

The cushioning device is completed_intb a pressurizable
product by welding or otherwise seaiing the appropriate
portions of the outef membrane envelope material where the
material extends beyond the impregnated inner (cloth} member.
If the outer membrane material éonstitutes tu5_sheoﬁs*b: film,

then a weld is made adjacent to the entire perimeter of the

inner impregnated cloth member. If the barrier envelope is ;}

partially pre~-formed such as in extrusion, blow molding,
vacuum/heat forming, thermal set casting, or vulcanizing, the
perimeter seal may have been partially or fully completed

during a previous step.

| ﬁerinoter sealing may be conveniently accomplished by

conventional techniques such as radio'treqnency'wbldinq
thermal impulse sealing, cementing, ultrasonic wélding,
magnetic particle sealing, Vulcanizing and thi like. It is
heres that the absence of laterally extending-tibers becomes
impottant. If such fibers exist, they tend td be sealed into
the perimeter wei& during the perimeter sealing operation and
form a potential leakage path. If the fiber extends all the

o}
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way to the outqr periphery, it more than likely will leak
slowly and undetectably. If it extends only partly, it
cénstitutes a'wéak area where a leak may take place,
gspecially under relatively heavy and cyclic loads. By
applying the coupling material, as described, the subsequent
chtting operation is a clean cut which eliminates the

possibility of free laterally extending fibers.

Although not presently a preferred msﬁhod of manufacture,
vnlcaniszle and/or thermal-set elastomers may be used, rathe:
than the thermal plastic uiethane elastomers described above,
still requiring,'however, the same precise degree of control
of the depth and quality of pdnetratioh of the olastoner.inton
the upper and lower cloth or fabric layers.

As a final step, the chamber, which is now defined
between the walls of the double-walled fabric, is pressurized
with a suit&ble gis, preterablf a'large molecular nén-polar
gas such as supergas. In a preferred form, the gas is
conveniently injected through the use of a needle with the
injection port (which may be free of any cloth or fiber |
' material) being sealed after the pressurization is completed.
It is also possible to use an inflation/deflation valve. The
physical phenomenon which occur with inflation and diffusion
are described for example in Rudy U.S. Patént'No.4,340,626
paﬁentgd July.zo, 1982 and attention is respectfully invited
to this patent disclosure. |
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As_mentioned'earli?r, tho'presenﬁldevice provides a novel
and important means for controlling the rate of diffusion
punping. One objective of such control'is to naiﬂtain the
product at design inflation pressure for longer periods of

time than would otherwise be possible. Because in many

applications the device is thin, the contained volume of

inflatant fluid is small. Therefore, the ratio of surface-to-
volume is very high. This can contribute to rapid loss in
pressure through diffusion. However, the addition of the v/ _;)“

crystalline gas barrier elements within the barrier layer

serve a very uniqdo and valuable function of metering and

| controlling the rate of both inward andoutward-diffusion,

particularly as it applies to thc 0, and.Nz molecules in the
ambient air. ~

There is a further advantage to the incorporation of
crystalline gas barrier materials within the elastomeric
envelope of the device. Most of the millions of conventional
nulti-ch#nbor gas pressurized footwear components (U.S. Patent Q)
4,183,156) that have been manufactured in accordance with my
earlier patents, and used throughout the world are normally
made fron*ister base polyuféthane :11:. because this
formulation has lower gas perneability'whén'1ntlatéd with one
of the supergases than does the ether-base polyurethane
formulation. However, ester-base film in contrast with the

ether-base film, has the disadvantage that it is adversely
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better energy return qualities. The more rapid diffusion rate
that may exist when usiﬁq such materials, can likewise be
offset by the addition of the distorted crystalline fibers of
the fabric. 1In some cases softness of feel can also be
enhanced using elastic (two-way stretch) fibers as the backing

yarns in the outer surfaces of the fabric.

- Because the volume of the device cannot grow
significantly under pressure (the thickness is constrained and
maintained essentially constant by the tension in the pile, or
intertace, yarns), diffusion pumping of air into the device
can readily over-pressurize th§ producﬁ during the initial 2-
12 months of inflation. This is a potential problem with the
product and of the present invehtion'as applies to the
diffusion of Nz'into thc.présaurized device and requires a
solution. This potential problem is solved or eliminated in
accordance with the present invention by the presence of
crystalline gas barrier yarns or particulate elements imbedded
within the semi-permeable elastomeric barrier layers of the
pressurized enclosure. This technlque can limit, reduce and
control the inward diffusion of the partial pressure of
nitrogen, which is about 12 psi, from the ambient air to
nearly zero over a two year period, and grbatly reduce and
precisely control the inward diffusion of the partial pressure

of oxygen from the ambient air.

There are practical limits to the control of diffusion



:

..,
(USRS

-35<

pumping. Even with a very tight weave of the backing yarns in

the outer surface of thg fabric, some diffusion will occur,
and permeability cannot be reduced to zero. However, for the
best construction, it is practical to form an effective
control for diffusion of most gases of inﬁorcst, including
nitrogen. HoweVer;Joxyqen can diffuse much more rapidly than
nitrogen. Using this diffusion control technique, oxygen can
diffuse into the enclosure over an extended period of four to
twelve months (after inflation and sealing at the factory).
o
The partial pressure of oxygen within the ambient air
atmosphere is about 2 psia (out of a total pressure ot 14.7
psia). Thus, reverse diffusion of oxygen into the enclosure

can only raise the total pressure within the enclosure by an

increment of 2 psi, as a maximum. If desired, this can be W

Q)W

offset by initially nnder-inflating slightly with supergas (or

either a mixture of supergas and nitrogen gas or a mixture of

supergas and air). However, in some cases such under

pressurizing is not necessary; an increment of 2 psi is within

the allowable tolerance of inflatant pressure. specifications.
Furthermore, with age and use, the device does increase
slightly in volume. The Addod partial pressure of 0, is
nearly perfect in order to compensate for this small increase
in volume of thus providevﬁn unusually uniform inflation

pressure throughout the life of the product.

If cost is of major importance, the inflatant gas can be

"
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1008 nitrogen; and the same diffusion inwardly of oxygen will
occur, assisting in the maintenance of design inflation
pressure to offset the slow outward diffusion of nitrogen. A
mixture of air and nitrogen can be used in some cases where a
large percentage of the cross section of the outer layofs of
the device contains.crygtalline material. This can be-quite
advantageoué, as the cost of nitrogen is about 1/10 that of
hexifluoroeﬁhane (supergas) and the weight of nitrogen is

about 1/5 that of the sﬁpergases.

The pressurized structures according to the present
invention enjoy wide utility in all sorts and varieties of
footwear including boots, athlotic shoes, every day casual and
leisure shoes, dress shoes, work shoes, prosthetic |

shoeé/devices, sockliners as well as in other devices

including helmets and protective gear (for footbhall, hockeﬁ,

soccer, baseball, and equestrian endeavors). The invention

can also be used for recreational, military, marine,

industrial and aerospécc,applications, including bicycle
handle grips, handles for jack hammers, chain saws, hammers,
bats, etc. as vwell as other seat and saddle ipplications for
bicycles, motorcycle and equestrian purposes. Playing
surtacos,'athletic mats, flooring, work station pads, gloves,
life jackets and the like ari.other markets for the invention.
Since supergas is both a superior electrical and thermal
insulator, .this device is useful where cushioning needs to be

combined with electrical and/or thermal insulation. It is
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further noted that cushioninq products made in accordance with
this invention and 1nf1ated with supergas will have the unique
.ability to selectively absorb and attenuate potentially

damaging high frequency acoustic dnérqy,'while simultaneously

transmitting low frequency energy waves.

The devices of the present invention are uniqué at least

in that: |
(1) Essentially permanent inflation can be achieved by a new c; :-.ﬂ'
and novel “technique to selectively control the rate of e
diffusion pumping emanating from the ambient air.
(2) The use of texturizing; bﬁlking, lboés, tendrils and/oé
f single free strands to greatly increases the attachment .
betwéen the coupling member and the fabric and in turn i
attachment of the fabric to the associated elastomeric 6uter
envelope material, so as to achieve i bond peel strength
several times greater than is possible with other conventional
methods. _
(3) The two step process for atﬁaching th§ gas containing iu)
envelope to the fabric to achieve the necessiry high strength
bond by: |

(a) Carefully controlled héaé, pressure and cooling
(freezing) under pressure and timing, applied to the coupling
material in order to achieve the essential, precise degree and
quality of penetration of said coupling material into the
upper and lower facing fabric layers; |

(b) Short duration, high power RF lamination of the inner
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surface of the elastomeric semi-permeable outer envelope

material to the outer furtace of the fabric material.

(4) The use of special yarns and fibers that have good
resistance to abrabion, fibrillation and bending fatigue and
of sufficient pile fiber bulk.

(5) The use of a coupling material on tho cloth which
eliminates laterally extending fibers and thus precludes such
fibers from being trapped and sealed in the perimeter seal and
thus bridging the perimeter seal and acting as leakage paths
for the inflatant gas. _

(6) The variety of unique cushioning products which can be
made, especially telatively thinland essentially flat or
contoured products, of a wide variety of shapes and
configurations.

(7) The provision of products that can have controlled sﬁrface
contours. _

(8) The provision of inflated products having a high internal
pressure, great dnrability, longevity, and service life and
reliability, and excellent resistance to fatigue failure.

(9) The use of a fadbric material comprising tilaments made of
gas barrier nateriﬁls sécurely inbeaded ﬁithin the semi-
permeable elastomeric envelope in order to reduce and
precisely control the inward diffusion of oi and 2 from the
ambient air, into the relatively thin products which typically
have a high surface to volume ratio and thus are much more

sensitive to loss of preséuro.

(10) Products that achieve the optimum level of cushioning and
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energy return or resilience (i.e., compliéncc) within any
given packaqc limitation. |

(11) Products that are able to selectively attenuate,
convertand slow-down p;tentially_damaging high frequency
acoustic vibrations'while simultaneously transmitting lower

frequency acoustic vibrations. | \o/
(12) Products that simultaneously cushion and also provide

both excollent electrical and :hernal-insulation, even wvhen

surrounded by a high moisture environment.

o)

Numerous other advantages of the present invention will.

‘become apparent from the tollowing description, which should

be read vith tho toregoinq, and which, taken together with the

acconpanying drawings, describea and illustrates preferred
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embodiments of the various forms of this invention.

mg_mmw

Figure 1 is a plan view of an insole for articlei of
footwear according to the present invention; |

Figure 2 is an exploded view, partly in_secﬁion and |
partly in elevation, of the components of the product of this
invention prior to final assembly;

Figure 2a is a view similar to Figure 2 showing the
structure in a partially assembled contigﬁration with the
coupling layer having been impregnated intb the outer surfaces
of the fabric layers:; | |

Figure 2b is similar to Figure 2.shouing the structure in
the completely assembled configﬁration and represents a
section taken along the line 2b-2b of Figure 1;

Figures 3#, 3b, and 3c are similar to Figures 2, 2a and
2b and illustrate the product of the invention wherein the
restraining means or droé threads are position&d in a
triangular arrangement. o

?igure 4a is an enlarged view of a single fiber
diagrammatically illustrating the tendrils and attachment
sites; | 5

Figure 4b is a view, partly in section and partly in
elevation taken élong the line 4b-4b of Figure 4a:

Figure 4c is an enlarged exploded diagrammatic view
illustrating the bond betweéh the fabric and the coupling
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agent 1mpr§gnated envelope in accordance with this inventicn;

Figure 5 is a view of a short length of flat,
untexturized yarn:

Figure 6 is a pigtorial rep:esgntation of a portibn of
fabric knitted or woven from the flat yarn of Figure 5;

Figure 7 is a view of a short length of yarn which has
been texturized by a_false-twist. trictional twist, stuffer-
box, edge-criﬁp, or sinilar typo of texturizing;

Figure 8 is a pictorial representation of a portion of

'fabric knitted or woven using texturized yarn as in rigurn\gi i;;

Figurg 9 is an en;arqed view of a short length of yarn
which has beeh.texfuriied with a special method, i.e., the
air-bulked, heat-sat method; _ _

~ Figure 10 is a portion of fabric woven or knit using s
special texturized yarn of Figure 9;

Figure 11 is a portion of fabric having a flannelized
and/or abraded surtacc.

Figure 12 is a sketch of a short length of yarn which has
been spun using a combination of continuous and discontinuocus .,a
fibers with discontinuous fibers constituting approximately '
30% of total fiber contént:

" Pigure 13 is a view partly in section and partly in
elevation of the composite structure of this invention mounted
in a radio.frequéncy séaling press and positioned between the
upper and lower set of laminating dies: |

Figure 14 is a plan view and a longitudinal section of

full-length inflated element having variable inflated
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thickness where the'thiqk heel portion is joined to a thinner
fore-foot portion by means of a tapered shank portion, in
accordance with this invention:

Figure 14a is a sectional view taken along the line l4a-
14a of Figure 14;

Figure 15 is a plan view of a heel ped in accordance with
the present invention;

Figure 16 is a plan view of a form of cobra pad cushioned
rear foot stabilizer insert in accordance with this invention:;

Figure 17 is a plan view of another form of cobra paid
insert in accordance with this invention; |

Figure 17a is a view, partly in section and partly in

- elevation, taken along the line 17a-17a of Figure 17;

Figure 18 is a view, partly in section and partly in
Qlevation, of a multiple layer, multi-chambered product in
accordance with this invehtioh:

Figures 19 is a view of a heel ped where the enclosing
envelope is pre-formed by injection molding, blow molding,
roto molding and the like and wherein he fabric layer is

'impregnated with coupling agent and then heat-sealed to the

inner surfaces of the pre-formed envelope, in accordance with

"this invention;

Figure 19b is a view in perspective as seen from the left
of Figure 19;

Figure 19c is a sectional view taken along the line 19c-
19¢ of Figure 19:; _

Figure 19d is a sectional view taken along the line 194~
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19d of Figure 19;

Figure 20 is a graph comparing the force-deflection
characteristics of a standard'tubular 1nt1atéd element of the
prior art with the new éushioning device of the present
invention inflated to an average préééﬁri level;

Figure 21 is a graph comparing the force-deflection
characteristics of a standard tubular inflated element of the
prior art with the new cushioning dévice 6t.the present
invention inflated to a higher than avefaqe pressure ; C; N

Figure 22 is a graph of the force-deflection - |
characteristics of the cushioning element bf the présent
invention showing the portion of the load énpported_by the
drum~head property of the device and portion of ioéd supported
by the thermodynamic properties of the pressﬁriied inflatan(:}_ '
medium; -

Figure 23a is a schematic cross-section view with vector
force diagrams of the cushioning element of the present
invention being compressed by a load (és é.foot)'ﬁith the load
making initial contact; . | | i;)

Figure 23b is a schematic cross-section view with vector
diagrams of internal pressure forces and fotces.in the barrier
enveiope of the cushioning device of this inventidh,
illustrating how the-device performs to provide the unique
drum-head effect and the unique force~deflection
characteristics ot'this.nev cushibning elemeht:

Figure 24 is a graph comparing the force4dgf1ection and

compliance characteristics of a conventional foam
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encapsulated, tubular cushioned and pressurized sole of the
"prior art and a non-inflated midsole of foam, sorbathane, or
gels; etc., with the force-deflection and compliance
properties of the inflated element of this invention inflated
to average pressure;

- Figure 25 is a graph showing how differences in inflation
pressure levels can affect the force-deflection
characteristics of the cushioning dévice of the present
ihvention:

Figure 26 is a graph showing how différent mechanical
devices such as lugs, bars, etc. on the inner surface of a
moderator pad.can affect and customize the force-deflection,
spring rate characteristics of the device of the present
invention,;

Figure 26a is a plan view of a product in accordance with
the present invention having lugs and the like:

Figure 26b is a sectional view taken along the line 26b-
26b oflrigure 26a;

Figure 27a is a schematic cross-section of the device of
this invention mounted in a special Kim flex-test machine to
provide accelerated bending fatigue testing of the inflated
device, with the schematic showing the inflated element in a
partially flexed condition: |

Figure 27b is a schematic cross-section of the device,’
same as Figure 27a, with the inflated element in the fully
fléxed, béttomed-out condition;

Figure 28a is a highly enlarged schematic fepresentation_
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of three different typef of fibers in tension 1) flat
untexturized tiber, 2) conventionally texturized fiber, and
3)_speciél air-bulked, heat set fiber:; |

Figure 28b is a schematic representation of the same
three fibers of Figure-zaa in a partially compressed, or
relaxed, condition;

Figure 28c is a schematic'répresentation at 1,000 times
actual size of the same three fibers of Figure 28b after
several million cycles of flexing in the near-bottomed-out - Q;i
condition; |

Figure 29a is a'plan-view schematic representation of a
bundle otAtlét, untexturized fibers, as'in a portion of yarn -
'bundle, being subjected to a transverse loading condition; __

Figure 29b is a cross-section view of the fiber bundle\:;
Figure 29a;

. Figure 29c is an enlarged cross-section of a single flat
fiber of the tiber bundle of Figure 29b showin§ how the
transverse loading condition can cause bundles (or groups) of"’_
molecular chains within the single fiber to start to separate %
and suﬁsequently_break'apart, cauiing.a fibrillation type

failure of a singie fibér (see also Figure 30), after repeated
application of loading and unloading of a transverse load:;

Figure 29d is similar to Figure 29a for the example of an
air-bulked, heat-set fiber bundle; |

Figure 29e is similar to Figure 29a for the example of an
air-bulked, heat-set fiber bundle; |

Figure 30.is a view of a scanning electron microscope
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photograph at 1000 times actual size obtained of a single pile

interlock fiber after oﬁe of these tensile element fibers of

the preseht invention had experienced a fibrillation-type
failure resulting from approximately one million cycles of
compression an dassoéiatgd abrasion, and bending and flexural
fatigue; |

Figure 31 ;s a graph showing how differences in volume or
plan-form can affect the force~deflection, cushioning
properties of the inflated device of the present invention,
with Figlures 31a, 31b, 31c and 31d illustrating the geometry
represented by the graph:

Figure 32 is a plan view and cross-section view of two
inflated cuéhions as the present invention having different
elastic, deformable pressure accumulation volumes around their
périméters for customizing the cushioning properties of the
devices; |

Figure 33 is a plan view and lateral cross-section views
of the device of the present hiving a éomposite hybrid design
with load-proportional, dynamic, automatic longitudinal arch
support, and a graph comparing the load-deflection
characteristics of the device with and without the arch
support accumulator volume:;

Figure 34 is two cross-section views of a dual pressure,
twin chamber cushioning device of the present invention one
view showing initial impact of the load and another view
showing the differentiﬁl cushioning characteristic of the

cushion partially-compressed;
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Figure 35 is a plaq view and a cross-section view of the
cushioning device of the present invention having sewn-in
lateral flex lines to improve the bending tiéxibility of the
device during walking, running and qther athletic endeavors:

Figure 36a is a 20 times actual size plan view schematic
representation of a filament having been imbedded in a
perimeter seal when the perimeter seal ﬁas m@de in the barrier
£ilm; | | |

Figure 36b is a view in cross-section of Figure 36a Y
showing the potential leakage path around the fiber through
which the inflatant gas can slowly leak out ofthe device of
this invention when improper manufacturing or quality control
procedures are used; and

 Figure 36c-is a schematic representation at 500 to 1000
times size of a cross-section of a group of fibers in the |
outer layer of fabric of the device of this invention which
have been impregnated and sufrounded with molten coupling
agent material which shrinks when it cools and.develops a

tight shrink fit around each fiber thereby eliminating Wl

potential ‘inflatant leakage paths.
Detailed Description of the Invention

Referriﬁq particularly to the drawings, which show
preferred forms of this invention, there is illustrated in

Figure 1, generally at 10, an inflated product according to
the present invention which for the purposes of illustration

;J'
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may be an insole. As spown furfher in Figure 2, 2a and 25,
insole 10 is composed of a composite structure in which an
outer semi-permeable elastomeric barrier layer 12 defines a
pressure tight sealed chamber in which a tensile load-bearing
structure which comprises a double-walled thread (yarn) linked
fabric indicated generally at 14 is positioned. The double-
ﬁalled thread linked fabric structure 14 is composed of a
first fabric layer 16, a second fabric layer 18 and drop
threads 20 (pile interlace yarns) which function exclusively
as tensile elements in that they are placed in tension when

the envelope is pressurized and sealed. The material of the

- fabric layers may be different from that of the drop threads.

Also indicated in these Figures are layers 23 and 24 of a
coupling material, as well as the loops and tendrils 29 and 30
extending outwardly from the distal surfaces 32 and 34 |

respectively.

It is apparent that Figs. 2, 2a and 2b are progressive

views of the general sequence in fabricating the product of

‘this invention. As shown in Figure 2a and as will be

described in detail, the coupling agent 23 and 24 is bonded to
the outer exposed surfaces 16 ahd 18 of the fabric 14.
Thereafter, the barrier layer material 12 is assembled and
bonded to the coupling material and the underlying fabric 16
and 18 to form an assembled coupling layer 35, the barr?er
layer being seam welded as indicated at 38 to form an gnvelope

enclosure. Thereafter, the envelope is.pressurized with any
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of thg gases or combination of gases described.

The material of the envelope 12 1s-preferab1y-one of the
elastomeric materials nqted in the above Rudy patents.
Preferred materials are polyureth#ne materials such as
polyester or polyether based polyureth;ﬁe elastomers, or
polyester elastomer; although the'inventién is not limited to
those specific matérials. Depending upon the ultimate
environment in which the product is used, one of these .
materials may be preferred ovef the other. For example, heaéf Q;)
moisture and bacteria tend to create pfoblens over a period of
time. If the product is not uséd in that tyﬁe of enﬁironment,

" a poiyester urethane matérial éperates-éuite wvell. If the
environment is such that:heat, moisture and bacteria are
likely.problems, the polyether urethané material is preferred.

The latter is somewhat.nore expensive and requires somewhat

greater care in the manufacturing process for the final

product. With the polyether urethane, the higher diffusion
rate_with réspect to superéas is not a serious factor in the |
novel products of this invention for reasons to be discussed. "/ |
It is uhderstood ﬁhat the outside surface of the envelope may E

optionaliy have a relatively thin fabric material bonded

thereto.

The fabric ﬁate:ial which has been described may be a
polyamide, for example the nylon haterials noted, or polyester

yarns or materials such as that availablgfunder the mark
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strength and greater abrﬁsion and fibrillation resistance than
the other materials mentioned, but require more care in
production, especially if RF welding techniques are used. In
general, the use of high RF energy for a short periods of
time, as compared to the other types of heat sealing, is
satisfactory. It is of course well know that RF energy is

guite accurately controllable.

The peel strength between the facing yarn 16 and 18 and
the assembled coupling layer 35 and the semi-permeable
elastomeric barrier layers 12 of the envelope must be at least
18 pounds/linear inch. The preferred values are between 25/35
pounds/linear each. Conventional bonding techniques are able
to achieve maximum peel strengths of only 8 to 15

pounds/linear inch.

Figures 3a, 3b and 3¢ are similar to Figures 2, 2a and
2b, but illustrate a fabric i4a in which the drop threads 20a
are angularly oriented. In all other respects, the structures

are essentially the same.

One of the impdrtant'features of the present invention is
the provision of a strong bond between the barrier material

and the facing fabric material.

Referring to Figures 4a and 4b, which illustrates a
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| fragmentary section, the fabric layers 16 and 18 éach includes
fibers 40 having the tendrils 42 and 46 extending therefronm.
It is préferréd that the coupling material and the barrier
layers.lz.be of the same material to form an optimum bond..
The coupling material 23 and 24 only penetrafés the fabric
layer 16 (and 18) and does not penetrate into the tensile
elements 20. Thus, the coupling éqent does not invade the
region between layers 16 and 18 that is oécupied by the
tensile elements, thus permitting the tensile elements to
function"fgeely and ﬁithout any restraint. In addition, the

| elastonerid coupling naﬁeria;'as seéurely.locks the tensile
ly@rn 20 within the facing layers 16.and 18 so they will not
pull loose and unravel adjacent to the cut edges of the fabric
when cut to the size and shape of the desiréd product. Thié;
feature iS patticularly important when the drdp tensile yarn
20 is not otherwise locked into the facing cloth_layers 16 and
18, for example.in a woven thrée dimensional fabric. However,

the preferred method of manufacturing of the three dimensional

)

cloth is double needle bar Raschel knitting. v

The texturized and kinked geometry of the individual
fibers causes them to act like miniature coil springs. Thus
applied loads are more evenly distributed across all of the
fibers of.the yarn éuch that the ultimate tensile strength of
the yarn is approximateif'eQuaI to the ultimate tensile
strength of the individual fibers times the number of fibers

in the yarn: in the non-texturized yarn the ultimate tensile
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strength is bply a small fraction of the ultimate tensile
strength of the individual fiber times the number of fibers
per yarn. This is because of the "Domino Failure" action of

the most highly stressed individual fibers.

Special finishes on the polymer filaments should be used
other than a polished finish, (i.e., semi-dull, dull, etc.).
This will increase éhe bond strength and thus peel strength of
the semi-permeable elastomer coupling matrix 35. However,
this must"be used with caution with the pressurized product of
this invention, because this process weakens both the tensile
' strength and abrasion strength of the drop thread_tensile
fibers 20,

Bonding agents such as Dow Corning Silane Q1-6106 or PAPI
50 can also be used; however tests to date showed less than a
15% improvement in the peel strength when used on non-

texturized polyester or nylon 66 cloth.

Filaments having a_cross-section other than round (i.e.,
cruciform, dumbbell, etc.) may also be used to improve bond
strength 61 the coupling layer 35, but may result in lower
tensile strength and abrasion resistance if used for the d:op
tensile yarn, and they tend to be more costly. Flat ribbon
type filaménts are more effective in controlliﬁg the activated

diffusion proéess.
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The fiberé1nterface-rein£orcement'(tacing yafns imbedded
into the coupling layer) is essential in order to achieve a
bond resistant to tatigue delanination failure. This is
achieved by flannelizing, abrading, or texturizing. Various
methods of texturizing are availgblg, i.e., false twist,
friction twist, stuffer box, edge crimp and air bulk. False
twist and heat set air bulk are prefe:red,_with heat set air-
bulk the éuperior.qf the two as explained later.

| “ .

The. essential characteristic of the outer surfaces of the™
backing yarns and pilé yérns in the facing layers 12 of cloth
are as follows: the individual filaments of the texturized
and/or flannelized strands of yarn must be kinked or bent, or
formed into loops, and/or selectively broken and protrudiné;f
from the.yarn surtéce. The basic flat yarn is thus expanded
in diameter and volume which creates an external surface on
both ﬁpper and lowver facing cloth members whe:gin spaces that
normally exist_at the overlapping 1h£ersections of the strands
of the cloih are filled-in and/or covered over by the loops, .,
strands, or distorted filaments.

Thus it is important £6 note that appropriate texturizing
both the yarn that constitutes the upper and lower facing
clgth member and the yarn that constitutes the drop or tensile
yarn is essential in heing able to achieve the required
durability and fatigue strength of the product as explained

elsewhere herein. It is likewise inportant, however, not
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essential that both the texturized yarn and also the finished
three dimensional cloth be properly heat-set.

The surface characteristics as described above are very
important. 1In addition, it is important that the coupling
material of the elastomeric coupling layer 35 have a high.
molecular weight_(1oo,ooo to 500,000, ideally 170,000-350,000)
and a long-chain molecule; Further, it is essential in the
preferred method of applying the polyuréthane coupling member
into the.upper and lower facing fabric; that the heat input be
uniform across the entire surface, and that the surface
temperatures of the heated platen be carefully controlled
within specified limits (350 degrees to 390 degrees F for
polyurethane). Accurate control of the time an& heat input
assures that the coupling material will have the correct
viscosity when either mechanical or atmospheric pressure is
applied to drive it into the upper and lower layers 16 and 18
of the fabric. If the viscosity is too high, the material
will not penetrate sufficiently into the cross-section depth
of the strands of yarns. If the viscosity is correct, the
semi-permeable coupling material will move into the upper and
lower facing fabric and encompass, surround and adhere to the
individual filaments comprising.each yarn and sinultaheously
block And limit the penetration of the coupling material to a
depth not to exceed the total thickness of either the upper
orlpwér facing cloth members 16 and 18. It is extremély °

important that the coupling layer 35 penetration not extend to
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the inside surfaces of the facing layers of the fabric, such

that it would interfere with the free movement of the drop

yarn tensile elements 20. This can happen if: 1).the coupling
material is not of sufficiently uniform high molecular weight,

2). the température of the COupling'agenflis not at the correct
point on the temperature-viscosity curve, and 3) the external
surfaces of the fabric aré not structured properly as

described in the paragraph above, (as well as in the further
discussion which now follows in describing the Figures), 4);: N
the time at temperature is incorrect, 5) the applied pressure ‘w/

'is incorrect, 6) the cbmposite_ptbduét is not frozen (cooled )

to approximately room temperature before the release paper is

.removed. This construction of the facing cloth 16 and 18

effectively constitutes a coupling agent penetration-controi
mechanism. The high molecular weight, long chain molecules of
the semi-permeable coupling material drape around the very
fine filaments of the texturized and flannelized yarn, the
latter torﬁinq a filter for controlling and limiting the depth
of penetration'ét the coupling material 35 into the upper and

lower facing cloth layers 16 and 18.

At this point in the discussion it is important to
discuss further the needed characteristics of the surfaces of
the fabric. Figure 5 illustrates an individual flat yarn 50
(non-texturized) where the individual fibers or filaments are
essentially straight and lie together'in'a'felativély éoupact_
bundle. There is very little open space between the

i
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filaments. The material of the coupling layer 35 cannot

penetrate into the cross-section of the yarn, and thus
attaches only to the outer surfaces of the yarn bundle.' This
is not acceptable because (1) the bond is too weak. (2) the
open yarn bundle accelerates the process of outward activated

diffusion, instead of restricting and controlling it.

Figure 6 illustrates the additional problem with fabfics
having flat y&rns. Open spaces 52 exist between the various
overlapping yarns of the completed three dimensional fabric
which permits the coupling material to flow essentially
unobstructed through the facing layers 16 and 18 of the cloth
into the pile area of the fabric. The pile (tensile) yarns 20
thus become glued together and the air-cushion will not
inflate uniformly to the proper thickness. In extrenme
situations, the upper and lower facing cloth layers 16 and 18
are cemented together such that no inflation is possible.

Figure 7 shows a typical individual texturized yarn.
Loops, tendrils and filament ends 54 protrude from the surface
of the yarn. Individual fibers are kinked or coiled and are
not straight. The yarn is fluffed-up or bulked and of larger
diameter than a comparable flat yarn. Fibers do not lie
together in a compact configuration. There is substantial
space.and openness between the individual fibers to permit
penetration of coupling material into the yarn. The coupling

material can easily penetrate the entire cross-section of the
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yarn, thus locking the individual high-strength fibers
together within thé elaétomeric, semi~-permeable matrix
(polyurethane) to form an extremely strong composite material.
The peel strength between the yarn and the elastomeric matrix
is extremely high because of the kinked geometry of the fibers
and the tuil-depth penetration of the elastomer between the
fibers.

Figure 8 diagrammaticélly illustrates a fabric S§ L e
constructed with a texturized yarn as in Figure 7. This
fabric has no open spaces betﬁeen the overlapping yarn
elements 55a and 55b that would permit excess penetration of
the polyurethane coupling material 35 as would be the case in
the fabric of Figure 6 made using a flat yarn. Even with aw
texturized yarn, it is necessary to follow proper procedures
when knitting or weaving the fabric'tq insnre proper (not

excessive) tension on the yarn during the knitting or weaving

_process and to provide uniform density of the fabric surface

through all portions of the fabric. In this way, the macro- gg)
molecular filter/penetration control technique ispreserved and

is very effective in achieving the desired precise degree of

penetration of the coupling material 35.

Figure 9 is a pictorial representation of a single yarn
60 that has been texturized with a very special process. This
is an air-bulked yarn. Not only is this yarn bulkier than

other texturized yarns, but it is much hore permanently heat-
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set during the texturizing process. The heat-setting

operation locks in the loops, tendrils and kinks 56 so that
even after being stretched out straight under tension and
relaxed many times such as during knitting or in the finished
product they will return to their texturized state when the
tension load is removed. This permanént spring-like property
can.exist even after several million cycles of tension and
relaxation of tension which greatly adds to the bending
fatigue resistance and abrasion resistance of the pile
(tension) fibers 20. This will be discussed in more detail
later. For now, it is sufficient to say that air-bulk heat
set texturizing is also a very satisfactory method for
assisting in the macro-molecular penetration control of the

coupling material 3S.

Figure 10 illustrates a fabric 65 which has been
constructed using the air-bulked yarn of Figure 9. The
advantages of such a fabric are superior tb these of Figure 8.
As is apparent, it is important that the fabric layers be free
of any direct unobstructed passages or path ways to the core

or center portion of the fabric layers.

Other methods of treating the surface of the fabric to
add to bond strength can be used, although they are not
preferréd approaches. These include abrading the sQFface or
flannelizing the surface of the fabric to create loops or

tendrils or protruding broken strands. The possible open
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spaces between the overlapping yarn is thus covered by these
tendrils and broken filiment loops to achieve at least a
_pattial macro-molecular penetration control of the coupling

material, as seen Figure 11.

| Another lésé pteterred approach is to use a discontinuous
fiber which has been'spun into a yarn contiining at least 70%
continuous filaments. Thus, the discontinuous fibers or
tendrils extend from the yarn surface, and the opposite end:; .
are lockéd into the yarn/fiber bundle, as illustrated in | A
Figure 12;

Again referrihg to Figure 2, because of structure of N
filaments and yarns just discussed, as is seen, the distal"‘
sides or outer surfaces 32 and 34, respectively, of the fabric
layers are populated with a multiplicity of tiny tendrils or
loops which form attachment sites or points 29 and 30. These
aré shown.#s extehd;ng outwardly from the distal surfaces in
Figure 2 for the purpose of illustration, it being understood \J
that they aré later bound within the coupling material as
shown in Figure 4c wherein the sanme retefence numerals
previousiy used are again used. These attachment sites are
provided'by the tendril members.which_are part of the
filaments from which the fabric is constructed.

' Referring once more to Figures 4a and 4b, the yarn strand

40 includes a plurality of tendrils 42 which extend from the
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surface portion of the yarn strand. The tendrils may be loops
44 or tfaqmented tibar'strands 46 or both. The procedures for
formihq such tendrils has already been described. The
teﬁdrils function to increase substantially the surface area
for éttachment, as described. The tendrils extend in various
directions, depending upon the procedure used to form them.
As.shown, there are tendrils at the upper surface of the fiber
strand and prqferably around the entire surface area of the

yarn strand.

In the completed structure indicated for example in
Figure 4c the 1nner_surfaces 68 of the outer semi-permeable
barrier layer 12 are rendered molten for the purposes of
bonding with the coupling agent 23, for example, which is also
rendered molten at fhe interfacing plane at 69. The
application of heat to the envelope during manufacturing is
preferably controlled so that molten zone at 35 and the
éorresponding region of the coupling agent within the
respective fabric layers are the only parts of the structure
which become molten. This molten layer is very limited in
depth, both within the barrier layer and the coupling agent
layer (i.e., .001 of an inch to .002 of an inch deep).

However, in this process very strong bonds are obtained.

Radio frequency, dielectric heating (in combination with |
heat sinks) is particularly useful in selectively focusing
heat input and controlling what gets hot and what does not get
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hot. The set-up which has been very effective in controlling
the lamination of the barrier film 12 to the éoupliﬁg agent at
35 is shown in Figure 13. The upper and lower laminatinq dies
70 and 71, which hdy be configured to nﬁtch the perimetef of
the die-cut fabric, are made of solid brass and are water
cooled. These dies are 1 inch to 2 incﬁes in height to focus
the zone of maximum RF éne;gy 1nput'at'£ﬁe horizontal center
plane of the fabric. Because the fabric has.low dielectric
constant, it does not get hot. On the other hand, the o
matérialﬂof the barrier film 12 and the coupling layers 23 and >
24 are highly polar and are quickly heated at the interface by
RF energy. The cooled laminating die#*prbvide a heat-sink to
draw heat away from the outer surface of the bartier £ilm.
The result is a_sharp tocus of heating at the localized @
interface between the inner surface of the barrier film 12 and
the coupling matefial layers. This area quickly heats up to
approximately 350 degrees to 390 degreeé F.as is séen in the
temperatufe scale of this Figure 19. At this temperature, the
barrier film and the coupling layer are moléculatiy locked : ;J
tenaciously together under the pressure of the laminating
dies. This process is best achieved,with.naxiﬁﬁn practical RF

energy input of shortest possible time duration.

Upon joining of the envelope layer 12 (?igure 2b) to the
coated fabric material surface, as described, the material of
the coupling layer tends to merge or fuse with the enVeiope

material as one cohesive structure in which the fibrils are
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securely anchored. Since the envglope_materiél is joined to
‘the coupling material and the latter effectively surrounds or
covers or encapsulates and penetr&tes substantially all of
both the relatively large yarn and the comparatively small
fibers and-fibriis, the bond strength is exceptionally high
and much higher than could be achievéd Solely through the use
of coupling agents. Significantly, separation as a result of
the internal gas pressure does not appear to be at the
interface between the two materials, but rather due to
fracture or pulling of the fibers and tendrils with respect to
the coupling materiai 35. In other words, the Separation
above the relatively high peel strengths noted is not
delamination of two distinct layers as may be the case of two

'sheet materials adhesively bonded or laminated together.

The barrier layer 12 is hermetically sealed by means of a.
weld 38, Figure 2b, which extends entirely around the
periphery of the structure to achieve a pressure :ight
enclosure. It is preferred that the periphery of the
structure at the weld be about one-half the original cross-
sectional thickness of the two sheets of barrier material.
The weld 38 is normally made as close as possible ta.the edge
of the double-walled fabric 14 without trapping.any of that
fabric material or strands thereof in the weld itself. Any
filaments trapped in the weld will probably cause the device
to leak, as will be described'in detail As earlier noted the

elimination of fabric or strands in the weld area may be
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aehieved by first applying the.coupliﬁq material to the fabric
material. In certain instances, hewever, it is desirable to
positien.the weld a given distance from the edge 5: the cloth,
to'Create a stabilizer and pressure accumulator tube(s) or
section. (rigﬁreusz,.asa-c)._ It a fabric haterial is applied
to the onter sgrface of the envelope, the surface other than
that which forms the perineter weld, theﬁ none of that portion
of ﬁhe fabric or covering cloth can be positioned.in the weld.

o/
1§ 4 desired, the distal sides of the tabric may be treated

)
with chemical bonding agents such as silanes or silastic
materials DOW Q1-6106) to improve adhesion. It has been
found, however, that chemical bonding agents are not adequate

alone to provide the necessary peel strength. o/

.In a less preferred procedure the distal sides of the
fabric 14 are flame treated so as to oxidize the surface and
provide a nultiplicity of mechanical attachment sites. It has
been found, however, that flame trestnent'nay reduce the W

strength of the fabric beyend a satistactory level.

sﬁructures eccording_to the present invention having
inflated-thicknesses'ih the range of .100 of an inch to .500
of an inch have been successfully intiated to over 180 psi and
have retained those pressures for several months without
failure.. It is also possiele in accordance with this

invention to provide products tha€ have variable inflated
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thicknesses by having a controlled surface contour, i.e.,
thinner fabric at one portion and thicker at another portion.
Figures 14 and 14a illustrate and insocle 75, for example,
wherein the fabric 76, already described, is knittéd or woven
fo have successively thick 77 (heel portion) and thin portions
79 (fore-foot portion) separated by and joined to a tapered
ramped section 80. In this form, an inflation/deflation
device 81 is also illustrated. The fabric is coated with the
~coupling material and then die cut with the thick fabric
forming the heel portion, the thin fabric the forefoot portion
and the tapered section comprising the shank area of the

pressurized product.

In general the preferred barrier film material is
polyurethane as described in the above identified prior Rudy
U.S. patents the other elastomeric barrier films as identified
in the previously referred to pgtents are also applicable.

The cbuplinq material is conveniently the same urethane
material which is use& as the buter barrier layer. The fabric
ié composed of heat set filaments so that the fabric layers
remain in accurate registry with respect to one another during
handling and fabrication. Very satisfactory results have been
achieved using filament shaving a denier 3, a tensile strength
of 3 gréms per denier, approximateiy 40 filaments per yarn and
its 1 to 3 yarns per tuft or strand with the fabric being
composed of approximately 440 strands or tufts per sduare

inch. When radio freguency heating has been utilized to bond
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the semi-permeable elastomer layer to the coupling agent
coated distal sides of the double-wailed fabric it has been
found that heating the dies to between approximately 100 and
150 degrees Pahrenheiﬁ and utilizing a radio frequency of
27.12 meqahertz,'achigves the desired bonding without
impairing the rest of the structure.

The pretérred_inflatant'gaé is supergas, although the
invention is not limited thereto. The rate of diffusion of _
air into the emieibpe and the reduced rate of diffusion of é{e U
supergases out of the envelope are related to the surface area
through which diffusion may occur.'_IE is again useful to
refer in somewhat more detail to the construction described in
Figures 2, 2a and 2b, for éxample; As can be seen, a largei:;_
percentage of the cross-section of the ocuter layers of the
device is occupied by fibers, comprising the distal surfaces
of the fabric, which are imbedded in the elastomeric materials
of the coupling substance 35 as well as the elastomeric
barrier (pressure encloéing enVeiopc) £ilm 12. The fibers of
the fabric are made from highiy distorted crystalline gas "/
barrier materials (polyester or nylon, for example).
Diffusion rates are very low through such materials.
Therefore, the presence of such a large amount of distorted
crystalline pblybers-within the outer composite coupling
barrier layers-dt the product forms an e:tectiVe control or
block -to movement; by the activated diffusion process, of

gases either in or out of the inflated article. The rate of
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diffusion, and diffusion pumping, can be controlled by varying
the construction or dehsity of the fabric outer surfaces,
i.e., the fibers and yarns vhich make up the backing portion
of the fabric. If desired, the construction of the backing
surfaces of the fabric can be changed independently of the
pile (interlace) portion 20; which extends between and
connects the outer sﬁrfaces of the fabric. Thus this novel
arrangement can retain the desirable and needéd properties of
the elastomeric materials of the enclosure while at the same
time enjoying the benefits of control of diffusion rates, and
diffusion pumping, through the selective incorporation of
crystalline elements within the coupling layer and elastgmeric
enclosure. The immediate effect is that in the case of
supergas, there is a substantial reduction in what is already
a comparatively low rate of diffusion out of the envelope.
The practical effect is that the supergas is rétained for a
much longer period.'-This is especially important in thin
devices in accordance with this invention and which havg high
surface to volume ratios. For example, the surface area of
thin devices in accordance with this invention can have
greater than 40 units of surface area for gas diffusion
compared to each cofresponding unit of contained gas volume.
This is approximately 4 times greater than the typical

" tubular, bulbous air-cushions of the previously identified
Rudy patents and thus the problem of maintaining the desired
uniform inflation pressure in the product for the stated life

expectancy is four times more severe.
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The secondary effect is to permit the use of qises other
than supergas or a greater amount of the other gases during
the initial inflation. For example, it is known that oxygen
_has a high rate of diffusion through the elastomeric ba:rier
material. Nitrdgen gas has.a much lower rate of diffusion and
the supergasés have still a much loﬁgr rate of diffusion.
Since the fabric operates to reduce the available elastomeric
. gas passage area for &iffusion, the slower diffusing gases may
.be'used as the inflatant, i.e., those gases having a diffus&dn ;-;
rate le;; than oxygen. Because air includes about 78%
nitrogen and about 21% oxygen with the balance being other
minor gases, air may be used as the infl#tant'in a properly
constructed part, since the_diftuéion of nitrogen is ,\.
relatively slow due to reduced surface area for diffusion, ;:;
the relatively high rate of diffusion of oxygen represents
only 21% (2.5 psia) of the gas component. Thus, by initially
inflating at a relatively high pressure_with air, the pressure
loss over time is relatively small. It is apparent that the B
~use of air or other gases having an effective diffusion rate _\H)
less than oxygen offers practical advantages. The diffusion
barrier properties of the fabric material relate to the
material of the fabric being distorted and stressed
molecularly as well as being highly'érystailographic. In
eifher case the cohesive energy density is such that the

fabric material acts as a gas barrier.
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When an almost 100% block to diffusion is required, a
tightly woven cloth (taffeta has been used successfully) is
impregnated with a layer of high temperature melt-point
urethane which is laminated to a second layer of lower
temperature urethane. This cloth composite is used as the
material of the barrier envelope 12 (instead of urethane
filn); Lamination, using RF energy, successfully bénds the
low temperature layer to the.coupling agent 48 on distal
surfaces of the fabric. 1In this case, crystalline elements
are provided not only by the backing fibers in the surfaces of
the core fabric, but also by the crystalline fibers of the
taffeta cloth 6uter barrier layer. In this arrangement, the
entire surface of the device, out to and including the
perimeter weld, is comprised bt this special barrier product,
which is selectively permeable to the oxygen gas of the
ambient air environment, and which acts as a barrier to the

nitrogen gas of the ambient environment.

A good way to visualize some of the above concepts o

fusing a composite material comprising a combination of both

'_ elastomeric and crystalline components is to think of the

elastomeric material as the matrix which binds together the
crystalline elements. The elastomeric material provides good
flexural fatigue resistance and the desired physical
properties of modulus of elasticity, elongation, manufacturing

processabiliﬁy and heat-sealability. The crystalline

‘components provide the proportional diffusion barrier. 1In
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‘this way, the elastomeric properties of the composite
structure exist up to the boundaries between elastomeric and
crystalline elements of the structure. Thus, the crystalline
materials are:protected from damaging fatigue stresses. Heat-
sealability is accomplished within the inner elastomeric
surface portion of the composite barrier product. A weld bead
at the inside.perimeter juncture of thé barrier product
assures that there are no cloth fibers exposed to the internal
pressurizing gas so as to create a leaking path. -
o
Anoé&e:.of the-advantages.ot the present invention is the
variety of shapes which may be formed. For example, Figure 15
illustrates a heel ped 90 in which the upper and lower
- surfaces are planar and essentially in a parallel sbaced -
relation. This heel ped is unlike prior art heel peds due t;"
the planar configuration of the surfaces thereof as contrasted
to the tubular or bulbous articles of the prior art. Since
the heel ped of this invention is relatively thin, it can be
highly pressurized and is light weight, it offers significant
advantages over the prior heel peds since the heel profile of
the footwear can be-nuch“thinner_pernitting use in mény types
- of shoes including men’s and women’s strget'or dress shoes.

The structure of the heel ped 90 is as already described. -

Figure 16 illustrates an inflated ped 95 in accordance
with the present invention and which is sometimes referred to

as a cobra pad because of its shape. The in:erior.structure
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of the device is as already previously described. The unit
may include a medial leg 97 and a somewhat shorter.lateral leg
99 with an open area 100 between the opposed portions of the
légs and forward of the rear section 101. The unit 99 is
inserted in footwear such that the medial leg 97 is on the

" medial side of the foot with the open area 100 generally under

the calcaneus. The medial leqg is located under the arch of
the foot and provides arch support while the rear section 101
is curved, as shown, to fit the general contour of the heel.
The top and bottom surfaces are flat and planar and in spaced
generally parallel relation. The device tends to stabilize

the foot as well as to prdvide cushioning and arch support.

Referring to Figures 17 and 17a, a modified form of
inflated stabilizer 110 is illustrated again in the form of a
cobra pad with medial and lateral legs 112 and 113,
respectively. The internal structure is as already described.
The medial and lateral legs are spaced from each other and
joined to a rear section which is curved 114to fit the heel
contour. In this form, there is a separate inflated chamber
115 forward of the rear section and between the legs. This
inflated section is bulbous in configuration, as seen in
Figure 17a to provide a special cushion element located under
the calcéneus. The surface of the bulbous section is above

the surface of the adjacent legs. In the form illustrated, a

. heat seal weld extends all the way around the periphery of the

inflated chamber and is a separate chamber from the outer
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portions of the ped. 'Thué, the oute:’portiéns may be
pressurized at one level ‘and the chamber 115 at another level,
usuaily a lower pressure for comfort and cushioning. The
center portion may also be connected to the outer portion and
thus function as an accumulator to provide different load

deflection properties in the air-cushion.

It is understood that the separate chamber 115 may be
fabricated with a three dimensional fabric material rather -
than being merely an inflated bulbous chamber. In this -~ ;;)
variant, the fabric material may be thicker than the material
in the medial and lateral legs for added cushioning and the
inflatant presgure may be lower for softness under the
calcaneus. _ ;}

Figures 18 and 34a-b illustrate an inflated structure 120
in which there are multiple chambers 122 énd 124 formed by
three barrier sheets 125, 126, and 127. The barrier sheets
are composed of ﬁn elastomeric material as already described N
and a fabric material, 128 and 129, as already described is v’
received between adjacent sheets. This particular form of the |
invention may be a product in which one chambe: is a full
length insole;and the upper part is in the form of a heel ped
or moderator. .Further, the upper part may bé'pressurized to

a lower pressure than the lower part in order to provide a

‘relatively soft upper cushion in contact with the bottom of

the foot and a more pressurized under section to prevent
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bottoming out.

In the form of Figure 18, the upper dhambef nay be of a
smaller surface aréa than ﬁhe loﬁér chahber, i.e., the upper
| part need not be coextensive with the lower paft. For some
products, it may be'desirable to use a heel ped at.higher
pressure than ﬁhé lower part since it may be blaced in a
cavity in the.heel while the upper section may function as a
full length sock liner. It is apparent, that the present
invention 9ffers a wide variety of possible structures and

variations thereof.

By way of example, the pressurized article may be used
either as a full-length slip-in or partial length sockliner.-
It may be configured to provide arch support as a slip-in item
or built into footwear. It may 53 installed in footwear
during manufacture by placement in a recessed cavity in the
midsole or elsewhere in the footwear. It may be fully or
'partly.encapsulated in foam in a midsole or elsewhefe'in

footwear.

It is also to be understood that the sheets of the
product may haﬁe different gas diffusion characteristics.
Thus, oniy one surface layer need be sehi—permeable to gas and
ﬁhe'other may be impefmeable. In effect, all that is required

is that there beat least one semi-permeable region'in the

structure. While iti s preferred to have the surfaces of the
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fabric uniformly bound.to the facing surface of the barrief
material, theré may be a-situation_ln which defined iggions of
one surface are not bonded or in vhich no fabric component is
present. A typic&l such structure is 111ustta£ed in.Figures
ii and 17a and Figure 33a hereof. Fﬁrther, it is apparent
that the.enVeibpe:may be formed from starting materials other
than sheet materi;ls. Other téchniques such as blow molding
or injection molding may be used to torn'the envelope;
followed by jbining the envelope to the fabric components and
theh.presgurizihq; .Fiqures 19~-19d illustrate such an e
approach. There, the heel ped 130 includes a thidker rear
wall section 132 and thicker side walls 133 and 134, as shown.

The tabric material 14 is also present. Additional approaches

would. include vacuunm forming, slush casting,'roﬁo molding, ;}

blow molding, vulcanizing, open pour casting and the like.

At this point in discussion, it is important to emphasize
again the unique p:dperties ot cémpliahce thai the new
infléted device.provides. As mentioned earlier, an optimum
cushioning product should absorb the maximum possible shock
input energy, and'return the 1arge§t possible percentage of
that energy: while at the same time attenuating the shock
forceé to the lowest possible levgl.' Such an optimum

cushioning device is defined as having Supérior compliance.

The manner in which the preseht product functions to
provide good cdmpliance is seen in examination of Figures 20,

w
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21, 22, 23, 24. The air cushion of this invention can absorb
maximum shock input eneréy, with maximum cushioning (good
shock attenuhtion within a maximum allowéble'deflection)
because of the'unique shape of the load-deflection curve 150
of Figure 20. The configuration of this curve 150 approaches

‘a rectangular shape, which is the ideal shépe as compared to

curve 152 which répresents the load-deflection curve for a
prior art multiple chamber inflated device. Figure 21
illustrates the energy absorption of the prior art product as
representéd by curve 155 as compared to the energy adsorption
of a ptoduct of the present invention, 156, the latter about
1/2 thé thickness of the prior art product.

Figures 22 and 23a and 23b show how this is achieved.
The foot is shown initially impacting the air cushion.lso in
Figure 23a. As is séen, the pressure within the device can
act over the entire load bearing surface area of the bottom of
the foot, instantaneously producing a large supporting force
before significant deflection occurs. As the foot sinks
farther into the air cushion, as illustrated in Figure 23b,
the upper distal element, which is a composite structure of
fabric outer layer imbedded within the polyurethane coupling
agent and the barrier film, acts in tension as a drum head and
adds a second supporting force by virtue of the vertical
components of the tension in the upper distal element,
indicated by the vector diagram 162. This additional

supporting force is shown in Figure 22 as the cross-hatched
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area 1685.

Because of the efficient energy return characteristic of
1) the drum head effect and 2) the very eftficient,
essentially perfect-gas thermodynamic properties of the
inflatant fluid; as well as 3) the fact that cushions of this
invention can be built into footwear or other cushioning
devices without foam encapsulation (which greatly interferes

with the energy-return capabilities) the products of this

invention return a large percentage of the cushioned impact - \_}

enexgy as compared to foam encapsulated conventional gas
pressurized products, foam midsoles, Sorbathane, gels, etc.,

which waste and dissipate most of the_energy, in the form of

heat. In Figure 24, 170 represents the curve for the energy;;

absorbed by a conventional foam encapsulated prior art
product, curve 172 represents the energy rgturn (about 40%
efficient) for that product; curve:175'represents the energy
absorbed by the pfoduct of this invention, curve 176
represents the energy return (50% to 90 $ efficient) for such
product; curve 177 is for a foam product (30% efficient), and
curve 179 is for SOrbathahe and gel type products (2%
efficient). |

- As compared to my conventional tubular prior art
pressurized product, it is possible to absorb a given amount
of impact energy in much less displacement space using the

prdduct of this invention. For example, Figure 21 shows the

o
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product of this invention absorbing the same impact energy in
one-half the displacement distance of the conventional:
pressurized product, still with overall excellent cushioning

(i.e., acceﬁtably low-shock loads).

Inflation pressure is the primary factor (but not the
only factor) which can be utilized to alter the shape of the
force-deflection properties of the product of this invention.
Plots for three different cushions at three different
pressures are shown in Figure 25, i.e.,'medium pressure curve
',180, high pressure curve 182 and low pressure cufve 184. As
is seen, the high pressure unit can absorb much more energy in
a much restricted space (or deflection). Curve 182 of ?iguré
25 is identical fo curve 156 of Figure 21. The low-pressure

unit_has'a softer feel, but can bottom-out in some instances.

In some caées, the sharp initial rise of the load-
deflection curve is objectionable. This occurs in shoes where
perceived comfort is of primary importance and impact loading
is low, as in street shoes, workmen’s duty shoes and also some
types of walking_shoes. There are various ways to produce an
initial softer feel (other than reducing inflation pressure).
Some of these are illustrated in Figure 26 and related Figures
26a and 26b. For example, tits, or lugs 190, bars 191 or egqq
crate pattern 192 on the bottom of the moderator can achieve
this effect by altering the load/deflection cnaracteristics of

the drum head (see the various dotted portions of the load-
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deflection curve). The moderator is used with the air cushion
of this invention with the studded face in contact with the
cushion of opposite the cushioh. In addition, the type of
yarn, fabric construction, modulus of élaéticity of the
barrier £ilm, etc., can change the perceived comfort and

load/deflection of the device.

It is now valuable to discuss the solution to one of the

more troublesome problems encountered dﬁring the six-year

_deve1opmgnt program which brought the new air-cushions to th:J \;J

status of a reliable market-ready product. '

The problem involves fatigue failure of the tensile
filaments (drop-threads) after prolongéd exposure té many :}
cycles of bending, flexing, twisting and abrasion. These
failures (as well as delamination failures) were encountered.
during testing of the inflated elements in many hundreds of
athletic shoes for many thousands of miles of testing by
nﬁnerous world class athletes. 'Although'the failure rate was
not out-of-line with failure rates of other components of the
shoe, for a high pressure inflatable device of this type, the
reliability must be greater than for other components because
fajlure results in the overall product becoming essentially

useless.

Air-cushions used in athletic shoes are subjected to many

different types of loading in addition to that_related'to
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simple up-and:@own motion. For examplé, shear forces due to
turning and éﬁopping, Ibnqitudinil'flexing as the foot moves
from heel-strike to toe-off rotation movements, lateral
flexing and torsional twisting during pronation and
supination. Very special testing machines which simulate the
in-shoe duty cycle are also used to accelerate the quality
control testing of the air-cushions. These machines run at
relatively high speed and subject the air-cushion to as many
cycles of loading in two days that an athlete would accumulate
in two to three years of testing. Furthermore, these tests
are much more severe in the type of loading so that two days
of testing with what we cail the Kim flex tester machines is,
in fact, appfoximately equal to 3,500 miles of maréthon
running. The typical well made running shoe will not last
beyond about 800 to 1,400 miles. Therefore, parts that pass
two days of this test will generally out last the footwear by
a factor of two or more times. Figures 27a and 27b show a
typical air-cushion 210 nountedlunder the movable test head
212 and supported by fixed guides in the form of rollers 213
on each side of the test head of one of these special "Kinm®

flex-test machines. As is seen, the cushion 210 is exposed

to severe up-and-down coﬁpression loading as well as

bending/flexing as well as some shear action by up and down
movement of test head 212 while'thg rollérs remain fixed.

Compression is provided by the head 212 forcing the cushion
against a contoured cylindrical seat 215, as seen in Figure

27b. Many of these tests were run to isolate failure modes.
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The test is able to acéurately and quickly duplicate the

failure modes experienced in the actual wear tests.

The exclusive purpose and function of the drop-thread
yarns is to act as tensile members to contain the pressurizing
medium and maintain the desired geometrical configuration and
structural integrity of the device. Théreto:e, thé subject
failure problem was sbﬁeﬁhat unexpected in that it occurs
during the portion of the duty cycle when the'drop-yarns areg‘J
not in tension and are not perforﬁing any'useful functidn. - ;;}
The drop-yarns have no purpose whenh not in tension and do not
support compression loads, so as not to interfere with the
primary function ot.the pressurizing mediun'which is to

-~

- support compression loads. \‘)

A good design deflects as much as possible within space
constraints; so as to allow the pressurizing medium to fully
support and aﬁtenuaté shock loads and absorb and return as
much otherwise wasted enérgy as poséible. As soon as the drop U
yarns go out of tension (rigute 28b) they stﬁft_to bend, coil
and fo;d. As the downward motion continues, they bend and
fold further in random fashion and thus also rub against one
another. During this portion of the dutf cycle, there is
considerable motion among and between the yarn strands. This
motion 1s'aggravated by shearing loads (assdciated with

stopping and turning)'applied'to the air-cushion as well as by
the longitudinal and lateral twisting and flexing of the
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cushion as the athlete goes through the sometimes very severe |
motions while ﬁéftorming.various athléﬁic endeavors. Such
bending and flexing of the drop yarns generates fatigue
stresses in the outer portions of individual fibers. Abrasion
damage can occur as the fibers squirm and move against one
another. Under extremely heavy load conditions (i.e.,
‘generally less than 2% of the normal time/life duty history of
the part) the product bottoms~-out trapping and crushing the
tensile fibers against one another and against the inner
surfaces of the composite facing layers (Figure 28c). After
many cycles of such contorting} it is possible for tensile
'yafn filament fatigue and fibrillation failures to occur as a
result of the repeated cruéhing of the tensile elements when
bottoming-out occurs, (Figures 29c and 30). Some of the
fibers are weakened and then subsequently f#il in tension.
Tension stress in remaining fibers increases, and a ripple
effect occurs as successive fibers fail in tension. Eventually
an aneurysn 6ccurs. The air-bulk, heat set texturizing of the
fibers is et;eetive in controlling and preventing this type of
failure and is explained next.

Because most cushioning devices of this type are designed
to operate close to their limits for bottoming4out, in order
'to provide maximum cushioning in minimum space, instances of

bottoming-out do occur, which aggravates this failure problen.

In order to solve this problem, considerable failure
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analysis and laboratory testing were conducted. The mechanism’
of failure and the solutions which were devised to solve the
problems are best descriﬁed in referring in more detail to the
series illustrated in Figures 28 and 29. The series of Figure
28 illustrates the manner in which three types of fibers,i.e.,
1) straight or flat fibers 200, 2) conventionally texturized
fibers 201 and 3) air-bulked, heat-set fibers 202 function
differently during the downward flexing mode, especially as
regards the bottomed-out condition. As is indiéated in Figure
28a, when in the tension mode, all three types of fibers are%ﬂ)
stretched-out in a taunt, straight line, and all three
funcﬁion in much the same way under tensile loads. However,
‘as soon as an external compression logd is applied, the air-

cushion deflects downwardly and the fibers of the drop yarns

immediately go out of tension and enter the relaxed mode gh)

(Figure 28b). The straight (untexturized) fiber 200 functions
much like an Euler column and starts to bend. The '
conventionally texturized fiber 201 (which, as seen, is
bulkier than the straight fiber) shortens in leﬁgth like a
coil spring. The air-bulked, heat-set fiber 202 (bulkier than
the conventionally texturized fiber) also shrinks in length in
a similar manner as a spring. The bottomed-out condition,
after several million cycles of up and down flexing is shown
in Figure 28c. As is seen, the straight fiber 200has bent
over onto itself. The air-bulked tibef 202 is compressed into
a bulky, compliant bundle of looped and inﬁermixed fibers

coiled amongst themselves in various directions in random

&

J
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fashion. The conventionally texturized fiber 201 because of
many cycles of tension and flexinq is seen as having resorted
back to its 6r1§ina1 pré-texturized condition, i.e., it is now
a straight fiber, and, as such, has bent back upon itself in
the same way as the other straight fiber in this illustration.
After many cycles of exposure to such action the fiber Qill

tend to fail, as.next explained.

A portion of a yarn containing the straight fibers is

.shown in the_bottomed-out configuration (at 40 times actual

size) in-Figure 29a. As_is'seen; the fibers are tightly
packed together in essentially a parallel, aligned, side-by-.
side arréngement. The compression load is shown applied to
the sides of the yarn bundle as seen in Figure 29a and the
cross-section Figure 29b. The fibers are applying transverse
loading.one to another. Each fiber is made from a polymer
with a long-chain molecule oriented generally along the
longitudinal axis of the fiber. After prolongéd bending and
flexing durihg the up and down portions of the cycle,
coupled with the squirming, rubbing and transverse loading of
the bottomed-out portion of the cycle, transverse decohesion
(Gelamination) between individual bundles of molecular chains
within the interior of a single étraiqht fibgr can occur.
This failure mode is illustrated in Figure 29¢ which is a
magnified cross section view (1000 times_aétual size) of a
sinéle_fiber from the bundle of fibers (Figure 29B). As is

seen, when the transverse compression load is applied to the
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straight fiber, the fiber tends to burst outwardly on the
horizontal centerline plane, #nﬂ tensilg séparation stresses
occur at the sides of th; fiber tending to delaminate and
unravel the various bundles of moleculé#”chains one from
another. The fiber breaks apart into individual bundles or
strands of molecular chains. Eventually, these small strands
are weakened by fatigue and soon snap and fail either in
tension or bending. This condition is séen in Figure 30 which
is a scanning eleCtréh microscope pﬁotogfaph of a typical
failure of this type (enlarged approximately 1,000 times). ;;;
The separation of a single fiber into vaiiou# strands (of ) \_}_

' molecular bundles) is seen.

‘on the other hand, the heat-set, air-bulked'fibers- |
(Figure 29d and 29e) behave differently f;om_the straight “
fiber. The air-bulked fibers in the bottomed-out condition
have been compressed into an intertwined mass of looped and
undulating filaments. Such a conglomeration of fibrous
material functions as a cushioning element (much like a felt
mat), thereby mitigating compression stresses on any single \;i
filament and distributing forces throughdut the fibrous .

volume.

As a result of testing and analysis of the type just
described, it was determined that several factors are
important to take into consideration in order to control or

eliminate this type of failure. First,'it.is important to
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have a fiber with the longest possible molecular chain
oriented as nﬁéﬁ a spossible along the longitudinal axis of
the filament. Secondly, it is important to use a polymer with
superior abrasion resistance, such as DuPont’s industrial
polyester 68L. Better yet, are fibers made from the NYLON 66
family, especially CORDURA nylon, (having especially long

chains).

Thirdly, texturizing of the drop-thread filaments is
anecessity to improve abrasion flexural fafigue, and
fibrillation resistance by helping to cushion the loading on
any indiyiduai fiber and preventing the filaments from being
subjected to sharp folds, as yarns move against one another.
In this regard Cordura, is greatly superior because of its
air-bulked type of heat-set texturizing which not only
prdvides a yarn with increased bulk but also with fibers which
retains their texturized spring-like condition afﬁer prolonged
cycles of going from the tension mode to the relaxed, folded
mode and back aqﬁin to the tension mode because of béing heat-
set in the texturized condition. Other types of texturized
filaments, lose their texturized shape after exbosure to
repeated cycles of loading and unloading (as we as due to
heating during fabrication) of the product and return to their
original untexturized, flat yarn configuration. It is for

this reason that air cushions of this new type made from

Cordura nylon exhibit a service life which is about one order

of magnitu&e better than the standard texturized nylon 66



- yarn. Further, the standard texturized yarn i; ;ooroximately
one full order of magnitude supefior in.setvice life than the

flat untexturized tensile yarn.

There is also a fourth important consideration to
minimize these failures. It has been found necessary to
provide a sufficient number of fibers pet unit area of the
drop threads to further cushion the abrasion and transverse
loading forces, especially those associated with side-load
shear crushing and bending of the planar surfaces of the aikg;
cushion. | In this'fegard, the approximate minimum number of
drop yarn fibers per square inch is s 000 and the maximum is
approximately 80,000. |

Several other embodiments of the invention are shown iSE?
Figure 31 and related Figures 31a-314 in order to highlight
the different cushioning properties possible'ﬁiﬁh different
types of designs all at the same inflation pressure. The
Figure 31a ped 220 exhibits a steep rise 220a in support force
as deflection increases because of the snell volume of gas Q;J
contained within the ped (i.e., most of the load supporting
volume of the device is trapped beneath the loaded area). The
various compartments 221, 222 and 223 of the Figure 31b full-
length design behave in the same wey'(zzpa); and provide a
stiffer feel as compared to the tuli-iength cushioned product
225 of Figure 31d (see 225a). The form 227 of Figure 31c, in
a dog-bone configueation, provides eupoort primefily under the
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load-bearing portions of the foot (for cost saving purposes),

and has an intefnédiate fptce-detlectiéﬁ curve 227a.

| Referring to Figures 32 and 32a-32e, another way to
influence and control the cushioning characteristics is to
provide an accumulator volume into which the inflation gas can
be mass transported from one portion of the device to another
upon application of load. One suéh accumulator transport
volume can be aroﬁnd the perimeter 230 as is shown in Figures
32,32a and 32b. The larger volume 233 of Figures 32c-32e, of
course, pr;vides the softer feel. The softness of feel is
achieved in two ways: i) the extra volume outside the loaded
area (Figure 32e) provides a space'tor the inflatant gas to
move into upon application of load and 3) the élastomeric
fiim enclosing the accumulator can elastically éxpand and

contract in réqunse to changes in the gas pressure when the

load is applied, thereby further increasing the volume of the

accumulator and the soft responsive cushioning properties of
the device. -This'larger tubular section serves a secondary
dynamic, load proportional function of cupping and holding the'
foot centrally positioned within the shoe.

Figure 33 illustrates an alternate and beneficial unique
means for providing an accumulator volume. This is
accomplished by having a hybrid product 250 in accordance with
this invention, including a standard air-cushicn system

incorporating a tubular portion 251 in the arch area, as shown
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- in Figures 33b and 33c and a portion 252 in accordance'with

this invention. Figure 33b shows a section view through the
arch area with zero load. Figure 33¢ is.tha same section view
in the loaded condition. Figure 33d is the load-deflection
graph illustrating the'conventional prbduct 253 in accordance
with this invention (without the standard air cushion) while
plot 255 is that for the hybrid product in accordance with

this invention. As is indicated, the tubes can elastically
grow and shrink in size (diameter) wheh the load is applied -
and removed in direct proportion to the applied load and the &Ef Q_)
resultant instantaneéus pressure changes within the device. A
softer feel is provided to portions of the air-cushion where

the load is app11e§ (heel area or forefoot). Also an

automatic dynamic arch support proportional to the wearer’s i?)
need occurs under the longitudinal arch portion of the foot to
assist as an orthotic device for pronation control. At toe-

off the arch support automatically recedes away from

supportive contact with the foot so as not to irritate the
plantar tendons as they extend during the toe-off phase.

Another interesting configuration involves a multi-layer
p:essﬁrized product. This is shown in Figures 34a, 34b and 18
where th reference numerals are the same. The two (or more) |
pressurized léyers can be achieved with two separate tensile
“air-cushion devices, one on top of the other, with separate
perimeter seals, all as already described. Another method is

to laminate the stack in a single ope:ation, and to seal the
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three sheets of barrier film around the perimeter in a single -
operation. For_qaximum comfort, the top portion can be
inflated to i io&er preséure than the bottom chamber. The
top, at lower pressure, thus deflects more easily than the
botton pértion, and conforms more readily to the bottom planar
surface of the foot:; thus a high degree of initial contact
§oftness is perceived. The higher pressure bottom chamber
prevents the-device from bottoming-outunder high loads and
returns a greater percentage of the otherwise damaging and

wasted impact energy.

In some shoe applications, a high degree of toe flex is
desired, as in a walking shoe. This can be achieved by
incorporating two or more separate ped elements into the shoe,
one for the heel and one for the forefoot, and possibly one
for the arch/mid-foot region. Another method involves sewn
flexlines 260 extending laterally across the die-cut fabfic '
blanks priorto the final step of laminating the barrier film

_ into place as shown in Figures 35a and 35b. Such sewn lines

draw the fabric down a prescribed distance (1/2 to 3/4 of the
thickness of the fabric) using care not to seal the fabric
completely closed, thereby precluding movement of air across
the sewn line, or a line of discomfort under the foot.

Another method is by having lugs, or bars positioned on the

 bottom of a moderator element in the region(s) where flexure

is desired, as shown in Figure 26a.



@)

- oW

-89-

To better understand the leakage problem which was
 discovered to be a significant prdblem'and.which is solved by
this 1nvent16n; reference is made to Figures 36a, 36b and 3é6c.
In Figures 36a and 36b, a weld seétion 275'¢ompbsed of layers
275a and 275b is shown in which the pressure side is 276. A
- single filament 277 is show extending through the veld 275
from the pressure side 276 to the outside ambient pressure
side 278. The residual stress in the film or'iayers 275a and
275b tends to pull away from the filament 277 resulting in
minute leakage paths 279a and 279b typically along the lateral\ui
sides where the layers join to the filament. As shown the
filament 277 extends all the wéy through thé weld and
represents the worst condition. Leakaqe nay occur even if the
filament does not extend all the way through the weld sincg{?
the distance between the end of the filament and the outside
of the weld may be sutticiently small to permit more rapid
diffusion in that area th#n is taking place in other regions
of the film. |

Figure 36c illustrates another feature of the invention '
which is the effect of the coupling agent in reducing leakage
along the fibers 290. For example, fiber 291 is one of the
drop threads and is located 6n the gas pressure side 295 of
the inflated product of this invention. During application of
the coupling agent, the latter is melted and flows around tﬁe
. fibe;, as indicated at 297, effectively sheathing all or a
portion of the outer surface of the fiber with coupling
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material. This effectively prevents or substantially reduces
passage of tho'gas along the fiber or the outer surface

thereof and between that surface and the barrier film

- material.

Reference is made to my copending applications Nos.

8902474.9, from which this application was divided, and

9201174.1, which was also divided out ‘of 8902474. 9, M

gg which disclose and claim o WW‘K ?/p\w,z/%a

o oltscloiedd -ﬂEMM
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CLAIMS:

1. A process for making an internally pressurized
envelope comprising the steps of:

selecting a semi—permeable elastomeric material in
sheet form which is substantially iﬁpervioﬁs to large
molecule size non-polar gasés énd'éliéhtiy gas permeable y
| to oxygen; B \;} \_,! |
' selecting a compressible structure which includes a
first fabric layer, a second fabrié_layer'normally spaced
from said first layer and means between the proximal sides
of said fabric layers for restraining said fabric layers
from separating more than a predetermined distance and %'(
having attachment points distributed over said fabric
layers, the material of said fabric layers having been
flannelised, or textured or bulked and heat set,

impregnating the distal sides of said first and
second fabric layers with a coupling agent to a depth Qh*
which is less than about the thickness of said fabric
layers;

bonding said elastomeric material to said_distal
sides to fo;m a bond between said f#bric layers and said

elastomeric material, which bond extends substantially

\\\

O
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continuously over said distal sides;

sealing said elastomeric material around the
periphery of said compressible structure to form an
hermetically sealed envelope; and

placing a gas in said chamber to pressurize said

envelope.

2. A process as claimed in claim 1, wherein said
gas is composed of at least a large molecule sized non-

polar gas.

3. A process as claimed in claim 1, wherein a
bonding agent is applied to at least said fabric layers

prior to application of said coupling agent.

4. A process as claimed in claim 1, wherein the
coupling agent has a molecular weight in the ra?ge of
100,000 to 500,000 and wherein the elastomeric material is

composed of at least a polyurethane.

5. A process as claimed in claim 1, wherein the
modulus of elasticity of said elastomeric material is
coordinated and correlated with the inflation preséure to
provide the desired force deflection spring characteristic

and cushioning of the finished envelope.

A A



