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IMPROVEMENTS IN AND RELATING TO
PRESSURISED ENVELOPES

- This invention relates to internally_pressuriz;
able-multi-laye:ed envelopes, and more particularly,
to an improved multi-layered préssurized, gas containing
envelope which is particularly adapted for use as
a cushioning device such as an insole or other component

in footwear.

Background of the Invention

Previously, considerable difficulty had been experienced
in providing internally pressurizable multi-layered envelopes

wherein the envdlope'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 sﬁrtace.

It was sinp;y not possible to proﬁido a product wherein
much (greater than 60%) of the load supporting material of the
product was a gas under pressure. With the former product,
less than 40% of the energy of inpact'on_thq structure was
returned in a beneficial, efficient and comfortable manner, c%ij
the balance of the energy being absorbéd and-dissipatéd as
heat. The present design is capable of returning, in a useful
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-becau#e difficulty had been
experienced with the prior products in producing light weight, S~
long-life, high-pressure inflated structures for use in foot ‘“f
wear and the like which possessed a high degree of resilience
and compliance wherein the shock energy_abuorbed. |
redistributed and stored at impact is efficiently returned as
~ useful energy in a smooth manner, at a rate equal to or
greater than the rate at which the applied load is removed
from the devices. Success of this new product depended upon

solving several basic problems: 1) separation (delamination)

between the tensile element (fabric iayer vith-drop threads)
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and the gas containing bariier layer, when subjected to high
loads with long~term cyclical fatigue conditions, 2) crushing,
abrasion, and bending fatigue failure of the drop-threads, 3)
hydrolytic degradation failure of the drop threads, 4) funéus,
bacteria and hydrolytic stress fracture of the barrier
material, 5) unravelling of the tensile-elements immediately
adjacent to the cut edges of the cloth, when subject to high
loads and bending and flexing, 6) puncture and abrasion
failure of the barrier film, 7) leakage of the pressurizing
gas at the perimeter seal, caused by fiber filaments extending
from the sides of the tensile cloth being trapped in, and
bridging the perimeter barrier seal so as to create minute
leakage paths through which pressurizing gas could slowly leak

out.

In addition to the above probleﬁs, one of the more
difficult challenges was the prcvision of a sealed,
permanently inflated cushioning device with flat surfaces, as
contrasted to tubular or rounded chambers, and which could be
made relatively thin so as to achieve 100% air support and
cushioning and which possessed sufficiﬁnt fatigue resistance
to withstand millions of compression cycles in use. 1In the
case of consumer items, especially footwear, a useful life of
several years is essential. Furthermore this product nust
maintain the unique and beneficial cushioning properties,
without significant degradation thfoughout its full lifetime.

As is apparent, a significant loss or gain of pressure over a
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period of time is not acceptable, especially in consumer
products. It is also desirable to proéidc'an inflated product
capable of withstanding reiativeiy high localized'loa&s

without bottoming out, such as the loads typicdlly encéuntered
in athletic activities. | |

For example, in tunning or other épcrt'events which

involve running or jumping, there are substantial localized {:)m
loads during heel strike or push off. If the cushioninq v

device bottoms out, then the entire purpose'ot'the cushion 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 snallor_éhambers inflated at

lower pressures, and positioned under the load bearing surface

so that there is little or no accunulatbr volume into which

.the gas may escape. Relatively high pressurization of the

prior art inflated devices with rounded tubular chambets ' {;)_
- produced an uncomfortable feéel, unless encapsulated with'foam. |

or used with some other type of Surface/cbntout modefator

elenent.

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

load cushioning devices.



The load deflection characteristics of my earlier
inventions, Patent No. 4,183,156, provided a very soft
cushioned support under light locads. Then, with progressively
heavier loads, the supportivé force increased either in a
linear or in an exponential manner. This type of
load/deflection.characteriétic is suitable for many
applications. However, there are other uses wherg it is very
desirable that the pressurized pneumatic cushioning device
initially exhibit a very firm cushion support under light to

moderate compression loads, a degree of support greater than
| the product of the area of the applied load times the internal
working pressure. Then, when greater compression loads are
applied, the device automatically, at a predetermined load,
changes from the firm, board-like cushioning support and
exhibits A soft, relatively consistent And gradual increasing
level of cushioned support throughout the full, available

displacement 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 were

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 quality which C)
assures tﬁat the product will be free of leaks and have an
acceptable.servicellife even when built as a permanent and
intégrallpart of ﬁhe footwear. It is also an advantage to
be able to provide a gas pressurized load bearing |
cushioning.ﬁember which may be formed'in various shaﬁes,
thicknessea and contours.

It is an object of the present invention to
obviate or-mitigate these disadvantages. : 'CJ‘

_The present invention is an internally
pressufizedlenvelope having spaced inner and outer
surfaaes comprising:

first and second fabric layers positioned in
said envelope such that one surface of each fabric layer
is facing an inner surface of said_envelope,

said envelope being of a semi-permeable
elastomeric material,

each of said fabric surfaces being bonded to
the facing inner surface of said envelope, _ Qy’

said fabric layers including a yarn material
which is.texturized or flannelized or bulked to increase
the bonding to the facing layer of said envelope,

flexible means between said fabric layers for
restraining the movement of said fabric layers away from
one another beyond a predetermined distance, and

a gas in the interior of said envelope to

pressurize the same.



Embodiments of the preseht invention provide a
gas pressurized and inf;ated structure which comp;iées
an hermetically sealed outer covering barrier 1§ye£
which is éecurely bondéd, 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 oﬁtet fabric layers which
are normally spaced apart from one another at a predetermined
distance. Drop~threads, (or more appropriately drop-yarns)
prefcrabiy in the form of multi-tilahent yarns comprised of
mahy individual fibers extend internally betveen the proximal
or facing surfaces of the respective tabric.layers. The use
of nuiti-tilament 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'drop yarns may be arrang#d'nqninally perpendicular to
the first and second fabric iayets, or they may be arranged in

a triangular arrangement. It is noted that the yarn

compti-ing the drop threads or restraining néans may be

separate and diitingt from the yarn of the first and second
fabric layers, i.e., the yarn used for the first and second
fabric Iayers-may:bé completely different from the yarn of the
drop threads or restraining means, depending an the
applicatibn'ahd'thé use environment. These réstriining means z;lT
function to maintéin the generai flat of contoured ﬁlanar form |
of the pfassurized and inflated structure, and the bdnding of
the outer cévering'td.the'distél sides or exposed outer

surfaces of the respective fabric layer prevents the outer
coverihg from peéling'away or iepar;tihg frqn'the distai

surfaces and torning.an aneurysn; The drbp yarns which extend
from one fabric layer ﬁo the other, function in pure tension

as the preferred réstraining means and are present in

quantities sufficient to hold the structure in the desired |
planar form without offering substantial resistance to the {“i
compression of the two outer layefs.touards one another. That

is, the restzainiﬁg means have very little compressive ‘

strength and iory substantial tensile strength and thus do not
provide any signiticant.conpressive'suppott to externally

applied loads and thus exhibit a very considgfable 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 literally 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 unique an& beneficial result ;s ach#eved. The
resulting product has a fatigue l;te many times greater than
is otherwise possible. The region betwéen the proximal
‘surfaces of the fabric.lgyers is ot sutficient.openness to
allow movement of the pressurizing gas thr;ughout the

pressurized chamber.

The hermetically sealed outer barrier layers, which
operate to contain the gas, are composed of a _
composite elastomeric semi-permeable material which is
substantially impervious to.thcse qasc# vhich are.eséentially
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 ot.Nz and 0, and oﬁher copéonent
gases of the ambient aii by means of the“pércéntage
composition of the crystalline component within the
elastomeric component of the barrier layer. Therefore, this
outer bﬁrriir layer provides a very important secondary
function of being qlightly permeable to sonc.other gas&s such
aé oxygen. With this m&terial, a selectivc 1n§ard diffusion
of oxygen occurs t:on'the ambient air which, hf means é:
partial preséures,'téhds to increase th; total pressure within
the alfeady.preSSurized enclosure. This is descrihéd in some
detail iﬁ, for example, Rudy U.S. Patent.No.4,34b,625 patented
July 20, 1982; Rudy et al,'u.s. Patent No.4,183,156 patented
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July 15, 1980; Rudy et al, U.S. Patent No.4,271,606 petented

June 9, 1981; and Rudy et al, U.S. Patent No.4,219,945

patented September 2, 1980. Attention“is respectfully invited

to these patents, which are hereby incorporated herein by

| reterence, for a description as to the berrier film, the

preseurizing'gas and the physical phehomenon vhich are

involved in diffusion pumping and the aotireted_diffusion of

gas through the seni-permeable barrier layer. C?«~

\/

'The struc tures according to embodiments of the present invention

are particularly unique and suited for use where they are required

. to absorb and cushion en'inpeotiloed within a limited space

and then return this othervise wasted energy in a useful

menner.' This structure has a further advantage because it has

a'substantielly reduced mass as compared to the prior art

structures, thus providing.pressure constraining walls or

elements which have a low hysteresis energy loss when flexed.

Gas(e).pressurized to at least 2 pei and preferably'more than Q;)

15 psi, functions well to provide excellent and comfortable

-cushioning and then to return the stored energy in a

resilient, efficient life-like and beneficial manner. When

the structure of the present invention is pressurized'to a

level in excess of 40 to S0 psi the structure gives back as

much as 92% of the energy of an impact.

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

velocity of a representative human foot at heel-strike, is
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dropped from approximately two feet height on to a properly
designed structure in accordance with the present invention,
which is pressurized to a lével of approximately 55 psig., the
weight will first be well cushioned from the force of impact,
such that the G forces on the weight will be in thé 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, causing it to

rebound to approximately 92% of the original drop height, or |

22 inches. The word compliance is used to express the

combination of these two factors: i.e., cushioning and
resilience. A product simultaneously exhibiting maximum
cushioning and maximum useful energy return, or resilience, is-
considered to have good compliance. Poor compliance ﬁould, 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 profection-are to
be achieved in a minimum of thickness and space (.e., low
profile). Thicker devices as discloéed 1n_Ru§y Patent
4,183,156, were, in large measure, poorly suited for this type
of application. The hills and valleys of the earlier product,
coupled with the need for some type of foam encapéulation or
moderator device to provide a smooth, comfortable suppcrt

sufface, created a product that was rglatively thick and
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clumsy for this type of application.

The flat or contoured planar load bearing surfaces of the
present invention achieves a completely new and unique degree
of 100% floating on air cushioned, resilient support, comfort
and protection nevef before possible. This invention
eliminates the need for foan.qncapsulatién; However, in
certain circumstances it maj be desirable to use foam in order C)
to build the unit into a midsole, to absorb ﬁéiéture and to (;}
increﬁse further the service life of the gas pressurized
product. The use of :oam_can also control or elimihate the

tendency of the subject cushioning ptoduct'from buckling, when

bent in a sharﬁ radius.

In the present invention the to:nation'ot one or more
aneurysnms constitutes failure. Aneurysms can develop either
when there is delamination of the barrier material from the
distal or outer surfaces of the &ouble-wallgd t#bric, or by -~
téilure of the drop yarns. Such drop yarn failure can be |
caused by bending fatigue and/or abrasion of the drop yarns,
normally referred to as a fibrillation-type failure. See
Figure 30 for an illustration of an electroh.nicros;ope image
of a typical tibrillation_tailure of drop yarn teﬁsile fibers
under the ball of the foot after approximately six months of
..wear in high performance ithletic shoes. As discussed later,
the present invention solves these problems 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, 196S.

There the product functions completely as a structural device,

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

the problems inherent in a cushioning product such as does the
present invention. Cross does not address the problems that
must be solved in order to achieve permanent inflation nor
does he attempt to use or control diffusion 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 members 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.S. Patent No. 4,005,532 patented February 1, 1977.

' These prior structures are comprised of a single heavy (i.e.,

large .003 to .025 inch diameter) plastic monofilament strand
woven 1ﬁto a stiff three-dimensional, compression load
supportive mat. The Tungseth ‘126 patent describes a product
of this type that relies completely on the buckling

characteristics of select diameter plastic monofilaments in
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the woven structure and which are placed in compression in
order to ahsorb compression shock loade. In Tungseth 5126, no

pneumatic support is provided at all.

The Giese patent 532 likewise is a stiff compression
load supporting mat woven tron a .010 o! an inch diameter
plastic menofilament strand in order to_torl a thermal
insulation insert for articles of teotwear:lvherein it is
stated "The separating material"(i.e., plastic nonofilaments)
mare of such a strength as to prevent deformation of the mesh-
like fabrics toward each other when suhjectedjto the weight of
the wearer of the shoes.” This is identical toiTungsetﬁ. The
embodiment calls for the mat to be covered with a barrier
material and closed to form a.bermeticaily_sealed chamber. In
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.tron the chamber 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 returning little, if any, of the
impact“energy to the-gser and thus wasting'and dissipating the
energy away as intermal frictional heat._ Our tests reveal
rapid tatigue failure of these large diameter, compression
. load supporting plastic_mene:ilanents rhich thus ereate sharp,
protrudinq'plastic splinters that eesily puncture the envelope
£film, resulting in a loss of vacuum er loes of special low

thermal conductive gas. The sharp splinters likewise

o

~

\

-~
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penetrate, irritate and puncture the skin of the tobt,

resulting in pain, discomfort and possible infection.

Other prior patenﬁs 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 éomposed of an
untrimmed velvet fabric haviﬁg a vertical pile between the
uppet 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'uauney 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 prdduct by providing a convex section. This
| eftectiveiy prodﬁcés'an aneurysm, the very situation which the

present invention seeks to avoid.

Also of interest, but desc:ibing an entirely different
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product from that here disclosed 10.0.3. Patent 4,261,776 of
April 14,.1981, issued to Lea et al ﬁnd':hc patents therein
discussed. The Lea et al product is a self-inflating air

mattress.

In the preseht'invention the drop yarns consist of many
very fine, texturized or bulked separate filaments (not a
sihgl. mohotilamenﬁ as in the above prior art) eaéh héving a C:l\
high tensile strength and being of a very small cross-section o
‘diameter in comparison with the prior art such that they
cannot act as Euler column compression members and are
completely incapable of supporting any significant compression
load by themselves. Should filaments become broken, the
resulting product does not create a sharp splinter that could
puncture or otherwise damage the barrier enveiope. Thus, the
load supporting mechanism of the present'invention is
completely different from the prior art, and with greatly
superior high pressure containment, léad carrying capability, QJ
shock absorption, fatigue life, resiliency, long term
permanent inflation énd.bencticial life-like energy storage
and return characteristics that ifc not even remotely possible

with the above stated prior art.

Various gas containing foam materials have previously
been sealed in f;exibie air-tight compartments, see for
example, Rosenberg, U.S. Patent No. 4,590,689-pétented May 27,
1§86Iand Striegel, U.S. Patent No. 3,914,681 patented October
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28, 1975. Poam products of this type pressurized even with
supergas (Rudy U.S. Patent 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 inflation pressures 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 individual
cells constituting the foam structure abrade and tear as they
nove against one another and thus rapidly tail, resulting in

an aneurysm and/or a subsequent loss of pressure.

It is known that the highest possibie quality foan, when
used as a cushioning load supportive, conpression member
(i.e., mid halfsole or insole) in athletic footwear such as
running shoes, losesia substantial_percent of its original
cushioning properties within just a few miles of running; and
at about 150 miles approximately fs%.ot the initial cushioning
properties have been lost. The'lose of cushioning is the
resuit of internal breakdown of tho cell walls of the foam as
descrihed above. In this usage, the footwear does not becone
unusable because of the described breakdown of the foam. The
user simply is exposed to reduced cushioning (and poorer foot
support) and thus much greater shock torces. However, with a
pressurized structure, breakdown of the foan structure results
in formation of a ‘protruding aneurysm or bulge under the foot.

Even the smallest failure of this type (i.e., diameter) makes
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the product painfullundgr the foot and therefore unusable.

The relatively high pt?ssﬁros“which are riquifcd to
provide the desired ghd necessary degree of supporﬁ.ind
springihess brosent vdry:substantiil btobicns with the peeling
or delamination'ot'the outer barrier film away from the distal
or outer'surt#ces of the dcublo-wallcd‘fabrie. Iit is thus |
important, in qcco:dince with this ihv@ntién, to provide a '<;}n
strong bond between the'buter surtacd.o: each of the layers of
the fabric and the tacing surface of the oﬁvelopo 6r barrier
layer. In other words, tho'pcol itrongth or the force needed
to delaminate the bonded layers must b§ very high throughout
the life of ého product.

It has been found, in accordance wifh this invention,
that if the yarn which is used to tdrl'tho double-walled
fabric and which creates the fiber interface rcintorcemént of
thi barrier layer, is.in sénc ﬁav bulked. toxﬁurized'or (;)
flannelized so that there is a largc'dcgiec of openness to the
yarn and there are numerous loops and/oi spirals of small
dialntir tendrils or other tendrils and proj§ct19nl of
filamentary natari;l extending slightlj from the distal
surfaces of the fabric 1ayer§. gréatly'inprovcd bondin§ can be
achieved. Actually, the tendrils extend from the larger
diameter yarns from which the fabric nat&rial is formed. The

texturizing'can bo.provided'for example, by abrading the
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distai surfaces of the double-walled fabric, by crimping the
.individual tilﬁments which go to make up the yarn, by using a
false twist or air bulk heat-set texturizing step_;n
manufacturing the yarn, and the like. Such a surface or bulk
treatnent is referﬁed.herein as a FIRTEC (FPiber Inter:ace
Reintorceneﬁt Technology) surface treatment. It is also
desirable to use a yarn wherein the filament surfaces are dull
or semi-bright, as contrasted to bright. Thereférg, in a
preferred embodiment,_the yarn from which the déuble-walled
fabric is constructed is treated so that in the final product
there is a large degree of openness to the yarn, and the
distél sides of the ;espective fabric layers present a great
many tiny loops ér outwardly.pgojecting. The individual
filaments may ﬁe continuous in nature in the preferred
embodiment so that the loops are anchored at both ends.
Crimped.filaments wheh combined intd a yarn are also suitable
for use according to the present invention. 1In sénn cases 1t
nay be desiréble to hav§ a yarn éore of sﬁraight fibers
surrounded by texﬁurizgd fibgr;. Also,.fibers, other than
fibers of circula: cross-section, may be ﬁsetu; £o increase
the surface arei for ﬁonding purposes; such fibers are oval,
cruciform, dumbbell or Y-shaped in cross section; It has been
found that best results are achieyed when thc'ya;n'is properly
.heat'set 15 the téxturized/bulked conditipn. |

The presence of a multiplicity of tendrils in the form of

loops and the like significantly increases the bond strength
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beyond that which has heretofore been achievéd in the ihdustry

to provide exceptionilly'strpng bonding between the barrier
'enveIOpe'nateriil and the facing fabric iayir;- One of the

f&ctors is that the presence of the_ﬁendrils significantly
increases the sur£ac0'area of the'anchorihg éomponénts.

Another factor is the essentially uniférh'and widespread
dispersion of fiber inter-face reintdrceméht'anchbring
compcnents'ﬁhus aésuring strong bohds over the entire mating - (:;%
surfaces of the fabric and the outer envelope component. Yet -
another factor is that the openness of the yarn permits a
caretully'controlled degrge of penétration of the coupling

material into the facing cloth members.

The cloth or fabric structure which forms the tensile
load bearing portion'otlthe inflated product may be
constructed according to any knoﬁn'prbcedurés including
knitting, weaving, sewing, matting, etc. It is preferred that
the drop threads be securely anchored to the fabric layers, g;)
for example by a lock étitch, vhereby the tensile elements |
remain in place to prdvcnt ba;looning along the edQes of the
fabric layers. The double needle bar Raschel knit material is
particularly sétisfactdry‘to use according to the present -
invention since it proQiaes the lock stitcbing t§ the fabric
layers. Also material which is woﬁen'vitﬁ'a locking stitch is
suitable to use.f A wide range of products having complex
contoured and/or téperéd surfaces in hany different shapes are

possible using high speed computer controlled, gang type
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sewing techniques where the length ahd angularity of each drop
thread or rest:aininglméans may be different from those
adjacent restraininq means. The drop yarn or tensile elements
‘may extend perpendicularly from the fabric layer or may be at
shear force balancing angles. In some instances, where
lateral lqads.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, éannot
' be supported by the pressurizing gas. It is important that
the finished cloth or fabric structure be free of lubricants
or processing aids that would 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 déublg-walled
fabrics are_cgnstructed must be made of a high tensile
strength material which is stable under the intended
_conditions of both manufacture and usage. A variety of
syhthetic yarn materials may be used. However, because of_the
bending and abrasion of the drop threads which occurs when the
two outer fabric layers move toward one another when cyclic
loads are applied for relatively long periqu of time, it is
important to use fibers that have good abrasion properties and

bending fatigue resistance as discussed later.

In general the filaments utilized in the yarn in emmiﬁnents
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of embodiments of the present invention have a denier per filaiment of

from about 1~20 with a pmferrea range of from about 2-5. The
individual filaments in general exhibit tensile strengths
(tenacity) of from 2 10 grams per denie: with a preferred

range of fronlapproximately 4~-6 gtams per dehier.. In. qeneral

the number of filaments per yarn ranges tron ‘about 1—300 with

the preterred range being from about 40-200. In ggneral there
are from .apprquately 1-8 yarns per tuft or strand with the O N
preferred_ranqé being from about 1-3 yarns per strand. The o
preterred fabric is knitted with from about $0-1000 strands or
tufts per square inch of fabric and.preterably from about 400~

500 strands per square 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.

It is important that the finished cloth (in addition to
the beginning'yatn) be given a heat-set treatment so tha€ in
the double-walled fabric the drop yarn will tend to stand up J
so that a given point on one fabric layer will tend to remain
axially aligned with the same given point on the opposed
fabric layer. This is advantageous in construction. It is
preferable durihq the ﬁanufacturinq procedure'to have the drop
yarns standing up so that there is no signiticaﬁﬁ'nis-
aliqnment'betwéen the upper and lower surface fabric layers.
Texturizing ot'the'drop_yarn prevents'thc individual_filaments

from acting'as.suler column compression members under any

circumstance.
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' The construction of the internally btessurizable multi-
layer envelop according to the present invention begins with
the.seleCtion oflan.appropriate double-w&iled fabric which
incorporates drop threads extending between the proximal
surfaces of the respective fabric'layers. The distal sides of
the respective fabric layers are impregnaﬁed with a carefully
metered quantity of écuplinq m#terial. _This méy be done by
starting wiﬁh large sheets or rolls ot.faﬁfié ﬁﬁteéial. then
applying the coupling material. The properly shaped é?ticle
can then be cut from these largér sheets or rolls of hﬁterial
that have.been pre-treated. This précedure has advantaggs to

be described later.

In general, the coupling material is a product which .
will, 1) penetrate and bond to the material of the outer
fabric layers to a carefully cohtrolled depth, not exceeding
the thickness ofnsaié surface cloth member#, 2) act as a seni-
permeable elastomeric matrix, penetrating the yarn bundles and
tenaciously attaching to and joining togethét the fibers |
constitﬁting the outer fabric layer -elements, and 3) also
forming a strong bond with the semi-permeable elastoﬁéric

outer barrier material, or envelope.

The coupling nﬁterial may be applied ﬁsing conventional
application procedufes including, for example, heated platen

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

In general, however, the preferred method application is
to préﬁido the coupling material in a_sheet form .002 to .008
inches thick, with .004 being the preferred thickness and to
melt and.press the molten sheet material into the distal sides
' of the fabric 1ayer§. The fabric is moved under an ﬁpper and
lower heated platen hot press with a sheet of coupling <;L“.-
material on ﬁop and on the bottom of the fabric and with a ~
sheet of release égent between the coupling material and the
heated platens of the press. ISuch sheets_ot a suitable
release a§ent (strippers) are used to prevent thoishcets of
coupling material from sticking to the upper and lower heated
platens of the press. The stack of fabric and coupling
| material sheets are subjected to relatively light pressure in
the press between the heated platens (approximately 5-3 psi)
for 6-25 seconds in the range of temperature of 340 to 400
degrees_r. when thermoplastic polyurethane is used as the {ui
cbupling material, the temperature has to be high enough to
soften and melt the coupling material but not so high as to
| dahage 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 ﬁsing rolls of fabric qnd rolls of coupling
material moved along on an intermittent basis by means of
suitable relaxer and indexer conveyor mechanisms. Platen
sizes are nbrma;ly 14 inches x 18 inches, 30 inches 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 uhitormity
should be plus or minus 5 degrees F of the set-point.
Structural deflection ot the press should not exceed . 002 of
an inch to .004 of an inch. The cold press used to freeze the
hot coupling meteriel operates'in.the range of 60 to 120
degrees F. The up-and-down motion:ot the cold press is in the
same timed sequence as the hot press. Becaﬁse some fabrics
tend to.shrink somewhat wheh heated durin§ tpis'process, it
mey be usetul to use preeshrunk fibers‘when knitting of
weaving the cloth. In some cases it is usefhl'to apply
longitudinal or lateral tension to the fabric doring
application of the coupling'materiel. In this way a finished,
smooth surface is obtained on both top end bottom surfaces of

the fabric.

Accurate temperature, pressure and time control is |
essential so as to achieve a good grip between the fabrxc and
coupling material while also avoiding drivinq the coupling
material all the way through the fabric which would ippair the
flexibility of the drop threads or at worst, bond the opposite
fabric layers together so the product could hot be inflated
and pfessurized. In the'preferred embodiment, the qoahtity of
' coupling material available to penetrate the fabric is
controlled by controlling the thickness of the sheet of
coupling material which is epplied'to the £ebric.' Also, the
heat is Qery accurately controlled and reguleted 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 superior and preferred

procedure presently used follows 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 to -
detect peﬂetration of discrete'light rays. The density should
not be too loose in any areas. Also, th§ density should not
be too tight. Such control of dgﬁsity is achievéd:in several
ways: 1) number of yarns per sduare inch, 2) number of
- filaments per yarn, 3) amount of the bulking, texturizing or
FIRTEC treatment, 4) tension in the Raéchel machihe during thé
knitting process, for exanmple. Thus the coupling agent can
penetrate both the yarn bundles and the cross section
thickness of the surface cloth elements only to a cqntrolled (;}
depﬁh and can effectively join togethqr the yarhs comprising

the outer surfaces of the fabric.

Another factor to control during fabric maputactur§ is
the use of lubricants o:'érocégsing aids in the manufacture of
fibers, yafns and fabric. Such agents can be detrimental to
the'achievenent'bf a strong bond.: Particularly harmful are
silicone lubricants and polytetraflurcethylene prbceséing

aids. The use of such lubricants should be reduced to a
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minimum or eliminated cdmpletely during manufacture of fibers,
yarns and tabrics; ) $ 4 ;ny such agents remain on the surfaces
of the fabric, the fabric should be washcd.(scouréd)-or
properiy dry-cleaned prior to application of the éoupling

agent.

Oné of the advantages of prefixing the coupling material
to the fabric is that it virtually 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 sealing operation in which the barrier is
joined together in the appropriate areas at the perimeter of
the product so as to create an enclosure that can be .
pressurize& with a gas. In effect, the absence of laterally
extending fibers prevents leakage paths in the region of the
perimeter seal joint or in the portion of the envelop
laterally pt.the edge of the fabric. The presence of small
fibers or even one small fiber extending laterally and
bridging the perimeter seal forms a potential leak area which
is so small that it is ektremely difficult to £ind in the
usual quality control inspection. The result is a very slow
and virtually undetectable leak which results in loss of

pressurization.in_a period of two to three months.

The coupling material may also be extruded as a semi-~
molten viscose film and driven into the surface fabric

| layer(s) using heated, and cooling, rollers on a continuous
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feed process.

Still another method of applying the coupling material,
is to apply by extrusion or spraying a properly formulated-
polyol-isocyanate mixture as a viscose partially cured liquid
to the surface fabric layer followed by a doctor blade
treatment and thus with rollers and release material to drive
the coupling material, aiso referred to as a coupling 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 embrittle it. Also the bond strengths with this
technique are generally much poorer than can be achieved with

the heated platen approach described above.

The coupling material impregnated fabric is next cut into
the desired shape, being careful that the cut is free of
laterally extending fibers or filaments. The coupling
material impregnated fabric is then placed within the semi-
permeable elastomeric oute: menb:ane envelope, and the semi-
pernéable membrane is securely bonded to the distal surface of
the coupling material impregnating the upper andilower fabric .
layers, preferably by.radio frequency heating. The
temperature of the dies which are used to effect these
laminations are preferably adjusted 8o that melting occurs at
the interface between the coupiing material and the inner

surface of the barrier membranes and not otherwise. The radio
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frequency power setting, pre-seal, 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 membrane perimeter seal

is not yet been made.

Another approach that can be used to bond the barrier
film to the fabric (impregnated with the coupling material)
utilizes a radiant heat source, such as infra-red heaters, and
atmospheiic pressure to apply the needed bonding pressure.
This can be accomplished by sealing the two layers of the
barrier ti;n (using a suitable clamping ischanisn) 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 the coupling
material impregnated surface fabric members, is uniformly
~ attached by a bond which is enhanced by a-nult;plicify of tiny
connection sites comprising lbops or tendrils of the yarn, so
that the attachment of the semi-permeable membrane to the
fabric is substantially continuous throughout the upper and
lower surface fabric members, completely free of yarn fibers

or filaments that may bridge (from the inner to the outer
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surfaces), through the barrier envelope. The outer barrier
must alsc be completely free from pin-holes. The peel

strength exhibited by this structure is high; i.e., in excess

_of 20 pounds per linear inch and genqrally exceeding the

ultimate tensile stréngth of the tensile yarns when subjected
to a typical Instron type tensile test procedure.

. The cushioning device is completed into a pressurizable CQ#
product by welding or otherwise sealing the appropriate v
portions of the outer membrane envelope material where the

material_gxtends beyond the impregnated inner (cloth) member.

.If the outer membrane material constitutes two sheets of £ilm,

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. _ v, _.

_ Perimeter sealing may be conveniently accopplished by
conventional techniques such as radio frequency welding
thermal . impulse sealing, cementing, ultrasonic welding,

magnetic particle sealing, vulcanizing and the like. It is

‘here that the absence of laterally extending fibers becomes

important. If such fibers exist, they tend to be sealed into
the perimeter weld during the perimeter sealing operation and

form a potential leakage path. If the fiber extends all the
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way to the outer periphery, it more than likely will leak
slovly and undetectably. If it extends only partly; it
constitutes a weak area where a leak may take place,

' especially under rilativﬁly'héaVy and cyclic loads. By
applying the coupling material, as described, the subsequent
cutting operation is a clean cut which eliminates the
possibility of free laterally exténding fibers.

Although not presently a preferred method of manufacture,
vulcaniszle and/or thermal-set glastoners may be used, rathé:
than the thermal plastic urethane elastomers described above,
still requiring,'however,'the.sane precise degree of control
of the depth and quality of penetration of the elastomer into_

the upper and lower cloth or fabric lhyors.

As a final step, the chamber, which is now defined
between the walls of the double-walled fabric, is pressurized
with a suitable gas, preferably a large molecular non-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
natefial) being sealed after the:pressurization is completed.
It is also possible to use an inflation/deflation valve. The
| physicil'phenonehon which occur with inflation and diffusion
" are described for example in Rudy U.S. Patent No.4,340,626
patented July 20, 1982 and attention is respectfully invited

to this patent disclosure.
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' As mentioned earlier, the present device provides a novel
and important means for cbntrollinq the rate o:-ditfusion
pumping. One objective of such control is to maintain the
product at ‘design inflation pressure - for 1ong§r periods of
time than would otherwise be possib;g; 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 <;l~
pressure through diffusion. However, the addition of the
crystalline gas barrier elements within the barrier layer
'serve a very unique and valuable function of metering and
‘controlling the rate of both inward andoutward diffusion,
particularly as it applies to the O, and N, 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 Q}
" multi-chamber gas pressurized footwear components (U.S. Patent
'4,183,156) that have been manufactured in accordance with my
- earlier patents, and used throughout the world are normally
made fron'dster'baSC.polyurethane-tiln.-bcCausg this -
formulation has lower gas permeability when inflated with one
' of the supergases than does the ether-base polyuréfhane
~ formulation. However, ester-base film in contrast with the

ether-base £film, has the disadvantage that it is adversely
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affected by moisture and humidity (hydrolytic instability that
can damage physical properties) fungus and bacteria especially
at temperatures above 100-110 degrees F. Therefore, such
conventional gas pressurized products for footwear are
protected by encapsulating them into a foamed midsole, which
is costly; and the foam attenuates and detracts from the
beneficial resilient properties of pressurized footwear
product. On the other hand, the device of the present
invention can utilize the desirable characteristics of the
more gas permeable ether-base film, and, by imbedding
crysialiine elements in the outer batrier layers of the
structure, control the outward diffusion rates to acceptably
low levels while still benefiting from the very slow inward
~diffusion of the ambient air nitrogen and oxyéen molecules
which off-set any loss of the supergas so as to achieve a
useful life of three or more years. Foam encapsulation is
therefore not necessary. Air-cushions_performance is greatly'

improved, and cost and weight minimized.

As a corollary, it ié sometimes advantageous to use
either thin tilns or low modulus ot,eldsticity films for the
outer barrier layer of the producﬁ. This modification will
provide a softer, more compliant feel with greater overall
fle#ibility. By controlling or varying the modulus of
~elasticity, the load deflection characteristics of the final
product may be varied. The lower modulus materials provide

increased comfort, while the higher modulus materials provide
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- better energy return qualities. The more rapid diffusion rate

- that may oxist'when-usiﬁg-such materials, can likewise be
offset hy'tho'addition of the distorted crystalline fibers of
.the fabric. -In 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 (thé thickness is constrained and
maintained essentially constant by the tension in the pile, or
. interface, yarns), diffusion pumping of air into the device
‘can readily over-pressurize the product during the initial 2-
12 months of inflation. This is a potential problem with the
product and of the present invention as applies to the
‘diffusion of N, into the pressurizqd-dcvic. 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 séniépérmeablb elastomeric barrier layers of the
pressurized enclosure. This technique'can 1im1t, reduce and
control the 1pwa£d 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 qreatly'reduce and
precisely control the inwara diffusion of the pﬁrtial*pressure

of oxygen from the ambient air.

There are practiéal limits to the_control of diffusion

*
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pumping. Even with a véry tight weave of the backing yarns in
the outer surface of the 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 nost'gases of interest, including
nitrogen. However, oxygen 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).

The partial pressure of oxygen within the ambient air
atmosphere is about 2 psia (out of a total pressure of 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. 1If desired, this can be
offset by initially under-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 nécessary: 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 added partial pressure of O, is
nearly perfect in order to compensate for this small increase
in volume of thus provide an 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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100% nitrogen; and the same diffusion inwardly of oxygen will
occur, assisting in the maintenance of design inflation
pressuto,to_ottsdt_thé 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 cuter layers of
the device contains crystalline material. This can be.quite
advantageous, as the cost of nitrogen is about 1/10 that of
hexafluorocethane (supergas) ahd the weight of nitrogen is C;L~

about 1/5 that of the supergases. - Kui

The pressurized structures according to the present '
invention enjoy wide utility in all sorts and varieties of
footwear including boots, athletic shoes, every day casual and
leisure shoes, dress shoes, work ihoé:; prosthetic
shoes/devices, sockliners as well as in other devices
including helmets and protective gear (for football, hockey,
soccer, baseball, and equestrian endeavors). The invention
can also be used for recreatidnai, militﬁry, marine, -
industrial and aerospace applications, including bicycle
handle grips, handles for jack hammers, chain saws, hammers,
bats, etc. as well as other seat and saddle ﬁpplications for
bicycles, motorcycle and equestrian purpcses. Playing
. surfaces, athletic mats, flooring,_ﬁork station pads, gloves,
life jackets and the like are other markets for the invention.
Since supergas is both a superior eleétrical 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 cushioning products made in accordance with
this invention and inflaied with supergas will have the unique
ability to selectively absorb and attenuate potentialiy

damaging high frequency acoustic energy, while simultaneously

transmitting low frequency energy waves.

The devices of the present invention are unique aﬁ least
in that: _

(1) Essentially permanent inflation can be achieved by a new
and novel technique to selectively control the rate of
diffusion pumping emanating from the ambient air.

(2) The use of texturizing, bulking, loops, tendrils and/or
single free strands to gfeatly increases the attachment
between the coupling member and the fabric and in turn
attachment of the fabric to the associated elastomeric outer
envelope material; so as to achieve a bond peel strength
#everal times greater than is possible with other conventional
methods. _

.(31 The two step process for attaching the gas containing
envelope to the fabric to achieye the necessary high strength
bond by:

(a) Carefully controlled heat, pressure and.cooling
(freezing) under pressure and timing, applied to the coupling
material in order to. achieve the essential, precise degree ahd
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 cuter envelope

material to the outer Furtacc of the fabric material.

(4) The use of special yarns and fibers that have good

resistance to abrasion, fibrillation and bending fatigue and

of sufficient pile fiber bulk.

(5) The use of a cbuplinq material on the cloth which

eliminates laterally extending fibers and thus precludes such
fibers from being-trapﬁdd and sealed in the perimeter seal and
thus bridging the §erimeter seal and acting as leakage paths c%t)'
for the inflatant gas.

(6) The variety of unique cushioning products which can be
made, espeéially rélatively'ﬁhin'and essehtially flat or
contoured products, of a wide variety of shapes and
configurations. '

(7) The proVision'ot_products that can have controlled surface

- contours.

(8) The provision of inflated'ﬁroducts having a high internal
pressure, gteat durability,.longevity, And.serviée life and
reliability, and excellent resistance to fatigue failure. _ v
(3) The use of a fabric material comprising filaments made of
gas barrier materials securely imbedded within the semi-
permeable elastomeric envelope in order to reduce and
precisely control the inward diffusion of oé and y2 from the
ambient air, into the relatively thin products which typically
have a high surface to.volume ratio and thus are ﬁuch more
sensitive to loss of pressure.

(10) Products that achieve the optimhm level of cushioning and
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enerqgy tetﬁ:n or resilience (i.s., compliance) within any
given package limitation.

(11) Products that are able to selectively attenﬁdte,
convertand slow-down p;tentially damaging'high'trequency
acoustic vibrations while simultaneously transmitting lower
frequency acoustic vibrations. | -

(12) Products that sihultaneously cushion and also provide
both excellent electrical and thermal insulation, even when

surrounded by a high moisture environment.

Numerous other advantages of the present invention will
become ipparent from the following desctiption; which should
be read with the foregoing, and'which, taken tdgeeher with the

accompanying dr&wings, describes and 111ustrates.pref¢:red
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embodiments of the various forms of this invention.
Brief Description of the Drawings

: Pigure.l_is A.plan view of an insole for articles of
footwear according to the present invention;

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

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

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

Figures 3a, 3b, and 3c are similar to Fiqureé 2, 2a and
2b and iliustrate the product of the invention wherein the
restraining heans or drop threads are pcsitioned in a
triangular arrangement. |

Figure 4a is an enlarged view of a single fiber
diagrammatically illustrating the tendrils and attachment
sites; _

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

Figure 4c is an enlarged exploded diagrammatic view
illustrating the bond between the fabric and the coupling

Q-

o8

o
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- agent impregnated envelope in accordance with this invention:

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

Figure 6 is a pictorial representation of a portion 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 textﬁrized by a false-twist, frictional twist, stuffer-
box, edge-crimp, or similar type of texturizing;

Figure 8 is a pictorial representation of a portion of
.fabric knitted or woven using texturized yarn as in Figure 7;

Fiéure 9 is an'enlarged.view of a short length of yarn
which has been teiturized with a special method, i.e., the
air-bulked, heat-set method;

Figure 10 is a portion of fabric woven or knit nsing the
.special texturized yarn of Figure 9;

Figure 11 is a portion of fabric having a flannelized
and/or abrﬁded surface;

Figure 12 is a sketch of a short length of yarn which has
been spun using a combination of continuocus and discontinuous
fibers with discontinuous fibers constituting approximately
30% of total fiber content; o |

Pigure 13 is a view partly in section and partly in
elevation of the composite structure of this invention mounted
in a radio frequency sealing 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 thick 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 élohg 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 cushiqnedcsLa
rear foot stabili;er'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 Figufe 17:

| Figure 18 is a view, partly in section and pértly in
elevation, of a multiple layer, multi-chambered product in
accordance with this invention:;

Figures 19 is a view of a heel ped where the enclosing
envelope is pre-rbrmed by injection moldiné, blow molding, k)
roto molding and the like and wherein he fabric layer is
impregnated with coupling agent and then‘heat-sealed to the
inner éurfaces of the pre-formed envelope, in accordance with
this inwention. |

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

Figure 19¢c is a séctional view taken along the line 19c-
19¢c of Figure 19;

Figure 194 is a séctional view taken along the line 19d-
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19d of Figure 19; _ _

Figure 20 is a graph comparing the force-deflection
characteristics of a standard tubular inflated element of the
prior art with the new cushioning device of the present
invention inflated to an average pressure 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 device of the present
invention inflated to a higher ﬁhan average pressure ;

Pigure 22 is a graph of the force~deflection
characteristics of the cushionxng element of the present
invention showing the portion of the load supported by the
.drumvhead property of the device and portion of load supported
. by the thermodynamic properries of the pressurized inflatant
mediun. _ |

Figure 23a is a schematic cross-section view with vector
force diagrams of the cushioning element of the present
invention being ccmpressed by a load (as a foot) with the load
making initial contact:; |

| rigure 23b is a schematic cross-section vzew with vector
diagrams of internal pressure forces and forces in the barrier
envelope of the cushioning-device of this invention,
illustrating how the device performs to provide the -unique
.drum-head effect and the unique forbe—deflection
characterlstxcs of this new cush1on1ng element.

Figure 24 is a graph comparing the force-deflection and

compliance characteristics of a conventional foam
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encapsulated, tubular cushioned and pressﬁriied sole of the

prior art and a non—inflated midsole of toan, sorbathane, or

gels, etc., with the torce-deflection and conpliance

prqperties of the inflated element of this invention inflated

to average pressure:

Figure 25 is a graph shdwing ho@ differences in inflation
pressure levels can affect the force-deflection |
characteristics of.the cushioning device of the preeent .C;Lf
invention; | | ~

Figure 26 is a graph showing how different mechanical
devices such as iﬁgs; bars, etc; on the inﬁer surface of a
moderator pad.can'effect and cusﬁomize”tﬁe force-defiection,
spring rate characteristics of the aevice of the pfesent
invention,; | | o

Figure 26a is a plan view of a product in acéordance ﬁith
the present invention having lugs and the like}

' Figure 26b is a sectional view taken along the line 26b-
26b of Figure 26a; | - | Q)

Figure 27a is a schematic croee-section of'the device of |
this invention mounted in a speciel Kim flex-test hachine to
'provide accelerated bending fatigﬁe teeting'of the inflated
device, with the schematic showing the inflated element in a
partially flexed condition; ' '

Figure 27b is a schemetic creesésectien of the deQice,
same as Figure 27a,'w1th the intlated element in the fully
flexed, bottomed-out condition; '

Figure 28a is'a highly enlarged eeﬁenetic'representation
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~ of three different types of fibers in tension 1) flat
_ nntextnrizéd fiber, 2) conventionally texturized fiber, and
3) special air-bulkéd,.heat set fiber; | _ |

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

Figure 28c is a schematic representation at 1,000 times
actual size 6£ the same three fibers of Figure 28b after
several million cycles of flexing in the ne#r-bottomed-out
condition; | |

Figure 29a is a plan view schematic representation of a
~ bundle of flat, 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 of
Figure 29a; | .
i figure 29& is an enlafged cross-section of a single flat
fibér of the fiber bundle of_Pigure 29b showing how the
transverse loading condition can cause bund;es (or groups) of
molecular chains within the single fiber to start to separate
and suhsequenﬁly break apart, causing a fibrillation type
failure of a single fibér (see also Figure 30), after repeated
application dt loading'and unloading of a transverse load;

| Figure 29d is similar to Figure 29a for the example of an

air-bulked, héat-set fiber bundle:

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

Figure 30 is a view of a scanning electron microscope
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photograph at 1ooo times actual size obtained of a single pile

interlock fiber after one of these tensile element fibers of
the present invention had experienced a tibrillation-type
failure resulting fron approximately one nillion cycles of
compression an dassociated abrasion, and hending and flexural

fatigue.

Figure 31 is a graph showing how ditferences in volume or

'plan-form can affect the force-deflection, cushioning |
properties of the inflated device of the present invention,
with Figures 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 cushions as the present invention having different

elastic, deformable pressure accumulation volumes around their

perimeters for customizing the cushioning properties of the
devices:; o | | |

Figure 33 is a plan view and lateral cross-section views
of the device.of the-present having_a.composite'hybrid design
with.load-proportional, dynanmic, automatic iongitudinal arch
support, and a graph comparing the load-deflection |
characteristics of the device with and without the arch
~support acounulator volune.

Figure 34 is two crossésection views'ot a.dual pressure,
twin ohamber cushioning device of the present 1nvention one
view showing initial impact of the 1oad and another view
showing the differential cushioning characteristic of ‘the

cushion partially-conpressed:

&

Q.
v

v
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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 flexibility of the
device during walking, running ahd other athletic endéavors:

Figure 36a is a 20 times actual size plan view'schematic
representation of a filament having beeh imbedded in a
perimeter seal when the perimeter seal was made in the barrier -
£ilm; |

Figure 36b is a view in cross~section of Figure 36a
showing the potential leakage path around the fiber through
ﬁhich the inflatant gas can slowly leak out ofthe device of
this invention when improper manufacturing or guality control
?rocedures are useé: and |

Figure 36c is a schematic representation at 500 to 1000
times size of a cross-sectio@ of a group of fibers in the
outer layer of fabric of the device of this invention which
"have been impregnated and surrounded with molten coupling
agent material vhich shrinks when it cools and develops a
tight shrink fit around each fiber thereby eliminating
potential inflatant leakage paths. |

Detajled Description of the Inventjon

Referriﬁg particularly to the drawings, which show
preferred forms of this invention, there is illustrated in
Figure 1, generally at 10, an inflated ptoduct according to

the present invention which for the purposes of illustration



-48~-

may be an insole. As syown further in Figure 2, 2a and 2b,
insole 10 is composed of a compbsite 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-~
walled thread linked fabric structure 14 is composed of a
first fabric layer 16, a second tabrid\layar 18 and drop
threads 20 (pile interlace yarns) whiqh function exclusively
as tensile elementé in that they are placed in tension when
the envelope is pressurized and sealed. ihe 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'rigure 2a and as will be
described in detail, the coupling agent 23 and 24 is bonded to
the outer exposed surfaces is and 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 barrier
layer being seam welded as indicated at 38 to form an envelope

enclosure. Thereafter, the envelope is pressurized with any

>
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of the gases or combination of gases described.

The material of the envelope 12 is preferably one of the
elastémeric materiais noted in the above Rudy patents.
Preferred materials are polyurethane materials such as
polyester or polyether based polyurethane elastomers, or
polyester elastomer, although the invention is not limited to
those specific materials. Depending upon the ultimate
environment in which the product is used, one of these
materials may be preferred over the other. For example, heat,
moisture and bacteria tend to'cre&te problems over a period of.
‘time. If the product is not used in that type of environment,
| a polyester urethane material operates quite well. If the
environment is such that heat, moisture and bacteria are
likely problehs, the polyether urethane material is preferred.
The latter is somewhat more expensive and requires somewhat
greater care in the manufacturing process for the final
product. With the polyether urethane, the higher diffusion
‘rate with respect to supergas is not a serious factor in the
novel products of thig invention for reasons to be discussed.
It is understood that the outside surface of the énvelope may
optionally have a relatively thin fabric material bonded

théreto.

The fabric material which has been described may be a
polyamide,_for example the nylon materials noted, or‘poljester

yarns or materials such as that available under the mark



-50-
O

DACRON., Polyamida materials tend to have greater tensile
st:ength'gnd greater_ab:asion and tibrillation resistance than
the_othor natcrials méntioned, but require more care in
production, especially if RF welding techniques are used. 1In
general, the use of high RP energy qu 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
quite accurately controllable. | _
| Qu_
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'zslss
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 3c ate similar to Figures 2, 2a and
2b, but illustrate a fabric 14a in which the drop threads 20a At
are angularly oriented. 1In all other respects, the structures

are essentially the same.

One of the important 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 each includes
fibers 40 having the tendrils 42 and 46 extending therefrom.
It is preferred that the coupling material and the barrier
layers 12 be of the same matérial'to'fofn an dptimum bond.

The coupling material 23 and 24 oniy penetrates the fabric
layer'ls'(and'ls) and does not penetrate into tﬁe tensile
elemenﬁs 20. Thus, the coupling agent does not invade the
region between layers 16 and 18'that is occupied by the
tensile elements, thus permitting the tensile elements to
function freely and without any restraint. 1In addition, the
elastomeric coupling material 35 securely locks the tensile
yarn 20 within the facing layers 16 and 18 so they will not
pull loose and unravel adjacent to the cut edges of the fabric
Qhen cﬁf to the size and shape of the desired product. This
feature is particularly important wheh'thé'drbp tensile yarn
20 is not otherwise locked into the facing cloth layers 16 and
18, for example in a woven three dimensional fabric. Rowever,
the preférred method of manufacturing of the:three dimensional

cloth is double needle bar Raschel knitting.

The texturized and kinked geonetiy of the individual
fibers causes them.to act like miniature coil springs. Thus
&pplied loads are more'evenly distributed“acfoéé all of the
fibers of the yarn'sucﬁ that the ultimate tensile strength of
the yarh is approximately equal to the ultimate tensile
strength of the individdal fibers times the number of fibers

in the yarn; in the non-texturized yarn the ultimate tensile
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strength is only a small fraction of the ultimate tensile
strength of the individual_fiberftimes 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 pdlymer.filaments should be used
other thén a pplished finish, (i.e., semi-dull, dﬁll, etc.).
This will increase the bond strength and thus peel strength of
the semi-permeable glastomer coupling matrix 35. However,
this must be used with caufioﬁ with the pressurized product of
this invention, because this process weakeqs both tﬁe tensile
strength and abrasioh 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 of the'cqupling iayer_35, but may result in lower
tensile sttength’and_abfasion resistance if used for the drop
tensile'yarn, and they tend to be more costly..'rlat_ribbon
type filaﬁents are more effective in controlling,the activated

diffusion process.

e}
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The fiber-interféce-reinforcement-(tacing yarns imbedded
into the coupling layer) is essential in order ﬁo achieve a
bond resistant to fatigue delaninaiion failure. This is
achieved by flénneliiing, abrading, or texturizing. Various
methods of texturizing are available, i.e., false twist,
friction twist, stuffer box, edge crimp and air bulk. False
twist and heat set air bulk are prefer;ed, with heat set air-

bulk the superior of the two as explained later.

The essentia1 characteristic of the outer surfaces of the
backing yarns and pile yarns 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 pfotruding
from the yarn surface. The basic flat yarn is thus expanded
in diameter and volume which creates an:external surface oﬁ
both upper and lower facing cloth members wherein spacés that
normally exist at the overlapping intersections of the strands
of the cloth are filled-in and/or covered over by the loops,

strands, or distorted filaments.

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

elsewhere herein. It is likewise important, 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 elaétpmeric coupling layer 35 have a high
molecular weight (100,000 to 500,000, ideally 170,000-350,000)
and a long-chain ﬁolecule. Further, it is essential in the. Q
. preferred method of applying the polyurethane coupling member Q;)
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). Agcurate control of the time and heat inpﬁt'
assures that the coupling material will have the correct
viscosity when eithér mechanical or atmospheric pressure is
applied to drive it into the upper and lower layers 16 and is
.of the fabric. .If.the_viscosiﬁy.is too high, the material
will not penetrate sufficiently into the cross-section depth
of the strands of yarns. If the viscosity is-co:rect, the
semi-permeable coupling material will move iato the upper and
lower facing fabric and encompass, sufroﬁnd and adhere to the
. individual filanents.comprising each yarn and simultaneously
block and limit the penetration of the coupling material to a
depth not to exceed the total thickness of either the upper
. orlower facing cloth members 16 and 18. It is extremely °

important that the coupling layér 35_penetration not extend to



-55-

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 cah happen if: 1) the coupling
material is not of sufficiently uniform high molecular weight,
2) the temperature-of the coupling agent is not at the correct
point on the temperature-viscosity curve, and 3) the external
surfaces of the fabric are not structured properly as
described in the paragraph above, (as well as in the further

discussion which how follows in describing the Figures), 4)

‘the time at temperature is incorrect, 5) the applied pressure

is inéorreet, 6) the composite product 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-control
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 forming a filter for controlling and limiting the depth
of penetration of 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 illustratés an individual flat yarn 50
(non-texturized) where the individual fibers or filaments are
essentially straight and lie together in a relatively-coupéct

bundle. There is very little open spaée.between the



-56- oo @
filaments. The material of the coupling layer 35 cannot
penetrate inﬁo the éross-section.of the yarn, ahd thus
attaches oniy to the.outer surfaces of the yarn bundlg. This
is not acceptablé.becéuse (1) the bond is.too weak. (2) the
opeﬁ yarn'bundle accelerates the prdcess of outward activated

diffusion,_instead of restricting and controlling it.

Figufe 6 illustrates the additional problem with fabrics CD.
having_f;at_yarns‘ - Open spaces 52 exist between the various | ;:}I
overlapping yarns of the completed three dimensional fabric
ﬁhich permits the coupling material to flow essentially
unobstrﬁcted through the facing layers 16 and is of the cloth.
into the pile area of the fabric. The pile (tensile) yarns 20
thus become glued together and the air-cushion will nbt
inflate uniformly to the proper thickness. In extreme
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 yafn.
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 anhd of larger
diameter than a comparable flat yarn. Fibers do not lie
together in a compact configuration. There is substantial
space and.opehness between the individual fibers to permit
benétratioﬁ of coupling material into the yarn. -The cdupling

material can easily penetrate the entire cross-section of the



-57-

yarn, thus locking the individual high-strength fibers
together within the ela;tomeric} semi-permeable matrix
(polyurethane) to form an extremely strong composiﬁe material.
The peel strength between the yarn andlthe elastomeric matrix
is extremely high because of the kinked geometrf of the fibers
and the full-depfh penetration of the elastomer between the
fibers.

-Figure 8 diagrammatically illustrates a fabric S5
constructed with a texturized yarn as in Figure 7. This
fabric has no open spaces between the overlapping yarn
elements 55a and S55b that would permit excess penetration of
thg polyurethane coupling material 35 as would be the case in
the fabric of Figure 6 made using a flat yarn. Even with a
texturized yarn, it is necessary to follow proper procedures
when knitting or weaving the fabrié to insure proper (not
excessive) ténsion on the yarn during thelknitting or weaving
process and to provide uniform density of the fabric surface
through all portions of the fabric. In this way, the macro-
moleculdr-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 repreSentatién of a single yarn
60 that hés 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.huch more pefmanently heat-

r
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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 Stfaight under tension and
relaxed many times such as during knitting or in the finished
product they will return to their texturized state when ihe
tension load is removed. This permanent 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 (:I«

(tensionl'fibers 20. This will be discussed in more detail
later. For now, it is sufficient to say ﬁhét'air¥bulk heat
set texturizing is also a very satisfactory method for

assisting in the macro-molecular penétratién control of the

coupling material 35.

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 to these of Figure 8.

As is apparent, it is important that the fabric layers be free W/

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
preferred apprOaches. These include abrading the sg;face or
flannelizing the surface of the fabric to create loops or

tendrils or protruding broken strands. The possible open



-59_

Spaces_between the overlapping yarn is thus covered by these
tendrils and broken filﬁment loops to achieve at least a
partial macro-molecular penetration control of the coupling

material, as seen Figure 11.

Another less preferred approach is to use a discontinuous
fiber which has béen spun into a yarn containing at least 70%
continuous filaments. Thus, the discontinuous fibers or
tendrils extend from the yarn surface, and the opposite ends
are lockéd into the yarn/fiber bundle, as illustrated in

Figure 12.

Again referring to Figure 2, because of structure of
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 tihy tendrils or
loops which form attachment sites or points 29 and 30. These
are shown as extending outwardly from the.distal surfaces in
Figure 2 for the purpose of illustration, it being understood
that they are.later bound within the coupling material as
shown in Figure 4c wherein the same reference numerals
previously used are again used. These attachmgnt sites are
provided by the tendril members which are part of the

filaments from which the fabric is gonstructed.

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 fragmented tiber strand§ 46 or both. The procedures for
forming such teﬁdrils has already been described. The

tendrils function to increase substantially the surface area

for a#tachment,_as described. The tendrils extend in various
directions, depénding-upon the procedure used to form then.

As shown, there are tendrils at the upper surface of the fiber
strand and preferably around the entire surface area of the (:l.-

yarn strand. . ' v/

In the completed structure indicated for example in
Figure 4c the inner surfaces 68 of the outer semi-permeable
barrier layer 12 are rendered molten fof the purposes of
bonding with the coupling agent 23, for example, which is also
rendered molten at the interfacing plane at 69. The
application of heat to the envelope during manufacturing is
preferably controlled so that holten zone at 35 and the
corresponding region of the coupling agent within the Q;j
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 1éyer.and the coupling aqenﬁ
layer (i.e., .001 of an inch to .002 of an incp 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-ﬁp;which has been very effective in controlling
the lamination of the barrier film 12 to the coupling agent at
35 is shown in Figure 13. The upper and lower laminating dies
70 and 71, which may be configured to match the perimeter of
the die-cut fabric, are made of solid stass and are water
cooled. These dieg\are 1 inch to 2linches in height to focus
the zone of maximum RF energy input at the horizontal center
plane of the fabric. Because the fﬁbric has low dielectric
constant, it does not get hot. On the other hand, the
material of 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 dies provide a heat-sink to
draw heat away from the outer surface of the barrier film.

The result is a sharp focus of heating at the localized
interface between the inner surface of the barrier film 12 and
the coupling material layers. This area quickly heats up to
approximately 350 degrees to 390 degrees F.as is seen in the
tenperature scale of this Figure 19. At this temperature, the
barrier film and the coupliﬁg layer are molecularly locked
tenaciously together under the pressure of the laminating
dies.: This process is best achieved with maximum practical RF

energy input of shortest possible time duration.

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

material as one cohesive structure in which the fibrils are
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securely anchored. Since the enveiope material is joined to
the coupling material and the latter effectively surrounds or
‘covers or-eﬁcapsulates and penetrates substantially all of
both the relatively large yarn and the comparatively small
fibers and'tibrils,'ﬁhe bond strength is exceptionally high
and much higher ﬁhan could be achieved solely through the use
of coupling agents. signifiéantly,_separation as a result of
the inte:hal gas pressure does not appeat to be at the CD
iﬂterface'between the two materials, but rathef due to \;)
fracture or pulling of the fibers and tendrils with respect.to
the coupling material 35. In other words, the separation
above the relaﬁively high peel strengths noted is not
delaminatioh of two distinct Iaye:s as.may be the case of two

sheet materials adhesiﬁely bonded or laninated'together.

The barrier layer 12 is hermetically sealed by means of a
weld 35, Figure 2b, which extends entirely around the
periphery.of the'structhre to achieve a pressure tight
enclosure. It is'preferred that thé periphery of the
sﬁructure at the weld be about one-half the original cross-
sectional thickness of the twd sheets of barrier material.
The weld 38 is normaliy made as close as possible to the édge
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 earligr noted the

elimination of fabric or strands in the weld area may.be
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achieved by firsﬁlappiying the coupling material to the fabric
material. In certain instances, however, it is desirable to
position the weld a given distance from the edge of the cloth,
to create a stabilizer and pressure accumulator'tubé(s) or
seétibn. (Fignre 32, 33a-c). If.a fabric material is applied
to the outer surface of the envelopg, the surfacé other than
that which forms the perimeter ﬁeld, then none of thét portion

of the fabric or covering cloth can be positioned in the weld.

If desired, the distal sides of the fabric méy be treated
with chemical bonding agents.such as silanes or silastic
materials DOW Q1-6106) to improve adhésioh. It has been
found, however, that chémical bondiﬁg agents.are not adequate

alone to provide the necessary peel strength.

In a less preferréd procedure the distal sides of tﬁe
fabrié 14 are flame treated so as to oxidize the surface and
proﬁide a mﬁltiplicity of méchanical attachment sites. It has
been found, however, that flame treatment may reduce ihe

strength of the fabric beyond a satisfactoryﬂlevel.

struétures accdrding to the present invention haVing
inflated thicknesses in the range of .100 of an inch to .500
of an inch have'been:successfully inflated to over 180 psi and
have retaihed those pressures for seVerailmonths withdut
failure. It is also possible in accordance with this

invention to provide products that have variable inflated
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thicknesses by having a confrolled sdrfaée contour, i.e.,
thinner fabric &t one portion &nd thickgf at another portion.
Figures 14.and'14a illustrate and insolé 15,'for example,
wherein th§ fabric 56, already described,'is knitted or woven
to haﬁe SuccessiQely.thick'77 (heel_portion)_and thin portions
79 (foré-foct éortion) separated by.and joined to a tapered
ramped section'so, In'this form; aﬁ inflation/deflation
device 81 is also illustrated. The fabrié'is coated with the
coupling materiél 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 breferred 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 previouslf referred to patents are also.applicable.
The coupling material is conveniently the same urethane
material which is used as the outer barrier layer. The fabric
is composed of heat set filaments so that the fabric layers
remain in accurate registry with respect to one another during
handling and fabriéation. Very satisfactory results have beén
achieved using filament shaving a denier 3, a tensile strength
of 3 grams per denier, apprdximately 40 filaments per yarn and
its 1 to 3 yarns per t@ft or sﬁrand_with_the'tabric being
composed of approximately 440 strands or tufts per square

inch. When radiq'frequency'heatinq has been utilized to bond

Q

<
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the semi-permeéfié elastomer layer toathe coupling agent
coated distal sides of the double-walled fabric it has been
found that heating the dies to between approximately 100 and
150 degrees Fahrenheit and utilizing a radio frequency of
27.12 megahertz, achieves the desired bonding without

impairing the rest of the structure.

The preferred inflatant gas is supergas, although the
invention is not limited thereto. The rate of diffusion of
air into_the envelope and the reduced rate of diffusion 6f the
supergases out of the envelope are related to the surface area
through which diffusion may occur. It is again useful to
refer in somewhat more detail to the construction described in
Eigures 2, 2a and 2b, for example. As can be seen, a large
percentage of the cross-section of the outer 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 enclosing envelope) film 12. The fibers of
the fabric are made from highly distorted crystalline gas
barrier materials (polyester or nyldn, for example). |
Diffusion rates are very low through such materials.
Therefore, the presence of such a large amount of distorted
crystalline polymers within the outer composite coupling
barrier layefs of the product forms an effective 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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: diffuéibn, and diffusion pumping, can be controlled by varying
the construction or_deneity of the fabric outer surfaces,

i.e., the fibers and yarns which make up the backing portion

of the fabric. If desired, the construction of the backing
surfaces of the fabric can be ohanged independently of the

pile (interlace) portion 20, which extends between and
connectsrthe outer surfaces of the fabric. Thus.this novel
arrangement can retain the desirable and needed properties of(}
the elastomeric materials of the enclosure while at the same é‘j
timé'enibyinq the benefits of control of diffusion rates, and
diffusion pumping, through the selective incorporation of
crystailine elements within the coupling layer and elastomeric
enclosure. The immediate effect is that in the case of
supergas, tnere'ie a substantial reduction in'what is already

a oomparatively low rate of diffusion out of tne entelope.

The practical effect is that the supergas is retained for a
much longer period. This is especially important in thin
devices in aocordance with this invention and which have high i_)
surface to volume ratios. For'ekample, the surface area of
thin devices in accordance with this 1nvention can have
greater than 40 units of surface area for gas diffuszon
compared to each corresponding unit of contained gas volume.
This is approximately.h times greater than the typical

tubular, bulbous air-cushions of the previously identified

Rudy patents and thus the problen 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 gases other
than supergas or a greater amount of the othef gases during
the initial inflation. For example, it is known that oxygen
has-a high rate of diffusion through the elastomeric barrier
material. Nitrogen gas has a much lower rate'of diffusion and
- the supergases have still a ﬁuch lower raté of diffusibn.
Since the fabric operates to reduce the available elastomeric
gas passage area for diffusion, the slower'diffusing gases may
be used as the inflatant, i.e., those gaées having a diffusion
rate less 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 inflatant in a properly
constructed part, since the diffusion of nitrogen is
relatively slow due to reduced surface area for diffusion, and
the relatively high rate of diffusion of ongen 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 relativelynsmall. It is apparent that the
use of air or other gases having an effective diffusion rate
less than oxygen offers practical édvantages. 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 crystallographic. In
either case the cohesive energj density is such that the

fabric material acts as a gas barrier.
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| | | oF
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 tempetature 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

film). 'Laﬁination, using RF energy, successfully bonds the

low temperature layer'to the_coupling agent 48 on distal

surfaces of the fabric. In this case,'crystalline élemenﬁs' (%-;

are provided not only by the backing fibers in the surfaces of

the core'fabric, but also by the crystalline fibers of the

taffeta:cioth outer barrier layer. In this arrangement, the

entire surface of the device, out to and including the

perimeter weld,-is comprised of 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
elaktomeric material as the matrix which binds together the
crystalline eleménts. " The elastomeric'material'provides good
flexural fatigue resistance and the desired physical
properties of modulus of elasticityi eiongation, manufacturing
processability and heat-sealability. The crystalline |

components provide the proportional diffusion barrier. 1In
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this way, the elastomeric properties of the composi“e
structure exist up to the boundaries between elastomeric and
crystalline elements of the structure. Thus, the crystalline
materials are protected from daﬁaginq fatigue stresses. Heat-
sealabiiity is accomplished within the inner elastomeric
sur§a¢e portion of the composite barrier product. A weld bead
at the inside perimeter juncture of the barrier product
assures that there are no cloth fibers exposed to the internal

pressurizing gas so as to create a leaking.path.

Anoéher of the advantages of 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
surfaceé are planar and essentially in a parallel spaced
relation. This heel ped is unlike prior ar; heel peds due to
the planar configuratién 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 @rior heel peds since the heel profile of

the footwear can be much thinner permitting use in many types

of shoes including men’s and women’s street 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 interior structure
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of the.deuice is;as'already previously described. The unit
.may‘include a mediallleq 97 and a souewhat-shorter lateral leg
99 with an open area 100 between the opposed portions of the
legs and torﬁardiof the rear section 101. The unit 99 is
inserted iﬁ foetvear such that the medial leg 97 is on the
medial side of the“feot with the open area 100 generally under
the calcaneus. The medial leq is located under the arch of
the foot and preuides'arch support while the rear section 101 CD
is curved, as shown, to fit the general contour of the heel. Q.J
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 prov1de cushioning and arch support.

Referring to Figures 17 and 1l7a, 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'descrited.
The medial and lateral legs are spaced from each other and _
jeined to a rear section which is curved 1l4to fit the heel %"
contour. In this form,:there is a separate inflated chamber
115 forvard of the-rear section and between the legs. This
inflated seetien is bultous'in configuration, as seen in
Pigure 17a to provide a special cushion element located under
the calcaneus. 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. Thus, the outer portions may be
pressurized at one level and the chamber 115 at another level,
usually a lower pressure for comfort and cushicning.  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. 1In this
variant, the fabric material may be thicker than the material
in the medial and lateral legs for added cushioning and the
inflatant pressure may be lower for softness under the

calcaneus.

Fiéutes_ls and 34a-b illustrate an inflated structure 120
in which there are multiple chambers 122 and 124 forméd by
three barrier sheets 125, 126, and 127. The barrier sheets
are compbsed of an elastomeric material as already described
and a fabric material, 128 and 129, as already described is
received between adjacent sheets. This particular form of the
invention may be a product in which one chamber is a full
length insole and the upper part is in the form of a hgel ped
or moderator. Further, the upper part may be 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 chamber may be of a
smaller surface area than the lower chamber, i.e., the upper.
part need not be coextensive with the lower part. For some

“products, it may be desirable to use a héal ped at higher
pressure than the lower part since it may be placed 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 offers 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_soékliner.
It may be configured to provide arch support as a slip-in item
or built into footwear. It may be 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 elsewhere in

footwear.

It is also £6'be understood that the sheets of the
p:oduct'may have different gas diffusion characteristics.
Thus, only one surfaée layer need be semi-permeable to gas and
the other may be impermeable. 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 barrier
material, there may be a- situation in which defined regions of
one surface are not bonded or in which no fabric component is
present. A typical suchlstructure is illustrated in Figures

| 17 and 17a and Figure 33a hereof. Further, it is apparent
that the envelope may be formed from starting materials other
than sheet materials. Otner techniques such as blow molding
or injection moloing may be used to form the envelope,
followed by joining the envelope to the fabric components and
then pressurizing. Figures 19-19d illustrate such an
.approach. There; the heel ped 130_inc1udes a thicker rear
wall section 132 and thicker side walls 133 and 134, as shown.
The fabric material 14 is‘also present. Additional approaches
would include vacuum forming, slush oasting, roto molding,

blow molding, vulcanizing, open pour casting_and the like.

At this point in discussion, it is important to emphasize
again the unique properties of compliance that the new
1nf1ated device provides. As mentioned earlier, an optimum
cushioning product should absorb the maximum possible shock
input energy; and return the largest possible percentage of
that energy; while at the same time attenuating the shock
forces to the lowest possible 1eve1. Such an optimum

cushioning device is defined as having superior compliance.

The manner in which the present product functions to

provide good compliance is seen in examination of Figures 20,
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21, 22, 23} 24. The air cushion of this invention can absorb
maximum shock input eneroy, with maximum cushioning (good
shock attenuation within a maximum allowable deflection)
because of'the.unique shape of the load-deflection curve 150
of Figure 20. The configuration of this curve 150 approaches

——

a rectanqular shape, which is the ideal shape as compared to

N——

curve 152 whxch represents the load-deflection curve for a

prior art multiple chamber inflated device. ‘Figure 21 CB
illustrates'the energy absorption of the prior art product as ’QJ
representéd by curve 155 as compared to.the energy adsorption

of a product of the present invention, 156, the latter about

1/2 the thickness of the prior art product.

Figures 22 and 23a and 23b show how this is achieved.
The foottis shown initially impacting the air cushion 160 in
Figure 23a.. As'is'seen, 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 coopling
agent and the barrier film, acts in tension as e 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 1l165.

Because of the efficient energy return characteristic of
1) the drum head effect and 2) the very efficient,
essentially peffect-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 broducts of this
invention.return a large'percentage of the cushioned impact
energy 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
ﬁroduct, curve 172 represents the energy return (about 40%
efficient) for that producﬁ: curve 175 represents the energy
absorbed by the product 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 Sorbathane and gel type products (2%
efficient). | |

As compared to my convent;onal tubular prior art
pressurized product, it is possible to absorb a given_amount
of impact enetgy in much less displacement space using the

product of this invention. For example, Figure 21 shows the
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product of this invention absorbing the sané impact energy in
one-half the displacement distance of the conventional
pressurized.product,'still'with overall excellent cushioning

(i.e., acceptabiy low=-shock loads).

Inflation pressure is the primafy_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 (3-
pressures afe shown in Figure 25, i.e., medium pressure curve ~
180, high pressure curve 182 and low pressure curve 184. As
is seen, the high pressure unit can absorb much more energy in
a much restricted space (or deflection). cCurve 182 of Pigure
25 is identical-to curve 156 of Figure 21. The low-pressure

unit has a softer feel, but can bottomQOut_in some instances.

- In some cases, the sharp initial_rise of the load-
deflection curve is objectionable. This occurs in shoes where
perceivéd'comfort is of primary importahce.and impact loading ku)
is low, as in street shoes, workmen’s duty shoes and also some
types of walkihg 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 egg
crate pattern 192 on the bottom of the_moderétor can achieve
this effect by altering the load/deflection characteristics.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 cushion. .In addition, the type of
yarn, fabric construction, modulus of elasticity of the
barrier film, étc., can changé the pgrceived comfort and

load/deflection of the device.

It is now valuable to discuss the solution to one of the
more troublesome problems encountered during the six-year
development program which brought the new air-cushions to the

staﬁus of a reliable market-ready product.

The problem involves fatigue failure of the tensile
filaments (drop-threads) after prolonged exposure to 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
numerous 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
reliébility must be greater than for other components because
failure results ih 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-down motion. For example, shear forces due to
turning and stopping, longitudinal flexing as the foot moves

from heel-strike to toe-off rotatioh movéments, 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
reiatively high speed and subject the air-cushion to as many Q.
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 loadihq so that two days-

of testing with what we call the Kim flex tester machines is,

in fact, approx;mately.equal to 3,500 miles of marathon

running. The typical well made running shoe will not last

beyond about 800 to 1,400 miles. Thgrefdre, parts that pass

two days of this test will generaily out iast_the footwear by

a factor of two or more timés. Figures 27a and 27b show a

typical air-cushion 210 mounted under the movable test head | E;)
212 and supporfed by fixedlguides in the form of rollers 213

on each side of the test head of one 6f_these special "Kim"
flex~test machines. 'As is seen, the cushion 210 is exposed

to severe up-and-down compression iqading as well as
bending/flexing as well as some.shéar'action'by'up and down
movenenﬁ of test head 212 while the rollers remﬁih 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 accurately and quickly duplicate the

failure modes'experienced in the actual wear tests.

The exclusive purpose and fﬁnction 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. Therefore, the subject
failure problem was somewhat_unexpectéd in that it occurs
during the portion of thé duty-cycle when the drop-yarns are
not in tension and are not performing any useful function.

The droprarns have no purpose when not in tension and do not
supqut compréssion'ldads, so as not to interfere with the
primary function of the pressurizing medium 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 attenuate shock loads and absorb and return as
much.otherwise wasted energy as possible. As soon as the.drop
yarns go out of tension (Figure 28b) they start to bend, coil
and fold. 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 duty cycle, there is
cqnside:able motion among and between the yarn strands. This
motion is aggravated by shearing loads (associated 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 thé'sometimes very severe T
motions while perfbrming.various athletic endeavors. sﬁch
bendiﬁg and flexing of the drop yarns génerates ggtigﬁe —-
stresses in the outer portions of individual fibers. Abrasion
damage'cah occuf as the fibers sqﬁifm ;hd move against one
another. Under extremely heavy load conditions (i.e., -
geherally'lgss'thén 2% of the ngrmal-timé/life duﬁy history of
the part) the product bbttoms-out trapéinq and crushing the
tensile fibers against one another and against the inner . .CQ'- -
surfaces of the composite fécing_Iiyers (Figuré 28c)} After
many cycles of such contorting, it is possibie for tensile -
- yarn filament fatigue and fibrillation failures to occur as a
result of the repeated crushing of the tensile elements when -
bottoming-out occurs, (Figures 29¢ and 30). Some of the -
fibéré are weakened and then subsequently fail in tension.
Tension stress in remaining fibers increases, and a ripple -
effect occufs_as successive fibers fail in tension. Eventually
an aneurysm occurs. The air-bulk, heat set texturizing of the
fibers is effective in controlling and bréventing this tjpe of \Qi'”

failure and is explained next.

Because most cushioning devices of this type are designed
to operate close to'thei: limits tor“bottOlihg-out; 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 descriied 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.zoo, 2) conventionally texturized
fibers 201 and 3) air-bulked, heat-set fibers 202 function
differently during the downward flexing mode, especially as
rggards the bottomed-ouﬁ condition. As is indicated in Figure .
28a, when in the tension mode, all thfee types of fibers are
stretched-out in a ﬁaunt, straight iine, and all three
fnnétion in much the same way under tensile loads. However,

as soon as an external compression load is applied, the air-

~cushion deflects downwardly and the fibers of the drop yarns

immediately go out of tension and enter the relaxed mode

(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 length 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-cut condition,
after several million cycles of up and down flexing is shown
in Figure 28c. As is seen, the étraight:fiber 200has bent
over onto itself. The air-bulked fiber 202 is compressed into
a bulky, compliant bundle of lboped and intermixed fibers

coiled amongst themselves in various directions in random
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fashion. The conventionally texturized fiber 201 because of
‘many cycles of tension and flexing is seen as having resorted
- back to its oriqinai'pré-texturiéed condition, i.e., it is now
é 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 will

tend to fail, as next explained.

A portion of a yarn containing the sfraiqht fibers is
shown in the bottomed-out configuration (at 4o.tihes actual
size) in-Figure 29a. As is seen, the fibers are tightly
packed together in essentially a parallel, aligned, side-by-
side arrangement. 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'ggnerally_along the
longitudinal axis of the fiber. Afterbprolonged bending and
flexing during the up and down portions of the cycle,
coupled with the squirming, rubbing and transverse loading of
Ithe bottomed-out portion of the cycle, transverse decochesion
(delamination) between individual bundles of molecular chains
within the interior of a singie straight fiber can occur.
This failure mode'is'illustrated in Fignre 29c‘which is a
magnified croés sectidn view (1000 times actual size) of a
single fiber from the bundle 6: fibers (Figure 29B). As is

seen, when the transverse compression load is applied to the

Qo
v

“
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straight fiber, the fiber tends to burst outwardly on the
horizontal cengerline plane, and tensile separation stresses
occur.at the sides of th; fiber tending to delaminate and
unravel the various bundles 6f molecular chains one from
another. The fiber breaks apart into individual bundles or
strands.of molecular chains. Eventually, these small strahds
are weakened by fatigue and soon snap and fail either in
tension or bending. This condition is seen in Figure 30 which
is a scanning electron microscope photograph of a typical
failure of this type (enlarged approximately 1,000 times).
The separation of a single fiber into various strands (of

molecular bundles) is seen.

‘on the other hand, the heat-set, air-bulked fibers
(Figure 294 and 29e) behave differently from 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 fibroué
material functions as a cushioning element (much like a felt
mat), thereby mitigating compre#sion stresses on any single
filament and distributing forces throughout 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 thallongest possible molecular chain
orientéd'aa much a spossible along the longitudinal axis of
the filament. ISecondly; it is important to use a polymer with
superior abrasion'resistance, such as DuPont’s industrial
polyester 68L. éatter Yet; arc'fibers_made from the NYLON 66
family, espacially CORDURA nylon, (having especially long

chains).

Thirdly, texturizing of the drcp-thread filamcnts is
anecesaity to improve abrasion flexural fatigue, and

fibriliation resistance by helping to cushion the loading on

.ahy'individual fiber and preventing the filaments from being

subjected to sharp folds, as yarns move against one another.
In this rcga;d Cordura, is greatly superior becauce of its
air-bulked type of heat-set texturizing which not only
provides a yarn with increased bulk but also with fibers which

retains their texturized spring-like condition after prolonged

.cycles of 901ng from the tension mode to the relaxed, folded

mode and back again to the tension mode because of being heat-
set in the texturized condition. Other types of texturized

filaments, lose their texturized shape after exposure 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 confiquration. It is for

this reason that air cushions of this new type made from

- Cordura nylon exhibit a service 1ife which is about one order

of magnitude better than the standard texturized nylon 66
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yarn. Further, the standard texturized yarn is approximately
one full order of magnztude superior in service life than the

flat untexturized tensile yarn.

There is also a fourth important consideration to
minimize fhese'tailures. It has been found necessary to
provide a sufficient number of fibers per 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 air-
cushion. 1In this regard, the approximate minimum number of
drop yarn fibers per square inch is 5,000 and the maximum is

approximately 80,000.

Several other embodiments of the invention are shown in
Figure 31 and related Figures 31a-31d in order to highlight
the different cushioning properties possible with different
types of designs all at the same inflation pressure. The .
Figure 31a ped 220 exhibits a steep rise 220a in support force
as defledtion increases because of the small volume of gas
contained within the ped (i.e., most of the load supporting
volume of the device is trapped benéath'the loaded area). The
various compartments 221, 222 and 223 of the Figure 31b full-
length design behave in the same way (220a), and provide a
stiffer feel és compared to the full-length cushioned product
225 of Figure 31d (see 225a). The form 227 of Figure 31c, in

a dog-bone configuration, provides support primarily under the
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load-bearing portions of the foot (for cost saving purposes), C)'

and has an intermediate force-deflection curve 227a.

| Referring.;o Figures 32 and 32a-32e, ancther way.to
influence and control the cuéhiéning.characteristics is to
provide an accumﬁl&tor-#olume into whiéh the inflation gas can
be mass transported from one portion of the device to another
upon application of load. One such acdumulator transpbft'
volume can be around the perimeter 230 as.ié shown in Figures (P_
32,32a and 32b. The larger volume 233 of Figures 32c-32e, of ~
course,.prévides the softer feel. The softness of feel is |
achieved in two ways: 1) the extra volume outside the loaded
aréa (Figure 32e)_pr6vides a space for the inflatant gas to
move into upon application of load and 3) the elastomeric
film enclosing the accumulator can elastically expand and
contract in response to changes'in the gas pressure when the
load is applied, thereby further increasing the volume of the
accumulator and the soft responsive Cushionihg 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 i11ustrates an alternaté and beneficial unique
means for providing an accumulator yolumg; This is
accomplished by having a hybrid prdduct 250 in accordance with
this invention,"ihcludihg a standard ait-cushion systenm

incorporating a tubular portion 251 in the arch area, as shown
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in Figures 33b and 33c and alportién 252 in accordance with
this invention. Figuré 33b shoﬁs a secti&n view through the
arch area with zero load. Figure 33c is the same section view
in the loaded condition. Figure 33d is the load-deflection
graph illustrating the conventional producﬁ 253 ih accordance

~ with this 1nven€ion (without the standatd 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) when thé load is applied
and removed in direct proportion to the applied load and the
resultant instantaneous pressure changes within the device. a
softer feel is provided to portions of the air-cushion wheré
the load is applied (heel area or forefoot). Also an
automatic dynamic arch support proportional to the wearer’s
need occurs under the longitudinal arch portion of the foot to
assist as an orthotic device for prénation control. At toe-
off the arch support automatically recedes away from
supportive contact with the foot so as not to_irritaté the

plantar tendons as they extend during the'toe-off phase.

Another interesting configuration involves a multi-layer
pressurized product. This is shown in Figures 34a, 34b and 18
where th reference numerals are the same. The two (or more)

' pressurized layers can be achievediwith two separate tensile’
air-cushion devices, one on top of the other, with sepafate
perimeter seals, all as already described. Anbﬁher method is

to laminate the stack in a single operation, and to seal the
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lthree sheets of barrier film around the perimeter in a single CD.
operation. For maximum comfért, the top portiqn can be
inflated to'a lower preséure than the bottom chamber. The
top, at idwer pressute, thus detleéts more easily than the
bottom ﬁortion, and conforms more readily to the bottom planar
surface of the foot; thus a high dégreé_qt.initial contact
softness is percéifed. Tﬁe higher pressufe bottom chamber
prevents the device from bottoming-outuhder.high_loads and
returns a greater peréentage of the otherwise-damaéing and ({:;

wasted impact energy.

In.some shoe appiications, a high degree of toe flex is
désiréd; aé in a walking shoe. Thié can be achieved by
incorporating ﬁwo 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 région. Another method involves sewn
.flexlines 250.exténdinq laterally achss the die-cut fabric
blanks priorto the final step of laminating the barrier film
into place as shown in Figures 35a and 35b. Such sewn lines )
draw the fébric down a prescribed distance (1/2 to 3/4 of the
thickness of the fabric) using care not to seal the fabric
coﬁpletely Closed, théreby precluding moveient of air across
the.sewn line, or a line of discomfort under the foot.
Another method is by having lugs, or bars;positicned on the
bottom of é.moderator elemént in the region(s) where flexure

is desired, as shown in Figure 26a.
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To better understand the leakage problem whxch was
discovered to be a significant problem and which is solved by
this invention, reference is made to Figures 36a, 36b and 36c.
In Figures 36a and 36b, a weld section 275 composed of layers
275a and 275b is shown in which the pressure side is 276. A
single filament 277 is show extending through the weld 275
from the pressure side 276 to the oﬁtside ambient pressure
side 278. The residual stress in the film or-layers'275a and
275b tends to pull away from the filament 277 resulting in
minute leakage paths 279a and 279b typically along the lateral
sides where the iayers join to the filament. As shown the
filament 277 extends all the-way through the weld and
represents the worst condition. Leakage may occur even if the
filament does not extend all the way through the weld since
the distance between the end of the filament and the outside
of the weld may be sufficiently small to permit more rapid
diffusion in that area than is taking place in other regions

of the film.

Figure 36c illustrates another feature of the invention
which is the effect of thé coupling agent in reducing leakage
alongﬂthelfiherslzso. For example, fiber 291 is one of the
drop threads and is located on the gas pressuré side'295 of
the inflafed product of this invention. During application of
ﬁhe coupling agent, the latter is melted and flows around the
fiber, as indicated at 297; effectively shgéthing all or a

portion of the outef surface of the fiber with coupling
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material. This effectively prevents or substantially reduces
passage of the'gis'along the fiber or the outer surface
thereof and between that sufface and the barrier film
material.

Reference is made to my copending applications nos.
9201174 and 9201175 which have been divided out of this
application and which disclose and claim a pressurised
envelope and a method of making such an’énvelope'as

disclosed herein.
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CLAIMS:

1. An internally pressurized envelope having

spaced inner and outer surfaces comprising:
first and second fabric layers positioned in

said envelopé such that one surface of each fabric layer
is facing an inner surface of said envelope,

said envelope being of a semi-permeable

elastomeric material,
each of said fabric surfaces being bonded to

the facing inner surface of said envelope,
said fabric layers including a yarn material

which is texturized or flannelized or bulked to increase

the bonding to the facing layer of said envelope,
flexible means between said fabric 1ayérs for

restraining the movement of said fabric layers away from

one another beyond a predetermined distance, and

a gas in the interior of said envelope to
pressurize the same.

2. An envelope as claimed in claim 1, which

is substantially impervious to large molecule size gases

and slightly permeable to oxygen,
said flexible means being compressible and

R
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forming a part of said fabric,

said fabric layers being at least partially
imbedded within said outer éovering t6 reduce diffusion
through such covering, and

said gas being a large molecule sized non-
polar gas, said envelope being pressurized %o pressdre of
at least two pounds per square inch whereby substantially
all of the resistance of said envelope-to compression is

provided by the gas pressure within said chamber.

3. An envelope as claimed in claim 1 or claim
2, wherein said flexible means for restraining holds said
fabric layers in predetermined and predefined'spacéd

relationship to one another.

4. An envelope as claimed in aay of claims 1
to 3, wherein said envelope is substantially free of

incompressible areas.

s, 'An enVelope as claimed in any of claims 1
to 3, wherein said first and secohd fabric layers include
yarns in which up to about 30% of the fiber elements are

discontinuous to increase the bonding to the facing inner

T
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surface of said envelope.

6. An envelope as claimed in any of claims 1
to 3, wherein the peel strength between said inner surface
and the mating surface of said fabric being greater than

about 18 pounds per lineal inch.

7. An envelope as claimed in any of claims 1
to 3, wherein-the fabric layers include filaments composed
of a molecular structure which is predominantly
crystalline in nature énd which functions as a barrier to

diffusion of gas therethrough.
8. An envelope as claimed in any of claims 1
to 3, wherein said texturised, or flannelized or bulked

yarn material is heat set.

9. An envelope as claimed in any of claims 1

“to 3, wherein said fabric layers is composed of yarn

material which has been procéssed to prevent formation of

any direct and unobstructed passages through to the core

of the fabric layers.

10. An envelope as claimed in'any of claims 1

to 3, wherein said flexible means for restraining the

AT R -..
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movement of said fabric layers is of sufficient strength
to hold said fabric layers at said predetermined distance
when the gas pressure in said chamber exceeds

approximately 150 pounds per square inch.

11. An envelope as claimed in any of claims 1
to 3, wherein said fléxible means for restraining the
movement of said fabric layers comprises filaments -(D
extending between and locked to said fabric layers.
12. An envelope as claimed in any of claims 1
to 3, wherein the flexible means is a filamentary material
and the fabric layers are of a material different from the

material of the filamentary material.

13. An envelope as claimed in claim 11,
wherein said filaments are composed of a material having

good gas barrier properties. : _ ' &,)

14. An envelope as claimed in claim 11,
' wherein said filaments are composed of an oriented long

chain high molecular weight polymer.

15. An envelope as claimed in claim 14,

wherein said polymer is selected from the group consisting

* [ L M s * ) :
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of Dacron 56, nylon 66 and Cordura nylon.

16. An envelope as claimed in claim 14,

wherein said filaments have a semi-dull or dull finish.

17. An envelope as claimed in claim 14,
wherein said filaments are composed of texturized or
C)' flannelized or bulked and heat set varn, and wherein said

yarn has a uniform high degree of loft.

18. An envelope as claimed in any of claims 1
to 3, wherein said fabric layers are impregnated with a
coupling agent to a depth which is less than about their
thickness, said coupling agent being bonded to said facing

surface of said envelope.

19. An envelope as claimed in claim 18,
\ wherein said coupling agent is an elastomeric material and

semi~-permeable. to oxygen.

20. An envelope as claimed in any preceding

claim, wherein said gas includes a supergas.

21. An envelope as claimed in angfbreceding

claim, wherein said elastomeric material includes a

a
g
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polyurethéne elastomer.

22. An envelope as claimed in any preceding
claim. wherein the envelope includes an outer surface,
said outer surface including a cloth material bonded

thereto.

23. An envelope as claimed in any of claims 1

to 19, wherein said gas is a nitrogen containing gas.

24. An envelope as claimed in any preceding
claim, wherein said envelope is full length insole for use

in footwear.

25. An envelope as claimed in any of claims 1

to 23, wherein said envelope is a heel ped;

~26. An envelope as claimed in claim 25,

wherein said en#elope is a cobra pad type heel ped, and

'said heel ped having leg segments.

27. An envelope as claimed in claim 26,
wherein one leg segment is longer than the other leg

segment;
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28. An envelope as claimed in claim 27,
wherein said leg segments are spaced and separate from

each other.

29. An envelope as claimed in claim 28,
wherein a gas inflated chamber is located between said

legs.

30. An envelope as claimed in any preceding
claim, wherein said envelope includes at least two

chambers.

31. An envelope as claimed in claim 30,

wherein said chambers are interconnected.

32. An envelope as claimed in claim 30,

wherein said chambers are located one above the other.

33. An envelope as claimed in claim 30,
wherein one of said chambers is pressurized to a pressure

different from the other chamber.

34. An envelope as claimed in any preceding
claim, wherein the surfaces thereof are in planar

relation.

.
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35. An envelope as claimed in any preceding
claim, wherein said fabric material is a double needle bar

Raschel knit material.

36. An envelope as claimed in any preceding
claim, wherein said flexible means are drop threads
comprised of about 50 to 1,000 strands per square-ihch of
fabric and wherein the bulk density of the drop threads is
in the range of 5,000 to 150,000 fibers or filaments per

square inch.

37. An envelope as claimed in any of claims 1
to 3, wherein said envelope is in fhe configu:atioh of an
‘insole having a substantially uniform thickness, and said
envelépe being free of incdmpressible areas throughout the

load bearing portions of the said insole.

38. An envélope as claimed in claim 37,
wherein said insole is contoured to the shape of the

plantar load bearing surface of the foot.

39. An envelope as claimed in ahy of claims 1

to 3, wherein said fabric layers are in spaced

predetermined contoured relation to each other.
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40. An envelope as claimed in any of claims 1
to 3, wherein said envelope includes an inflated section

free of fabric material.

41. An envelope as claimed in any of claims 1
to 3, wherein said envelope includes at least one
elastically deformable gas pressure energy accumulator

section along a periphery thereof.

42. An envelope as claimed in any of claims 1
to 3, further including a flexible foam material at least
in contact with at least a portion of said envelope.

. ] .
43. An envelope as claimed in any of claims 1 |

to 3, wherein said fabric includes sewn flex lines.

44. An envelope as claimed in any of claims 1
to 3, further including a studded moderator in which the

studs or ribs contact at least a portion of the envelope.

45. An envelope as claimed in any of claims 1
to 3, wherein said flexible means are drop threads

arranged perpendicular to the fabric layers.

—_—
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46. An envelope as claimed in any of claims 1
to 3, wherein said flexible means are drdp threads

arranged at an angular orientation with respect to said

fabric layers.

47. An envelope as claimed in any of claims 1

to 3, wherein said envelope is fofmed of f£film material.

48. An envelope as claimed in any of claims 1

to 3, wherein said envelope is a pre-formed envelope.

49. An internally pressurised envelope
substantially as hereinbefore described with reference to

and as shown in the accompanying drawings.

50. A process for making an internaily

‘pressurised envelope substantially as hereinbefore

described with reference to the accompanying drawings.
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