-1- | MPROVEMENTS | N AND RELATI NG TO PRESSURI SED ENVECOPES Thi s .i nventi on
relates to internally pressuri.z- able nmulti-|ayered,..envel opes, and
particularly, to an inproved multi-layered pressutiized, gas conta)ﬁgg&%Sk;K
envel ope which is particularly adapted for use as a cushioning device such
as an insole or other conponent in footwear. Background of the Invention
Previously, considerable difficulty had been experienced in providing
internally pressurizable nulti-layered-dmvel opes wherein the envel ope was a
flat or uniformy contoured supporting surface with the capacity of being
pressurized to relatively high levels. Previously nmuch of the absorbed, re-

di stributed, and stored i t ck energy was_| ost and not -2-
returned in a useful for TE j 3 NG ;TQncapsul ate the
unit in a viscoelastic foam act devel op. the desired
snooth or contoure f Laply.no ossible to provide a
product wherein nugﬂ§ grééi%#é%%§ﬁ§%3§§28ft?hé"?ﬁﬁ&aghﬁpBFPFﬁgr#ﬁreriaI of
the product vgs & fmflflf PLES LLh r_product _|ess than
40% of the energy of 1npac eoégtﬁgag%?gé%ﬁrén§aégﬁgfafﬁéacPﬁa§}5eneficial
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and di ssipated as
envelope which is particularly adapted for use as

a cushioning device such as an insole or other component

in footwear. e

Background of the Invention

Previously, considerable difficulty had been experienced
in providing internally pressurizable multi-layered envelopes
wherein the envelope was a flat or uniformly contoured
supporting surface, with the capacity of being pressurized to
.relatively high lavelsf Previously much of the absorbed, re-

= distributed, and stored impact/shock enérqy was lost and not

-

c



heat. The present design is capable of returning, in a useful form up to
92% of the otherw se wasted energy. In addition, superior cushioning and
- conpl i ance are al so provided, which S|gn|f|cantly reduces damagi ng i npact
i shock | oads to the foot and legs to | eygls under 12 Gs. The new product
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In a snoboth manner, at a rate equal to or greater than the rate at which

'the applied load is renoved fromthe devices. Success of this new product

depended- upon sol ving several basic problens: 1) separation (del am nation)

‘between the tensil gtclvamesinplgbnot pessiblet to dprevide enproduct dhexedn he
.gas containing barrier |ayer, when subjected to high |oads with |ong-term
.cyclical fati guehcdglieatersthan 60%3hofigthebload osupportinghmaterial @f- the
‘failure of the drop-threads, 3) hydrolytic degradation failure of the drop

‘threads, 4) f preducthasesca gagnunden:pressure; r Mith the former MrOANGi or

naterlal 5) unravelling of the tensile- elenﬁgts | mredi at el jacent to
the cut edges o@s fban , ofhEhesenpEgy o6 Lmpact Ms‘%@%’rﬁ?w"rﬁ? M d

flexing, 6) Pungture £% 3LaRPcie)] “eFeRLalRE QA dSirdidiBrd mdrfls 0

of the pressuf
the balance of the energy being absorbed and dissipated as

‘\,/ = heat. The present design is capable of returning; in a useful
form, up to sztlof the otherwiselwasted energy. In addition,
superior cushioning and compliance are also'provided, which
significantly reduces damaging inpict shock loads to the foot

U and legs to levels under 12 G’s.

The new product was developed Secauso difficulty had been
experiehced with the prior products in prodpcing light weight,
long-life, high-pressura inflated structuros'tor use 1h foot
wear and the like which possessed a high degree of resilience
And compliance wherein the shock energy absorbed,
redistributed and stored at 1ipact is efficiently returned as
useful energy in a smooth manner, at a rate éqﬁal to or
greater than the rate at which the gpp;ied load is removed
from the devices.. Success of this new product depended upon
solving several basic problems: 1) separation (deianination)

between the tensile element (fabric layer with_drop threads)
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gas at the perineter seal, caused by fiber filanents extending fromthe
sides of the tensile cloth being trapped in, and bridging the perineter
barrier seal so as to create m nute | eakage paths through which
pressurizing gas could slowy leak out. In addition to the above probl ens,
one of the nore difficult challenges wds the provision of a seal ed, .
permanently inflated cushioning device wwth flat surfaces, as contrasted to
tubul ar or rounded chanbers, and which could be nade relatively thin so as

t o achi eveapQOtha das UEHPE ﬁgﬁ?(ggf& ' e suf.fj ci ent
fatigue resf‘gt%cegto withssit and m | |gﬁ%ﬂ£‘n\$u§§£i'3%§c%%%g tl% > In
t he case ofos@8SWiER 16 e ' vy | YR - f | iafye ral
years is essential. Furt ernorgﬂ%mxiijéé%% oﬁﬁ%t rrusct&r‘r*aiﬁdgsd tg?eél?rﬂszﬁé' dnd
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t hroughout its full-lifetine. As is apparent, a significant |oss of_ggin of
pressure ohpdrelytipedégradatiometailurg of o drop thxeads) lay ifungugsuner
products. It is also desirable to provide an inflated product capable of

wi t hst andi PActeriaand hydralytio stress Eracturehaf the barmigrout, such as

t he | oads t%e%éfjiy encountered in athletic activities. For exanple, in
runni ng or® alko Ak Whraved ling et the tenaile-elements imnediately are

substanti a ocalJ zed J.oads ,durj ng heel .strike_ or push off. If the
cushi oni n PARARERE (0 SR iy Sdaih, G 2nm G Loy, MbeBo subJest Soohiah i s

loads and bending and flexing, 6) puncture and abrasion

Za

failure of the barrier film, 7) leakage of the pressurizing - oo
gas at the perimeter seal, caused by fiber filaments extending ™~
from the sideg of the tensile cloth being trapped in, and
bridging the pgrineter_barfier seal so as to create minute
leakage paths through which pressurizing gas could slowly leak |

out. A

In addition to the above problems, one of the more
.difticult challenges was the provision of a sealed,
pernanent;y 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 sufficient 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 must
maintain th§ unique and benetici#l cushioning properties, .
without significant degradation throughcut.its full lifetime.

As is apparent, a significant loss or gain of pressure over a



conprom sed. For nobst conditions encountered, to prevent bottom ng out, the
3l nfl ated product either may be nade sufficiently thick or highly
+!pressurized or both. Another desirable gpproach I's to use snaller chanbers
sknflated at | ower pressures, and posi tT8ned under the | oad bearing surface
'so that there is little or no accunul ator volune into which the gas may
‘escape. Rel atiwvely high pressurization of the prior art inflated devices

wi th rounded t od ohdime dspnotuesteptablmfespgedialliycdin consaner
encapsul ated with foam or used with'sonme other type of surface/contour

nmoder at or el erpraductss | d4d/iscales idesinable dfo providenan dnflated: product
tachi eves totally new, unique and beneficial cushioning characteristics

never before [RARAMI® of dng redativedy high decadized doads ..
{The | oad defl ect,i.on characteristics of earl i er inventiaqgns, Patent” No.
14,183, 156, pr A Shahe, nizg; Qusn, a8 the dands: tYRigGad 1y ancountered
‘Wi th progressiyel eqw er | q.he supportive force increased either in
“a linear or iA&gﬁﬁggﬁgﬁ@hfﬁgﬁ%ﬂgﬁﬁﬁ’. This type of |oad/deflection
icharacteristic is suitable for many applications. However, there are other
:uses where it is very desirable that the pressurized pneumati c cushioning

o e oy et SOF SRR ] SR O S G skl vhfon
' ' involve running or jumping, there are substantial localized
loads during heel strike or push off. If the cushioning.
device bottoms out, then the entire purpose of the cushion is
compromised. .For most conditions éncountered, to prevent
bottoming out, the inflated product either may be made
gsufficiently thick or highly pressurized or both. Another
desirable approach is to use smaller chambers inflated at
lower pressures, and positioned under the load bearing surface
so that there is little or no accumulator volume into which
the gas may escape. Relatively high pressurization of the
prior art inflated devices with rounded tubular chambers
produced an uncomfortable feel, unless cncapsulited with foam,

_ [ or used with some other type of surface/contour moderator

elenment.

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

load cushioning devices.



!1 the product of the area of the applied |oad tinmes the internal working
*| pressure. Then, when greater conpression |oads are applied, the device
automatically, at a predeterm ned |oad,, changes fromthe firm board-1like -
cushi oni ng support and exhibits a soft, relatively consistent and gradual
i ncreasing | evel of cushioned suppor&5throughout the full, available
di spl acenent of the inflated device. This type of cushi oned support
enbraces substantially different, new novel technology fromthe prior art.

New, novel and highly ugefu roducts are now, possi bl e that were inpossible
using the prior af® x‘?ﬂ%sﬁb%‘éﬁﬂ"%x‘?@?%‘?g?r tics ot Y eardien |y
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service |life even when built as a permanent and I ntegr part of the

footwear. |1ihéagl6p £n aAvexposéntialm&whéri O ThN €ypé ams pressurized
1l oad bearing cushioning nmenber which ray be fornmed in various shapes,

t hi cknesseslead/deflection| chasacterigstic Hé suitabbecfor imamntion to

obvi ate or niti?ateiéﬂgfe géggszantaq:ﬁé
applicat r, there are other uses where it is very
desirable that the pressurized pneumatic cushioning device
initially exhibit a very firm cushion support under light to w
moderate compression loads, a degree of support greater than
the broduct of the area of the applied load times the internal
wotking pressure. Then, when greater compression loads are
applied,.the device automatically, at a p;edeternined 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 6£'being able to



The present invention is a process for making an internally pressurized
envel ope conprising the steps of: selecting a sem -perneabl e el astoneric
material in sheet formwhich is substantially inpervious to |arge nolecule
si ze non-pol ar gases and slightly gas perfeable to oxygen; selecting a
conpressi bl e structure which includes a first fabric layer, a second fabric
| ayer nornmally spaced fromsaid first |ayer and neans between the proxinal

id f id f ic | f t.raini Ssai.d fabric | f
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fabric |ayer sjcdupeisite Sdd i S B dfed R Buil: S8 h PStmdnentl8nd O
forma bond between said fabric |ayers and said elastoneric material, which

bond extends sitesgAdl ity SO EBEweatver Bk dIddlaki dRfEnta it
said elastonmeric material around the periphery of said conpressible
structure to BOrabbd terprdvicdd &/ geenlprksswel 2% 1¢adl bearing
cushioning membér which may be formed in various shapes,
thicknesses and contours.
{ It is an object of the present_invention to obviate
or mitigate these disadvantages.
The present invention is a process for making an
internally pressurized envelope comprising the steps of:
selecting a semi-permeable elastomeric material in
— sheet form which is substantially impervious to large
molecule size non-polar gases and slightly gas pérmeable.
~ to oxygen;
selecting a compressible structure whicﬁ includes a
first fabric layer, a second fabric layer normally spaced
' \,f - from said first layet and means between the proximal sides
of saia fabric layers for'restraining said fabric layers
from separating more than a predetermined distance and
having attachment points distributed over said fabric
layers, the material of said fabric layers having been
flannelised, or textured or bulked and heat set,

impregnating the distal sides of said first and



pl acing a gas in said chanber to .pressurize said envel ope. -7-

Enbodi nents of the present invention provide a gas pressurized and inflated
structure which conprises an hernetically seal ed outer covering barrier

| ayer which is securely bonded, as w |d gpe -descri bed, substantially over
the entire outer surfaces of a double walled interior fabric structure. The
doubl e wal l ed fabric structure conprises first and second outer fabric

| ayers which are nornmally spaced apart from one another at a predeterm ned

di stance. Desgsandr fadsiq dayense wihlh @danpdlinglagentartes)a geptdr ably in

the formof nulti-filanment yarns conprised of many individual fibers extend
internal |y Migheds Hess Sham@baul fhefhigkmesss off said fadyd@ive fabric
| ayers. The .use of multi-filanment drop-yarns is unique to this product. The
filaments oﬂaﬂﬁgsdrop yarns formtensile restraining neans and are anchored

may Do arranged ndRATY A SRATRRIN: 16 Reiak CO AR Biaba oy o
that < he yarkaesin J0RH oo, pachesi @il Harti IR and s e
' elastomeric material, which bond extends substantially
continuously over said distal sides:‘
sealing said elastomeric material around the
periphery of said compressible structure to form an QJ'
hermetically sealed envelope; and |
placing a gas in said chamber to pressurize said

envelope.



Aeparate and distinct fromthe yarn of the first and second fabric |ayers,
I.e., the yarn used for the first and second fabric |ayers may be
conpletely different. fromthe yarn of the drop threads or restraining
means, dependi ng an the application and the use environnent. These :
restrai ning neans function to maintain the general flat or contoured planar
formof the pressurized and inflated strueffere, and the bondi ng of the
outer covering to the distal sides or exposed outer surfaces of the
respective fabric |ayer prevents the outer covering from peeling away or
separating fromthe distal surfaces and form ng an aneurysm The drop yarns
whi ch ext end fron1on§m&EEﬂN@"F&y9ﬁ ther presensr inventioonprovidecat ensi on
as the preferred _restraini,n are present in quantities sufficient

to hold the stﬂe& RFssusttlﬁgddég réa?Spsnar stEnsturenvhichf compnises

substanti al re ance . t.0 e Cco ssion of the,two outer |ayers towards
one anot her . Le§meﬁﬁ§aﬁg¥tﬁsgﬁﬁﬁ °Hggﬁs°ﬁ¥9€108r93FF%?¥e1%hm§reSS|ve

SioniTi L‘aﬁ{‘dcéﬁ"pﬁ@ﬁ 8y BnaRaa, A8 Py Laobe: deseehbefand thus
component. t hat %%8%85&3?8%&%‘%*?%-' prfhet conden Hptain e S, gBiBne..
ot s o°t WAASEPAREF R0y £O6ELc WEREGRAL | i SBRMIR vy SRTraKE R |,
l'oad carrying Q%?BB%&EBScaﬁpiféeﬁefifft'ih&rBébond outer fabric layers which
o “ are normally spaced apart from one another at a predetermined
~ distance. Drop-threads, (or more appropriately drop-yarns)
preferably in the form of multi-filament yarns comprised of
many individual fibers extend internally between the proximal
or facing surfaces of the respechivo.tabtic layers. The use
of multi-filament 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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manner, a very unique and beneficial result is achieved. The resulting
product has a fatigue life many tines greater than is ot herw se possible.
The regi on between the proximal surfaces of the fabric layers is of
sufficient openness to allow novenent of the pressurizing gas throughout
the pressurized chanber. The hernetically Seal ed outer barrier |ayers,

whi ch oper at feans COPt @t op | PErns SmaP15¢ S rtinged mdmﬁgggf?a}-ﬁgna%ﬂiﬁkt @c;

el astoneric sen -perneabl e material which is substa ervious“to
those gases thecfirst cudexiéahdyfihf&¢xl&¥énindo&h%heﬁﬁiaﬁdﬁhthQEﬁthdhﬁXe
the

very |l arge nol ecul ar sizes. The outer barrier |ayers also can contr

rate of inweadtaiangulaxrarcingement. ofI¥ dsr noted that] thedyarher conponent

gases of the ambient air by means of the percentage conposition of the

crystal | i ne ecrpoiRing $heidropthreads on irestrajioingt neanshmajabei er

| ayer. Therefore, this outer barrier |ayer provides a very inportant

secondary flﬁﬁﬂ’fﬁ:ﬁ)f‘%i Qﬂ%tﬂ@?&)éﬂﬂam&! o8 thecfirstr apdssecondh as
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application and the use environment. These restraining means
function to maintain the general flat or contoured planar f&?ﬁ
of the pfessurized and inflated structure, and the bonding of
the outer covering to the distal sides or exposed outer
surfaces of the respective fabric layer prevents the outer
covering from peeling away or separating from the distal )
surfaces and forming an aneurysa. The drop yarns which extéﬁs
from one fabric layer to the other, function in pure tension
as the preferred restraining means and are present in
quantities sufficient to hold the structure in the desired
planar form without offering substantial resistance to the
compression of the two outer layers towards one énother. That \,)
is, the restraining means have very little compressive
strength and very substantial tensile strength and thus do not
provide any significant compressive support to externally
applied loads and thus exhibit a very considerable fatigue
life. It is the pressurized gas component that provides 100%
of the cushioned support for the very heavy, life-time cyclic

compression loads. The pressurized gas has literally an



3ghne9, 1981; and Rudy et al, U S. Patent No.4, 219, 945 patented Septenber
1980. Attention is respectfully invited to these patents, which are
hereby incorporated herein. by reference, for a description as to the
barrier fil, the pressurizing gas and the physical phenonenon which are

i nvol ved in diffusion punpi ng and the activated diffusion of gas through
the sem -perneabl e barrier |ayer. The stLyctures according to enbodi ments

Chey ar6 T oquiriTRbe, Rhytgue 4 1dec, e B Aeparasing, EhenCampERsraan,
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£l exed. Gas(s)réma%awg taha'se 1@%3 31¢ phﬁh " bhis f@aﬁ@?”t\é n
ent

psi, functions well to provi excel ortabl e cush oni n

fhen to returrig hetherwise mmm a'mﬁSIﬂégQ% betiveehcthe! pi»@xihkr and
bYeneficial manner. Wen the structure of the present invention is
‘pressurl zed t surfaces ofhthecfabrdc 1dyersSispof shfficientuopesness ack
as much as 92% of the energy of an inpact. Therefore, if a weight having
the shape, naddlashaovenent: pfotthe mmé.m\/qabuthnoﬁghou‘htthe

heel -strike, is -1 1- dropped from approximately two feet height on to a
properly pressurized chamber.

. o

N The hermetically sealed outer barrier layers, which

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



designed structure in accordance with the present invention, which is _
pressurized to a |l evel of approximately 55 psig., the weight will first be
wel | cushioned fromthe force of inpact, such that the G forces on the
weight will be in the range of 9 t3 12 Gs. Then nearly all of the inpact
energy that is absorbed, redistrib Pzd and stored in the device during the
downwar d conpression portion of the-cycle (i.e.., about 929 w Il be very
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conpl i anc iance wdul of course, be the opposite. The present

i nvention g %w%&t&uﬁwﬁﬁ e\ Niredyd i9icetiporiatedaheeushi by ng

appl i cations ere "hi gh style and/ or maxi mum cushion confort, support and

shock protyestdrehce e for e dustrdptiom as Yonithiebarriiercitdidm; &hé space
(.e, lowprofile). Thicker devices as disclosed in Rudy Patent 4,183, 156,

were, in lpressurdeing gamand the physiical: phenomenon whichi 8xei on. The
hills and valleys of the earlier product, coupled with the need,for sone

type of fdmnaineddn fitfusionpumping and,ithe astivated: A4 Lpsdon of

confortabl e support surface, created aeProduct-t at was relatively thick
and - 1gas through the semi-permeable barrier layer.

: "’/

The structures according to embodiments of the present inveiition >
are particularly unique and suited for use where they are required
to absorb and cushion an impact load within a limited space
and then return this ofherwise wasted energy in a useful
manner. This st:ucturelhas a further advantage because it hau.}
a substantially reduced mass as conpared to the prior art
structures, thus providing pressure constraining walls or
elements which have a low hysteresis energy loss when flexed.
Gas(s)-p:essurized to at least 2 psi and preferably more than
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 50 psi the structure gives back as

much as 92% of the energy of an impact.

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

velocity of a representative human foot at heel-strike, is
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. funsy for this type of application. The flat or contoured planar |oad
bearing surfaces of the present invention achieves a conpletely new and

uni que degree of 100% fl oati:ng on air cushioned, resilient support, confort
and protection never before possible. Fiits invention elimnates the need
for foam encapsul ation. However, in certain circunstances it may be
desirable to use foamin order to build the unit into a mdsole, to absorb
noi sture and droppede£roni approximatedyr twocfeptchoight conyato p;a cproperky
product. The use of foam can alsg control or elimnate the tendency of the
subj ect cushid#ﬁﬁgnpﬂoGG€P¢FP6ﬁ1gﬂcﬂFFﬁﬁ?‘ﬂﬁEn"éﬁhtthﬁ present inygnkion,,

iQﬁ re. eRLeL_”wyiisi:Vl f 3 nassansieen; he; o siedrofoaperoeiatiely, Sééff%gsth-
Tabric. or by edans, Fial" ehESh by ety SaskibniarErsy 408, £oids ot imeiiee,

caused by be”g{h%%f ikg.hkagiég{efi&%?{-cﬂhr 8n! Qﬂooirgﬁegﬁﬁ?&?i’ly%” n 98 "Badde of 9

referred to a ion-type fallure. gure
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fai'lure of drop yarn tensile fibers“under the ball” of the foot after

appr oxi nat el y apgorived,nreaisteibutedhasil Bedreanifncthetdevice dbeing tise
di scussed | ater, the present invention solves these problens for the life

of the producidownwari3compression portion of the cycle (i.e., about 92%)
will be very efficiently returned to the weight, causing it to

i\/ ~ rebound to_approximately 92% of the original drop height, or
22 inches. The word compliance is used to express the
conbinatipn of these two factors: i.e., cu#hioning and
resilience. A product_sinnltaneously‘exhibiting maximum

r cushioning and maximum useful energy return, or resilience, is

considered to have good compliance. Poor compliance would, of

course, be the opposite.

The present invention is uniquely suited to footwear and
other similar cushioning applications vhere high style and/or
maximum cushion comfort, support and shock protection are to
be achieved in a minimum of thickness and space (.e., low
profile). Thiéker devices as disclosed in Rudy Patent
4,183,156, were, in large measure, poorly suited_for this type
of applicaﬁion. The hills and valleys of the earlier product,
coupled with the need for some'type of foam encapsulation or
moderator device to provide a smooth, comfortable support

‘surface, created a product that was relatively thick and



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
exanpl e of the aneurysm which can devel op when the drop yarns are of
insufficient strength or are deliberatgty severed, is illustrated for
exanple in Cross, U S. Patent No. 3,205,106 patented Septenber 7, 1965.
There the product functions conpletely as a structural device, it does not

produce acguﬁbgogbggthggctyga;ogogpgpfgaﬁioﬁplve the problens inherent in a
cushi oni ng product such as does the present invention. Cross does not

address the problens that nust be solved in order to achi eve pernanent
inflation nor does he attenpt to use or control diffusion punping in a '
useful and uni ghe faatecoracontouredcplamar llcadrbexring sunrtaces othahese of
drop yarns and filanents as structural conpressional cushioning or

sti f f eni npresentr inventidohl achieves atcompletelymewcand unimee degdree
exanpl e, by Tungseth, U 'S. Patent No. 3,616,126 patented Cctober 26, 1971
and G eseo8t 190% Oloatingcon abr qushbenedo m&nﬁm FRUppert, comfort.

These prior structures are conprised of a single heavy (i.e. large .003 to
025 i nch PAnBFGEPCHISE, PEVAB BeTPENPRSEIRIMG RS Inventian | i

h - di ' ' ' | ogd g . The T h '126
e o e iadhitaaC Rl SR04 Fok LSS BRG A Faf Bl [Wideli 120
P‘igf“ 'ng GRAtaTheLisbfiStRhces' £€ nd) WE Eés 514 ed U 'tE T dfler

to build the unit into a midsole, to absotb'noisture and to

increase further the éervice life of the gas pressurized ~ ;~i
product. The use of foam can also control or eliminate the
tendency of the subject cushioning product from buckling, when
bent in a sharp radius.
| v

In the present invention the formation of one or more
aneurysms'constitutqs failure. Aneurysms can develop either
when there is delamination of the barrier material from the
distal or outer surfaces ot'thc.double-walled fabric, or by
failure 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 electron microscope imagé
of a typical fibrillation failure of drop yarn tensile fibers
under the ball of the foot after approximately six months of
wear in high performance athletic shoes. As discussed later,

the present invention solves these problems for the life of

the product.



Srhe woven structure and which are placed in conpression in order to absorb
“iconpressi on shock |oads. |n Tungseth '126, no pneumatic support is
;provided at all. The G ese patent '532 likewise is a stiff conpression |oad
isupporting mat woven froma .010 of an inch dianmeter plastic nonofil anent
strand in order to forma thermal insulatiehd3+nsert for articles of
footwear; wherein it is stated "The separating material"(i.e, plastic
monofi | aments) "are of such a strength as to prevent deformation of the
mesh- |ike fabri csThevase eficdrophyarnscinsabioublel walldd: strugturd adting
wearer of the shoes.” This is identical to Tungseth. The enbodi nent calls
.for the mat t dnbtensienctovconstrainrand shapeithe barriersunfaces has
thernetically sealed chanber. one form air may be left within the chanber
to form an i nbeen: pyepesed-previously. \hAncexinple Qf ithedneuryss which be

revacuated fromthe chanber or,, replaced with a gas_such err] in order
ito achieve a EAB fAVe oRf¥hen the drop yarns Ar r°¥¢ﬁﬂ’qé?14;ﬁ94tﬂ%ﬁ?ﬂﬂ%@
;ambient air. Th k .ab ' d

eturning |« PRoaTproahibetseefl shvatedcnte {Ffisinted B3t SRangle (i ng
‘and di ssi pat | ot s

rovenl rapia PapbRecSTEr VpGURY §3, 3 F6RT108 e SHptemBi 7. °3ks.

X ti | : : " : h , .

Dioeri ¢ op) Pnihers FREChECAIER PuliGtEdng Womplotily i 4 stHiaHAL Uovice,
loss of vacuujeoeegsiotpfodetal al SishIGAIRG LRNERIOH ¥ hdi2Acel 45 Fylve

splintgrs i kewi se

o the problems inherent in a cushioning product such as does the
~ present invention. Cros§ does not address the problems that
must be solved in order to achieve permanent inflation nor
doe# 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,

w 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.
Thesc prior structures are coqprised of a iingle heavy (i.e.,
large .003 to .025 inch diameter) plastic monofilament strand
woven into a stift three-diﬁensional, compression load
supportive mat. The Tungseth ‘126 patent describes a product
of this type that relies completely on the bugkling

characteristics of select dianete: plastic monofilaments in



"may be filled with a gas,

ie
.Y

{ cords are severe

LR Y S

D issued to MRIR¥patic, suppo

penetrate, irritate and puncture the skin of the foot, resulting in pain,
di sconfort and possible infection. Qther prior patents include U S. Patent

‘3 4,409, 271 issued to Pehr on Cctober 11, 1983 and which relates to a

| i ght wei ght construction el enent. The Pehr structure is conposed of an
untrinmred vel vet fabric having a vertical4pile between the upper an | ower
webs. The fabric is rendered i nperneable to air by a rubber coating which
i s vul cani zddhe/kPven: stamctures apdi whdchogeenplagedainccompremsiwmrinr oduct
liquid or foam The_ Pehr product is not intended
to be used SFdeL fhiahsord GPMPEesRignssherkylaadsece, InsTungsekh (4126 .,ino
the present invention. Sink%ar to Pegr .S Uniiid States Patent 2,743,510
y18 Pre¥ddeq at all, cver fabric is used which
has not been tensilized so that when exposed to heat and tension, the
fabric wll stretch. U S Patent 3,205,106 of Septenber 7, 1965 issued to
Cross al so di scl  aSilal b ' rds present. .The drop
JHE a3l URLURE + 332 2 EkeVIRE 18] £ v FLEL e tob

provi ding & e SuppRting ndti §ovshCerbNChY . B10USF Sin fnd YYaryled e VETY

situation which the present i1nvention seeks to avol SO 0 nterest, but

descri bi ng plastiic monotillanent! strand6inpopdest td  eoik NeleHmadi scl osed
is U S Patent 4,261,776 of April 14, 1981, issued to Lea et al and the

patents thedsismlation insert for articles of footwear; wherein it is

stated "The separating material“(i.e., piastic monofilaments)-.
o/

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

like fabrics toward each other when subjected to the weight of
the wearer of the shoes.® This is idéntigal to Tungseth. The
embodiment calls for the mat to be covered with a barrier
material and closed to form a herﬁetically sealed chamber. 'S
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 troi the chanbot 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 déviccs returning little, if any, of the
impact energy to the user and thus wasting and dissipating the
energy away as internal frictional heat. Our tests reveal
rapid fatigue failure of these large diameter, compression
load supporting plastic monofilaments which thus create sharp,
protruding plastic splinters that easily puncture the envelope
film, resulting in a loss of vacuum or loss of special low

thermal conductive gas. The sharp splinters likewise



Lrscussed. The Lea et al product is a self-inflating air mattress. In the
present invention the drop yarns consist of many very fine, texturized or
bul ked separate filanments (not a single nonofilament as in the above prior
art) each having a high tensile strength anﬂ being of a very smal
cross-sectior dianmeter in conparison with T O prior art such that they
cannot act as Euler columm conpression nenbers and are conpletely incapable
of supporti npenetratmi flirxdtateoapdepunctureatheyskinmt|the foathoul d
filaments become broken, the resulting product does not create a sharp
splinter thatressiting da padnor ddsronfors andupessibleinfegtions| ope.
Thus, the | oad supporting nechani smof the present invention is conpletely
different fromthe prior art, and mﬁth greatly superior high pressure

osi i oncy, | Lﬂgdtoé?{a%%a%aﬁe% 2 APBaR.0p BncPRERRS if’#dﬁ%'i&%m
The above st Aot B HelkBhoR af5 3833 A8, IR EaT R maéd“'-‘ '
Rosenberg, UehSaussio) dipibih.C Ahe Peli¥ aEpibesbu=fh srolilped of &
of Lhi o & ype TEnNE %*&"?ﬁf&%&?&%% ‘Fzﬁ*‘“*% %ﬁf Derioenagtuct s
have not beengper eiflldwer webs. The fabric is rendered impermeable to
AN air by a rubber coating which is vulcanized and the fabric is
U ~ 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.

N

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

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

present invention. seeks to avoid.

Also of interest, but describing an entirely different
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1] because of several problens; (1) the tensile strength of even the best

'{ open-cell foammaterials is not sufficiently strong and reliable to support
the necessary inflation pressures over the |ife of a product to be used in
this manner in footwear; (2) under heavy cyclic conpression |oads, typical

“of the foot strike when wal king or running, the walls of the individual
cells constituting the foam structure abbade and tear as t hey nove agai nst

n _ ! ade :
one _anot her ghdiecapiehat. hide a188LeAT 1" p38, ABRKENE L A OFr € 0r |

subsequent 1°0oss of pressure. It is known t SI'bl e qua

foam when Ui, Q9P ,0lisanedotd TeAPSL! aY1CandOtReCHEL O DEEFelrd ©.

m d hal fsole or insole) in athletic footwear such as running shoes, |oses a

substanti al giwcamded IThe (l.reiagieltahlcprbho&tnﬁspioiﬂui-ﬁﬁfﬂitmﬂ aist a few

mles of running, and at about 150 mles approximately 75% of the initial

cushi oni ng mattxresss have been | ost. The | oss of cushioning is the result

of internal breakdown of the cell walls of the foam as described above. In

. this“usage, the footwear does not becone unusabl e because of the described

. breakdown of the foam The user sinply is exposed to reduced, cushi oni ng
(and poorer foot Hushe Present; ipyeptiangthe: dropnyaxns sersisti e Rany vwith

. a pressurized structure, bregkdqwn o e foamstructure resulfs in

: formation ofY%¥ dﬁ"ﬁ&%’r‘ . R’FOL‘_‘E PgeSEHBEFtPhS_ﬁ%‘B?‘?t%V £33
smal | est failure of thigal e | [) nakes -18- the oduct

~ pai nful undesrﬂf . ﬂ?&gé&ﬁxﬁ%ﬁ'& a0 %ﬁ%‘ pr&or art) ‘each q"ﬂ"q a

high tensile strength and being of a very small cross-sectio{;f

PRSI S

diameter in comparison with the prior art such that they \uo
cannot act as Euler column compression members and are
completely incapable of supporting any significant compression
load by themselves. Shouid filaments become broken, the
resulting product does not create a sharp splinter that cou@(}
puncture or otherwise damage the barrier envelope. Thus, the
load supporting mechanisa of the present invention is
completely different from the prior art, and with greatly
superior high pressure containnent, load carrying_capability,
shock absorption, fatigue life, resiliency, long term
permanent inflation and beneficial 1life-like energy storage
and return characteristics that are not even remotely possible

with the above stated prior art.

Various gas containing foam materials have previously
; been sealed in t;exible air-tiqht'compartnents, see for
example, Rosenberg,lu.s; Patent No. 4,590,659 patented May 27,
1986 and Striegel, U.S. Patent No. 3,914,881 patented October




1

%The relatively high pressures which are required to provide the desired and
necessary degree of support and springiness present very substanti al

.problens with the peeling or delam nation of the outer barrier filmaway

«fromthe distal or outer surfaces of ifpe. double-walled fabric. It is thus -
I mportant, in accordance with this invention, to provide a strong bond

bet ween t he d28 er1%18{ ackoan praducts téf tidhetyps priessuriized eveént Beth
facing surface of the envel ope or barrier layer. In other words, the peel
strength or tsupéxgas (RudiediS Ratentat.dahdséindave npdr besnssubeessfvl
hi gh throughout the |life of the product. It has been found, in accordance

, Wi th this inkecause Qﬁaﬁe\rcr&hepmhlﬁm of1)i £hes &ensdleostrength of even
;doubl e-wal | ed fabric and which creates the fiber interface reinforcenent of

.ithe barrier |%F}%r et openrtenl lfoan nateriale js not sutfisientlycatsengnde
+fromat |east qugéﬁ tinuous fllarn%mJ so that there.is a Iarge degree
‘of openness t¥¢ ke ¢ P (ShRReLL &+ rﬂ%‘iﬁﬁ‘qz?oﬂé‘ AOR PEess §°Bf°"°"
smal | di anet Q drils a tions _of ntar
mterial oxt oM ALES 90 PRAfled X e el 4R i pRtnet iléb#é’@
‘greatly inpro ;gﬁﬂg* hg. e
fromthe Iargg?fi I amet er ﬁ%rom |ce‘%ﬁ"t‘;"‘?a&rsluc't maygileg KL E

-The texturi zigerDad wifer wai %ﬂﬂ%ﬁ o2 the 1nd1@960915ta
surfaces of the doubl e- malle abrlc y crlnplng t

' cells constituting the foam structure abrade and tear as they

@, move against one another and thus rapidly fail, resulting in

— | an aneurysn ahd/or a subsequent loss 6f'pressuro.

It is known that the highest possible gquality foam, when

used as a cushioning load supportive, compression member

C

(i.e., mid halfsole or insole) in athletic footwear such as
running shoes, loses a substantial percent of its original
cushioning properties within just a few miles of running, and
~at about 150 miles approximately 75% of the initial cushioning
properties have been lost. The loss og cushioning is the
U result of internal breakdown of the cell walls of the foan as
described above. 1In this usage, the footwear does not become
-unusable because of the described breakdown of the foah. The
user simply is exposed to reduced cushioning (and poorer foot
support) and thus much greater shock forces. However, with a
pressurized structure, breakdown of the toan'structure results
in formation of a'protruding aneurysm or bulge under the foot.

Even the smallest tailure.ot this type (i.e., diameter) makes
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i ndi vidual filaments which go to nake up the yarn, by using a fal se tw st
or air bulk heat-set texturizing step in manufacturing the yarn, and the
i ke. Such a surface or bulk treatnent is referred herein as a FIRTEC
(Fi ber Interface Reinforcenment Technol ogy) surface treatnent. It is also
desirable to use a yarn wherein the filament surfaces are dull or .
senm -bright, as contrasted to bright. TldBefore, in a preferred enbodi nent,
the yarn from which the double-walled fabric is constructed is treated so
that in the thegprodust ainfule under |thefadtyand thereforesunusable. yarn,
and the distal sides of the respective fabric |ayers present a great many
tiny | oops or. outwardly projecting. The individual filanments may be
continuous in nat reillé e nreferred enbodi nent ,so that the, |l ogps are
elatiymly

i anchored at both red Highnresspras which axe; xequired  foare al so
\ be desi %gf’;ﬁ'@@@ﬁ" b df S oney AbgrRe ot sBHALE B8
et il vod fi oL ! !

orose sect | AP TRAASE prddUHe vely Bukdbihetal” proBieba’ SHEE' th pagiing

. Purposes: Sup déNGifmatior G tHd Witel Bart i ¥inhviyS LR0REhE dioea

section. It has been found that best results are achieve e yarnis

properly heasr sfiitér surrdces W 2nd @UIe-wval1ed iraBriéhc pEeEgneRus’ a
multiplicity of tendrils in the formof |oops and the like significantly

I ncr eases t Niongeoxtardt, cyptdccordaiite with this invengion, to provide a

i ~ strong bond between the outer surface of each of the layers‘gé
. o

the fabric and the facing surface of the envelope or barrier
layer. In other words, the peel strength or the force needed
to delaminate the bonded layers must be very high throughout
the life of the product.
(¥
It has been found, in accordance with this 1hvention,
that if the yarn which is used to form the double-walled
fabric and which creates the fiber interface reinforcement of
the barrier layer, is in some way bulked, texturized or
flannelized or made from at least 20% discontinuous W

filaments, so that there is a large degree of openness to the .
yarn and there are numerous loops and/or spirals of small
diameter tendrils or other tendrils and projections ot
filamentary material extending slightly from the distal
surfaces of the fabric layers, greatly improved bondihg can be
achieved. Actually. thg tendrils extend from the larger
diameter farns from which the fabric material is formed. The

texturizing can be provided for example, by abrading the



Jbeyond that which has heretofore been achieved in the industry to provide
fexceptionally strong bondi ng between the barrier envel ope material and the
iffacing fabric layer. One of the factors is that the presence of the
tendrils significantly increases the surfee area of the anchoring
conponents. Another factor is the essentially uniformand w despread -
di spersi on of dlistal isurfadesc ofr &he doublerwalledofabyicenbynexivpingsthe
assuring strong bonds over the entire mating surfaces of the fabric and the
.outer envel opeindiniduak £ilementa yitich gocter make up: thpcyagpdnnb¥susing

yarn permts a careful |y control | ed_ degree of penetrﬁhion of thg coupling
‘material into fakse KwisE aroairbnik heafrsel fextyrizipg; Btep; dPi ure whi ch

JohEE L ot il o L KB4 B
:anchplr éd ][O t%ﬁ&ﬂﬂt |’§ﬁ/(§r‘§%‘%&%r &?&rﬁ#‘e ‘I’S/Ealpﬁéig‘%ctsg??ggi. \%ﬁgrﬁggg&?hef
et abr TS oot VaRieata eing onte! 1R atiaS ©

iparticularly S&aég% 1€ o e ¥ Whete i tHee fllasent haﬁa_bb{anasanae_u

&It provides the stitching td the fabric |layers. so material which is

‘woven with a |9skidsh Meidht, ass dntivastied v brighitle Thegefoke)r druat s
havi ng conpl ex cont our ed and7or tapered surfaces in many di fferent shapes

‘are possi bl e ustégerted cubvdimantuitite yaxtn ron whixhy thepdouble-walled
: o fabric is constructed is treated so that in the final product

— there is a large degree of openness to the yarn, and the
distal sides of the respective fabric layers present a great
many tiny loops or 6utward1y projecting. The individual
filaments may be continuous in nature in the preferred

v, embodiment so that the loops are anchored at both ends.
Crimped filaments when combined into a yarn are also suitable
for use according to the present invention. In some cases it
may be desirable to have a yarn core of straight fibers
surrounded Sy texturized fibers. Also, fibers, other than

W fibers of circular cross-secgion, may be useful to indrease
the surface area for bonding purposes; such fibers are oval,
cruciform, dumbbell or Y-shaped in cross section. It has been
found that best resulﬁs are achieved when the yarn is properly
heat set in the texturized/bulked condition.

The presence of a multiplicity of tendrils in the form of
loops and the like significantly increases the bond strength



-one another en cyclic Ioa are applte
se

-21- sewi ng techniques where the length and angularity of each drop thread
or restraining neans may be different fromthose adjacent restraining

means. The drop yarn or tensile elenents may extend perpendicularly from
the fabric layer or may be at shear fogge bal ancing angles. In sone

i nstances, where lateral |oads are involved, as contrasted to | oads
perpendi cul ar to the surface of the product, opposing and bal anci ng angul ar
ori ent at i oheyondhthatehich yhas Haretolfors elgpm\ | achel gy 'djnng.hnhdaﬂuthQS

whi ch, of course, cannot be supported by the pressurizing gas. S

i nport ant tRaprevidde; exceptionaily @trong ikonding thetween fthoeborrliawr i cant s
or processing aids that mould be detrinental to achieving a stroﬁg bond

bet ween t henvelape material,and the faging Laknis i wqmtepm ofTkhey o

from whi ch th dro read .l i nked doubl e- | ed f i Ccs onstruct ed
must be maaéc %‘?En?ﬁé’%ﬁ % %ﬁigngttgﬁlaé ¥der the

;Q?ﬁ”ﬁéfe??ﬁ?t%@b@%b&ﬁ%t “%é*éi‘f‘é %w%%‘»%t 8-2brasi on'of
e 0P, RAgHRE actoP oy end MMy YA Sold it yIBRERAHRYS ¢
E)Ieggl ng f;taﬁgggeéiegl?;?gﬁ%ieﬁggfiﬁus |"at er %ener ﬁa QPF;?nIeﬁtssand
utilized i BohPeneRts thue R¥Eliriig strong bonds over the entire mating
surfaces of the fabric and the outer envelope component. Yet -
another factor is that the openness of the yarn pernits a ™ \;J
carefully controlled degree of pennt:atién of the coupling

material into the facing cloth members.

Tha'cléth or_fabric_structurc wvhich forms the tensile ;;
load bearing portion of the inflated product may be
constructed according to any.known procedures including
knittinq, veaving, se@ing, matting, etc. It is preferred that
the drop threads be securely anchored to the fabric layers,
for example by a lock stitch, whereby the tensile elements
remain in place to prevent ballooning along the edges of the
fabric layers. The double needle bar Raschel knit material is
particularly satisfactory to use according to the present °
invention since it provides the lock stitching to the fabric
layers. Also material which is woven with a locking stitch is
suitable to use. A wide range of products having complex'
contoured and/or tépered'surtaces in many different shaﬁes are

possible using high speed computer controlled, gang type



!-22- of enbodi nents of the present invention have a denier per filanent of
4from about 1-20 with a preferred range of from about 2-5. The indivi dual
‘filanents in general exhibit tensile strengths (tenacity) of from2 10
granms per denier with a preferred range2b¥ from approxi mately 4-6 grans per
deni-er. In general the nunber of filanents per yarn ranges from about 1-300

appr oxi mat of yS e £y SRS ET R YR THY deheR and YREEkAsy OF) SalhcrreP
fromabout 1 En¥eéadSoffestidliling Whar Hay He dif¥drfarss dtdn LRl [ T7OM

about 50-1000 strands or tufts per square I'nc prererably

'from about 409a428€n€! Fédesa HRInd Wedrs. "The HiOP Vel V1S itehsl el ?geﬁahﬁhc

iis therefore in general in the range of from about “5, 000- 150, 000 bers
jper square i ngly éktendi perpémdicularly Tron the TALYiY Nayer 3¥dnaiyOBe! at
.t he begi nning yarn) be given a heat-set treatnent so that in the

doubl e- wal | edshe#ri forte balanging angles.cndn aoxenrihstances,hahetegi ven
‘point on one fabric layer will tend to remain axially aligned with the sane
‘gi ven poi nt ohaterabpleads axsrinvolyesd, asTicontirasted:tiadoads i n
‘construction. It igs, preferable during t he manufacturing procedure to have

‘the drop yar rReEpeRdicular Q) thesu iof thespraductantopposing agdnent
bet ween the u r apd | ower. surface fahric layers. Texturizing of the drop
.yarn prevent sggﬁ%“?fm Vanguiar i?’gr@ﬁéqﬂ‘brﬂfa@%é:‘&?m Jars, has,
;cohpre55|on nggygﬁéa&@@e nE§G§5%£é¥ﬂE“s'¥§% loads which, of course, cannot

. N be supported by the pressurizing gas. It is important that
~ the finished cloth or fabric structure be free of lubricants
or processing aids that woﬁld be detrimental to Achieving a
; strong bond between the filaments of the fabric and the
| coupling material.
Y
The yarn from which the drop thread linked double-walled
fabrics are constructed must be made 6: a high tensile
strength material which is stable under thc'intendgd
conditions of both manufacture and usage. A variety of
N synthetic yarn materials may be used. However, because of the

bending and abra#ion of the drop threads which occurs when the
two outer fabric layers move toward one another when cyclic
loads are applied for relatively long periods of time, it is
important to use fibers that have good abrasion ptoperties Snd

bending fatigue resistance as discussed later.

In general the filaments utilized in the yarn in embodiments



-23- The construction of the internally pressurizabl.e multi- |ayer envel op
according to the present invention begins with the selection of an

appropri ate doubl e-wal |l ed fabric which incorporates drop threads extending .
: between the proximal surfaces of the respgctive fabric layers. The distal

' sides of the respective fabric layers are inpregnated with a carefully
metered quantity of ‘coupling material. This nmay be done by starting with

| ar ge sheet gc0r ,r s . of ric material . .then applying the uplin
mat or i al . TRE. BPEREPEYS ot 330 SRR dnvtien dBes At Bf (ST fer
sheets or rﬂ&@aﬂé!mmﬂ h'ghf h Elg?)ggamgordftgmtagou{hﬁssproggdure has
advant ages to be escr%e tgtéir.? n general, the coupling nmaterial is a

. product whi ghatwidual)fifaménts dmigéneral lexhibit tenside strehgthster

! fabric layers to a carefully controlled depth, not exceeding the thickness

of sai d sur{temacity) ofnfrom .2 20 grams persdeniercwithbacprefiervedric
matri x, penetrating the yarn bundles and tenaciously attaching to and

j 0i ni ng t ogtange @ etx¢mmnapngninﬁQQMm|1;G:msaustpnrfdbnierbaygn general s,
and 3) also formng a strong bond with the sem -perneabl e el astoneri ¢ outer
barrier natEheNUnRer of Jiiaments: par yary, ranges; £roRapbeutadpPPRWwith ng

AL G TR I G

are fton.approiimately 1-8 yarns per tuft or strand with the

-~

preferred range being from about 1~3 yarns per strand. The ;)
preferred fabric is knitted with from about 50-1000 strands or | g‘
tufts_per square inch 92 fabric and preferably 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. w

It is important that the finished cloth (in addition to
the beginning yarn) be given a heat-set treatment so that in
the double-wallod.!abric the drop yarn will tend to stand up

- 80 that a given point pn'onc fabric layer will tend to remain U,
axially aligned with the same given point on the opposed

fabric layer. This is advantageous in construction. 1It is
preferable during the manufacturing procedure to have the drop
yarns standing up so that there is no significant mis-

alignment between the upper and lower surface fabrié layers.
Texturizing of the drop yarn ptevents the individual filaments

from acting as Euler column compression members under any

circumstance.



{ - 24- doctor blading. In general, however, the preferred nmethod application
* is to provide the coupling material in a sheet form.002 to .008 inches
“thick, with .004 being the preferred thickness and to nelt and press the
. folten sheet material into the distal sides of the fabric layers. The
fabric is noved under an upper and | ower -B8ated platen hot press with a
sheet of coupling material on top and on the bottomof the fabric and with
a sheet of release agent between the coupling materi al and the heated

B e Lo Drshanr tho. sheets ot opuoLl b tEkor Lol | Lom ot I Ao e
t upper and | O\Ré.ramafé’d' elop éﬁ§°5fuf'ﬂegﬂrg8§. prﬁgg{: a{:'k‘l’fﬂt¢%fblr§?g%."it%
| preos bet veen St stRERIoN Bec kB EEDESpEIRtS Abbfetyal 04 FOSPEL iidh o °
 bol yuret hane AnGoEbytated 8:8p EhPebds’ GRrERA1AT DIILE e KAt | L
+hi gh enough t gu@alces ¥20 R kebpectival Eanr tﬁ*ﬁs?“%ﬂ@dﬁ&ﬂ Hicdes b2

. damage or shrink the fabric. The feed systemfor S process can be either
“a.batch systefghelYeapectived rabrishlayers) apé ImpPPegnated svi¥d G Caréfuldy
srolls of fabric and rolls of coupling material noved al ong on an
intermttent hreteredy quantity’ ofucouplingchaterialsd |iThibx aiay e Bone by
~mechani snms. Platen sizes are normally 14 inches x 18 inches, 30 inches x 30
.inches or 36 istardding sdthndiarge sheatsl arcrells cofidfsbric material, then

applying the coupling material. The properly shaped article

'\/.

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

R In general, the coupling natcgial is a product which

will, 1) penetrate and bond to the material of the outer
fabric layers to a carotully.controlled depth, not exceeding
the thickness of said surface cloth members, 2) act as a semi-
permeable elastomeric matrix, penetrating the yarn bundles and
tenaciously attaching to and joining together the fibers
constituting the outer fabric layer elements, and 3) also
forming a strong bond with the semi-permeable elastomeric

outer barrier material, or envelope.

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

presses, extrusion procedures, or calendering, spraying and.

——
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-25- parallel within .002 of an inch. Tenperature uniformty should be'plus’

or mnus 5 degrees F of the set-point. Structural deflection of the press
shoul d not exceed .002 of an inch to .004 of an inch. The cold press used
to freeze the hot coupling nmaterial operates in the range of 60 to 120
degrees F. The up-and-down notion of the cold press is in the same tined:
sequence as the hot press. Because sorme24=abrics tend to shrink somewhat
when heated during this process, it may be useful to use pre-shrunk fibers
when knittingdoctordvladinge cloth. In sone cases it is useful to apply

| ongi tudinal or lateral tension to the fabric during application of the
coupling material. In this way a finished, snooth surface is obtained on’
both top and bottom surfaces of the fabric. Accurate tenperature, pressure
and time control iEncgenenaly howexen. thenprefexrgdomethpd application is
fabric and couplin terial while alsg avoiding driving_the coupli

material all PR ¢, the iFQuRl ing, matep; 1ﬂpﬁl&hﬁﬂﬁafPtﬂheoﬂgLiSEGOQQy

of (e drop TRGRME Bhadh, YEON 1 B el BB,k koh e SHELLST

Frbod 1o, SO edd GRY AV et e AR S5 HRETSLEELE Al

Toner o] oot 1 RUErEUAES ] S sobet 10780088 uhdf 4N SoRHE Y

penetration dnsser tieatdid/ platen hot press with a sheet of coupling
material on top and on the bottom of the fabric and with a':}
sheet of release agent between the coupliﬁg material and the
heated platens of the press. Such sheets of a suitable
release agent (strippers) are used to prevent the sheets of
coupling material from sticking to the upper and lowver 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 (appréximately S-3 psi)
for 6-25 seconds in the range of tenpératnrc of 340 to 400
degrees F. When thermoplastic polyurethane is used as the
coupling material, the temperature has to be high enough to
soften and melt the coupling material but not so high as to
'damage or shrink the fabric. The feed system for this process
can be either a batch system (using in-and-out shuttles) or a
continuous process using rolls of fabric and rolls of coupling
material moved along on an intermittent basis by means of
suitable relaxer and indexer conveyor mechanisms. Platen
sizeﬁ are normally 14 inches x 18 fnchés, 30 inches x 30

inches or 36 inches x 36 inches, with platens ground flat and

v/



"+26- fromone 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 naterial application step. The outer
surfaces of the fabric nust have a controlled and uni form degree of

cl oseness or density of weave. The density Should be sufficiently uniform
such that when the fabric is held up to a 2 ght source it nmust not be

e o MR AERE” Bac i o S0 1
: i
S ont el S o BB AL U P o Ml T P

texturizing OrsEh-BEEGrueamaeué). ﬁ?nEhﬁnpi'ibﬁ NehdRE e 'Edle® .0 B¢

the knitting process, for exanple. us the coupling agent can penéetrate

both the yarn anndheh €8d.bbe 6£0af $REhL ONTAE SHIE Preéds Wpads tof 2xRezeOthe
elements only to a controlled depth and can effectively join together the

yarns conpri si hott coupling natérial opetrites aix ithe Adtigeeiof 0 ¢o 120
e¢ontrol during fabric manufacture is the use of lubricants or processing
aids in the nadegxeesr B.of Thebupsandadownomotiamrot tia coldypresscds ia the
detrinental to the achi evenent of a strong bond. Particularly harnful are
silicone Iubr|EéﬂﬂsténﬁdpSngeﬂ¢afﬂar5%9h§9§n@rﬁﬁQxxxﬁﬁqqyﬂﬁnSQQG Tadrics of

such | ubri cants shoul d be,reduced to a
tend to shrink somewhat when heated during this process, it

may be ufetul to use pre-shrunk fibers when knitting or

(,/ ~ weaving the cloth. In some cases it is useful to apply
| longitudinal or lateral tension to the fabric during
application of the coupling material. In this way a finished,
: smooth surface is obtained on both top and bottom surfaces of
L ~ the fabric.

Accurate temperature, pressure and time control is
essential so #s to achieve a good grip between the fabric and
coupling material while also avoiding driving the coupling'
material all the way through the fabric which would impair the
. flexibility of the drop threads or at worst, bond the opposite

fabric layers together so the product could not be inflated
and pressurized, In the preferred embodiment, the quantity of
coupling material available to penetrate the fabric is
controlled by controlling the thickness of the sheet of
coupling material which.is applied to the fabric. Also, the
heat.is_very accurately controlled and regulated so that hot

spots do not occur and the depth of penetration doces not vary

PR
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-27- mnimumor elimnated conpletely during manufacture of fibers, yarns
and fabrics. If any,such agents renmain on the surfaces of the fabric, the
fabric should be washed (scoured) or properly dry-cleaned prior to
application of the coupling agent. One of the advantages of prefixing the
coupling material to the fabric is that it virtually elimnates free and.
| ateral |y extending fibers when the bdfded fabric subassenbly is die cut.
The absence of such lateral fibers is inportant in the subsequent sealing
operati on ifromions taredhof ithe ifahricnds angtherrdiue tocchamgewrimitherr eas
at the perinmeter of the product so as to create an enclosure that can be
pressuri zedflnidity pE the, coupddng agenthscAcsuperiorcand |preferred ng

fi bers prevents | eakage paths in the region of the perineter seal joint or
" the bor (PEREeATE. FhasARELY (ihed ToLidys Lncdetntl othimccaunking Tho
presence of_smal I-bers or .even.one small fiber extending laterally and
bridgi ng trﬂﬁﬁﬂﬁ#ﬁinﬂﬁpiiﬁﬁtHQﬂ'ﬁ§‘8'potentiaI | eak area which is so small
that it is extremely difficult to find in the usual quality control .

i nspection. The result is a very slow and virtually undetectabl e | eak which

results in | 0sS qife RAftaTsut?alcdl b? nBCThBE1A nbd® hivd 'Y SordBithiing The

coupling material may al so be extrude sem - nolten viscose and

driven i nt ardQrfifdAac Aegtee of 210kehbsiSbPIdORELEY of WhaRP) | Ahe "0l | er's

on a continuous
density should be sufficiently uniform such that when the

fabric is held up to a light source it must not be possible tos
detect peﬁetratibn of discrete light rays. The density should
not be too loose in any areas. Also, the density should not

be too tight. sﬁdh control of density is achieved in several
ways: 1) number of yarns per square inch, 2) number of
filaments per yarn, 3) amount of the bulking, texturizing orS‘
FIRTEC treatment, 4) tension in the Raschel machine during the
knitting process, for exanéli. Thus the coupling agent can
penetrate both the yarn bundles and thé cross section

thickness of the surface cloth elements only to a controlled
depth and can effectively join together the yarns comprising W/

the outer surfaces of the fabric.

Another factor to control during fabric manufacture is
the use of lubricants or processing aids in the manufacture of
fibers, yarns and fabric. Such agents can be detrimental to
the achievement of a strong bond. ‘Particularly harmful are
silicone lubricants and polytetratlhroethylene précessing

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



51128- feed process. Still another nethod of applying the coupling materi al

4is to apply by extrusion or spraying a properly formnul ated-

*! pol yol -i socyanate mixture as a viscose partially cured liquid to the
|surface fabric layer followed by a doctor blade treatnent and thus with
rollers and release material to drive the e8dpling material, also referred
"to as a coupling agent, to the necessar carefuIIX controll ed depth. This
is not a prefEﬁﬂéauﬂeeﬁhFéé@ibé§aﬁs@°¥h£8$e%Ydﬁﬁr ngapanufagture gt tibers:,e
is likely to react with the:tensile yarn so as to weaken and enbrittle it.
Al so the bond YAERSnaPAs fabrdcsi sIf-8RY; suehaagentscrapain an the Funfacesn

"can be achieve Lth_the heated pl aten roach descri bed above, The

"coupl i ng mat eP&a%PnﬁFg§ﬁ§t'eggf’ag?gf‘e'?sgﬁgﬁf&cg? Vashed h(scpured)y athape,
ibei ng caref ul ecUt LS. free laterallyv.exiendi ng fibers aqr

A anent s, Thé*?gﬁﬁwngi’#aﬁ!?rﬁf&i nﬁie n ?eﬁPPgi)?Péf?E ?ﬂew-p@e@&m hi n
ythe sem - perg§ghhg el astoneri c outer nenbrane envel ope, and the sem - _
. perneabl e nenbrane i s securely bonded to the distal surface of the coupling

‘material inpregnating the upper and lower fabric layers, preferably by
‘radi o frequency heating. The tenperature of the dies which are used to

“effect these | ani noheodE the advantiges ofj préLixsng!€ié cRIPLING akerdaldt
-the interface between the coupling material and the inner surface of the
“barrier nmenbr&eethenfabricoisicthateit Wirtusglly eliminates free and
| laterélly extending fibers when.the bondedltabric subassembly
— is die cut. The absence of such lateral fibers is important
in the subsequent sealing operation in ﬁhich the barrier is
joined togethér in the appropriate areas at the perimeter of
the product so as to create an enclosure that can be
preséurized with a gas. 1In 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 of the edge of the fibric. The presence of small
fibers or evin one small fiber exténding iaterally and
: bridging the perimeter seal forms a potential leak area which
A\ is so small that it is extremely difficult to £ind in the
usual quality control inspection. The result is a very slow
and virtually undetectable leak whiéh results in loss of

pressurization in a period of two to three months.

The coubling iaterial may also be extruded as a semi-

molten viscose film and driven into the surface fabric

1ayer(s) using heated, and cooling, rollers on a continuous
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¥ -29- frequency power setting, pre-seal, seal, and cooling cycle and die

¥ tenperatures and die heat sinks are preferably selected so as to mnimnze

" the anbunt of heating to the fabric and the barrier film At this point

. the outer nenbrane perineter seal is not yet been nmade. Anot her approach
that can be used to bond the barrier fidgnto the fabric (inpregnated wth:
the coupling material) utilizes a radiant heat source, such as infra-red

heaters, a t ic pressure to apply the needed bondi ng pressure.
This can bggggcggggpgﬁéd by sealing.the two layers of the barrier film

(using a suitabl e clanping nechani sm around the edges ofthe fabric, and
- then drawi ng a vacuumwi thin the seal ed envel ope. The pressure of the

" anbient at mosph hs t bk | i
i | am nati ng/ boﬁd?ﬁgl%r éis‘gﬁﬁgyt%‘?ﬁ?e&?eﬁ%@ﬁ#%@‘g?@ﬁﬁtﬁgB‘&F?Fé?‘rayer S
{1 as they be d ' ' I 2% L&l

resul t>s/ f rg%nttﬁgn Bgﬁgl ﬁg g?ﬁﬁ%l?%%g% hg%ﬁ?@%‘% e@?ﬁ{o}er%r an}autwghtahe

« distal si dpelyblbhsoeyunktegmﬂ%eféais!W%@?Mﬁﬁfﬁ lcakedc 19gukar s,
nois uniformy attached by a bond which is enhanced by a multiplicity of tiny

“ connecti ontoi the surfacei fiabtiophayert folloved By tshdogtior, biadehat t he

o attachnment of the sem -perneable nenbrane to the fabric is substantially

*cont i nuoustreatugntuandhthug feithtollexs and ixeleasshmaterdadets, drive

. conpletely free of Xarn fibers or filanments that may bridge (fromthe inner

" to the out the coupling material, also referred to as a coupling agent,
to the necessary-carefully controlled depth. This is not a C}
preferred technique because the residual reactivity of the v
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. ' o/

The coﬁpling material impregnated fabfic 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- \;J
permeable elastomeric outer membrane envelope, and the semi-
perneable membrane is secgrely bonded to the distal surface of
the coupling material impregnating the upper and lower fabric
layers, preferably by radio frequency heating. The
temperature of the dies which are used to effect these
laminations are preferably adjusted so that n;lting occurs at
the interface between the coupiing mﬁtérial and ihe innet

surface of the barrier membranes and not otherwise. The radio



Y .
i§-30- surfaces), through the barrier envel ope. The outer barrier nust also

Ybe conpletely free from pin-holes. The peel strength exhibited by this

structure is high; i.e., in excess of 20 pounds per linear inch and

, generally exceeding the ultinate tensile strength of the tensile yarns mhen'
. subjected to a typical Instron type tenshhge test procedure. The cushioning

device is conpleted into a£ressu | zabl e prodquct by wel ding qr, otherw se

seal ing the apPTEIFRGY PHRY THHI1 (RF &Rl . 88%lan and, FOOd g syelpapnd

he outer mordrarseMRSENr e S d{F el SRR are) Bradetabiln) siTecEr 5o

-

.
p.

el ecertod S\ FIEL1E R RO S SRS ] AR, S e
s extrusion, bl gyeppéf m,.vaw%t#ﬁwnm oh@i%@%gﬁ?éﬁ?}ﬂet%l seal

‘. vul cani zi ng, the perineter sea

ave been parti conp

;during a previguso®ipet veern Wide, seal i ng may be conveniently acconplished
by conventional techniques such as radio frequency wel ding thernal inpulse
.sealing, cenenting, ultrasonic welding, nagnetic particle sealing,
svulcanizing and the like. It is here that the absence of laterally

s extending fibers bknother iappraach that carbe osed ¢oi dondt khe baptiep be
* sealed into the perineter weld during the perineter sealing operation and

. forma pot entfHlm | tokhe fahric |(impregnated witbntheacoupd

ng material)

utilizes a radiant heat source, such as infra-red heaters, and
'\_/.

K‘/ . atmospheric pressure to apply the needed'bondinq pressure.

This can be accomplished by sealing the two layers of the
barrier film (using a suitable clanping mechanism) around the.
edges ofthe fabric, and then drawing a vacuum within the
sealed envelope. The pressure of the ambient atmosphere is
thus utilized to apply the appropriate laminating/bonding
pressure to the external surfaces of the barrier layers as

they become molten and flow into the cloth layers.

The part which results from the bonding of the semi-

; - - permeable outer membrane to the distal sides of the coupling

material impregnated sﬁttace fabric members, is uhiformly
attached by a bond which is enhanced by a multiplicity of tiny
connection sites comprising loops or tendrils of the yarn, so
that the attachment of ﬁhe semi-permeable membrane to the
tabric'is substantially continuous throughout the upper and
lower'surfaco tabrié members, completely free of yarn fibers

or filaments that may bridge (from the inner to the outer



-31- way to the outer periphery, it nore than likely will |eak slowy and
undetectably. If it extends only partly, it constitutes a weak area where a
| leak may take place, especially under relatively heavy and cyclic |oads. By .
: applying the coupling nmaterial, as dese3gbed, the subsequent cutting
' operation is a clean cut which elimnates the possibility of free laterally

extending fibers. Although pot presently a preferred nethod of. manufacture,
vuIcanizabP@réﬁﬂﬁéivtHEFgﬂghsEP°eP&§Fgﬁér§“ﬁﬁ§°ﬁ%‘uégﬂf outer b3 % he

however , t ﬁ‘p@“s%énirsﬁﬁ o CoRRiaraLY RreR POk BAATRETHMY: i PRI 1) of

i on > el ' d I |
Pover o sa ot SEIbAERR ML SpLR"oLERERPL N 18, 110 B
\Skraef ngbl ;%3 %glrj 88;%&?ek§?apiﬁgh?ioér‘gppéggs E*c‘ﬁfgyghg,é%ﬁﬁ?%g?; erred

form the g3%imateOténE11e! bf_f:’bﬂig@ﬁt 8¢ theOvehsiié y&ensfviencsbjestdd the

i njection port (which nay be freé of any cloth or filber material) being

seal ed aft%h.hheyp&eiiuthietbﬁntzacceﬁhheledtekt ppocédureossi bl e to use an
inflation/deflation valve. The physical phenonmenon which occur with

inflation and diffusion are described for exanple in Rudy U. S. Patent
No. 4, 340, 626 patented July 20, 1982 and attention is respectfully invited
to this patent Gheccushioning device is completed into a pressurizable
product by welding or 6therwise sealing the appropriate .
portions of the outer nembrane envelope material where the ~ W
material extends beyond the impregnated innorl(cloth) member.
If the outer membrane material constitutes two sheets of film,
then a weld is made adjacent to the entire perimeter of the
inner impregnated cloth member. If the barrier envelope is
partially pre-formed such as in extrusion, blow molding,
vacuum/heat forming, thermal set casting, or vulcanizing, the
perimeter seal may have been partially or fully completed

during a previous step.

Perimeter sealing may be conveniently accomplished by
conventional techniques such as radlo-frednency uildinq
thermal impulse sealing, cementing, ultrasonic welding,
magnetic particle sealing, vulcanizing and the like. It is
here that the absence of laterally extending fibers becomes
impottant. If such tibers 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



1132 As mentioned earlier, the present device provides a novel and

‘controlling t era

fii nportant neans for controlllng the rate of diffusion punping. One
obj ective of such control is to maintain fahe product at design inflation
:pressure for |onger periods of tine than “oul d ot herw se be .possi bl e.

Pof 1 atant 1| uReY; EBSHR| o0bRe BfriEKeF eiiﬁw#]%fé'&eﬂf el W87 e
However i he E3ARER.RRE, 5#’%?%?%@% FF] R GRS b edy W peRiET e ﬁ'eon
barrier |ayer caRp¥eeaeys X yBRRUSraHty éi-&'ab'f’eéfk'][lﬁys G g, ng and

I nwar outmard rticularly as

it applies toehaec&suk aﬂdei-eféiaﬁpwwlseaw ine ydi R llcads. Tieye is a
'further advantage to the incorporation of crystalline gas barrier materials

‘within the el apf:my&ngcenavebopnng hitertal fcas edcribed)e thid Isubsequent
yconvent i onal t1-chanber gas pressurized footwear conponents (U. S.

‘Patent 4,183, ¢taétingaoperationeisnancleanucut! vinich mkininates thery earlier

‘patents, and used throughout the world are normally nade from ester base

“pol yur et hane possibbditysett freef taterallynextending tikermer neability when
cinflated with one of the supergases than does the ether-base pol yurethane
"formul ati on. However, ester-base filmin contrast with the ether-base film

‘has the dlsadvanta%ﬁthﬁ%&h'%o sngggBéf&ya preferred method of manufacture,

vulcanizable and/or thermal-set elastomers may be used, rathe:

'\v/ = than ‘the thermal plastic urethane elastomers described above,
still requiring, however,'thc sanme preciéc degree of control
of the depth and quality of pénotratioh of the olastoner-into_
the upper and lower cloth or fabric layers. |

9 .

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
cohveniently'injected through the use of a needle with thel
injectioh port (which may be free of any cloth or fiber
material) being sealed after the pressurization is completed.
It is also possible to use an inflation/deflation valve. The
physical phenomenon which occur with inflation and diffusion
are described for example in Rudy U.S. Patent No.4,340,626
patented July 20, 1952 and attention is respectfu}ly invited
to this pafant disclosure. '



j -34- better energy return qualities. The nore rapid diffusion rate that

+ may exi st when using such materials, can |ikew se be offset by the 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
backi ng yarns in the outer surfaces of thf fabric. Because the vol ume of
t he devi ce cannot grow significantly unde 2'bressure (the thickness is
constrai ned and nai ntai ned essentially constant by the tension in the pile,

or interface, yarAs) mefitibredosapiiBr)ItRé Présént WévEcE PEAALEY o Gfid)Y
over-pressurize the product during the initral 2- 12 nonths of i1nflation.

This is a poand iimportahtcmeanshfobccpntrollingdtivd ddtte L Eruslemti On
" as applies to the diffusion of [err] into the pressurized device and
" requires a spumping. Tohe pbjective pfosueh cantrol cks cto aiairitedie then
* accordance with the present invention by the presence of crystalline gas
barrier yar nP¥oAugk atcdeaigneinfiation pressure for langer periodeeddl e
el astoneric ggrrigg | a erf-of t he pressurized, encl osure. This techni que can
Clinmit, reducEiBRqEDaN: Feplid ethernige be:pessible. ; (Recause dn man¥sure of

Two year per PERLISAEEENA $Re Pabyten T B1EL, Lif \eosndnnd Mdan g '
017 sLon O hESapat luBHoDS Gat], OYREEREGHN] ‘e LA of dur el G ©
volume is very high. This can contribute to rapid loss in _
pressure through diffusion. However, the addition of the CJ o
érysfalilne gas barrier elements vithin the barrier layer e
serve a very unique and valuable function of metering and
controlling the rate of both inward andoutward diffusion,
particularly as it applies to the 0, and.Né molecules in the

ambient air. N

There is a further advantage to the incorporation of
crystalline gas barrier nafifials"within the elastomeric
envelope of the device. Most of the millions of conventional
multi-chamber gas pressurized footwear components (U.S. Patent U/
4,183,156) that have been manufactured in accordance with my
earlier patents, and used throughout the world are normally
made from ester base polyurethane film, because this
formulation has lower gas perneabiliti vhen inflated with one
of the supergases than does the ether-base polyurethane
formulation. However, ester-base film in contrast with the

ether-base film, has the disadvantage that it is adversely



3535- punpi ng. Even with a very tight weave of the backing yarns in the
{outer surface of the fabric, sonme diffusion will occur, and perneability
+ cannot be reduced to zero. -However, for the best construction, it is
ipractical to forman effective control for diffusion of nbost gases of
‘interest, including nitrogen. However=38%ygen can diffuse nuch nore

rapi dly than pattegcénergy FetiPhsSqiaiitfes) OrMé 'Mord SEPId @l LRSI rate
diffuse into the enclosure over an extended period of four to twelve nonths

(after inflattRat seRistownént tsihgCiach) matdriaks, icin Tikewise Ve
oxygen within the anbient air atnosphere is about 2 psia (out of a total
pressure of ldfffsetilby.tHéuadditiensetdthé udistorted crymtalling (fibers of
enclosure can only raise the total pressure within the enclosure by an
!increment of thesfabmica ninisome cisesssoftnessiof Lascay ialgo be

-initially under-lnflatln sllg:tlxgmnth supergas (or either a mxture of
ysuper gas and PRB weing e uf ewervay stzatchin £ibexs asokhecbacking

tSone cases such und ressurizin S_not ecess n increnent of 2 psi
iis within they%ﬂ'%mg% gh?o?‘é?%c%g'ﬁ#‘??ﬁl pf@i%’tﬁ‘e speci fi cations.
Furthernmore, with age and use, the device does I ncrease slightly in vol une.
iThe added parti al pressure of [err] is nearly perfect in order to

“conpensate for thi é eéﬁr‘eg | %W?%J%‘%p%e'm& or#%ffn unusual | y

uni forminflation pressur roughout If cost is

‘of maj or i NMPOgigRELs cdR€ly \indéA préssusré"(tife thickness is constrained and
W, 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 ppteutial problem with the
product and of the present invention as applies to the

_  diffusion of Nzlinto the'pressurized device and requires a
solution. This potential problem is solved or eliminated in
accordance with the present invention by the presence of
crystalline gas barrier yarns or particulate elements imbedded
within the semi-permeable elastomeric barrier layers of the
pressurized enclosure. This tcchniquc can limit, reduce and
control the inward diffusion of the partial pressure of
nitrogen, which is about 12 psi, from the ambient air to
nearly zero over a two year period, and greatly reduce and
precisely control the inward diffusion of the partial pressure
of oxygen from the ambient air.

There are practical limits to the control of diffusion



4-36- 100% nitrogen; and the sanme diffusion inwardly of oxygen wll occur, -
assisting in the maintenance of design inflation pressure to offset the

!3sl ow outward diffusion of nitrogen. A mxture of air and nitrogen can be
jused in some cases where a |arge perceryqage of the cross section of the
‘outer layers of the device contains crystalline material. This can be quite
advant ageous, purping. c Bvemfwith raoery st ightutweavid dfhaheobacking yarns in
hexaf | uor oet hane (supergas) and the weight of nitrogen is about 1/5 that of
‘the super gase@‘ﬂ&ﬁ@ﬁ%ﬂ%@%tﬁhﬁ;t(ﬁ ccoEons di tfusion widdcoccur,

I nvention enjoy_ w de utiiit in all ‘'sorts and varieties of footwear

i ncl udi ng boARd ReYReAb &annate Be keduced, o zera.ci Boweverecfordthes
shoes, work shoes, prosthetjc shqes/devices, sockliners as well as in other
-l devi ces i ncl ‘ﬁ*g "F@'H%ﬁ%“e’é‘lrﬂi‘vpﬁ& iRRackigal (tq form: AR P?fﬂﬁtizy,
.| soccer, .base ' e vor,s)..  The ijvention,cap al sg,be used
“ifor recreati (%+tr%f‘ﬁf¢g;a}?%%%fm§ rq‘ﬁ“ar?cf &&85338& gﬂﬁh‘@&?’ons, _
Yincluding bi fb&EHU“ ' ' a S a] ,
& hamers, bat gféetc. as %ﬁdvg?'owgaaqg#&%ﬁ g‘%%‘pﬁoggt #(ﬂ)ﬁg‘ﬂ\grﬂ_‘a“
.« bi cycles, notpjepesgen AN Usitiee tritis? @ IRFIRITH ;cd?its%ﬂl”%e%ﬂhigﬁﬂs’ oﬁi&ﬁ‘%&n
s mats, flooring, work station pads, gloves, life jackets an t he e are

q

A other mar ket iffudddrite thid @nclosute TV Wif extehded Peflod' b2 four to
".electrical and thermal insulator, this device is useful where cushioning

i needs to be duelvecchonths (after daflatiow arnd:sealingsatathenfadctory)., -

-

The partial pressure of oxygen within the ambient air A

atmosphere is about 2 psia (out of a total pressure of 14.7
psia). Thus, reverse diffusion of oxygeh into the enclosure
can only raise the total pressure within the enclosure by an
increment of 2 psi, as a maximum. If desired, this can be W
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 necessary; an increment of 2 psi is within
the.allqwablc tolerance of inflatant pressure specifications. W
Furthermore, with age and use, the device does increase
slightly in volume. The added partial pressure of 0, is
N 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.

e e at———a

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



iié?- further noted that cushioning products nade in accordance with this
vinvention and inflated with supergas will have the unique ability to

sel ectively absorb and attenuate potentially damaging high frequency
acoustic energy, while sinultaneously transggtting | ow frequency energy
waves. The devices of the present invention are unique at least in that:
(1) Essential 190penitrogen; randithe smme i £k fore diivardilyc weaostygencivill
technique to selectively control the rate of diffusion punping enmanating
from the anbi®@eur; rasgisting inthe naintenaicn ot dddign infdationendrils
and/or single free strands to greatly increases the attachnent between the

coupl i ng nenbR¥essure ko reffget the 4law outward diffusion of nitrogeno tAe

sassoci ated el a tonericgouter e éf ope material,. so as to achi eve a bond
i ‘BFQ

ipeel strengtH® ture o QIth Gan ha ysad in @ome; Fases where a

‘;"Bebty E’(S:'jenﬁﬁ&%&?ﬁ#ﬁ%‘%ﬁ#ﬁﬁﬁiﬁﬁ%ﬂgartetcOC“ﬁgptgfﬂr‘fggf?ngn
under pr essurée;?%lﬁi til'arlr‘f %H%%p f%ﬁ?ﬂ%@ﬁ%ﬁ%&ﬂm e&JihéF Fﬁnosaeg"%‘
Coupling mat e antAjeo SUSRHE LAY UX Mt ddeh Un BBSRE 1/10 e Rhe 3"

. hexafluorocethane (supergas) and the weight of nitrogen is

about 1/5 that of the sﬁpergases.

The pressurized'structurgs 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 shoes, prosthetic

O, shoei/devices, sockliners as well as in other devices

: including helmets and protective gear (for football, hocke&,

soccer, baseball, and equestrian endeavors). The invention
can also be used for recreational, military, 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 Spplicatiohs for
bicycles, motorcycle and equestrian purposes. Playing
surtaces,:athlotic'mats, flooring, work station pads, gloves,
life jackets and the like ar§ other markets for the invention.
Since supergas is both a superior electrical and thermal
insulator, .this device is useful yhero cushioning needs to be

combined with electrical and/or thermal insulation. It is
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(b) Short duration, high power RF | am nation of the inner -38- surface
of the elastoneric sem -perneable outer envel ope material to the outer
surface 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 «¥%=of a coupling material on the
cloth which elimnates laterally extending fibers and thus precludes such
fibers frombeing trapped and sealed in the perineter seal and thus

bridgi ng t Hfamhennofieds shatasyshioningapriodictgenmpdeninf accordanad | witnt
gas. (6) The varjety of unique cushioningpproducts whi ch can be nade

especi al | y thdisadinvention andndnflated with supergascwill have skheiniquer a
i d i et f sh d fi ti . (7). Th i Si f duct
that oan naRLIdSH 8 meJectivaly’ abrest; and abtenuabe BPEsBhiStLY | at ed
ducts hayi hipgh,. i I t d pdit I i t d
Cervi ce 11 Aas el ign HeBlancl BR3uRan eRacayy HBLLe S 1myFER ety o
(9) The usnyhéaﬂggy' ag@l@;& eﬁg&pghgkﬁg Lkbgggnts made of gas barrier
r edded wthin Th p

materials securely | W e sem'- perneabl e el astoneric envel ope
in order to reduce and precisely control the inward diffusion of 02 and
[err] fromthe anbient air, into the relatively thin products which

typically The devices of the present invention are unique at least é
in that: |
(1) Essentially permanent inflation can be achieved by a new C; _
and novel technique to selectively control the rate of ~
diffusion pumping emanating from the ambient air.
(2) The use of texturizing, bulking; loops, tendrils ;nd/ot

‘ single free strands to greatly 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
several times greater than is possible with other conventional
nethods. _ |
(3) The two step process for attaching thé gas containing ‘.)
envelope to the fabric to achieve the necessary high strength
bond by:

(a) Carefully controlled héat, pressure and ceoeling
(freezlng).unde: pressure and timing, applied to the coupling
material in order to achieve the essential, precise degree and
quality of penetration of said coupling material into the
upper and lower facing fabric layers; |

(b) Short duration, high power RF lamination of the inner



i

have a high surface to volunme ratio and thus are nuch nore sensitive to

'ﬁloss of pressure. (10) Products that achieve the optinmum |l evel of
-t cushi oni ng and -39- energy return or §€si|ience (i.e., conpliance)

within any given package limtation. (113" Products that are able to

+ sel ectivel y at sunface, ofother elastanenic wenPpenidadle cliverdienveliope

" frequency acoustic vibrations while sinmultaneously transmtting | ower
frequency acousateriabrtoi the. oft&® surface sof tlie stabricmaterinicushi on
and al so provide both excellent electrical and thermal insulation, even
when surrounded4byThenuga ofi speciakyarnsmand fibars that haveagoad: ages of
:the present invention will becone apparent fromthe foll ow ng description,

" whi ch shoul d bEepégtanfe teabrasion ntibehilagiom and kending: fasigue: andhe
ﬁgﬁgggPﬁgﬁlggo?; ﬁ%3g§§f§§§€¥éfﬁ§ €gg;¢Jéﬁf%;2;$?oﬁrégf{gséDesc;ﬁgEion of
caccording o t K& pfad e ol Kireit i kTl Bn Ena srab i Ralomnart Iy i o
jseCtiO” and  g1iminates laterally extending fibers and thus precludes such
fibers from being trapped and seale¢ in the perimeter seal and
thus bridging the perimeter seal and acting as leakage paths
for the inflatant gas. _
(6) The variety of unique cushioning products which can be
made, especially relatively thin and essentially flat or
contoured products, of a wide variety of shapes #nd
configurations.
(7) The provision of products that can have controlled surface
contours.
(8) The provision of inflated products having a high internal
pressure, great durability, longevity, and service l1ife and
reliability, and excellent resistance to fatigue failure.
(9) The use of a fabric material comprising filaments made of
— gas barrier natoriilé sécurely 1mbe&ded_vith1n the senmi-
pernaﬁble slastomeric envelope in order to reduce and
precisely control the inward diffusion of 02 and N2 from the
ambient air, into the relatively thin products which typically
have a high surface to volume ratio and thus are much more
sensitive to loss of preséure.

(10) Products that achieve the optimum level of cushioning and



partly in elevation, of the conponents of the product of this invention
prior to final assenbly; Figure 2a is a viewsimlar to Figure 2 show ng
the structure in a partially assenbled configuration with the coupling .
| ayer having been inpregnated into the outer surfaces of the fabric |ayers;
Figure 2b is simlar to Figure 2 show3¥the structure inthe conpletely
assenbl ed configuration and represents a section taken along the |line 2b-2b
of Figure 1; Figures 3a, 3b, and 3c are simlar to Figures 2, 2a and 2b and
‘illustrate the product of the invention wherein the restraining neans or
drop threads are positioned in a triangular arrangenent. Figure 4a is an

' enlarged view of a single fiber diagrammatically illustrating the tendrils
{ and attachnent sites; Figure 4b is a view, partly in section and partly in
el evation taken along the line 4b-4b of Figure 4a; Figure 4c is an enlarged

expl oded di agranmatic V|em1|llustr t|n Be bond be en th ic and the
coupl i ng Qﬂ‘rﬂﬁeﬁ?tﬁFﬂ) dpaiem 5898 %Fwafh

i nventi on; i S, a Vi hort | ength of flat, untexturlzed yarn
Figure 6 is gYeFoP?ﬁﬁ‘QQxﬁiaggﬁF ibn of .a portion of fabric knitted or
noven fron1th?1£5a£rxauékéﬁ: F%Q%&% ible to selectively attenuate,

convertand slow-down potentially damaging high frequency

Py W YPTTS

acoustic vibrations while uinultineously transmitting lower

« frequency acoustic vibrations. | s o
(12) Products that simultaneously 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.
bécome apparent from the following description, which should
be read with fhc foregoing, and which, taken together with the
accompanying drawings, descriﬁes and illustrates preferred v



JFigure 7 is a view of a short length of yarn which has been texturized by a

.
”

" spun using a conbination

fal se-twst, frictional twst, stuffer- box, edge-crinp, or simlar type of
texturizing; Figure 8 is a pictorial rep£@§entation of a portion of..

i Tabric knitted or woven using texturized yarn as in Figure 7; Figure 9 is
; an enl arged \éxyodiments ot thengapi6hsy 26tmdhbeheizs PRGEnt IR Uri zed with a

special nethod, i.e., the air-bul ked, heat-set nethod; Figure 10 is a
portion of fabric woven or knit using the special texturized yarn of Figure
9; Figure 11 is a portion of fabric'having a flannelized and/ or abraded
surface; Fi gBE ; pitd hesDoawihgagth of yarn which has been

of continuous and di scontinuous fibers with

;14 JEBSCT 1Paennod LD NG

i di scontinuous fibers constituting approximately 30% of total .fiber content;

: conposite structurflaire @ é‘iﬂvEﬁ?FoﬂiﬁUuﬁgeani

Grnas kb g

Figure 13 is a view partly . in section and artIX inielgvation of tﬁ;é
ngolgdferiarkirlifg efal ing

d | ti d bet th d | f lam nati di
i gur e 14 | S EPORERRT, ARRORAANY FOBRALBFRAPNECLRVBREPNY Ul | | angt h i nf at ed

portion is ) o ned RPUEY A ARCRR; sye1oden Tty CRRESINCHA SaFelch Hng T

1 shank porti orya g} PoeP 102t 18h! hqkh'tﬁoi 9¥ﬁBBhQHi:s of the product of this

invention prior to final assembly:; _

Figure 2a is a view similar to Figure 2 showing the
structure in a partially assembled configuration with the
coupling layer having been inpreqnated 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

C

section taken along the line 2b-2b of Figure 1;

Figures 3&, 3b, and 3c are similar to Figures 2, 2a and
2b and illustrate the product of the invention wherein the
restraining means or drop threads are positioned 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 betweén the fabric and the coupling
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Figure 14a is a sectional view taken along the |ine 14a- 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 cushi oned rear
foot stabilizer insert in accordance wthgyhis invention; Figure 17 is a.
pl an view of another form of cobra paid insert in accordance with this

I nvention; Fi Tionr ' van i ' t LN [,on,
t aken al ong tﬁde&ﬁtlneﬁ%?q‘%\gegy’eﬁ gur 1%5 é.‘e‘gh?gn'l‘gafj‘;?ﬁﬁ v#%%v* %ﬁ#ﬁ?ffétﬁ'

section and partly pigdre 5 is ¥ ¥aw OF aOkharfULehgtR b2VEiat, _
mul ti-chanbered product in accordance with this invention; Figures 19 is a

view of a heeluntaektMdcized yaxencl osi ng envel ope is pre-formed by injection

- nol di ng, bl ow nolding, roto nolding and the |ike and wherein he fabric
. layer is inpregnat eRigureé cdspla pdcigrialarepresentationcof cal portien igter

! surfaces of the pre-fornmed envel ope, in accordance with this invention;
! Figure 19b is fabaricyknitteds o3cWoyenafrowcther Stathparnfef oFiguner®s 19;

- Figure 19c is a sectjonal view taken along the Iine 19c- 19c of Fjqure 19;

. Figure 19d is a sediaire A ils.a yiew ofopgshart| lengthgjof yarnwhich has

1 Figure 19;

been texturized by a false-twist, frictional twist, stuffer-
box, edge-crimp, or similar type of texturizing:;

Figure 8 is a picﬁorlal representation of a portion of.
'tabri& knitted or woven using texturized yarn as in Piguro\gz

ri;urg 9 is an enlérged view of a short length of yarn
which has been texturized with a special method, i.e., the
air-bulked, heat-set method;

Figure 10 is a pdttion of fabric woven or knit using E::
special texturized yarn of Figure 9;

Figure 11 is a portion of gabric having a flannelized
and/or abraded_surtace: |

Figure 12 is a sketch of a short length of yarn which has
been spun using a combination of continuous and discontinuous
fibers with discontinuous fibers constituting approximately
30% of total fiber cont#nt:

 Pigure 13 is a view partly in section and partly in

elevation of the composite structure of thij invention mounted
in a radio frequency seaiing press and positioned between the
upper and lowver set of ianinating dies; _

Figure 14 is.a §1an view and a longitudinal section of
full-length inflated element having variable inflated

v/



-

1Figure 20 is a graph conparing the force-deflection characteristics of a
.'standard tubular inflated el ement of the prior art with the new cushioning
‘device of the present invention inflated to an average pressure |evel;
Figure 21 is a graph conparing the force-deflection characteristics of a
-standard tubular inflated el enent of the‘%rlor art with the new cushi oni ng

CFigure 22 | sCarorneps VAR the PAGIThIeh DO 1 WuPeR T o hBRReE
cushi oni ng el em-g&oghgoﬂf&erg¥ trégwcfz\t#?ge%dt @%a&?{g gﬁ%‘d;gﬂ | oad

supported by the drum head proper and por

‘supported by taecéhainady@ftnctﬂlgnxﬁuédgidﬂ= the pressurized inflatant
edium Figure 23a is a schenmatic cross- section view with vector force

'di agrans of the cushiguredl4s et s¥ctivhall *dew tiakedalohgbehedline 14a-
--conpr essed by a load (as a foot) wth the |oad making |n|t|al cont act;

‘Figure 23b is HMaceknBigurerbbs- section view with vector diagrans of
internal pressure forces and forces in the barrier envel ope of the

:cushi oni ng devi ce Figure 15isid @lan viest oft anheledwpede ideaccerdanter with
to provide the uni gue drumhead effect and the uni que force-deflection
characterlstléEbQﬁﬁkQﬁiﬂﬁmﬁﬁ ventiiond ng elenent; Figure 24 is a graph

.conmparing the forc eflect on and .conpl.i ance characterlstlcs of a
.cogeentignal foan1%FP é s 2 plalnaiew of a form of cobra pad cushioned

rear foot stabilizer insert in accordance with this invention:
L/ 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 sectioﬁ and partly in
elevation, taken along the line 17a-17a of Fiqure 17;

Figure 18 is a view, partly in section and partly in
glevation, 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-formed by injection molding, blow molding,
roto molding and the like and wherein he fabric layer is

W impregnatgd with coupling agent and then heat-sealed to the

inner surfaces of the pre-tofmed envelope, in accordance with
‘this invention;

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

Figure 19c is a sectional view taken along the line 19c-
'19¢ of Figure 19; .

Figure 19d is a sectional view taken along the line 19d-



-44- encapsul at ed, tubul ar cushi oned and pressurized sole of the prior art
and a non-inflated m dsole of foam sorbathane, or gels, etc., wth the
force-defl ection and conpliance properties of the inflated elenment of this.
i nvention inflated to average pressure;,  Figure 25 is a graph showi ng how.
differences in inflation pressure | evel$’Tan affect the force-deflection
characteristics of the cushioning device of the present invention; Figure
26 is a grapk9dhofi Rtgwoe 381 f erent nechani cal devices such as |ugs, bars,
etc. on the inner surface of a noderator pad can affect and custom ze the
force-defl ecti on, FAGRFe 29 oi% agraph Qonparing itheSoacerdetdrctionpr esent

I nvention,; Figure 26a is a an view of _a praoduct in accordance with the
present i nveﬂgﬁcﬁ%fﬁbf?%ﬁ&ﬁéﬁﬁf@ﬁq*éﬁ“m% dnfdpted elementopsf theew

Laken 21 ong ADFok fge 26lin s o SUHNA i, dicR. 2FO 0 BrReREETLLC
fhitbeii: S R R g e R R TR
Do L ah i PR LA O\ el S O (e EATBRTREHGR, L L1
Pg:} ﬁ gggﬁt gﬂ%ﬁﬁw&uﬂutfww 2&%&@&&%&;@&%&3&&93&%&% of the
prior art with the new cushioning device of the present
invention inflated to a higher than average pressure ;

Figure 22 is a graph of the force-deflection o/
characteristics of the cushioning element of the présent
invention showing the pqriion of the load éupported by the
drum~head property of the device and portion of load supported
by the thermodynamic properties of the pressﬁrized inflatant,
medium;

Figure 23a is a schematic cross-section view with vector
force diagrams of the cushioning element of the present
invention being compressed by a load (as a fooﬁ)'with the load
making initial contact: ' .

Figure 23b is a schematic cross-section view with vector ~
diagrams of internal pressure forces and forces-in the barrier
envelope of the cushioning device of this inventioh,
illustrating how the.device'performs to provide the unique
drum-head effect and the unique force-deflection
characteristics of this new cushioning element;

Figure 24 is a graph comparing the force-deflection and

compliance characteristics of a conventional foam



=45- of three different types of fibers in tension 1) flat untexturized

g fiber, 2) conventionally texturized fiber, and 3) special air-bulked,

heat set fiber; Figure 28b.is a schematic representation of the sane three
fibers of Figure 28a in a partially conpggssed, or relaxed, condition; '
Figure 28c is a schematic representation at 1,000 tinmes actual size of the

sane three fibgtspal diaur & (Sl |ard 'pie¥Bu et sBie! bOXELAE 1N

. the near-bottonmed- out coﬁhitlcnnéﬁﬁgure éga is a plan view scC

representati og:afu- aa Pt TEHE D indrlAln£lated nildst1@ dfPPoam,28orBathRfAk! | aeggf

yarn bundl e, being subjected to a transverse | oading condi ti on; Figure 2

:is a cross-segéi®on ste)y afithatd Firdu ad et iorWnd 2oapliageee 29c is an

g

jenlarged cross-section of a single flat fiber of the fiber bundle of Figure

29b showi ng hpropéwetiesad dhree Intidited! @lelientoofcthisadinventicdheinfdated

*} groups) of nolecular chains within the single fiber to start to separate

and subsequent¢\averadge pressunegusing a fibrillation type failure of a

single fiber (see also Fh§¥re 30), after repeated application of Ioading
and unl oadi ng of ~ Figure 25 ds 2 graph ghowing how dififerencesripuintiations

{the exanple of an air-bul ked, heat-set fiber bundle; Fi %re 29e is simlar
:'to Figure 20:PFeSSUFR levais can affect the mceﬁ'@ﬁn&

PMber bundl e;
characteristics of the cushioning device of the present

invention;

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

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

Figure 26b is a sectional view taken along the line 26b-
26b of Figure 26a;
Figure 27a is a schenagic cross-section of the device of

w this invention mounted in a special Kim flex-test machine to

provide accelerated bending fatigue testing of the inflated
device, with the schematic showing the inflated element in a
partially flexed condition; |

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

Figure 28a is a highly enlarged schematic éepresentation_
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Figure 30 is a view of a scanning el ectron m croscope -46- phot ograph at
1000 tinmes actual size obtained of a single pile interlock fiber after one
of these tensile elenent fibers of the present invention had experienced a-
fibrillation-type failure resulting from approximtely one mllion cycles
of conpression an dassoci ated abrasi on, and bending and fl exural fatigue;
Figure 31 is a graph show ng how di ffererd@s in vol ume or pl an-form can
affect the force-deflection, cushioning properties of the inflated device
of the preseof threatdbfiferent €ypes cof 3fibesfd bin tenstoh 3)d f¥atistrating -
the geonetry represented by the grdaph; Figure 32 is a plan view and

cross- sect i ountextuvizedofiberat c2) coonventionally textiugrizedfibemn land ng
different elastic, deformable pressure accunul ation volunmes around their
perimeters f3} %B%?bﬁ%z#ﬁﬁ'b“%ﬁ shheat Beth 6HeeXi es of the devices; Figure

33 is a plan vieM/gnd | ateral cross-sectjon views of the device of the
present having a FOPWERi 280118 a Schenry WY?P?%%%PR'E)’BB’(H% e SAMfani c,

ona- def | cct PRReRREFRRYE o8, FISER ‘208 (b RERF1FEY Fopitbrntednom, o

suppor t accuggig%g& VQ&H&?%i&E ure 34 is two cross-section views of a dual
pressure, tw n cnanber cushronl ng device of the present invention one.

Figure 28c is a schematic representation at 1,000 times

actual size of the same three fibers of Figure 28b after

o~

several million cycles of flexing in the near-bottomed-out i QJ
~ 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\zi
Figure 29a:
| Figure 29c is an enlarged cross-section of a single flat
fiber of the fiber bundle of Figure 29 showinq how the
transverse loading condition can cause bundles (or groups) of
molecular chains within the single fiber to start to separate
and subsequently break apart, caﬁsing a fibrillation type
failure of a single tibér (see also Figure 30), after repéated
application of loading and unloading of a transverse load:;

Figure 294 is similar to Figure 29a for the example of an
air-bulked, heat-set fiber bundle;

Figure 29e is similar to Figﬁre 29a for the example of an
air-bulked, heat-set tiber bundle:

Figure 30.is a view of a scanning electron microscope



Jvi ew showing initial inmpact of the |oad and another view show ng the
;ldifferential cushioning characteristic of the cushion partially-conpressed,
-47- Figure 35 is a plan view and a cross-section view of the cushi oning
devi ce of the present invention having seW?-in | ateral flex lines to

v

i nprove the bending flexibility of the devfte during wal king, running and

other athletic endeavors; Figure 36a is a 20 times actual size plan view
schemati c repphotographnatf 1000i tinest abtuabgsheenobtivined dof ra asimylegiive
seal when the perineter seal was made in the barrier film Figure 36b is a
vi ew i n crossipterilockofibeyuatt@saonacofnthese pensile atleémariatihentsh of
*‘around the fiber through which the inflatant gas can slowy | eak out ofthe
.devi ce of thi $henpsesedt inventipnohad experiencedny &bqtglatgommen
!procedures are i ed; and Figure 36¢c-is a schematic representation at 500 to
11000 tinmes si f@ 3:1“1'& e'Pasitgeet:mnompargxémpteuf ene nilliomcxakes qfayer
<of fabric of the devige of this inyention which have_been_jnpre ted an
:surrounded wi FRPRSPEE °Eoﬂﬁ|$ﬂ§s%ﬁ¥ﬂ 9ﬂa§€¥?§i°ﬂhi%ﬂdéVEFQAéHxﬂﬁarzﬁg*ﬂﬁﬂ
~and devel ops aE&%pE’shrink fit around each fiber thereby elimnating
potential inflrata I"eakage paths. Detail ed Description of the Invention

.Referring partiC“'?ﬁbﬁr&osihfsd£a¥4£§ﬁ’sﬂ@bfﬂgSHQW’differences 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, deférﬁahle pressure'accumulation volumes around their
périmeters for customizing the cushioning properties of the
devices:;

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

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

cushion partially-compressed:;



j preferred forms of this invention, there is illustrated in Figure 1,

7 generally at 10, an inflated product according to the present invention
whi ch for the purposes of illustration -48- may be an insole. As shown .
further in Figure 2, 2a and 2b, insole 10 is conposed of a conposite )
structure in which an outer sem -perngahl e el astonmeric barrier |ayer 12
defines a pressure tight seal ed chanber in which a tensile | oad-bearing

Tndi cat ed gener oFEguhe 18 fa SoRlan SPier arid Sres aRmtian Gevas FiRed
fabri | | f | G d d fab
aver 15 anGoApg g o UTBE°SE, Ol Al AR i RcRa” 1o ©
nvel ope 1 S1BEetEI LR fo thidiile Y rifaflid Bl 0ty 98 WHET |Ne
be di fferenaeéiemabeinefwate% pwm{ﬁi&izﬁnﬂé&éﬂﬂmwe Rrideav8rEi;our es

are layers 23 and 24 of a . coupling material, as we as the | qops and

tendrils 29 and Bgerécyéa nis Glt26r€ined raiiddr slizsd Plan Vivweschématdc34
respectively. It is apparent that Figs. 2, 2a and 2b are progressive views

of the genereprésentationnof cdrfikdmernt tHavitig bédn dimbdtded dveati on. As
shown in Figure 2a and as wll be described in detail, the coupling agent
23 and 24 ipebimetertsesahcwhen cthe xpsimbter faaads Wit aadel drofthehbatrziberc
14. Thereafter, the barrier layer material 12 is assenbl ed and
£ilm; '
Figure 36b is a view in cross-section of Figure 36a o

showing the potential leakage path around the fiber through s
which the inflatant gas can slowly leak out ofthe device of
this invention when improper manufacturing or gquality control
procedures are used; and

Figure 36c-is a schematic representation at 500 to 1000 \+
times size of a cross-section of a group of fibers in the
outer layer of fabric of the device of this invention which
have been impregnated and surrounded with molten coupling
agent material which shrinks when it cools and develops a
tight shrink fit around each fiber thereby eliminating g_)

potential inflatant leakage paths.

W@.&L&Mﬁuﬂm

Reterriﬁg particularly to the drawings, which show
preferred forms of this invention, there is illustrated in
Figure 1, generally at 10, an inflated product according to
the present invention which for the purposes of illustration



bonded to the coupling material and the underlying fabric 16 and 18 to form
qan assenbl ed coupling |ayer 35, the barrier |ayer being seam wel ded as
i ndicated at 38 to form an envel ope encl osure. Thereafter, the envelope is
ipressurized with any -49- of the gases or conbination of gases
‘described. The material of the envel ope 12_g.preferably one of the

lel astoneric materials noted in the above Rudy patents. Preferred materials
are pol yuret teri ch al ve L..0r_ pol yat her hased '

pol yur et hane s%né‘i sﬂ%?f%'ol )feas'sstsi‘r"wé %&W F}:ﬂ *ﬁ&'ﬁﬁ ?Hesf’neﬂﬁt FBn S
not limted t I £ rel.S. ' e Ul ti e

.envi ronnment i%%%??ﬁ?péé)@ud%fgﬁge , n?y&t@?&%ﬂiﬁaf‘gqﬁ%yage ,
“preferred ov I dﬂ?¥ : ' b3st Akl nd to -
4create probl ?ﬁ%égfe%ﬁagp%?lﬁgécf%‘@ﬁiﬁﬁt I tiﬁemgrr?cfuwcx‘tali #g?ﬁugggi‘lnﬁﬁt Eat
Itype of envirpré@iire LRty Gdafled! chaider TH WHidh A tensilelloha-BBhkingf

it he environnent is such that heat, noisture and bacteria are likely
iprobl-ems, t hestphetile which omprisey ialdouble-eialled] thtead qyach)i 3inked
jsomewhat nore expensive and requires sonewhat greater care in the

‘manuf act ur i ngfabobesindicated: genexialliyoatcild \lis lpasitionedst hFheudothlee,
‘the higher diffusion rate with respect to supergas is not a serious factor
in the novel wabledithxgad H}inked Sabrie isgructanend4 dsheomposedsef. ajt s

.understood that the outside surface of the envel ope nmay optionally have a
relatively thfirsapfaRrimtkayer Yondegecond fabric layer 18 and drop

threads 20 (pile interlace yarns) which function exclusively

:\_/ as tensile elements in that they are placed in tension when
the envelope is pressurized and sealed. The material of the
fabric layers may be different from that of the drop threads.
Also indicated in these Figures are layers 23 and 24 of a

U 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 sequehce in fabricating the product of
‘this invention. As shown in Figure 2a and as will be
described in detail, the coupling a§ent 23 and 24 is bonded to
the outer exposed surfaces 16 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 gnvelope

enclosure. Thereafter, the envelope is pressurized with any



thereto. The fabric material which has been described nmay be a pol yam de,
for exanple the nylon materials noted, or polyester yarns or materials such
as that avail able under the mark -50- DACRON. Polyam de nmaterials tend
to have greater tensile strength and greagqr abrasion and fibrillation

resi stance than the other materials nmentioned, but require nore care in

pr oducti on, gfeeciallz If RF we|lding techniques are used. In general, the
use of hi ghPRFERRCTIRFES P LMD ?‘fib?cﬁﬁ;QﬁsQQIﬁ£SQ§§hﬂﬂwpared to the other
types of heat sealing, is satisfacfory. It is of course well know that RF
energy is quite accurately controll able. The peel strength between the

son - pet meabi o ofe BRERFIATCOF PERE oo folE) 1 Ue P raarlY st o, tne
| east 18 poumﬂsébfﬁafsé h&€8rid: .g%e;édﬁ%ﬁgg.g'w.af réf g 30

pounds/ | i near eac convent1 ona nrrques "a e to achieve

maxi UM peepréféefred NBaér Pily &ré pobynirutiibnd matdrials) suchdas®s 32, 3b

and 3c are simlar to Figures 2, 2a and 2b, but 1llustrate a fabric 14a in

whi ch the dpobyéstendor 2p6lyéther based \polyhrtiidnd elAsStolei®, taspect s,

the structures are essentially the sane. One of the inportant features of
the presentpolyestepnelastimep; caltlicughithe snvert ivmnd s siote dinitedoaor i er
material those specific mgterials. Depending upon the ultimate
environment in which the product is used, one of these
materials may bg preferred over the other. For example, heatﬁ v
moisture and bacteria tend to create problems over a period of
time. If the product is not uséd in that.type of environment,
' a polyester urethane material operates éuitc wvell. If the
environment is such that heat, moisture and bacteria are
likely problems, the polyether urethane material is preferred.
The latter is somewhat iore expensive and requires somewhat
greater care in the nanufagturing process for the final
product. With the polyether urethane, the higher diffusion
rate with respecﬁ to supergas is not a serious factor in the
novel products of this invention for reasons to be discussed. \/
It is uhderstood that the outside surface of the envelope may
optionally have a relatively thin fabric material bonded

thereto.

The fabric material which has been described may be a
polyamide, for example the nylon ﬁaterials noted, or polyester

yarns or materials such as that available under the mark



and the facing fabric material. Referring to Figures 4a and 4b, which
illustrates a fragnmentary section, the fabric layers 16 and 18 each

i ncludes fibers 40 having the tendrils 42 and 46 extending therefrom It is
preferred that the coupling material and<80e barrier |ayers 12 be of the
same material to forman opti mnum bond. The coupling material 23 and 24 only

! and 24
Vansi | o of emhCEeay “Aifd¥fintth sifbad iRy € Bork §5. 8ol GREOERE" eaBbT1sC,
Lensi | _ _ St v

per m Lt ng. Y TERGEH SH giiancy AN (h W T1pkATiheIoR, £ER1sEanca than
restraint. lehed@tidOohatdid 8l s i dried;, Okt Feqidre mdre3ecazecdnel y -

| ocks the tensile yarn 20 within the facing |ayers 16 and 18 so they will

not pul |l | coproduttivmm dspdiany iP Rhaeldingigechaiques arier useduenInut
to the size and shape of the desired product. This feature is particularly

i nport ant wheyeridral) tthd ama |of Mrigh XF ienergy doreavsheritoperdodst oft he
facing cloth layers 16 and 18, for exanple in a woven three dinensional
fabric. Howewdme, las woxparest teetthal atthem types: of heas: sead ing,cds

di mensi onal cloth is double needl e bar Raschel knitting. The texturized and
ki nked geonetsatigfactonhdi Ltduks of mouraswald Know ttgaﬁclgﬁ eRerFnid®t ur e
coil springs. Thus applied | oads are more evenly distributed across all of
the fibers ofquite pgauratel icantrRliallemt e tensile strength of the yarn
I's approximately equal to the ultimate tensile

. ~ The_peel_strength between the facing yarn'ls and 18 and

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

pounds/linear inch.

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

are essentially the same.

One of the important'teatures 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



strength of the individual fibers tines the nunber of fibers in the yarn:
In the non-texturized yarn the ultimate tensile . -52- strength is only a
small fraction of the ultimate tensile strength of the individual fiber .
times the nunber of fibers per yarn. This is because of the "Dom no

Fai l'ure" action of the nost highly stresseglyindi vidual fibers. Special
finishes on the polyner filanments shoul d be used other than a polished

and thus’ Leefr%iwéhrged%ew%ﬁé%emﬁﬁ Hhyers oFL L ae art i "
rﬁrgvfave;?: on, ecausWﬁ"im%%ggés%d%a ens ib’;?h‘% W dzsiﬁ%ewaed‘t%égﬁé)ﬁ ‘and
2 Dow Cor ni 05 48 et dfrdd Oihd e G, SGpLLtY AR ark VHL SANTRE 01T

date showed iﬁ&&i heg Ke Wﬁmrmtdﬂiﬁ%&%ﬁwﬁméﬂﬁf%dﬁ&ﬁ on

non- texturized pol yester or nylon 66 cloth. Filanments h

Cross-secti orh@tdRipl 1y nisteridl - 23 .ad W4 fotily phhidtiaites the )rdBpic! so
be used to inprove bond strength of the coupling |layer 35, but may result

i'n | ower terksayer 16 efand 18)d ard adves nots ipEretnatd inted the teénsidep
tensile yarn, and they tend to be nore costly. Flat ribbon type filanents
are nore ef fekanents 2GontThius, the reoupking:tagentt idaes motpinvecte the

region between layers 16 and 18 that is occupied by the

tensile elements, thus permitting the tensile elements to

function"fgeely and withoht any restraint. In addition, the L
| elastomeric coupling material 35 seéurely 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

when cut to the size and shape of the desired product. Thiéa

feature is particularly important when the drop tensile yarn

20 is not otherwise locked into the facing cloth layers 16 and

18, for example in a woven three dimensional fabric. However,

ﬁhe preferred method of manufacturing of the three dimensional

cloth is double needle bar Raschel knitting. W)

The texturized and kinked geometry of the individual
fibers causes them to act like miniature coil springs. Thus
applied loads are more evenly distributed across all of the
fibers of the yarn such that the ultimate tensile strength of
the yarn is approximately equal to the ultimate tensile
strength of the individual fibers times the number of fibers
in the yarn; in the non-texturized yarn the ultimate tensile



-53- The fiber-interface-reinforcenent (facing yarns inbedded into the
coupling layer) is essential «in order’ to achieve a bond resistant to
fatigue delam nation failure. This is acg_ eved by flannelizing, abrading,
or texturizing. Various met hods of textd |ng are available, i.e., false .
twist, friction twist, stuffer . box, edge crinp and air *bul k. Fal se twi st
and heat setstrengthkiarenpycacsmadil frabtihent ofetheiurtbndte t€énsiperi or
of the two as explained later. The essential characteristic of the outer
surfaces of skrendthi af 9hen£ndhui¢uab fiber timescthechumbéryer sfibeps
"cloth are as follows: the individual filanments of the texturized and/or
flannel i zed BEFa¥@Znof Jhif hBsbegausenrédtbe TRominorF4ilurer iattionops,

and/ or selec velx g ten and rotrudina fromthe yarn surface. The basic
flat yarn is ﬁu@ & Hylﬁt esfedcindividual Eiberen creates an external

surface on both upper and | ower facing cloth nenbers wherein spaces that
normal |y exist at the overl apping intersectlons of the strands of the cloth

i anents. Thue | EeeERTEFRLENES O {tﬁ haEPReg E P e €0 vens
;g(ranyﬂ]gt t Qgir’m'é??fmssﬂiﬁzpé f(;sph%?e ensi ya; nf acé%%é *ﬁldl r${$§ei afggai){lg
T g et 54 o] 5 A3 A Ffn
the semi-permeable elastomer coupling matrix 35. However,
Y this nustnbe used with caution with the pressurized product of
this invention, because this process weakens both the tensile
- strength and abrasion strength of the drop thread tensile

fibers 20.

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

texturized polyester or nylon 66 cloth.

L | Filaments having a cross-section other than round (i.e.,
cruciform, dumbbell, etc.) may also be used to improve bond
strength of the coupling layer 35, but may result in lower
tensile strength and abrasion resistance if used for the drop
tensile yarn, and they tend ﬁo be more costly. Flat ribbon
type filaments are more effective in contrélling thé activated

diffusion process.



‘ -54- essential that both the texturized yarn and also the finished three
* dinensional cloth be properly heat-set. 'The surface.characteristics as
descri bed above are very inportant. In addition, it is inportant that the .
coupling material of the elastoneric coupling |ayer 35 have a high

mol ecul ar wei ght (100, 000 to 500, 000, ideghly 170, 000-350, 000) and a

| ong-chain nolecule. Further, it is essential in the preferred nethod of

appl yi ng the pol yU&ﬁhh%&Se?QgBEE%P%QQQ&n'&QEQ?&Q& U{’fféi@vﬁﬁi?ﬂ\fr%@&ﬁ%

fabric, that the heat inpu e uniform across e en ace,

the surface tqmpey dhie' %uggéhge 18gekqdig! ahg&“efafa{‘gf Or&géﬁhﬁ%\’{%ane)a

within specified limts ( egrées to 390 degrees

Accurate cont pgndoireistantetonatdgue BRYAmEASUIGR 2ARIuFES OPHDS | 1@
material will have the correct viscosity when either nechanical or

at nospheri c pachdeved dyaghanndlizing,vebradingp éhctepparizingl ovwsricyers
16 and 18 of the fabric. If the viscosity is too high, the material w ]l

not penetrat emethodsi eft texturdzing aresavaitable, dkpel, ofalse twistds of
yarns. |f the viscosity is correct, the sem -perneable coupling materi al
will nove int Srdcsioppdwistd studferaboxy edgei erimp and shulkur rRakse

and adhere to the individual filaments conprising each yarn and
e

si mul t aneous| Fwisscrndnheatnset; pAr BNk arpoRreferred . WAth Reatiset Aixny
Faaent o ! RUFACEES, bUanbTbE o tHe" 505, BhFpb Eindd rdERE! o1l over
<«

The. essential 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 protrudiné;i
from the yarn Surface. The basic flat yarn is thus expanded
in diameter and volume which creates an external surface on
both ﬁpper and lower facing cloth members wherein spaces that
normally exist at the overlapping-intersections of the strands

of the cloth ate filled-in and/or covered over by the loops, \.)
strands, or distorted filaments.

Thus it is important té 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 fatigue strength.of the product as explained

elsewhere herein. It is likewise important, however, not



Pnportant that the coupling | ayer 35 penetration not extend to -55- the
i nside surfaces of the facing |ayers of the fabric, such that it would
interfere with the free novenent of the drop yarn tensile elenments 20. This
can happen if: 1) the coupling materialgigs not of sufficiently uniform high
nol ecul ar weight, 2) the tenperature of the coupling agent is not at the
correct point on the tenperature-viscosity curve, and 3) the externa
surfaces of essenpkdplcthat hothsthectexsurpeedcyaynandalso fhe i finighed
par agr aph above, ( well, as_ in_the.further discussion which now follows in
descri bi ng tﬁérFFgaiE§?§12P‘3h€19Fheb&tPFQHﬁEF&tG?%tT§°Fﬂcorrect, 5) the
applied pressure is incorrect, 6) the conposite product is not frozen
(cooled ) to approxinately roomtenperature before the rel ease paper is

Constitutes a couspen§ingask shAEaRBETRERCE: fy Snflinda ROGHL 44 lvery
nst tutes ! | e _
matori 2l or aaaParEoRY, (1R, BalRrERH, P1Che MEOFERRECRY Moo ShipLINs
fl annel | zed yatar {a§Cokathf of SbEbRrAc! Cbifl 1hg" 1446H 9 It AchigHT ti ng

the depth of penetration of the coupling material nto the upper” and

| ower faci ngmﬁll&bhlh%’ﬁéiﬂﬁﬁ {2007 800~tot 500, 000 Nt idéall}e X05,000+350,600)S

i mportant to discuss further the needed characteristics of the surfaces of

the fabric. anduaelbngkthainameleeulendi Further|| it isresssghtial in the

(non-texturized) where the individual fibers or filanments are :
preferred method of applying the polyurethane coupling member

-/

U 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 platén be carefully controlled
within specified limits (350 degrees to 390 degrees F for
polyurethane). Accurate control of the time and heat input
assures that the coupling material will have the correct
viscosity when either mechanical or atmospheric pressure is
applied to drive it into the upper and lower layers 16 and 18
of the fabric. If the viscosity is too high, the material
will not penetrate sufficiently into the cross-section depth
— of the strands of yarns. If the viscosity is correct, the
semi-permeable coupling material will move into the upper and
lower facing fabric and encompass, surround and adhere to the
individual filaments comprising'each yarn and simultaneously
block and limit the penetration 6: 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 layer 35 penetratidn not extend to



- essentially straight and lie together in a relatively conpact bundle. There
Is very little open space between the «-56- filaments. The nmaterial of
the coupling |layer 35 cannot penetrate into the cross-section of the yarn, .
and thus attaches only to the outer surfacgggQf the yarn bundle. This is
not acceptabl e because (1) the bond is too weak. (2) the.open yarn bundle
accel erates the process of outward activated diffusion, instead of
restricting ajme cinéide |suifddes Mo e Cradinis tladieds Otechddichbedel, Buehl em
with fabrics having flat yarns. Open spaces 52 exist between the various
overl appi ng yhats i wheld dntedtekrd with diertyemnalovienehitCc ofhithie geopi t s
the coupling material to flow essentially unobstructed through the facing

| ayers 16 angaih dfensile|eliéments 2Qhe Thils carchappenhdfall)i theTcoupling
(tensile) yarns 20 thus becone glued together and the air-cushion will not

i nfl ate uni f Gakerial tie oot suftigiently uwnifiommhigh: nolecudar: weighger

and | owner facinggfloth | ayers 16 and 18 are cenented together such that no

inflation is4oddi®Itenpsrature; of, khe £quURling agent, is, net: ak: the caryeck.
L , tendril d fil t ds 54 t f t-h f th .
'l vi dual { RRHE e, SHe ERPRAT kY RGPRIEY (SHFvin; aPgno) She piERrRal”
fluffed- | ' [ f )
e 0p ok e 08 e AR SAHAY SR BRRRBL T A YO0
space and OPeULSS i VGE tHd pdriyrdpit AbdvedC (ad ¥ell’ 5! in the further

discussion which now follows in describing the Figures),

4)\3
the time at temperature is incorrect, S5) the applied pressure o/

is incorrect, 6) the composite_product is not frozen (cooled )
to approximately room temperature before the release paper is.
iemoved. This construction of the facing cloth 16 and 18
effectively constitutes a coupling agent pehetration-contro&]
mechanism. The high molecular weight, iong chain molecules of
the semi-permeable coupling material drape around the very
fine filaments of the texturized and flannelized yarn, the
latter tothing a filter for controlling and limiting the depth
of penetration of the coupling material 35 into the upper and o
lower facing cloth layers 16 and 18.

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



penetration of coupling material into the yarn. The coupling material can
easily penetrate the entire cross-section of the -57- yarn, thus | ocking
t he individual high-strength fibers together within the el astoneric,

sem - pernmeabl e matrix (pol yurethane) to forman extremely strong conposite
material. The peel strength between the ygn and the elastonmeric matrix is

extremnely higE fecau e of the kinkid geonetry of the fibers and the
full -depth pehtlaments.  ;The materisl-pfpthecesupling idaver 35 gannct

as P i qur o PenabratS IRte thie’ GEOBReRSHICR OB AN HhTmo AR ng Jar 1
pol yur et hane Scactiy ke, B4 En8 bt or FRFTRcRR L Hlte Yo Sitler gimis
necoscary 1o 1oy SectBtanl beldide il thd Tiondl ' SRR () e .
wpavi ng. pr ococe Hh WAL (et FOFACHs Tthé Nrdcldh UE iyl AROVALLS

through all piitfwstow iNetéadrof réstiiéeingand f&ﬂ%ﬂin@'fj,f%“ ar

fi'lter/penetration control technique ispreserved and is very effective in
achi eving the desired preci se degree of penetration of the coupling
material 35. Figure 9 is a pictorial representation of a single yarn 60
that has been textRigurel &iillustratesptihe addditicomxl ptiobdem with fabrics

having flat yérns. Open spaces 52 exist between the various
overlapping yarns of the completed three dimensional fabric
which permits the coupling material to flow essentially
unobstructed through the facing layers 16 and 18 of the cloth.
into the pile area of the fabric. The pile (tensile) yarns 20
thus become glued together and the air-cushion will not
inflate uniformly to the proper thickness. In 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 typicil individual texturized yarn.

\~/ Loops, tendrils and filament ends 54 protrude from the surface
of the yarn. Individual fibers are kinked or coiled and are
not straight. The yarn is fluffed-up or bulked and of larger
diameter than a comparable flat yarn. Fibers do not lie
together in a compact configuration. There is substantial
space and opennéss between the individual fibers to permit

| penetration of coupling material into the yarn. The éoupling

material can easily penetrate the entire cross-section of the



"is an air-bul ked yarn. Not only is this yarn bul kier than other texturized
1yarns, but it is nuch nore permanently heat- set during the texturizing
i process. The heat-setting operation locks in the |oops, tendrils and kinks |,
56 so that even after being stretched out straight under tension and '
.rel axed many times such as during knittingsr in the finished product they
Wll return to their texturized state when the tension |load is renoved.
Thi s permanent spring-like property can exist even after several mllion
cycles of tegyarm; thdsr 2bekihgothef individnadlhhighgstrehythdgsbepst he
bendi ng fatigue resistance and abrasi on resistance of the pile (tension)
fibers 20. Thogether withinctbecdlastomeridet semit-permeabbe wmatrixt is
sufficient to say that air-bulk heat set texturizing is also a very
sati sfact ory (pedyygethang}stot faym ant extrapedynstrongacoppositei haterial.
control of the coupling material 35. Figure 10 illustrates a fabric 65

mgich has beghecagsirg EEGGEQihgtFﬁenaF SbUPKBdaparfhsfOtﬂgﬁ9aeeicvn§trix
: . o 5 .
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?ggrfzrFg;grgsgﬁgﬁgsiﬁgiﬁggéggfEFﬁgggFﬁgsPﬁgigﬁﬁﬁa%ggéfa?ﬁgr*ééﬁ#%bt%Pgdd

to bond stre Ergan be used, although they are not preferred approaches.
These incl ude abradi ng the surface or flannelizing the surface of the
fabric to create | oops or

Figure 8 diagramm#tic#lly illustrates a fabric 55 Q)
constructed with a texturized yarn as in Figure 7. This
fabric has no open spaces betﬁeen the overlapping yarn
elenents 55a and 55b that would permit excess penetration of
the polyurethane coupling material 35 as would be the case in
the fabric of Figure 6 made using a flat yarn. Even with a‘d
texturized yarn, it is necessary to follow proper procedures
when knitting or weaving the fabric to insure proper (not
excessive) tension on the yarn during the knitting or weaving
process and to provide uniform density of the fabric surface
through all portions of the fabric. In this way, the macro- \)
molecular filter/penetration control technique ispreserved and
is very effective in achieving the desired predise degree of

penetration of the coupling material 35.

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

other texturized yarns, but it is much hore permanent;y heat-



téndrils or protruding broken strands. The possible open -59- spaces

bet ween the overl apping yarn.,is thus 'covered by these tendrils and broken
filament | oops to achieve at - |east a partial macro-nol ecul ar penetration
control of the coupling material, as segg Figure 11. Another less preferred
approach - is to use a discontinuous fib8®Which has been spun into a yarn

contai ni ng atgdteaRir ifyo1I HeRtussi £ ing Process N UThe hRat-geeringuous
fibers or tendrils extend fromthe yarn 'surface, and the opposité end are

| ocked into tdjpenetiivn i Kook Unl the Fodps JHerdeils And kihks186 892ithat
referring to Figure 2, because of structure of filanments and yarns just

di scussed, aseven sfbter theing sStatetchiad cut atraight under $2naidn34nd
respectively, of the fabric layers are populated with a multiplicity of
tiny tendril ekaxesmamhitindésrsuch tas duringiknittingoornin theafdnished
These are shown as extending outwardly fromthe distal surfaces in Figure 2

for the purpdrodict thex sskldoreturndothebr taeurized state when &
A SRR e B A 5
are-provoed by e eied R GRSl 0 51 ol B SR ST,
the yarn strand A {6 B téhadioh Unich YrddUiY 'ddas* £o"the verhing from

t he
fatigue resistance and abrasion resistance of the pile

W/ (tensionl fibers 20. This will be discussed in more detail
later. For now, it is sufficient to say that air-bulk heat
set texturizing is also a very satisfactory method for
assisting in the macro-molecular penetration control of the

coupling material 3S.

Figure 10 illustrates a fabric 65 which has been
cbnstructed using the air-bulked yarn of Figure 9. The
advantages of such a fabric are superior tb these of Figure 8.
As is apparent, it is important that the fabric layers be free

- : of any direct unocbstructed 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 bbnd strength can be used, although they are not
preferréd approaches. These include abrading the sQFface or
flannelizing the surface of the fabric to create loops or

tendrils or protruding broken strands. The possible open



'* -60- surface portion of the yarn strand. The tendrils may be | oops 44 or
fragnmented fiber strands 46 or both. The procedures for form ng such
tendrils has already been described. The tendrils function to increase .
substantially the surface area for attachnent, as described. The tendrils
extend in various directions, dependigg. upon the procedure used to form -
them As shown, there are tendrils at the upper surface of the fiber strand

and preferably around the entire surface area of the yarn strand. In the
conpl et ed st FRREEScbetveen: theoyerlanplingi varngls cthms igavared by theses

68 of the outer .sem -perneable b ier layer 12 are rendered nolten for the
pur poses of gﬁﬂﬂrggémgﬂﬂ ?ﬁ%k%Bugiiﬁﬁeﬁﬁe Pops teo.ac 1at 18a%% 85 also

der ed I he i ' I . Th | i ' f
ho onvel opcPREFERD RAREPSRCLFTRISF SPARERERLARY contrel o e e thR on”
zone at 35 aﬂgtépf?forsgsggaglﬁgg%ﬁgbfgéof the coupling agent within the

respective fabrirc rayers are t rts of the structure which becone
nolten. This nolten layer is very limted in depth, both within the barrier
| ayer and the coupling agent |ayer (i.e., .001 of an inch to .002 of an

i'nch deep). HoweVghothér!léss préfesrd®’ ApproQER L8NES & m%ﬂésﬁﬁnﬁe&u@

frequency, dielectric heating (in conbination with heat sinks) I .
particul arl ye4bef Whiéh Skas bhéew! sphinCiitdtanpaini Sontafilhg A NAEddt 7o at
gets hot and what does not get
continuous filaments. Thus, the discontinuous fibers or
tendrils extend from the yarn surface, and the opposite end;) .
are lockéd into the yarn/fiber bundle, as illustrated in N

Figufe 12,

Again referring to Figure 2, because of structure of 3
filaments and yarns just discussed, as is seen, the distal“‘
sides or outer surfaces 32 and 34, respedtively, of the fabric
layers are populated with a multiplicity of tiny 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 \;J
that they are later bound within_the coupling material as
shown in Figure 4c wherein the same reference numerals
previocusly used are again used. These attachment sites are
provided by the tendril members which are part of the

filaments from which the fabric is constructed.

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

40 includes a plurality of tendrils 42 which extend from the



-51- hot. The set-up which has been very effective in controlling the

| ami nation of the barrier film12:-to the coupling agent at 35 is shown in
Figure 13. The upper and lower |am nating dies 70 and 71, which nay be
configured to match the perineter of the die-cut fabric, are nade of solid:
brass and are water cool ed. These dies arf0t inch to 2 inches in hei ght to
focus the zone of maxi mum RF energy input at the horizontal center plane of
the fabric. BRYKEACE RO¥GiND ofhthe yarmecstrande (Thettendrils dmys beotlcpyis
hot. On the other hand, the naterial -of the barrier film12 and the

coupl i ng’ | ayerdd 2F fxpguented fibex strands b 0r hpthk \The arotedurese for
r aw hoat  anay LAY NG RN 18, A a L FRAGE ) deaqRibad dbet{ i a
1Bl S5, DR Sl AR AR A
fomper ature sols Sycughlent, HEUGErifeq, ) AR CHRAE bl A Var Loy,
and the coupl iqirdciRsngy Q’éﬂmﬂ@méﬁ# %g"tm%%%& | tet}&g,& vl%nﬂtgﬁ‘r

the pressure of the |lamnating dies. IS prdcess 1S best ac

maxi mum pract iaenlsHdwre ail@red AXd t¥ndrirs G 1S lipdet Sulkadd Jf e lfﬂﬂlgr

joining of the envel ope layer 12 (Figure 2b) to the coated fabric nateria

surface, as detwarikdnd [preferably aYourl® s REntird ViR facRNAxeal ofELER OF
fuse with-the envel ope ' :
yarn strand.

. U
o/ _

In the completed structure indicated for example in
Figure 4c the inner_surtaceg 68 of the outer semi-permeable
barrier layer 12 are rendered molten for the purposes of
bonding with the coupling agent 23, for example, which is also
rendered molten at fhe interfacing plane at 69. The
application of heat to the envelope during manufacturing is
preferably controlled so that molten zone at 35 and the
éorresponding region of the coupling agent within th§
respective fabric layers are the only parts of the structure
— which become molten. This molten layer is very limited in

depth, both within the barrier layer and the coupling agent
layer (i.e., .001 of an inch to .002 of an inch deep).

However, in this process very strong bonds are obtained.

Radio frequency, dielectric heating (in combination with
heat sinks) is particularly useful in selectively focusing
heat input and controlling what gets hot and what does not get



mat eri al as one cohesive structure in which the fibrils are -62-
securely anchored. Since the envelope material ,is joined to the coupling
material and the latter effectively surrounds or covers or encapsul ates and
penetrates substantially all of both the relatively |large yarn and the
conparatively small fibers and fibrils=6¥ne bond strength is exceptionally:
hi gh and nmuch hi gher than could be achi eved solely through the use of

coupling agests. Thansét<upiwlyick dis Bdel vory éfredtivel inheohtt8iNfhgoas
pressure does not appear to be at the interface between the two naterlgls,

but rather the lamination cof the Badrriewifile 1d o thandcupldhng agehthat
respect to the coupling material 35. In other words, the separation above
the rel ati v35 yisisthoymeln sFigure M3 notHe ivppext ahd dowext laminhting dies
distinct |layers as may be the.case of two sheet material s adhesively bonded
or | ani nat €10 tangkt Ty  WiTich may ke contigured taaateh the perdmesdrbofneans
of a weld 38, Figure 2b, which extends entirely around the periphery of the
structure thedhievant fakeic, are padeof @a;riél brass and, arer waterhat the

E?LLE?eéchéqéfQ«?dfﬁ,?%Saﬁés ke ?ﬁb&qﬁéﬁ%‘éh&&@ L f »*ﬁilép?;t?i Eﬁ'sﬁegd
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t he device
constant, it does not get hot. On the other hand, the

\o/
material of the barrier film 12 and the coupling layers 23 and ;-i
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 sh@rp focus of heating at the localized Q}
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 deqree# F.as is seen in the
temperatufe scale of this Figure 19. At this temperature, the
barrier film and the coupling layer are molecularly locked k;i
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 material 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



to leak, as will be described in detail As earlier noted the elinination of
fabric or strands in the weld area may be -63- achieved by first

. applying the coupling naterial to the fabric material. In certain

i nstances, however, it is desirable to #628+tion the weld a given distance .
fromthe edge of the cloth, to create a stabilizer and pressure accunul at or

NIIRE L oohet RSl ! essu ™
the outer sur Facatsay] aBiehRrdd, Sinke the dnvilops REEELF |8 10Ened )
th i met er- el h i q ' '

cl'oth can be S0% Eouplife aRetlal iahad thle SAttor BIreBEIFLE sGEKELNAR or
fabric my becb%%%e%ﬂ%gx_@g?%g)ﬁhiib, bnadipenetiaties SubBtafit falPypes1rrof

silastic materials DOW to improve adhesion. It has been found,

however, that pgeprichdl reeadivelyi2argedyarioandietediconphpativelyr sualt t he
necessary peel strength. In a less preferred procedure the distal sides of

the fabric 14 fdberis and fidaide,schesbondostlengthhdssexteptionaldyohigh a
multiplicity of mechanical attachnent sites. It has been found, however,
that flane tresdnmuchninigheduthanheoulde et lachievied salely thyoughsthe use
satisfactory |level. Structures according to the present invention having
inflated thi clofecoapliing agentsec Signifdcantdy, separatisnoagraresuik of

have been successfully inflated to over 180 psii and have retaiped, those
pressur es f or the, dNhernad: gas,PrRSsNTe. doss: NOY ARReAX £ §8s§Fb€E°in

accordance “”Hgégyf%ce between the two materials, but rather due to

) — fracture or pulling of the fibers and tendrils with respect to
~ the coupling material 35. In other words, the separation
above the relatively high peel strengths noted is not
delamination of two distinct layers as may be the case of two

sheet materials adhesively bonded or laminated together.

The barrier layer 12 is hermetically sealed by means of a.
weld 38, Figute 2b, which extends entirely around the
periphery of the structure to achieve a pressure tight
enclosure. It is preferred that the periphery of the

Y structure at the weld be about one-half the original cross-
sectional thickness of the two sheets of barrier material.
The weld 38 15 normﬁlly made as close as possible to the edge
of the double-walled fabric 14 without trapping'any of that
fabric material or strands thereof in the weld itself. Any
filaments trapped in the weld will probably cause the device
to leak, as will be described in detajil As earlier noted the

elimination of fabric or strands in the weld area.may be



-

i nvention to provide products that have variable inflated - 64-

t hi cknesses by having a controlled surface contqur,.i.e., thinner fabric at
one portion and thicker at another portion. Figures 14 and 14a illustrate
and insole 75, for exanple, wherein the fabric 76, already described, is .
knitted or woven to have successively tdgxk 77 (heel portion) and th|n
portions 79 (fore-foot portion) separated by and joined to a tapered r anped

T ustrat ot HARVPR,PY. P edE aPeaTiPdh iR cRbR TR cRAERERFL EatAT eabrie
Forefoor it taRSER Pk ehBEHIO thBEaREES RbLRORE. | RE LR dnbTPAfe ff, .

pressuri zed 8&9@385 thg G&Q&r§|gibgnp&9355ﬁég PE5h! Eﬁeféég%natféyé a*egfs

polyuretha escribed i1 n ove | ent|f| prior

the ot her e{:éséﬂéﬁi:bcabéﬁiibﬂiﬁhr”’&nésprdﬁﬁﬁré' séchﬁuweoiﬁreubem Yor
referred to patents are -al so applicable. The coupling nateri al

conveni ent | yeébtoname (PighbPens2adsa-a) . WnIthai sabped aszébﬁapuwra 1é&r
| ayer. The fabric is conposed of heat set filanments so that the fabric

l-ayers remeta theaoutertsurtacet of théehenvedepe, t thensurntatécoter i titan
handling and fabrication. Very satisfactory results have been achi eved
usi ng fil anthatswhichgfarnenthe perimeteri veld; rthenhnone 3ofrthat portion

denier, approximately 40 filaments per _yarn and its 1 to 3 Xarns per tuft
or strand nghtbgefpégigcogegqger cloth can be positioned in the weld.

_ ‘ui.
) ¢ 4 désired,:thg distal sides of the fabric may be treated
with chemica; bonding_agents such as silanes or silastic |
materials DOW Q1-6106) to improve adhesion. It has been
found, however, that chemical'bonding agents are not adegquate

alone to rrovide the necessary peel strength. o

-In a less preferred procedure the distal sides of the
fabric 14 are flame treated so as to oxidize the surface and
provide a multiplicity of mechanical attachment sites. It has
been found, however, that flame treatment may reduce the N

strength of the fabric beyond a satisfaétory level.

strnctures gccording to the present invention having
inflated thicknesses in the range of..loo of an inch to .500
of an inch bave been suécessfuliy infiated to over 180 psi and
have retained those pressures for several months without
failure. It is also possiﬁle in accordance_ﬁith this

invention to provide products that have variable inflated



conposed of approximately 440 strands or tufts per square inch. Wen radio
frequency heating has been utilized to bond -65- the sem -perneabl e

el astonmer | ayer to the coupllng agent cQgled distal sides of the

" doubl e-wal l ed fabric it has been found that heating. the dies _to between
approxi mately 100 and 150 deégrees Fahrenheit and utilizing a’radio
frequency of tRIckRes844 15y tRavinigi &£Veont el Ved i st dvw Gorrour hdule. ,
impairing the rest of the structure. The preferred inflatant gas is
supergas, al thingertfabriweationeiportioniand cthidckertat aiinthenr paxtion.
di ffusioon of air into the envel ope and the reduced rate of diffusion of the
super gases oBigufeshbd eimdzlbin &fbusbratedam ingokeirTShiccfor @xXankkgh

whi ch di ffusi on may occur. is again useful to, refer, in sone

det ai | ll:) 0 thﬂheﬁﬂétlirm &PE@@C?FbeGlFﬁa‘F{] qdescribed, 1§ knitte r°’é>@%9?fﬁr .
As t.h
|?y§EQ ]91? bts ﬁigdagve%\?scﬁ@ﬁ iﬁ;ﬁﬁﬁ Rizt CingelpoRfont Tard tifh Bor¥aona
goultm "ng- subdPakEeres egtv@?rgg: 'fs%?%ﬁ%ﬁé‘?’?%%%@% pﬁi"sfﬁ%ﬁm“

T hi ghl
e ort o §?¥§P§?§?ﬁ§%§§'}bﬁ?r.£” RELOe0em) Nen | £0E1 Lo S0/ dREFat {11 ONI Y
exampl o). D bbyskgnas o gsasss ymshegt&arOmesvmrwtfy@meﬂwai cetfe

t he presence oOf "suc arge amount of distorted crystalline polyners
within the OEBﬁbliﬂapﬁité?iSPUﬂhanﬁhen die cut with the thick fabric

_ o/ forming the heel portion, the thin fabric the forefoot portion
~ and the tapered section comprising the shank area of the

pressurized product.

In general the preferred barrier film material is
% polyurethane as described in the above identified prior_Rudy

U.S. patents the other elastomeric barrier films as identified
in the previously referred to pgtents are also applicable.
The cbupling material is conveniently the same urethane
material which is use& as the buter 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
'handlinq and fabrication. Very satisfactory results have been
achieved using filament shaving a denier 3, a tensile strength
of 3 gréms per denier, approximateiy 40 filaments per yarn and
its 1 to 3 yarns per tuft or strand with the fabric being
composed of approximately 440 strands or tufts per square

inch. When radio frequency heating has been utilized to bond



barrier layers of the product forns an effective control or block to
novenment, by the activated diffusion process, of gases either in or out of

the inflated article. The rate of -66- diffusion, and diffusion punping,.
can be controlled by varying the construction or density of the fabric
outer surfaces, i.e., the fibers and-§8#ns whi ch make up the backing

71" o S S s B 5
20, ' - L.C. :
2,117 S LA 0 R S B R
enj oyi ng tnd DAL EE Hefkiha s G E: Metuiidh, Srbirel aPRIY, 1057004 g,

t hrough the 1359 ;«#gz\&d FahredhlitoRnel utillkihly A ralader traqukhBynohe

coupling | ayer el astoneric enclosure. The imredi ate effect iS that in

the case of XY arsyalidrtz;, iathdeviessthel desiredu pondingnwikhbuts al ready a
conparatively low rate of diffusion out of the envel ope. The practi cal

ef fect is tHupairing theyxests ofcthenstructuxresuch | onger period. This is

. especially inmportant in thin devices in accordance with this invention and
whi ch have high surface to volune ratios. For exanple, the surface area of
thin devices in accordance with this inventiqgn can have greater than 40

units of surface Thepreferyed dnflaspot gaspdscsupergasn adrheygbntheg unit
of COﬂt&IﬂE%A¥§;€Q§Aﬂ¥; not limited thereto. The rate of diffusion of

air into“the envelope and the reduced rate of diffusion of éﬁg Q‘)
supergases out of the envelope are related to the surtacé area
through which diffusion may occur. It is again useful to

refer in somewhat more detail to thé construction described in
Figures 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 (pressufe enclosing envelope) film 12. The fibers of
the fabric are made from highly distorted crystalline gas ~/
barrier materials (polyester or nylon, for example).
Diffusion rates are very low through such materials.
Therefore, the presence of such a large amount of distorted
crystalline polymers within the outer composite coupling
barrier layers df the product forms an effective control or
block -to movement, by the activated diftus;on process, of

gases either in or out of the inflated article. The rate of



This is approximately 4 tinmes greater than the typical tubular, bul bous
air-cushions of the previously identified Rudy patents and thus the problem
of maintaining the desired uniforminflgglon pressure in the product for
the stated |life expectancy is four tines nore severe. -67- The secondary
effect is to permt the use of gases other than supergas”or a greater

L A o o 8 <SR e
Super gases. ﬁ;'v?’ét . i:eﬁg‘?nﬁ%ﬁ Pgmgf‘l’?‘ﬂegf#ﬁ%ﬁéﬁ‘ﬁ?%%ﬁ%&%ﬁﬁf °
operates to reguge, t ke oV e, &nd' gAY fcﬂaﬁafgﬁﬁ:gxeﬂpﬁ%a 13{& pertion

di ffusion, the slower diffusing gases nay be use

those gases hagfnghe fabFie) OIfadésifed, (€6 CHYIBUCIYNGIC thd BaUHiFS
about 78% nitrogen and about 21% oxygen with the bal ance being other m nor

gases, air nuysbtefaces of the fabiie acdnibe cclidinged | indepetidentlsd dBthe
since the diffusion of nitrogen is relatively slow due to reduced surface
area for diffupibe, (intexlace) portisony 20giwhidle aitehdd betweed and/ gen
represents only 21% (2.5 psia) of the gas conponent. Thus, by initially
inflating at €oRNeEts the uter rsurfacesiof the fabriqr e Thmse thiss noveel
time is relatively small. It is apparent that the use of air or other gases

having an ef f R¥FINIPINL Gah rekaln Lhe (degirablie ang meeded propexties of

advant ages. Th@hgléiég%éﬁkric materials of the enclosure while at the same

o 7 time enjoying the benefits of control of diffusion rates, and
- | diffusion pumping, through the selective incorporation of
crystalline elements within the coupling layer and elastpmeric
enclosure. The immediate effect is that in the case of |
supergas, there is a Substantial reduction in what is already
a comparatively low rate of diffusion out of the envelope.
The practical effect is that the supergas is retained for a
much longer period. This is eépecially important in thin
devices in accordance with this invention and which have high
surface to volume ratios. For example, the surface are# of
_ thin devices in accordance with this invention can have
greater than 40 units of surface area for gas diffusion
compared to each cofresponding unit of contained gas volume.
This is approximately 4 times greater than the typical
tubular, bulbous air-cushions of the previously identified
Rudy patents and thus the problem of maintaining the desired
uniform inflation pressure in the product for the stated life

expectancy is four times more severe.



barrier properties of the fabric material relate to the material of the
fabric being distorted and stressed nol ecularly as well as being highly
crystallographic. In either case the cohesive energy density is such that
the fabric material acts as a gas barrier. -68- Wien an al nost 100%
bl ock to diffusion is required, a tigh6Py woven cloth (taffetda has been -
used successfully) is inpregnated with a |ayer of high tenperature

mel t-point urethane which is lam nated to a second | ayer of | ower

tenperature urethene séBbfidarp! 8L£LEER0EE! €oi ettt €lte kR 'BY Ydsis Ytheie
barrier envel ope 12 (instead of urethane filn). Lam nation, using RF

ener gy, succehahuslipebgagdsotha goeatespsnoint cof abive dthérhayasusplduredngoent

48 on distal surfaces of the fabric. In this case, crystalline elenents are

provi ded not thel §nb¢iakeinfitatignii bBor example sui¥ abe knefwn Hshatorexyigem i c,

but also by the crystalline fibers of the taffeta cloth outer barrier

| ayer. |n thhasapr highneate oficdififusion threughthe celnstoneriq banrien

i ncl udi ng the Eerineter ld, is congriSed of this special barrier product,
h

which is sel B8 gv&;}-ﬁev ER9En: 928 ,8a8,3 JINCR LOVRT (Fate, A a&f%:ionn;_nd
o onent - (R aRerap e bRt e PELL L8 mich Tl A BT Aud R T
conmpos: t & mggﬁgg'ngﬁgg?{.gﬂgg?ﬁﬂigg% "8h! flale e VAT '€l dWbmeric

crystalline
' gas passage area for diffusion, the slower diffusing gases may

be used as the inflatant, i.e., those gases having a diffusyén g‘)
rate leg; 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 in:l#tant in a properly
constructed part, since the dittuéion of nitrogen is _
relatively slow due to reduced surface area for diffusion, ::E
the relatively high rate of diftﬁsioﬁ of oxyéen represents
only 21% (2.5 psia) of the gas component. Thus, by initially
inflating at a relatively high pressure with air, the pressure
loss over time is relatively small. It is apparent that the _

~use of air or other gases having an effective diffusion rate v
less than oxygen offers practical advantages. The diffusion
barrier properties of the fabric material relate to the
material of the fabric being distorted and stressed
molecularly as well as being highly crystallographic. In

either case the cohesive energy density is such that the

fabric material acts as a gas barrier.



el astomeric material as the matrix. which binds together the crystalline

el ements. The el astoneric, material provides good flexural fatigue
resistance and the desired physical properties of nodulus of elasticity,

el ongati on, nmanufacturing processabi g8y and heat-'sealability. The

crystalline conponents provide the proportional diffusion barrier. In

-69- this way, th S I c properties of th osite structure exi st
up to the boundar %@L‘Séﬁe%ﬁgd 5 mr’?@%&%r@g‘{ﬁ{?‘l% is segndized; ane
p

structure. Thifght ' | otected fromda N

fati gue stressfé%. ﬁa‘tgéyé%%%%%i{%&s&?c}o%ﬁ%md‘% RATeRs f‘ﬁgb is

el astoneri c simpPégndOéd |witwia t ' | duch ¢ _ d bead
at the inside p%r.i net er junct ureﬂ}é\{)ggia% g'féﬂaeogl}g{r%ag‘%&rte?o}ﬁﬁgt t here

are no cl ot h dréehisne vk {9 Idifiradtied ¥ P 'decoid agﬂrgﬁi 3gwas (O
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create a | eaking path. Another of the advantages of ?h present 1 nvention
i s the vari etbemperdiapse whétHaney IThifclRth ngRsite 4s Gsed’ 8slEhe
illustrates a heel ped 90 in which the upper and |l ower surfaces are planar
and essenti almatérial o the banriexd emvelidpen 12THiinstead pedurethaheke
prior art heel peds due to the planar configuration of the surfaces thereof
as contrast edfilmkhe hamination, msainguRFaenexigy; successfuldy bohdsSthee
the heel ped of this invention is relatively thin, it can be highly
pressurized RY itenRepatuke Jayer tothe soupldng egentadBaonadéstaver the

ri or heel peds since the heel rofil e of
P p'surfcsaces og]the fabric. In this case, crystalline elements

9 s are provided not only by the backing fibers in the surfaces of
the core fabric, but also by the crystalline fibers of the
taffeta cloth outer barrier layer. 1In 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

v . fusing a composite material conprisihg a combination of both
elastomeric and crystalline components is to think of the
elastomeric material as the matrix which binds together the
crystalline elements. The elastomeric material provides good
flexural fatigue resistance and the desired physical
properties of modulus of elasticity, elongation, manufacturing
processability and heat-sealability. The érystalline

‘components provide the proportional diffusion barrier. 1In



the footwear can be nuch thinner permtting use in many types of shoes
I ncl udi ng nmen's and wonen'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 inveé®kon and which is sonetines referred
to as a cobra pad because of its shape. The interior $tructure . -70- of

the device | ' d ' T it jncl ud
o a1 g 5OAS YRY. CEHY BLEKEQHSIC PRORbEETps OF HF cdibod il V0.0 o
bet th i t bfel ]

101 The. unfEEBgEATePakly apOLol Ehe BOANARELCR HBtVeln INBNGRRTGHE"
the nedial grgstalliRe &vehedtshotEhePstraceardsV0 RIS, ANe dtidtalilthe

cal caneus. The nedial leg is | ocated under the arch of the foot and

provi des arplaterpaldst axéi protéctedafroncdanaging fatigue FtredsedlOVHealte
fit the general contour of the heel. The top and bottom surfaces are flat

and pl anar seslahiiptycilis gaceomplished avithincthei dmnerhel akbomer ficcnds to
stabilize the foot as well as to provide cushioning and arch support.

Ref erri ng t8urfaescportiondof 7the .composite barnier productad K ateld beadl10
is illustrated again in the formof_ a cobra pad wth nedial and | ateral

|l egs 112 anftithe imside:peximeteriunctnre) of;theibarrier progduatady

descri bed. The nedi lateral | ' d f h qth d
o1 ned 1o ATEaFeRcEReEncuprerare B8 cLath AERSFP kpRReLEo R daternal

this form LBgL8utizng PaL S 487¢8'Efeil8 R caking patn.
o/

Anoéher of the advéntages of the present invention is the ~
variety of shapes which may be formed. For example, Figure 15
illustrates a heellped-so in.which the upper and lower |

- surfaces are planar and essentially in a parallel spaced

relation. This heel ped is unlike prior art heel peds due to

the planar configuration of the surfaces thereof as contrasted

to the tubular or bulbous articles of the prior art. sSince

the heel ped of this invention is relatively thin, it can be
highly pressurized gnd is light weight, it offers significant
advantages over the prior 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



115 forward of the rear section and between the legs. This inflated section
I s bul bous in configuration, as seen:in Figure 17a to provide a speci al
cushion el ement | ocated under the cal caneus. The surface of the bul bous
section is above the surface of the adjacengglegs. -I'n the formillustrated,
a heat seal weld extends all the way around the periphery of the inflated

chamber and | ge2eREPaLFLce C1a R ajoay Pravidisly deseri¥d.| Othe uriite

ped. Thus, the outer portlons may be pressurize one | eve t he

chanber 115 aha@nPhEPhaeCdChedi§laley 97! ANEra et fsora@¥ Qdteral leg
cushi oning. The  center portion nmay also be connected to the outer portion

and thus funcégowith &fi 6pénNatea 0100 Ocbetweenictll dppoxed Ipoxt idafd off ithe
properties in the air-cushion. It is understood that the separate chanber
115 may be f abegsaand forwardtof ctheli reacsi sectidmia0X. niRhe iuwnit &%hes t han
being nerely an inflated bul bous chanber. |In this variant, the fabric
materi al nay besentedcint footwear suchi that themedink let®7 daran theys
for added cushioning and the inflatant pressure may be | ower for softness

under the calBeddal siylgupfsthe foet with the ppeniares 104 jganarally dnder
barri or Shoet She26a168RaURna The meRLabat ¢ s difstited, indan Rha. b af
S € onBheLEdet Sed pESVIads SEER°SuBidre YIS Wil d sedéor 11
is curved, as shown, to fit the general contour of the heel.
— The top and bottom surfaces are flat and pianar and in spaced
generally parallel relation. The device tends to stabilize

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

Referring to Figures 17 and 17a, a modified form of
inflated stabilizer 110 is illustrated again in the form of a
cobra pad with medial and lateral legs 112 and 113,
respectively. The internal structure is as already described.
The medial and lateral legs are spaced from each other and
joined to a rear section which is curved 1l4to fit the heel

— _ contour. In this form, there is a separate inflated chamber
115 forward of the rear section and between the legs. This
inflated section is bulbous in configuration, as seen in
Figure 17a to provide a special cushion element located under
the calcaneus. The surface of the bulbous section is above
the surface of the adjacent legs. In the form illustrated, a

- heat seal weld extends ail the way around the periphery of the

inflated chamber and is a separate chamber from the outer



1 . . -
tr ecei ved between adjacent sheets. This particular formof the invention may

be a product in which one chanber is a full length insole and the upper
part is in the formof a heel ped or noderator. Further, the upper part
may be pressurized to a | ower pressus2tthan the |ower part in order to
provide a relatively soft upper cushion in contact with the bottom of the-
foot and a nore d under gection to prevent -72- bottom ng out.

In the form Bf’rlsﬁ'bgsfzgrfé,égfh@e bpefhiBig Seh Pextiong dmay beurf ace
M th the | ongFeBaRFiERATRE ond Faved ‘tnd PG SRiibgE 10ae npthar deved
avi cy in°t nasBali¥ ACI0UEE prese Ve eof Lot ¥ dg Tleolintr g,
vartety of poohtBFoPORtEsh miyd1dd b Eaflctdy AY tie PitHs dhtilh ana
the pressuri endsakuneteofitiis kh WEEshii 14T o Ppidviad f‘g?éah} A ntP 1dad’

partial length sockliner. It nay be configured to prov support as a
slip-in itemieflectioni propértiewain thé dmw-disshivrd.al | ed in footwear

during manufacture by placenent in a recessed cavity in the.m dsole or _
el sewhere in the footwear. It may be fully or partly encapsulated in foam
in a mdsole or el sewhere in footwear.
It is understood that the separate chamber 115 may be
fabricated with a three dimensional fabric material rather

than being merely an inflated bulbous chamber. In this ~
variant, the fabric material may be thicker than the material
in the medial and lateral legs for added cushioning and the
inflatant pressure may be lower for softness under the
calcaneus. -
-’

Figures 18 and 34a-b illustrate an inflated structure 120
in which there are multiple chambers 122 and 124 formed by
three barrier sheets 125, 126, and 127. The barrier sheets

are composed of an elastomeric material as already describéd

and a fabric material, 128 and 129, as already described is s

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 heel ped
or moderator. Further, the upper part may bé pressurized to
a lower pressure than the lower part in order to provide a
‘relatively soft upper cushion in contact'with the bottbm of

the foot and a more pressurized under section to prevent



It is also to be understood that the sheets of the product may have
different gas diffusion characteristi'cs. Thus, only one surface |ayer need

be seni -perneable to gas and the other?2ay be inperneable. In effect, al
that is required is that there beat |east one sem-perneable region in the
structure. lde jti s preferred to have the surfaces of the -73-
fabric unifc#ggéPTééﬁmP? *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 conponent is present. A typical such structure is

illustrated in Figyr Ifor b 5y I:jg'ur@,é?lﬁ,dw ambed’ MaY be bf A

apparent that the envel ope may be Tormed fromstarting materials other than
sheet nat er i sh#$116éF Nblir £ 86 UFBE Tl el 10wy BHatibed, 01 . ielj, e thieoRppeirdi Ng
may be used to formthe envel ope, followed by joining the envel ope to the
fabric conpopErt sneedl ndebercsextemsive withutie 1oOwkid palritust Faire someh an
approach. There, the heel ped 130 includes a thicker rear wall section 132
and thi cker products) sitt 3Rayrbe eEirablehdo ustha heel pedaas higher | s

al so present. Additional approaches woul d incl ude vacuunlfornin%, sl ush
casting, rotpressurecthan thelawer) panti cincs i mayebepplacedsidmn@ and t he
like. At this point in discussion, it is inportant to enphasi ze again the

uni que propefaYiEy ofn cehg hesk ohide the unRper sechion may fanctdenias aas

ti d I ti hi onj “oduct shouyl.d,: b th [
gg;]s: grg Sﬁgﬁifrieggﬂ?psolcrwqf#ér.l Y'Y d ra%puacren%,oq:hata he preseen X1 mum

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 sockliner.
% 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 elsewhére in the footwear. It may be fully or
partly encapsulated in foam in a midsole or elsewhere.in

footwear.

It is also to be understood that the sheets of the
product may have different gas diffusion characteristics.
Thus, oniy one sﬁrface layer need be sehi-permeable to gas apd
the other may be imperme#ble. 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



I nput energy, and return the | argest possible percentage of that energy;
while at the sane tinme attenuating the shock forces <o the | owest possible
| evel . Such an optimum cushi oni ng device is defined as having superior
conpl i ance. The manner in which the pr&¥ent product functions to provide
good conpliance is seen in exam nation of Figures 20, -74- 21, 22, 23,

eyt AR Sh odully> AT o0 e FaRRE RuTRHEE W NSl e
al l owabl e deflestif) difaaUadyobet B¢ s%hﬂ%s?ap gpgwgg?iv.g&ﬁggﬁg% S‘f%i%‘ﬁ'@% Oé;f

curve 150 of Figure 20. The cOnfiguration o

rectangul ar g psur e ares noteboridad ©22RA WhicATRA! 2abi fo Cebnisorier VY ch
represents the | oad-deflection curve for a prior art nultiple chanber

inflated depresert.gune tibicalusucht structurecigy iabagtpited i Figurus or
art product as represented by curve 155 as conpared to the energy

adsor pti on df7 and dxtand Figurer 83anhereofnt | Furthes, iteis apparembout 1/2
the thickness of the prior art product. Figures 22 and 23a and 23b show how
this is achithatl theenvelopesmayohe formed fyomsSsrtingtmaterials other 160
i-n Figure 23a. As is seen, the pressure within the device can act over the
entire | oad than igheey materialsa oPther kKechpimyes: suchas blowmokdingus|y

produci ng a | arge, supporting.force before significant deflection occurs. As
the foot sifds Mq e gtiﬁg By g&sﬁ?ﬁa, g&s fermuthe #RY¥R1I9PSS gure 23b,
followed by joining the envelope to the fabric components and
"’

then presgurizing. Figures 19-19d illustrate such an <

approach. There, the heel ped 130 includes 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 casting, roto molding, ;;

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

At this point in discussion, it is importaht to emphasize
again the unique properties of cbmpliance that the new
inflated 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 level. Such an optimum

cushioning device is defined as having superior compliance.

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



. t'he upper distal elenent, which is a conposite structure of fabric outer
l.ayer inbedded within the polyurethane coupling agent and the barrier film
acts in tension as a drum head and adds a second supporting force by virtue
of the vertical conponents of the tensiqn in the:upper distal elenent,

I ndi cated by the vector diagram 162. T *d=addi ti onal supporting force is
shown in Figure 22 as the cross-hatched -75- area 165. Because of the

ef ficient erR¥gyR3etddn Thar sEMerabe iqualrion athdhdsuknvension cen ahdozh

the very efficignt, essen;ggng $E;fect- as thernodynam c properties of the
inflatant fIRA¥ARUR SROCK AnpMt (epexaw, With maxdmushsushioming (gepdi on can

oy ol b SR PR 1 B T o)
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\?vastg and diﬁ%ﬁ%ﬁ%@ ofﬂ?%]ecéepﬁer y!,ea%ir?i k??a;églr 0 '&&E)eea?.s(a FRpﬁWgﬁﬁgsM,
L70 1 epresen srddearigiitar 'aiagd VHRIONARHY DAY chatd 487 conBakelOs!

encapsul at e prior art produc curve 1/2 represents energy return
(about 40% hirfé c182 dIPich NPédprésehts tre N\GadlGe fANION curiviee £8RCATY

absorbed by the product of this invention, curve 176 represents the energy
return (50%pié¥ dfefdultiple dhambsercinflated device. Figure 21
illustrates the energy absorption of the prior art product as
representéd by curve 155 as compared to the energy adsorption
of a ptoduct of the present invention, 156, the latter about

1/2 the thickness of the prior art product.

Figures 22 and 23a and 23b show how this is achieved.

The foot is shown initialiy impacting the air cushion.160 in

Figure 23a. As is séen, the pressure within the device can

act over the entire load bearing surface area of the bottom of

the foot, instantaneously producing a large supporting force

before significant deflection occurs. As the foot sinks

— farther into the air cushion, as illustrated in Figure 23b,
the upper distal element, which is a composite structure of
fabric outer layer imbedded within the polyurethane coupling
agent and the barrier film, acts in tension as a drum head and
adds a second supporting force by virtue of the vertical
components of the tension in the upper distal element,
indicated by the vector diagram 162. This additional

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



‘product; curve 177 is for a foam product (30%efficient), and curve 179 is

"for Sorbafthane and gel type products (2% efficient).“As conpared to ny
“conventional tubular prior art pressurized product, it is possible to
absorb a given anount of inpact energy imT#Smuch | ess displacement space
usi-ng the product of this invention. For exanple, Figure 21 shows the

- 76- productafg t%#g I nvention absorbing the sane i npact energy in one-half
t he di spl acenen

St ance of the conventional pressurized product, stil

wi th overall excellent cushioning (i.e., acceptably |ow shock | oads).
Inflation pressure is the primary factor (but not the only factor) which

can be utilized tBecdisd dhard s didite ditirdy dait sl icharacteeibtes ﬁ&

the product of this invention. Plots for three different cushions at three

di fferent prepsthesdus ldudveffedt AnE 2)5. the verft @sflclentsure curve
180, high pressure curve 182 and | ow pressure curve 184. As is seen, the

hi gh pressuressentially gerfdctrgas mhermdyramio properitiessiogi ¢hed space

-

-~

(or deflection). Curve 182 of Figure 25 is identical to curve 156 of Figure
21. The | ow-¥n nt flnidnas wall as Jeltheh ffactathakt cushdonsi ofsthis

i nst ances.

curve is objinvension camhe idt dnte fieatvear ar sthex cushiontngt i s of

In sonme, cases, the sharp initial rise of the |oad- deflection

rimary inportance and .inpact loading is low, as in street shoes, worknmen's
guty s%oegp Eﬂ%gﬁ)g£;ﬂ53% foam encapsulation (which greatly interferes

with the energy-return capabilities) the products of this

inventionmreturn a large percentage of the éushioned impacc'\d; \J

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

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

heat. 1In Figure 24, 170 represents the curve for the enerng;

absorbed by a conventional foam encaésulated prior art
product, curve 172 represents the energy return (about 40%
efficient) for that product; 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 conventional tubulaf prior art
pressurized product, it is possible to absorb a given amount
of impact energy in much leSS'dlsplacement space using the

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

U



types of wal ki ng shoes. There are various ways to produce an initial softer
f.eel (other than reducing inflation pressure). Some of these are
illustrated in Figure 26 and rel at ed §|gures 26a and 26b. For exanpl e,

tits, or lugs 190, bars 191 or egg cfr e pattern 192 on the bottom of the.
nDderator can achieve this effect by altering the |oad/ deflection

char act eri stprdudt té® thisn irecentiore abeorbdngothed eanmed impaicto energyt bn

| oad- -77- deflection curve). The noderator is used with the air cushion
of this invenétdhals tthe tdbsplacement stistianceowifatheniconventionadi on of
opposite the cushion. In addition, the type of yarn, fabric construction,
modul us of MEessurizediproduaky retill mimh avgraldalexmd.rig@tt sushdepinged
confort and Ioad/deflectlon of the device. It is now valuable to discuss
the sol uti or k«® onAcFeRtAbIY  koW1ehask JOMd8Iobl ens encount ered during t he
si x-year devel opnent program whi ch brought the new air-cushions to the
status of a reliable market-ready product. The probleminvol ves fatigue

failure of the t r rol ed_ex ure to
many cycl es of beée m‘S":f‘H @?%ég‘su{%%o% g%g%)gﬁgi f@g PR ?J’Sés (as
wel | as del t 3 5 t f aleh
I nfl ated el ?r?exsfﬁh rgny‘“ilundrél%{s f at L%qtgﬁdgiod%és ottﬁ% 'sﬂgpﬁogga S
mles of tesdrshlieMEBEINS Pripdttd e e ithe: pRodutit! W&hifshg.nfv%h't%ﬁ
rate was not out-of-line with failure rates of other conponents of the
Plots for three different cushions at three different

% pressures are shown in Figure 25, i.e., medium pressure curve
— 1180, 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). Curve 182 of Figure
25 is identical to curve 156 of Figure 21. The low-pressure

Y, unit has a softer feel, but can bottom-out in some instances.

In some cases, the sharp initial rise of the load-
deflection curve is ocbjectionable. This occurs in shoes where
perceived comfort is of primary importance and impact loading

U is low, as in street shoes, workmen’s duty shoes and also some
types of walking shoes. There are various ways to produce an
initial softer feel (other than reducing inflation pressure).
Some of these are illustrated in Figure 26 and related Figures
26a and 26b. For example, tits, or lugs 190, bars 191 or egq
crate pattern 192 on the bottom of the moderator can achieve
this effect by altering the load/deflection characteristics of

the drum head (see the various dotted portions of the load-



shoe, for a high pressure inflatable device of this type, the reliability
must be greater than for other conponents because failure results in the ®
overal | product becom ng essentially useless. Air-cushions used in athletic
shoes are subjected to many different ty@#@s of |oading in addition to that
related to -78- sinple up-and-down notion. For exanple, shear forces due

el “stri ke R YRERAB gl Y Hoder LD AR uph WiEh, BBKCRSF Bibnien

twisting duwfnshﬁ'soaweg.gé%g.d with Hld OBeuldlled %agg gg &sa&}ae gge{aihgﬁé

whi ch sinmul ate the in-s uty cycle are al'so US accelera

quality conu@hiuﬁugngggfos l}b*t% tiHe CHBR1GRS Eﬁeiadﬁﬁ%r)eihéuﬁy?gsot

relatively high spee ject the alr-cushion to as many cyC of

| oadi ng i n yaenjayabirie! constirictiion)OWodulasube dlgsticivy be theee years
of testing. Furthernore, these tests are nuch nore severe in the type of

| oadi ng so baatrierotdams eftc.qsicang changewthe percalivetheoiitort! andt ester
machines is, in fact, approximtely equal to 3,500 mles of mnarathon

runni ng. Thdoady/deslentionraf: thendewicelhoe will not | ast beyond about 800
to 1,400 mles. Therefore, parts that pass two days of this test wll
generally out last the footwear by a factor of two or nore times. Figures
27a and 27b show_a typical air-cushion 210 nounted under the novabl e test

head 212 and supB&r 48dneY Valuable &osdigcuss thenpeiutipnpcte ong of the
more troublesome problems encountered during the six-year

development program which brought the new air-cushions to th:d \;)
status of a reliable market-ready product.

The problem involves fatigue failure of the tensile
filaments (drop-threads) after prolonQéd 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
nﬁnerous world class athletes. Although the failure rate was
not out—ot-line.with,tailure rates of other components of the ~/
shoe, for a high pressure inflatable device of this type, the
reliability must be greater than for other components because

failure results in the overall product becoming essentially

useless.

Air-cushions used in athletic shoes are subjected to many

different types of loading in addition to that related to

N -



on each side of the test head of one of these special "Kin' flex-test

machi nes. As is seen,, the cushion,210.is exposed to severe up-and-down
conpression | oading as well as bendi ngk#8exing as well as sone shear action
by up and down novenent of test head 212 while the rollers remain fixed.
Conmpression is provided by the head 212 forcing the cushion against a

L, BB Ve BT ok R g ehd i
1,01 OB ORISR L8 41,054 e
et 2 ot | P BRTRGAT - BRESR R chOSoRE SSSHEE EA BOTAIR AN FBUALE 1 L1

Therefore, th L&C aj b ' t an that it
£1842h§Chnk tb&&sﬁaag tors W prORAEESh Sshd

occurs during the portion of the duty cycle he drop-yarns are not in

tension and agepfinationtor very spiciatftéstimg infchinés whiich yeimsl dte ehe
pur pose when not in tension and do not support conpression |oads, so as not

to interfere inershbeedptyneyeleuacei alsofuséd to csccel erate nthie ugualityh i s
t 0. support conpression | oads. A good design deflects as nmuch as possible
within space controdi testing af theaafipvcusikignsss Thesemachines txan At vy
support and attenuate shock | oads and absorb and return as nmuch ot herw se
wast ed ener gyratagivelyl bighsspeed andisubjectp the air-cushion to as many

cycles of loading in two days that an athlete would accumulate
(4 in two to three years of testing. Furthermore, these tests
are much more severe in.the type of loading so that two days
of testing with what we call the Kim flex tester machines is,
in fact, appioximately equal to 3,500 miles of marathon
| runhing. The typical well made running shoe will not last
Kv/ beyond about 800 to 1,400 miles. Therefore, parts that pass
two days of this test will generally out last the footwear by
a factor of two or more times. Figures 27a and 27b show a
typical air-cushion 210 mounted under the movable test head
212 and supported by fixed guides in the form of rollers 213
o on each side of the test head of one of these special "Kim"
flex-test machines. As is seen, the cushion 210 is exposed
to severe up-and-down coﬁpression loading as well as
bending/flexing as well as some shear action by up and down
movement of test head 212 while'the rollérs remain fixed.
Compression is provided by the head 212 forcing the cushion
against a contoured cylindrica; seat 215, as seen in Figure

27b. Many of these tests were run to isolate failure modes.
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yarns go out of tension (Figure 28b) they start to bend, coil and fold. As’
the downward notion continues, they bend and fold further in random fashions
and thus al so rub agai nst one another. During this portion of the duty .
cycle, there is considerable notion anpng and between the yarn strands.

‘ This nmotion is aggravated by shearing‘?%ads (associ ated with stopping and

turning) applied to the air-cushion as well as by the |ongitudinal and

lateral twiphangedfdis! 518981 aéBEratelPland Upti O8N P aupt Sl e J0€S

t hrough the sonetimes very severe notions whilé pertormng various athletic

endeavors t&iturécnédesd eéxperienced Dh the sctyal didwr dasydl es fatigue
stresses in the outer portions of -individual fibers. Abrasion danmage can

occur as the fibers squirmand nove agai nst one anot her Under extrenely
heavy | oad conditions (i.e, generally less than 2% of the normal tine/life
duty history of The exclusive purpose andtfunctian tofithergirop-thresdd ng t he
tensile fibers agai nst one anot her and agai nst the inner surfaces of the

conposi te fYRFRE 1840 sact| ag tengile nenbers ko eontain she pressunizingg,
ue
t
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Eventual | y
during the portion of the duty cycle when the drop-yarns are

not in tension'ahd are not performing any useful function. ' k,}
The drop-yarns have no purpose when not in tension and do not
support compression loads, so as not to intertere-with the

primary function ot-the pressurizing medium which is to

support compression loads. \;)

A good design deflects as much as possible within space
constraints; S0 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 fension (Figure 28b) they st&rt 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
considerable motion among and between the yarn strands. This
motion is'aggravated by shearinq loads (associated with
stopping and turning) applied to the air-cushion as well as by

the longitudinal and lateral twisting and flexing of the



an aneurysm occurs. The air-bulk, heat set texturizing of the fibers is
ekfective in controlling and preventing this type of failure and is
expl ai ned next. Because nost cushi oning 8evices of this type are designed
to operate close to their limts for bod Om ng-out, in order to provide

uhi ch agor avSBERIEn, s XRe RERIRES, oned) KRBpUaR EhSaPBEtiReS Ytk enfere
The: mechani SRPRRONE: hidE Ra¥FkEndng, VASREaR PEN ENE HadFhioffy IO (1o
| Tustrat od PARpARE; 04, ATxRg BETRRL drbp VHFRs GhAbEakls PELERICS |\

manner in whigbekBe8CihYBRE ButhikPBbEtioRs of) iAALIG1AGA10LiHERs. T | NSFSe LEW.
2) conventionally texturized fiberS 201 and 3) air-bul ked, heat-set fibers

202 functi ongdmager eahl vcauri ag the f#ivers’ dqulicm asdmdee agoainst!dne as
regards the bottonmed-out condition. As is indicated in Figure 28a, when in
the tensi on andthezl.! Uhder expremelyf heavy doadsconditidnsu{iie. a taunt,
straight line, and all three function in nuch the same way under tensile

| oads. Howevgenexaliyodess thanx28rofl thenpormsilotihesliife dutyiktstory of
ai r- cushion deflects dowmwardly and the fibers of the drop yarns

i mredi at el y gheopars) thbespsaduct battemsneutctuappingdand FHuskingipthe The
strai ght (untexturized%ﬁfiber 200 functions_nmuch i ke in Eul er colum and
‘starts to behkegnsile fihezs: againsy cne: aperber: apd; againstthe innexcen s

i;f surfaces of the cdmposite facing layers (Figure 28c). After

- many cycles of such contorting, it is possible for tensile
yafn filament fatigue and fibrillation failures to occur as a
result of the repeated cruéhing of the tepsiie elements when
bottoming~ocut occurs, (Figures 29c¢ and 30). Some of the

kﬁ) fibers are weakened and then subsequently f#il in tension.

Tension stress in remaining fibers increases, and a ripple
effect bccurs as successive fibers fail in tension. Eventually
an aneurysm occurs. The air-bulk, heat set texturizing of the
fibers is effective in controlling and preventing this type of
failure and is explained next.

Because most cushioning devices of this type are designed
to operate close to their limits for bottoming-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



.bulkier than the straight fiber) shortens in length like a coil spring. The"
ai r-bul ked, heat-set fiber 202 (bul kier .than the conventijionally texturized .«
fiber) also shrinks in length in a sim l-g1-manner as a spring. The :
bott omed- out condition, after several mllion cycles of up and down fl exing

5, shoun 10 gkl SR, S, B bR ng et em
hundle of | P iite Wi Shie Qo BIcha ONIES GURAOShABEHTEL E5140 ¥ 01

201 because fioNiie are Best de@dtided?iph b ?éki‘g?{;féﬁeﬂﬁrgsﬂﬁii‘%o the

resorted back to its original pre-texturized con IS NOwW a

strai ght fihairiedndllastrated 1as Figuireaaol uﬂen?étse&-ﬁeiaei-k@sséferﬂ?dré‘s

the other straight fiber in this ill'ustration. After many cycl es of

exposur e to 2811 lnstiratesh¢hiei panner |iﬁ-ﬁhdch0tﬂﬂéb,.tﬁ§e§eaf £ivers e, A
portion of a yarn containing the straight fibers is shown in the

bot t omed- outl)c atirajgh&t oan flat £ibersc200¢t 2| cohventiondllyrtetarizedi s
seen, the fibers are tightly packed together in essentially a parallel,

al i gned, si ddhers 203c andr 3)gsdrrbulked,cheptesetofiibens 262 stunetboml i ed
to the sides ,of the iarn bundl e as seen in Figure 29a and the cross-section

Fi gure 29b. diifferently during,thendownyasdeflexingdmedepnespeciablyiaas Each

f e e Foordl tnl btEonta bul cOAdIEER! "Ra®fs! fndleatiq i Finire ¥
28a, when in the tension mode, all three types of fibers are\;J ‘
stretched-out in a taunt, straight line, and all three -
tuncﬁion in huch 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 285), The straight (untexturized) fiber 200 function;
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-out condition,
after several million cycles of up and down flexing is shown
in Figqure 28c. As is seen, the straight fiber 200has bent
over onto itself. The air-bulked tibef 202 is compressed into
a bulky, compliant bundle of looped and intermixed fibers

coiled amongst themselves in various directions in random



i ST e
Fongi tudi nal axis.of the fiber. After prol onged bending and fl exing during
the up and down portions of the.cycle, co8@=ed with the squirmng,
rubbing and transverse | oading of the bottoned-out portion of the cycle,

' d hesi ' ' b i,ndivid bund]| f :
ol ocular chai PESORORr o THE THRLITOIONATLY Tofer Ladd et 408, bosause. me.
Thiccf ol prmn e 0 Ei >t al o
sect i on vi ew (D085 SYEbe¥chE fiaidh i AL€tnd U hasn Ad IR0 TR
fib Fi - ossi an Load i
appl | o Lo theb ek, 53 Peh fob Eha Ik (R AL I3 W o, E0 A prov
on the horizonjaste&igRe! fileP) AR, AW Wl | Hasd PEHE Wk YporS 12812 Yn

at the sides of the fiber tending to del am nate and unravel {he various

bundl es of nol enel sameé Wwaysa®rehé rethern Bteiight of fiderindendles jalastratiion.
I ndi vi dual bundl es or strands of nol ecul ar chains. Eventually, these snal

strands are wehfterdmanyfcycles cfdxposure dn aucl adtiorn ithe ifibernwiiQl or
bendi ng. This condition is seen in Figure 30 which is a scanning el ectron
nm croscope photendabo £4il, taginent fexplained. this type (enl arged
approximately 1,000 tinmes). The separation of a single fiber into various
strands (of nol ecul ar bundles) is seen. On the other hand, the heat-set,

ai r-bul ked fibers (Figure, 29d and 29e) behave differently fromthe straight
fiber. The air-bul KAPPFHIIR of & HATLEUALHAG Shriiatraight fibers is

shown in the bottomed-out configuration (at 40 times actual

- g;; size).in-rigure 2%9a. As is seen, the fibers are tightly
N~ packed together in essentially a parallel, aligned, side-by-.
side arréngement. .The compression load is shown applied to
the sides of the yarn bundle as seen in Figure 29a and the
| cross-section Figure 29b. The fibers are applying transverse
KG/ loading one to another. Each fiber is made from a polymer

with a long-chain molecule oriented generally along the
1ongitudina1 axis of the fiber. After prolonged bending and
flexing during the up and down portions of the cycle,
coupled with the squirming, rubbing and transverse loading of
: iu/ thé bottomed-out portion of the cycle, transverse decohesion
(delamination) bétwéen individual bundles of molecular chains
within the interior of a single étraight tiber can occur.
This failure mode is illustrated in Figure 29c which is a
magnified cross section view (1000 times aétual size) of a

single fiber from the bundle of fibers (Figure 29B). As is

seen, when the transverse compression load is applied to the



-

have been conpressed into an intertw ned nmass of | ooped. and undul ati ng
filaments. Such a congl oneration of fjbrous material fumnctions as a €
cushi oning el enent (much like a felt” ), thereby mitigating conpression «
stresses on any single filanment and distributing forces throughout the

fibrous volgipnigite ey thd £idelr unaadcanshx-atsoa&wwax# 8 tHa!

described, it was determ ned that several factors are i to take -

i nto consi dreidcritaln centrliine Ppllane, andetieRbidecadpi fmxea eéréaslasre
First, it is inportant to ~84- have a fiber with t e longest possible

mol ecul ar chdur @t ditedsideanoth thes fdberbtendinggtohdelangnavdi and axi s of
the filanment. Secondly, it is inportant to use a polynmer wth superior
abrasi on r agiraveic &hes yariousDiundles ofdnoleculapochainsr onéL fromet t er
yet, are fibers made fromthe NYLON 66 famly, espeC|aII¥ CORDURA nyl on,
(having espdQthier, | Gie Siher prepks: apprt: dntor ipddyidua hbuudépst pFead
filaments i s ane es E%ét()l npr e ,abrasion flexgral fatig
fibrillati &F %%-cuwaﬁm Y o&BPﬁg naA%ySFﬁandﬁdum
fiber and prevent| | nt s fron1be|n sub arp,folds, as
yarns nove 3§ éiﬁ§1 Fh&g? ang; so Pegﬁ #ﬁ %391 SHQHtF? superi or
because of r t QN
providesaa%ﬁﬁ%#ﬂdkﬁ?ﬂrm E%Qd gﬁi% %&Pagkésgwﬁghgéaﬁ ?@hgﬁgggg 38 LXich
is a scanning electron microscopg 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 29d and 29e) behaée differently from the straight \Q?
fiber. The air-bulked fibers in the bottomed-out condition
have been compressed into an intertwined mass of looped and
undulating filaments. Such a conglomeration of fibrous
material functions as a cushioning element (much like a felt
mat), thereby mitigating compression stresses on any single
filament and diétributing 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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.cushi ons of i?ns new type nad

Fetains their texturized spring-like condition after prolonged cycles of
going fromthe tensipn node to the rel axed, fol ded node and back again to
t he tensi on node because of being heat- seB4i-n the texturized condition.
O her types of texturized filanents, |ose their texturized shape after

et ino. duri T Eaee, el e Tohel rithatde Boa5ulReSndiR,i na
untexturized, f{ Sieed dy ”'~4|Qu%§5ggg§#§:g1%n O&hBhiﬁngﬁﬁﬁﬁﬂnﬁfaixfbro;
e om Cordura nyl on exnipit a“service Iite

whi ch i s aboutnénes iniie .Of smahtwderigetﬂse& d2¢ahtc ! 8d2adpbeyhel wEtn

nyl on 66 yarn. Further, the standa texturized yarn is approximately
one full ordesupdritagabrasd onl Resistantescsuche alsi Darbhtnst hadhserial
untexturized tensile yarn. There is also a fourth inportant consideration
to mnimze tpebredtar 68ls. Bettar lyet) arendiberssmade fromr thadNYLON 66
sufficient nunber of fibers per unit area of the drop threads to further
cushi on t he afankiypn especiadlyy CORDURAmylen,or(bayingsespeciailyhdong
associated wth side-load shear crushing and bendi ng of the planar surfaces
of the air cueh@¥n8)dn this regard, the approxi mate mini num nunber of drop
yarn fibers per square inch is 5,000 and the maxi mumis approxi mately

80, 000. Several other enbodiments of the invention are shown in Figure 31

and rel ated Figure -31d in or,der to highlight the different i onin
properties po!sg:Jb'I'é’%]ﬁW'dgﬁlP‘&Pgﬁlz ng of"ee Idg'q"& regld ¢31 SRents®1a°"' "

anecessity to improve abrasion flexural fatigue, and

~

v fibrillation resistance by helping to cushion the loading on

any individual fiber and preventing the filaments from being

subjected to sharp folds, as yarns move against one another.

In this regard Cordura, is greatly superior because of its
Ln/ 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 going 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 configuration. It is for
this reason that air cushions of this new type made from

Cordura nylon exhibit a service life which is about one order

ot magnitu&e better than the standard texturized nylon 66



types of designs all at the sane inflation pressure. The Figufe 3la ped 220#

ki

exhibits a steep rise 220a in support force.as deflection increases because?®

of the small volunme of gas contained wighin the ped (i.e., nost of the |oads
supporting volume of the device is trapped beneath the.l oaded area). The
various conpartnents 221, 222 and 223 of the Figure 31b full- Ilength design

behave in thyarare Parth22Qatheastapdarddtexturisédryien| issapprorimatéy

the full-length cushioned product 225 of Figure 31d (see 225a). The form
227 of Fi gur ong1&uliln oxdesgofomagnitndgusupeviorpinvservicepbbfe thamcthey
under the -86- | oad-bearing portions of the foot (for cost saving

pur poses), afdakayntextyrdzed rensiie, ¥arner|ection curve 227a. Referring

to Figures 32 and 32a-32e, another way to influence and control the

cushi oning characteristics is to provide an accunul ator volune into which

%2& hor gééﬁ“a‘éﬁf ?@%?rﬁﬁsﬁﬁs&é@éﬁ%‘é5@7«%@%&%?&8@%&?&5@%@ I‘%SFEL&%&E’
! 0 . cTattumnl at or |

| h 32?;‘30| h@@%@"?ﬁt Ehegd0ra1102e81°" It ' Haf BULR raEnd Refflsdel £d feegl |

T . : " I .

The Ponuag opRovie o 3ulfiCTUAE hinbif Y2)Eibéds'BEr Whif APedGrthe! °°

into upon apakbgath%_aakl ::aadueeﬂeﬁ) ch8R16h 2EheBbt&s { bh ARACLPShEVerSE

accunul ator can el astically expand and contract in response to changes in

the gas presioadingeforees, especially those associated with side-load
shear crushing and bending of the planar surfaces of the aik,j'= _
cuShion.7 In this regard, the approximéte minimum number of
drop yarn fibers per square inch 1s's,ooo and the maximum is

approximately 80,000.

Several other embodiments of the invention are shown igﬁJ
Figure 31 and related Figures 3la-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 forée
as deflection increases because of the snﬁll §olﬁme'of gas \/
contained within the ped (i.e., most of the load supporting
volume of the device is trapped beneath the loaded area). The
various compartments 221, 222 and 223 of the Figure 31b full-
length design behave in the same way'(zépa), and provide a
stiffer feel as coﬁpared to the fuli-length cushioned product
225 of Figure 31d (see 225a). The form 227 of Figure 31lc, in
a dog-bone configufation, provides suépért primatily under the



'l dad is applied, thereby further increasing the volune of the accumul ator
‘and the soft responsi.wve cushioning prggerties of the device. This |arger
t ybul ar section serves a secondary dynanic, |oad proportional function of
cupping and holding the foot centrally p03|t|oned wi thin the shoe. Figure .

33 "'Ustraagi -%ei&g nsbstiaﬂsbsg éhﬁ'?%o i(Fue EsagyBLOI g dﬁ&$&g%gnln

accunul at or I"S™1I'S acconp VI n

accor dance WhhhnE@ %Paﬂﬁﬁakhea1at8CEHEbQUdafibéﬁdéhdcﬁkGeCﬂfﬂt0“ system

i ncorporating a tubular portion 2 In the arch area, as shown -87- in
Figures 33b and 33c and a portion 252 in accordance with this invention.
Fi gure 33b shows a section view through the arch area with zero | oad.

Figure 33c i s thmefereingCtooRrigupusi 32t Aadl saded2egndhbther way gtoe 33d is
the | oad-defl ection graph illustrating the conventional product 253 in
accordance dnfluence andcobntrolwthaocushieningnchataeteristiconisvtol e
plot 255 is that for the hybrid product in accordance with this invention.
As is indi cprovidenan: ascumplateravelumel §ngeowhich thei knflationegas can

(diameter) when the load is applied and renpved in direct oportion to the
appl i ed Ioabeamasﬁh§rP@§EPF§ﬁ§ fﬁgPaﬁB&nBBE§iﬁﬂe9§uﬁbecﬁﬁﬁ§@% e t3nother
S

device. A softer ovi ded.to portions of the -cushi ere the
load |5 appRen eRBILCAtigR.pE L6800, e iR, AoCURBAALPE HETRRPRTE, ch

t t I t th h
O O ina Far B Pgo&%afesespagimeesgusaou“dewsﬁwanwﬁfw@&s
) 32,32a and 32b. The larger volume 233 of Figures 32c-32e, of

o }7/ course, provides the softer feel. The softness of feel is
achieved in two ways: 1) the extra volume outside the loaded
area (Figure 32e) provides a space for the inflatant gas to
move into upon application of locad and 3) the elastomeric

2 film enclosing the accumulator can elastically expand and
contract in réqunse to changes in the gas pressure when the
‘load is applied, thereby further increasing the volume of_the
accumulator and the soft responsive cushioning properties of
the device. This larger tubular section serves a secondary

dynamic, load proportional function of cupping and holding the
foot centrally positioned within the shoe.

rigufe 33 illustrates an alternate and beneficial unique
means for providing an accumulator volume. This is
accomplished by having a hybrid product 250 in accordance with
this inveﬁtion, 1nc1ﬁdinq a standard air-cushion system

incorporating a tubular portion 251 in the arch area, as shown



! assist as an orthotic device for pronation control. At toe--off the arch
' support automatically recedes away from:supportive contact with the foot so
- as not toirritate the plantar tendons as they extend during the toe-off i
phase. Another interesting configuration_involves a nmulti-|layer pressurized
product. This is shown in Figures 34a, 825 and 18 where th reference
nunerals are the sane. The two (or nore) pressurized |layers can be achi eved
with tw sdmaFiguriesnsSisbe andr 3¢esandnadportien 252 dn acporéante witter,
Wi th separate perineter seals, all as already described. Another nmethod is
to | am nat éhdise iovention.a Figyre 3pbr shows, aasdctioncuievhthrouginrthe
sheets of barrier filmaround the perinmeter in a_single operation. For
maxi mum coRGhx arede with seroi dmadan Bigune| 33edisothe| same geetion oviewn
t he bottom,changber,. The tog meriséessure, t hus defl ects _nore, easily

thaP t he ?&PL&PFp&PEﬂGﬁ,CQ ﬂ:ggﬁ%grnf F? ?@ﬂd}?rtﬂﬁ %ﬁédbﬁff6ﬂ9$§Qﬂuu
Eéi cei ved. #n%hhﬁéhgfiﬁ‘éiﬁar Ei8 copvpariapal éa'r'é‘ég%?&?ﬁéiéi#é‘? 358
bot o n0- GANNRRL Uil TR HSLEERY" e e CARELER SERCEURISE LR,
hi gh degr eg:let 288 sc%nat #6%' thE: hgsrw &”QnSHESofdﬂlﬁ &ﬁ]h be
achi eved by I ncorporating two or nort separate ped el enents Into e shoe,

one for thenigeinvention.f Ohst 18 iRaeE8€kd, 20Ke PEIBLE! YaRNE188E1é4 1y

arch/ m d-foot region. Another nethod involves sewn
grow and shrink in size (diameter) when the load is applied

and removed in direct prcportion to the applied load and the \{f w,
resultant instantaneous préssnre changes within the device. A
softer feel is provided to portions of the air-cushion where

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

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

off the arch support automatically recedes away from

supportive contact with the foot so as not to irritate the

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

Another interesting configuration involves a multi-layer
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 achieved with two separate tensile
air-cushion devices, one on top of the other, with separate
perimeter seals, all as already described. Another method is

to laminate the stack in a single operation, and to seal the



fFexlines 260 extending laterally acros88+4he die-cut fabric blanks priorto
the final step of laninating the barrier filminto place as shown in
Figures 35a and 35b. Such'sewn lines draw the fabric down a prescribed
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T s OB, od AR him RESHE, 81 sod BOFELT AT 17 1
169 00(5) MhSEILLRANES o2 SEak! Binadied "EAEY N HUECod Ghanbez PO il

significant ppghl 88 2BWerprlskire)! ¥Rds detlects WErd | @dsil P @ dhe S
made to Figures 36a, 36b and 36c. fn Figures 36a and 36b, a ‘weld section

275 conposedpottbaypostidhy and déhforisShere réadilyté ehe ssttion pliatar S
276. A single filanent 277 is show extending through the weld 275 fromthe

pressure si dsugtéceoofhtheufeote thuscathjpghrsdegreeio dwbtiaheorsaatual
stress in the filmor layers 275a and 275b tends to pull away fromthe
filanment 277softnessnisi percedved.cafhechigher préssure Iatton \ghamtdry
along the lateral sides where the layers join to the filanment. As shown the
filament 277pEgventis the devigeyfromcbgttomingeoutunder dpigh dnads [and\or st
condition. Leakage may occur even if the filament does not extend all the
way through FREURBBJasgReatercPersenkedeof kb othemntsedamaging Afdt and

t he out si de wasted impact energy.

~
—

In some shoe applications, a high degree of toe flex is
desired, as in a walking shoe. This can be achieved by
inco:porating two or more separate ped elements into the shoe,
one for the heel and one for the forefoot, and possibly one

\v; for the arch/mid-foot region. Another method involves sewn
flexlines 260 extending laterally across 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 fabric down a prescribed distance (1/2 to 3/4 of the
.\gf thickness of the fabric) using care not to sgal the fabric
completely closed, thereby precluding movement of air across
the sewn line, or a line of discomfort under the foot.
Another method is by having lugs, or bars positioned on the

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

is desired, as shown in Figure 26a.



of the weld may be sufficiently small to permt nore rapid-~diffusion in
that area than is taking place in other:regions of the film Figure 36¢
illustrates another feature of the invention which'is the effect of the
coupling agent in reducing | eakage alongiiyafibers 290. For. exanpl e,
fiber 291 is one of the drop threads and 7°S 1ocated on the gas pressure
side 295 of the inflated product of this invention. During application of
the coupling agent Tot betitekrt ahdefstehdctheledkads provlém Weidh kg as

i ndicated at 297, effectively sheathing all or a portion of the outer
surface of thdiscbveredt tocbephi sfgnificdnt rpreblenh . afdiwhith cid iscllved by
prevents or substantially reduces passage of the gas along the fiber or the
outer surfacethhsr épventdopet vefarence isrmade todFiguresriéas 36h and 36c.
material. Reference is nmade to copendi ng applicati ons Nos. 8902474.9,
from which th¥B Egﬁnreat B&A msméﬁbbdéave seebian 1215 Gepposed Lk layers
gy vided out 05783°3nd"275n! 1" bndtin" fn WREeR “thé Préadure sldd 15376, a

single filament 277 is show extending through the weld 275

&

from the pressure side 276 to the outside 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 o/
sides where the layers join to the filament. As shown the
filament 277 extends all.the.way through the weld and
represents the worst condition. Leakage ﬁay occur even if the
filament does not extend all the ﬁay through the weld sihcg;)
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 the coupling aQent in reducing leakage
along the fibers 290. For example, fiber 291 is one of the
drop threads and is located on the gas pressure side 295 of
the inflated product of this invention. During épplication of
the coupling agent, the latter is melted and flows around the

- fiber, as indicated at 297, effectively sheathing all or a

portion of the outer surface of the fiber with coupling



1.7 A process for makihg an internally pressurized envel ope conprising the
steps of: selecting a-sem -perneahl e el astoneric material in sheet form
which is substantially inpervious to large nol ecul e size non-polar gases
and slightly gas pernmeable to oxygen; selecting a conpressible structure
whi ch includes a first fabric layer, a second fabric |layer normally spaced
fromsaid first |layer and neans between the proximal sides of said fabric

| ayers for restraining said fabric dggers fromseparating nore than a
predet ermi ned di stance and havi ng attachnent points distributed over said
fabric layers, the material of said fabric |ayers having been flanneli sed,
or texturedmaterialad Phish effectivelyppreventsgorhsubstantiallgsreduses d
first and second fabric layers with a coupling agent to a depth which is

| ess t han alpasisagec athithegas along theafiber| eycthe butdrngurfade

el astoneric material to said distal sides to forma bond between said
fabric | ayetheneofs and detweern:thatnsurface andi thebbarriercfiin
substantial ly -92- continuously over said distal sides; sealing said

el ast oner i c Bd%e&dddi. around the peri phery of said conpressible structure to
forman hernetically seal ed envel ope; and

Reference is made to my copending applications Nos.
8902474.9, from which this gpplication was divided, and

{,  9201174.1, which was also divided out of 8902474.9, Grath

- 7 ggwhich éisclose arfd claim ‘,Q_ ) WWI Q/MNLGA/Q |
o s lo<ed Horelin, |



placing a gas in said chanber to pressurize said envelope. 2.. A process as *
claimed in claim1, wherein said gas is conpesed of at |east a |large -
mol ecul e sized non- polar gas. 3. A process as claimed in claim1, wherein .
a bonding agent is applied to at Ieast iipd fabric layers prior to
application of said coupling agent. rocess as claimed in claiml, _
wherein the coupling agent has a nDIecuIar weight in the ra ge of 100, 000

to 500,000 and wherein the elastoneric nmaterial is conposed of at |east a

pol yur et hangs,aA3mgA process as clainmed in claim1, wherein the nodul us of
elasticity of—sard el astoneric material is coordinated and correlated with
the inflation pressure to provide the desired force deflection spring
characteristic and cushioning of the finished envel ope.

1. A process for making an internally pressurized
envelope comprising the steps of:
selecting a semi-permeable elastomeric material in
sheet form which is substantial;y iﬁpervious to large
molecule size non-polar gases and §1ightiy gas permeable )
to oxygen; _ \Qf w
selecting a compressible structure which includes a
first fabric layer, a second fabric_layer'normally spaced
from said first layer and means between the proximal sides
of said fabric layers for restraining said fabric layers
from separating more than a predetermined distance and ;f!
having attachment points distributed over said fabric
layers, the material of said fabric layers having been
flannelised, or textured or bulked and heat set,
impregnating the distal sides of said first and
second fabric layers with a coupling agent to a depth \/
which is less than about the thickness of said fabric
layers;
bonding said elastomeric material to said distal

sides to form a bond between said fabric layers and said

elastomeric material, which bond extends substantially

\

g
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continuously over said distal sides;

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

placing a gas in said chamber to pressurize said

envelope.

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

polar gas.

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

prior to application of said coupling agent.

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

composed of at least a polyurethane.

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

and cushioning of the finished envelope.
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