2217576 -1- | MPROVEMENTS I N AND RELATI NG TO PRESSURI SED ENVELOPES Thi s
invention relates to internally pressuriz- able nulti-layered envel opes,
and nore particularly, to an inproved nulti-Ilayered pressurized, gas
cont ai ni ng envel ope which is particularly adaptedZﬂBf]Q%QéZgia cushi oni ng
devi ce such as an insole or other conponent in footweaf.“Background of the
Inv32§ion Previously, considerable difficulty had been experienced in

pr o ing internally pressurizable nulti-layered envel opes wherein the
envel ope was a flat or uniformy contaured supporting surface, with the
capacity of being pressurized to relatively high levels. Previously nmuch of
the absorbed, re- distributed, and stored inpact/shock energy was |ost and
not - returned in a useful form because of the requirenent to
encapsul ate the unit in aIMPROVEMENTSCINOAND SRELADING TO noderator to
devel op the desired snmooth or PBESSURESEBUERVEEOPES was sinply not possible
to provide a product wherein nuch (greater than 60% of the |oad supporting
material of the prdthis imentign neiedespresdnternaldy pressvrier product,

| ess than 40% of the energy of inpact on the structure was_returned in a
beneficial, eibleirnttimayengdranyslonanand more particularly,

to an improved multi-layered pressurized, gas containing

envelope which is particularly adapted for use as
'C) a cushioning device such as an insole or other component

in footwear.

Background of the Invention

Previously, considerable difficulty had been experienced
in providing internally pressurizable multi-layered envelopes
wherein the envdlope'was a flat or uniformly contoured
supporting surface, with the capacity of being pressurized to

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

distributed, and stored impact/shock energy was lost and not



t he bal ance of the energy being absorbed and di ssipated as heat. The E:
present design is capable of returning, in a useful form up to 92% of the
ot herwi se wasted energy. In addition, superior cushioning and conpliance

are al so provided, which significantly reduces damagi ng i npact shock | oads =«
to the foot and legs to levels under 12 Gs. The new product was devel oped
because difficulty had been experienced with the prior products in

produci ng light weight, long-life, hi“gh-pressure inflated structures for

use in footf g- I#e“FFgﬁlv\ﬁPEH b@@%'é%%e‘!lf sthe grequigiemenss toesi | i ence

and conpliance wherein the shock ener or bed, redistr,ibuted and stored
at inpact ehcapsudate FP‘rEP&FnéB ﬁsvggiﬂﬁf astie ?¥1Q9§$ﬂ8bﬁﬁ ®anner, at a

rate equal to, or .greater, than te,at,whic he a i ed |oad is renoved
fromthe difderat u&?egg"ﬁi n a3 ired ano W&f‘é’ol’\‘)‘l’ﬁ@cgever al
basic problens: 1) separation (del am nation) betmeen the tensile el enent
(fabric layer with drop threads) -3- and the gas containing barrier

| ayer, when subjgCiag E‘ing%?anbeaﬂég%ﬁgbe A %:fc?iﬂ&%c' ft%thft:a%%%‘iﬁn

condi tions, 2) crushing, SI on ati gue ure o

dr op- threa%cnS)(gM&abythSndecsﬁdézla&hfmddlr supportihg makerladade. tﬁh

fungus, bacteria and hydrolytic stress fracture of the barrier material, 5)

unravel | i nproduche wasnai gascladert pressire At itindine durmer product, edges
of the cloth, when subject to high |oads and bendi ng and fl exi ng, 6)

punct ure aleéssbthanod0% of the energy of impact on the structure was

| returned in a beneficial, efficient and comfortable manner, W/
the balance of the energy being absorbéd and-dissipatéd as
heat. The present design is capable of returning, in a useful
form, up to 92% of the otherwise wasted energy. In addition,
superior cushioning and compliance are also provided, which

significantly reduces damaging impact shock loads to the foot

and legs to levels under 12 G’s.

The new product was developed-becau#e difficulty had been
experienced with the prior products in producing light weight, S~
long-life, high-pressure inflated structures for use in foot ‘“f

wear and the like which possessed a high degree of resilience
and compliance wherein the shock energy_abuorbed. |
redistributed and stored at impact is efficiently returned as
~ useful energy in a smooth manner, at a rate equal to or
greater than the rate at which the applied load is removed
from the devices. Success of this new product depended upon

solving several basic problems: 1) separation (delamination)

between the tensile element (fabric iayer vith-drop threads)



failure of the barrier film 7) |eakage of the pressurizing gas at the
perineter seal, caused by fiber filanments 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 problens, one of the nore

diff It chal | enges was the provision of a sealed, permanently inflated
cushioning device with flat surfaces, as contrasted to tubular or rounded
chanbers, and which could be nmade relatively thin so as to achieve 100% ai r

support and cushi.oni ng and I ch possessed_sufficient fatigue resistance to
wi t hst and niang Jhe &ag%&w\sggiaﬁ P?EFiSri hayeE, vhen suhiegted thighr

items, espec]al footwear, a useful,life_of, K several years is essential.
Fur t her nor e %%‘%\lﬁ’dﬁh _“Hﬁ&%f;ﬂ?i#gai _hgaﬁﬁf]\ﬁﬁec m.:c é’l)ﬁl"—lwﬂﬂwi ng
fisn: tppt fag] éw?m%ﬁ bafding L5 Tone E%#u%??@@ﬁé%« airﬂv}hl sl or
desirabl e to “provi ecgr? e?g%? ﬁé#géhgf%)ghg?ncgggﬁg %’?%%ﬁaéinddi n‘g f%r%ﬂ‘ﬁ/el y
hi gh 1 ocal i aibddiads atiel BQukolphieniBoess! rralehrd ot thd Witk datpi cal | v

encountered in athletic aCtivi or exanple, 1 n running or other sport

el | patals, B hRBLLLARORCLA! 8B L LMY nd T
(:F adjacent to the cut edges of the cloth, when subject to high
L " loads and bending and flexing, 6) puncture and abrasion
failure of the barrier film, 7) leakage of the pressurizing
gas at the perimeter seal, caused by fiber filaments extending
from the sides of the tensile cloth being trapped in, and
bridging the perimeter barrier seal so as-fo create minute
leakage paths through which pressurizing gas could slowly leak

out.

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

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



devi ce bottons out,

For nost conditions encountered, to prevent bottom ng out, the inflated
product either may be nmade sufficiently thick or highly pressurized or
bot h. Anot her desirable approach is to use smaller chanbers inflated at

| ower pressures, and positioned unede t he | oad beari ng surface so that
‘there is little or no accumul ator volune into which the gas nay escape.
Rel atively high pressurization of the prior art inflated devices with

ded ty fyeel
ounded " Wulsy VRIS I LAY URANG ISP WESBer .,
moder at or ﬁ‘éﬁiﬁf‘iﬁs. Thie 3P 1068 | ftd 11 b1 rﬁ%e gﬁfgﬁ'&qs ah® ﬁﬁa'f'l.‘it%og%huct

achi eves t'ot y new, unique and beneficla

never

‘uses where it

bef

hi oni ng characteristics

then the entire purpose of the cushion is conprom sed. *

O

d66  &F wivtdtaridinig elatively Haghc 10¢adlzed J04dscs. -5
The | oad defl ection characteristics of ny earlier inventions, Patent No.
4,183, 156, witttiotitl sbttonfing o, awdh atheulpads typdcalilyhenceanteréaen,
w th progressively heavier |oads, the supportive force increased either
a linear dniathletdpactivitiiesmnner. This type of |oad/deflection
characteristic is suitable for many applications. However, there are other

devi ce initialEﬁ,exhibit a very firm cushion support--under light to

r example, in running or other sport events which
involve running or jumping, there are substantial localized
loads during heel strike or push off. If the cushioninq
device bottoms out, then the entire purpose'ot'the cushion is
compromised. For most conditions encountered, to prevent
bottoming out, the inflated product either may be made
sufficiently thick or highly pressurized or both. Another

desirable approach is to use 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 feéel, unless encapsulated with'foam.

or used with some other type of Surface/cbntout moderator

elenent.

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

load cushioning devices.

in

Is very desirable that the pressurized pneumatic cushi oni ng

{).

v



noderate conpression |oads, a degree of support greater than the product of
the area of the applied load tinmes the internal working pressure. Then,
when greater conpression |oads are applied, the device automatically, at a
predet erm ned | oad, changes fromthe firm board-1ike cushioning support
and exhibits a soft, relatively consistent and gradual increasing |evel of
cusqgﬁned support throughout the full_.savail abl e displacenent of the

i nf 't ed device. This type of cushioned support enbraces substantially

di fferent, new novel technology fromthe prior art. New, novel and highly
useful products are now possible that were inpossible using the prior art.
Thus, a need exi sThef dpadndeflection csharadtenisticswfemyl eapldepr essuri zed
product which has advantages over the prior art inflated products. It is

al so appar endinventions; cPatent o oréclt8 LdSGoproydded enversy Boflg able to
-6- manufacture such products relatively inexpensively, at relatively high
vol ume and oP“§h48P9dh?§HPQEEJ?WQQWWﬁQﬂ%h tHaﬁnbh81§POEEEErﬁPP¥V9éY

f f | eak h t abl Vi | if i

Dermanent - anBerRigE: Lpada, e ipdetiel fotae trctaaasd s ishen, 08 to be
Ble 1 \ ! : arst her whi ch

be forned | nieaeRs a? A CER Cfdiencll wilinetd CHRLUR BRTON UTLCT OFY

the present jg¥aPibPietfion characteristic is suitable for many

O

@

applications. However, there are other uses wherg it is very
desirable that the pressurized pneumatic cushioning device
initially exhibit a very firm cushion support under light to
moderate compression loads, a degree of support greater than

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

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

impossible using the prior art.

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

there are the practical considerations of being able to



obviate or mtigate these disadvantages. The present invention is an
internally pressurized envel ope havi ng spaced i nner and outer surfaces
conprising: first and second fabric | ayer's, positioned in said envel ope such
t hat one surface of each fabric layer is facing an inner surface of said

I , | ) 081 Ny ] : I | ast ' terial,
cach of e AR ‘2‘?‘%%ﬁﬁ%%%gﬁggiﬁe‘iréé%%ﬁﬁ%éﬁv??‘e::—?ralzi‘ oG
ch of s: csurt - bonde ALY - a
ot ur rot ot Tanny ol orHERE AR BF 7 R P ER R BRERY  aci ng

layer of saigbwelans dlediboudBaiplDebyeepeaabd falkkCahdy fhSel Q)
restrai ning the novenent of said fabric |ayers away from one anot ernbeyond

a predet er owbthistanserv el Bi f@Se vént WRehNbALLR! a8l aSBeIMARLEILORGE ©

pressurize the sane: -7- -Enbodi nents of the present invention provide a
gas pressurimtegmaid parft aifedisd rimdtweanhi chtcospalsssaanadeanehigeakly
seal ed outer covering barrier layer which is securely bonded, as will. be

descri bed, bualsmtiipsowvide a lgasrpressovieedslivhdcbeaning doubl e wal | ed
interior fabric structure. The double walled fabric -
. cushioning member which may be formed'in various shapes,
thicknesseg and contours.
| It is an object of the present invention to
obviate or-mitigate these disadvantages. : 'Cp‘:
_The present invention is an internally ~
pressufizgdlenvelope having spaced inner and outer
surfaces comprising:
first and second fabric layers positioned in
said envelope such that one surface of each fabric layer
is facing an inner surface of said_envelope,
said envelope being of a semi-permeable
elastomeric material, . |
each of said fabric surfaces being bonded to
the facing inner surface of said envelope, _ Qy’
said fabric layers including a yarn material |
which is.texturized or flannelized or bulked to increase
the bonding to the facing layer of said envelope,
flexible means between said fabric layers for
restraining the movement of said fabric layers away from
one another beyond a predetermined distance, and
a gas in the interior of said envelope to

pressurize the same.



structure conprises first and second outer fabric |layers which are normally
spaced apart from one another at a predeterm ned di stance. Drop-threads,

(or nore appropriately drop-yarns) preferably in the formof multi-filanment
yarns conprised of many individual fibers extend internally between the
proxi mal or facing surfaces of the respective fabric |ayers. The use of
mul ti>filament drop-yarns is unique to this product. The filanments of the
~drop~yarns formtensile restraining neans and are anchored to the
respective fabric layers. The restraini ngz- neans or drop yarns may be
arranged nom nal ly.perpendicular to the first and second fabric |ayers, or
they nmay be arranged in a triangular arrangenent. It is noted that the yarn
conprising the drop threads or restraining neans nay be separate and
distinct fromthe yEmpedimants faf stheapresanindrivention pyevidei ae., the
yarn used for the first and second fabric |layers may be conpletely

di fferent froPR% HRFSATUr AL pdiriff liatedh & mictuge: whiichngompansesdependi ng
an the application and the use environnent. These restraining means
function to rfith MeFMEticaldyhsealed suter covesingd barxier Layerof the

pressurized and. i.nfl ated structure, and the honding of the outer covering
to the distal® %&%rsmdw's&sf Addd be descrdbpedetive fabric

i 2t a1 "sur fachBRarbinaY gvar ey pREhPe rutlr RO ATes GY o 4t T T om
e ot g WS ARGl aph e Blctlr8.” rhd B 1o A
s structure comprises first and second outer fabric layers which
are normally spaced apart from one another at a predetermined
distanco, Drop~threads, (or more appropriately drop-yarns)
preferably in the form of multi-tilahent yarns comprised of
mahy individual fibers extend internally between the proximal
or facing surfaces of the respective tabric 1ayers. The use
of nuiti-tilament drop-yarns is unique to this product. The

filaments of the drop yarns form tensile restraining means and

are anchored to the respective fabric layers. The restraining



quantities sufficient to hold the structure in the desired planar form

w t hout offering substanti al

thus exhibit a very considerable fatigue life. It is the pressurized ga

“conponent
life-tinme

hBahsPoPVALSH Y&PAS OhafhBeCaPPARGEd ACRDRAL1Y Perpbhd iUl 4Ry,
cyclic conmpression | oads. The pressurized gas has literally an

- 9 - infigheetinst oand! sécondhtabriy apers)iof they oy 56 Wrranged! in
tension | oad carrying conponents of the device in this manner, a very
uni que andabepténgubarrasrangementhi c¥tdis Thetedsthat theryadrt has a
fatigue life many tinmes greater than is otherw se possible. The region
bet ween t heoppoising thefdrep threadsfabrrestraining mesns may dent
openness to all ow novenent of the pressurizing gas throughout the
pressuri zeSePaERBRranddiskinet frerytheyaxn of cthefirss and &econdich
operate to coniai t he gas, are coggosed of .a cogﬁgsbée-elastoneric

seni - per nreSBPE

whi ch are
nol ecul ar
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applicatibn'ahd'thé use environment. These réstriining means z;lT

function to maintéin the generai flat of contoured ﬁlanar form
of the pfassurized and inflated structure, and the bdnding of
the outer cévering'td.the'distél sides or exposed outer
surfaces of the respective fabric layer ptcvcnﬁi the outer
coverihg from peéling'away or iepar;tihg frqn'the distai
surfaces and torning.an aneurysn; The drbp yarns which extend
from one fabric layer ﬁo the other, function in pure tension
as the preferred réstraining means and are present in
quantities sufficient to hold the structure in the desired
planar form without offering substantial resistance to the
compression of the two outer layefs.touards one another. That
is, the restzainiﬁg means have very little compressive ‘
strength and iory substantial tensile strength and thus do not
provide any signiticant.conpressive'suppott to externally
applied loads and thus exhibit a very considgfable fatigue
life. It is the pressurized gas component that provides 100%
of the cushioned support for the very heavy, life-time cyclic

compression loads. The pressurized gas has literally an

resistance to the conpression of the two outer
| ayers towards one another. That is, the restraining neans have very little
conpressive strength and very substanti al
provi de any significant conpressive supgggt to externally applied | oads and

tensile strength and thus do not

: _ Y irat and 1peePhises
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gases of the anbient air by neans of the percentage conposition of the
crystalllne conponent within the el astoneric conponent of the barrier

| ayer. Therefore, this outer barrier |layer provides a very inportant
secondary function of being slightly perneable to sone ot her gases such as
oxygen. Wth this material, a selective inward diffusion of oxygen occurs

- from({the anbi ent air.mhich, by nmeans of partial pressures, tends to '
increase the total pressure within the already pressurized enclosure. This
is described in sone detail in, for exanple, Rudy U S. Patent No.4, 340, 626
patented July 20, 1982: Rudy et al, U S-9Rat ent 4,183, 156 patented

No.
-10- July 15,4 ﬂfﬁﬁq S. tp
1981 aﬁdyRudy et a f%‘tentﬁNo 4ﬂ§§£n9 ‘%ent 12{%39{3 %‘n&ﬂ?@é?ggo
Attention is éﬁpﬁﬂéi&ﬁnéﬁléﬁkﬁﬂ‘ fwﬁpmm of \dn&faﬁ&%émmel%ms

i ncorporated herein by reference, for a description as to the barrier film

the pressuri mdwn@®;s &neryumiyire Gaid aronisidl Wesultdis la&mbm | NThe
di ffusion punping and the activated diffusion of gas through t

seni - per neablmesulting product Hes s rfatigues lddfte minyg mmmurt thah
the present invention are particularly unique and suited for use where they
are required i® ctherwise paossibhle:. arfhenregidoetyeen the proxiedlspace
and then return this otherw se wasted ener%&lrla useful manner. This

structure hasSYriaseshet smfaRrl s dannks salf&}sémtt openpessdtecd

Mass as conpar eldov} Omgvheem rf'. Oorf athe pressurizing gas throughout the

W pressurized chamber.

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



structures, thus providing pressure constraining walls or elenents which
have a | ow hysteresis energy | oss when flexed. Gas(s) pressurized to at

| east 2 psi and preferably nore than 15 psi, functions well to provide
excel l ent and confortabl e cushioning and then to return the stored energy
in aresilient, efficient life-like and beneficial manner. Wen the
structure of the present inventionjgs pressurized to a |level in excess o
40 to 50 psi the structure gives back as nuch as 92% of the energy of an
i npact. Therefore, if a weight having the shape, mass, and velocity of a

repr esent Julye USyrmi980goRudy etechalst Ui5¢, Patent Noonp2vlfeos dﬁ&@éx%édmte' y
two feet height on to a properly designed structure in accordance wth the

present i June 9on198i;clands Rudysetr alpdUi 8. aPatent Nb.4pp1®94mtely 55
psig., the: me;g?t wi-ll. first be well cushioned fromthe force of inpact,
such t hat patentedoSeptephernad, 3880t wAttention iscrespectfylDytinvited s.
Then nearly 'all of the inpact energy that is absorbed, redistributed and
stored i nton&hese p GtGBFPng"Fﬁﬁhdﬁﬁﬁmbﬁﬁﬁbﬁnbﬂ@ggpeﬁﬂﬁeﬂthQrBtn hYmacycIe
(i.e., 290 wi [ C entl returned {o the mel ht, causing
|t to reb%ﬁk&g giappFBflﬂaﬁg?érgEgéﬂF ?ﬂ orFRerkaraier %kﬁ!ﬁn &r 22
inches. T I S X s .the c I on of these two
factors: P ?e\é’?ﬁgaggﬂg bgg gﬁg Fgé gﬂ’%ﬂ%‘é‘fﬁeﬁ?ﬁﬂ'ﬂﬂ’% M‘%&rﬁfﬁusl y
exhlbltlngnqalgganl u u r
resilience, iIs consﬁdg?ggatbggﬁaé& 00 corrp én%%.éiﬁ)g*’ c%ing#"lma%ﬁ Woul d,
of gas through the semi-permeable barrier layer. C}\~
| \/
The structuneszxxxmdidgix>embodﬁnauzsofrthe;xeseﬁt:hmmﬁmion

are particulérly unique and snited' for use where they are required
. to absorb and cushion an'impactiloed within a limited space

and then return this otherwise wasted energy in a useful

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

a substantially reduced mass as compared to the prior art
etrucéures, thus providing.pressure constraining walls or

elements which have a low hysteresis energy loss when flexed.

Gas(s) pressurized to at least 2 pei and preferably'more than Q;)
15 psi, functions well to provide excellent and comfortable
cushioning ane then to return the stored energy in a

resilient, efficient life-like and beneficial manner. When

the structure of the present invention is pressurized to a

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

much as 92% of the energy of an impact.

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

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



cotirse; be the opposite. The present invention is uniquely suited to
footwear and other simlar cushioning applications where high style and/or
maxi mum cushi on confort, support and shock protection are to be achieved in

a fini mum of "thickness and space (.e., low profile). Thicker devices as
di sclgsed in Rudy Patent 4,183,156, were, in |arge nmeasure, poorly suited
for t type of application. The hill sldrd vall eys of the earlier product,

coupled with the need for sonme type of foam encapsul ati on or noderator
device to provide a snpoth, confortable support surface, created a product
that was rel at4%RRRe4 from approximagely| tWey feet haight\on &9 aproRenlivn
The fl at ortfg;oured pl anar Ioagabeaﬂr1 surfagces of the present invention

achi eves a corffStaned structyrg,in acgegfance: vithofhe Rresppt inyention,

oL Phvant| oA B 158U %0, " BuRE CHECHRRRaRIRa R AL R, i
it into - mORHE Sty ERkspECapLE ChahioHad, EPOH e Hdie ¢t Minaks, o
el | i nat o 1 ho ey SHME cHAaDPOEHER. of EHCGelnt PILEYe At A Hdiie Ut o
Wwhen bent in aéha Bredi Then! ReabtyPaticst tREchhpaet léiterdy r@Hdwnif one

or nore aneurysnms constitutes failure. Aneurysnms can devel op either
absorbed, redistributed and stored in the device during the
‘ (:) downward compression portion of the cycle (i.e., about 92%)
~ will be very efficiently returned to the weight, causing it to
rebound to approximately 92% of the original drop height, or |
22 inches. The word compliance is used to express the
combination of these two factors: i.e., cushioning and
resilience. A product simultaneously exhibiting maximum
cushioning and maximum useful energy return, or resilience, is-
considered to have good compliance. Poor compliance ﬁould, of

course, be the opposite.

w The present.invention is uniquely suited to footwear and
other similar cushioning applications where high style and/or
maximum cushion comfort, support and shock profection-are to
be achieved in a minimum of thickness and space (.e., low
profile). Thicker devices as discloéed 1n_Ru§y Patent
4,183,156, were, in large measure, poorly suited for this type
of application. The hills and valleys of the earlier product,
coupled with the need for some type of foam encapéulation or
moderator device to provide a smooth, comfortable suppcrt

sufface, created a product that was rglatively thick and



when there is delam nation of the barrier material fromthe distal or outer =
surfaces of the 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 z
- 30.for an illustration of an el ect =d@-ni croscope i nage of a typical
fibrillation failure of drop yarn tensile fibers under the ball of the t
after approximately six nonths of wear in high performance athletic shoes.
As di scuslansy o thise typesaft appldeatdonsol ves these problens for the

life of the product. -13- The use of drop yarns in a double walled
structure acting in tenS|on to constrain and shape the barrier surfaces has
been proposed previously. An exanple of the aneurysm which can devel op when
the drop yar fherflatf omcontioured: planerglbadr bearingl suetacesyofetheecd, is
illustrated for exanple in C)oss U S. Patent No. 3,205, 106 patented

Sept enb@resentdmvention achievesue: conpietely Pewpandcunigueadegreet ur al
devi ce, é does not roduce a cushigning function; nor does it solve the
problem§ 9b8§hP&ﬁ'ﬁ§sbﬁSB » 588 1&S“§o§§PPﬁ§tpr€@§ﬁQrt

i nventiqn., Cro s es not ad ss th | enms_t hat , nust e sol ved i n order
to achi &8 F n REV. gﬁ REE B Egiﬁ °att’5ﬁf)? éﬂvﬁ§E B8R control

diffusi Qi BTRICHD Iehe® ndad %L_,ra%.unkaaspname&ﬁ RSGeVREY 1R 1N

pr esent .
certain circumstances it may be desirable to use foam in order C)

to build the unit into a midsole, to absorb moisture and to (;)
increﬁse further the service life of the gas pressurized

product. The use of :oam_can also control oi elimihate the
tendency of the subject cushioning ptoduct'from buckling, when

bent in a sharﬁ radius.

In the present invention the formation of one or more

aneurysnms constitutes failure. Aneurysms can develop.either

when there is delamination of the barrier material from the

distal or outer surfaces of the &ouble-wallgd t#bric, or by -~

téilure of the drop yarns. Such drop yarn failure can be |

caused by bending fatigue and/or abrasion of the drop yarns,

normally referred to as a fibrillation-type failure. See

Figure 30 for an illustration of an electroh_niéroscope image

of a typical tibrillation_tailure of drop yarn teﬁsile fibers

under the ball of the foot after approximately six months of
..wear in high performance ithletic shoes. As discussed later,

the present invention solves these problems for the life of

the product.



The use of drop yarns and filanents as structural conpressional cushioning
or stiffening nmenbers in double walled structures has been proposed, for
exanpl e, by Tungseth, U S. Patent No. 3,616,126 patented Cctober 26, 1971
and Gese et al, U S Patent No. 4,005,532 patented February 1, 1977. These
prior structures are conprised of a single heavy (i.e., large .003 to .025
inch(?)aneter) pl astic nonofilanent strand woven into a stiff

t hr ee=di nensi onal , conpressi on | oad suppordid« mat. The Tungseth ' 126
‘patent describes a product of this type that relies conpletely on the

buckl ing characteristics of select dianeter plastic nonofilanents in

-14- the woven streRglbge 2o A¥ol yahfs MG @dubleowalted serustardeacting
absorb conpression shock | oads. In Tungseth '126, no pneumatic support |s

provi ded at alih téhgiShees Eostrain¥hd istrape ches barriet’ sapracesshas | oad
supporting mat woven froma .010 of an inch dianeter plastic nonofil anent

strand in or db:ehOpfopmdtwmusmul dAn @xampler bf thcaan'entysmoﬁhich
footwear; wherein it is stated "The separating material” e., plastic
nmonof i | ament sFanagevelop u¢dhen the dxom yarns aneceSndnguf iﬁ&ﬂ%nsﬁtelm@h

mesh- |ike fabrics toward each other when subjected to the melght of the
wear er of the°§h9§9.del#ﬁﬁ%ﬁ‘%iY(ﬁ?ﬂ?Eﬁﬂrt#?'d%%&ﬁ&?ﬂ edThRr AKBRPHRNENCal | s

her et [ cal |y GE@p8d BrampRatent Nen ol s, Tg patapthd BeprampeR; A acs.
chajgsr to fo&ﬂkre the product functions completely as a structural device,
k¢’ it does not produce a cushioning function; nor does it solve |

the problems inherent in a cushioning product such as does the
present invention. Cross does not address the problems that
must be solved in order to achieve permanent inflation nor
does he attempt to use or control diffusion pumping in a
useful and unique manner as described in this present

invention.

" The use of drop yarns and filaments as structural
compressional cushioning or stiffening members in double
walled structures has been proposed, for example, by Tungseth,
U.S. Patent No.3,616,126 patented October 26, 1971 and Giese
et al, U.S. Patent No. 4,005,532 patented February 1, 1977.
These prior structures are comprised of a single heavy (i.e.,
large .003 to .02% inch diameter) plastic monofilament strand
woven 1ﬁto a stiff three-dimensional, compression load
supportive mat. The Tungseth ‘126 patent describes a product
of this type that relies completely on the buckling

characteristics of select diameter plastic monofilaments in



I nsul ati ve dead-air space, while in other forns, the air may be evacuated

fromthe chanber or, replaced with a gas such as [err] in order to achieve
coefficient of heat transfer that is lower than the anbient air.

a thernal

These structures are very poor shock absorbing devices returning little,

i f

any, of the inpact energy to the user and thus wasting and dissipating the
energy away -as internal frictional heat4-Qur tests reveal rapid fatigue(}
failure of these |arge dianeter, conpression |oad supporting plastic

nonof i | anchRe WAYeRm $SHEucCturaand; which are: placed 3

nasompregsioncia t hat

easily puncture the envelope film, resulting ina |gss of vacuum or |oss of

speci al | AFE6E %R ak3eKR, GomRFepsionrghogk,

irritaje and ncture the skin 03 the foot, resulting in pain,
é) eiﬁ A% AL patents include U.S. Patent

penetrate,

di sconf or t PRAYAILLS | SHRP

4,409, 271

gads.; &8 Tungaethsél2é, no

RFQV
i ssued to Pehr on Cctober 11, 1983 and which relates to a

| i ght wei ght -construction elenment. The Pehr structure is conposed of an

~unt ri mmed
webs. The
is wvul cani

product may be

i nt ended tp]&tie atbrise £1 At GTrand0ins beakraleorBiriila JeNbesal1as i S the
the present invention. Simlar to Pehr is United States Patent

case with

(b rind B{dd AHGR 5249 1iahigll 55°8 UREPE DopRRE0 A0 | S)

mﬁ\%ﬁv&tiw E““‘ woven 23dnl 89Sh er'ohy;,ﬁeiggﬁ}aﬂﬂ &ghr

a gas, liquid or foam

product is not

2,743, 510 insuilation Nnsext domlarwicles bf t8bGwedkerehebheiwvet, igabric is

stated "The sepa:atinQ'mate:ial"(i{e., plastic monofilaments)
"are of such a strengtﬁ as'tp'prevént deformation bt the mesh-
like fabrics toward each other when sﬁhjectedjto the weight of
the wearer of the shoes.” This is identicQI toiTungsetﬁ. The
embodiment calls for the mat to be covered with a barrier
material and closed to form a.bermeticaily_sealed chambér. In
one form, air may be left within the chamber to form an
insulative dead-air space, while in’ofher forms, the air may

be_evacuated from the chamber or, replaced wvith a gas such as

CO, in order to achieve a thermal coefficient of heat transfer

that is lower than the ambient air. These'structures are very
poor shock absorbing devices returning little, if any, of the
impact“energy to the user and thus wasting'and dissipating the

energy away as internal frictional heaﬁ. Our tests reveal

_ rapid fatigue failure_o: these largo'dianctcr, compression

. load supporting plastic_mqnbtilanents vhich thus create sharp,

protrudinq'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

~

\
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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 Septenber 7,
1965 issued to Cross al so 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 produces an
aneu(ypm the very situation which the presgnt invention seeks to avoid.

Al so Of interest, but describing an entirely different product fromthat
here disclosed is U S Patent 4,261, 776 of ril 14, 1981, issued to Lea et
al and the pPeRetEatec irFitate and puncturecthe;skinpfthe faoty,

self-inflating ajr,matjress, In, the present .inventjon th r yar ns
consi st of nﬁﬂ§“¥§4§9fi@mﬁ‘iﬁnﬂﬂﬁﬁ9993°5F ﬁﬂ?kEﬂsgibg?aiQf;éiéghﬁns (not a
single nonofilanment as in the above prior art) each having a high tensile
strength and being of a very small cross-section dianeter in conparison

Lrength an . .
member s and ar o COWAEIRN P4 pebheC 10BN U0, ughof Ol TR AT SN
Conpressi on {HapeRy b TSEIDES -ush‘i%ﬁ fahhaﬂﬁféﬁ PetatEs S e N ightweight

-resul ting product does not creaté a sharp splinter that could puncture or
otherw se daggggtidet fon rdumetit/c! TRe PéR¥Sstilietup@dis Upsmpdsel S QrRni sm

of the present invention is conpletely different fromthe prior art, and
with greatl yuatpbnhed vélfetprfabricehaving anvertitabdpide rhetwpernpetie ity,
l:) uppet an lower webs. The fabric is rendered impermeable to
— air by a rubber coating which is vulcanized and the fabric is
joined together by a seam. The Pehr product may be filled
with a gas, liquid or foam. The Pehr product is not intended
to be used as a cushioning or shock absorbing device, as is

the case with the present invention.

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

U heat and tension, the fabric will stretch.

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

| eftectiveiy prodﬁcés'an aneurysm, the very situation which the

present invention seeks to avoid.

Also of interest, but desc:ibing an entirely different



shock absorption, fatigue life, resiliency, long term permanent inflation
and beneficial life-like energy storage and return characteristics that are
not even renotely possible with the above stated prior art. Various gas
containing foam materials have previously been sealed in flexible air-tight
conpartments, see for exanple, Rosenberg, U S. Patent No. 4,590, 689
patented May 27, 1986 and Striegel, U S. Patent No. 3,914,881 patented
Cctober . -17- 28, 1975. Foam product¥-of this type pressurized even mAFP

sever f:é{f‘ls  BEPdnet fz?ﬁ“ FBAt Dare ALe10RRE {F Wy koo do 2800 d TG f oam
i ation SPEEE G S0 hedved 00N ot B AN e BABRRYE herHiiner | n
foot vear ; mcygdsa heﬂx s &€ ﬁpr%ﬁﬂ H % B3 10911945&;%.1%5 1 f oot

stri ke mhen runni ng,

_constltutlﬁgtgfesipan1structure abrade and tear as they nove agalnst one
another and thus rapidly fail, resulting in an aneurysm and/ or a subsequent
| oss of pressure. It is known that the highest possible quality foam when
used as a cushioning | oad supportive, conpression nenber (i.e., md

hal f sol e or inshhethe rpresért | invent iernrthe dropy yams wonsists of aany a
substantial percent of its original cushioning properties within just a few
mles of rveny nginandtextmd B0 hulked geparatmitilaned¥sof(nate a niti al

cushi oni ng
singl. monofilament as in the above prior art) each havxng a (:1

'high tensile strength and being of a very small cross-section :C)
‘diameter in comparison with the prior art such that they

cannot act as Euler column compression members and are

completely incapable of supporting any significant compression
load by themselves. Should filaments become broken, the

resulting product does not create a sharp splinter that could
puncture or otherwise damage the barrier enveiope. Thus, the

load supporting mechanism of the present'invention is

completely different from the prior art, and with greatly

superior high pressure containment, léad carrying capability, QJ
shock absorption, fatigue life, resiliency, long term

permanent inflation énd.bencticial life-like energy storage

and return characteristics that ifc not even remotely possible

with the above stated prior art.

Various gas containing foam materials have previously
been sealed in f;exibie air-tight compartments, see for
example, Rosenberg, U.S. Patent No. 4,590,689-pétented May 27,
1§86Iand Striegel, U.S. Patent No. 3,914,681 patented October

-
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properties have been |l ost. The loss of cushioning is the result of internal
breakdown of the cell walls of the foam as descri bed above. In this usage,

t he footwear does not becone unusabl e because of the described breakdown of
the foam The user sinply is exposed to reduced cushioning (and poorer foot
support) and thus nuch greater shock forces. However, with a pressurized
strﬁijure breakdown of the foam str~ug@ture results in formation of a
protvudi ng aneurysm or bul ge under the foot. Even the snallest failure of
this type (i28&, 1975 etRoam paicshucts oife thiedtypeppressurinddr evan vith and
t heref ore unusable. The relatively high pressures which are required to

provi de the supérgas afRudy dbSsaPatent 4q188,356)ohavennotpbeani suacess fulent
very substantial problens with the p eellng or del am nation of the outer
barrier fil nbeoryse rafnsevenslsprobdens: 4 )sﬁh9a58§3éi‘tﬁErGBGEPe°§wRY%%
fabric. It is thus inportant, in accordi i inth E g g tf é?
provi de a st¥RMmdPestPranReall fieam materials is pe eﬁt‘ﬁf fiently gtrang;
the fabric and th n surface of .t he envel gpe.oL e
ot her words,2 %e’[eﬂabc)sﬁ FUPRGCY: fhe; pecessa e&"faagg?én?ﬁégés%ﬁ% Jﬁ YeFicd
| ayers nust Qe Vv t f ty en
found, in acC rdgg Q&fph&g%ggﬂﬂh3%n%ﬁ use?héﬁ tbgﬁhgﬁﬂggg ﬂgegeﬁged to
formthe dou - [ Wﬂh§Q e f tgffgﬁg foot
rei nfor ceman{)i)gf 4eleg,laéraﬁ&r"{\yl':%'yr}%r Fﬁggg#ei\cf\%eﬁﬁut ei?h?ext uri zedo%r
flannelized %iwtwﬂéﬁrﬁllﬁr@ lo¥ GRnMagGcthk @A2lBeDT the_t hndividual

va ﬁ cells constituting the foam structure abrade and tear as they
move against one another and thus rapidly’tail}'resu;ting in

an aneurysm and/or a subsequent loss of pressure.

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

Even the smallest failure of this type (i.e., diameter) makes



yarn and there are nunerous |oops and/or spirals of small dianeter tendrils
or other tendrils and projections of filanentary material extending
slightly fromthe distal surfaces of the fabric |ayers, greatly inproved
bondi ng can be achieved. Actually, the tendrils extend fromthe | arger

di aneter-yarns fromwhich the fabric material is forned. The texturizing
can be provided for exanple, by abrading the -19- distal surfaces of
doubl e-wal | ed fabric, by crinping the T¥ft vidual filanents which go to nake
up the yarn, by using a false - twist or air bulk heat-set texturizing step
in manuf acthei PEodwet \patntul under the foptand sthérefors unusableat nent
Is referred herein as a FI RTEC (Fi ber--Interface Reinforcenent Technol ogy)
surface treatnment. It is also desirable to use a yarn wherein the fil anent
surfaces are d

preferred enbod l (rjl{";ffeﬂe‘;?& h#q15$§\ﬁ£€$;€§§%|g$;w¢%ﬁgrIes " e
of opennectr P14 AL MSRLLNT ad AdCasddfly LY iof Bigpars And i 00 o
v, dunl T MRS paSnt ey [R5 iU RO BHE T he, Fioring
onen ConDi ned | e e B e Ot (AT et Duf Wy #pdl hd VY °

pr es_enth i ][mgmam- SUr £a0Es OF cthe (Ao PavaFrdd M {e. hamMe g Wauy core of
stral ght | bers : - :

important, in accordance with this invention, to provide a Q-

strong bond between the outer surface of each of the layers of
the fabric and the tacing surface of the oﬁvelopo 6r barrier
layer. In other words, tho'pcol itrongth or the force needed
to delaminate the bonded layers must b§ very high throughout
the life of ého product.

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

texturizing'can be provided'for example, by abrading the

i



suwrrounded by texturized fibers. Al so, fibers, other than fibers of
circular cross-section, may be useful to increase the surface area for
bondi ng purposes; such fibers are oval, cruciform .dunbbell or Y-shaped in
cr-0ss section. It has been found that best results are achi eved when the
yarn is properly heat set in the texturized/ bul ked condition. The presence
of a Itiplicity of tendrils in the forh®ef |oops and the like
significantly increases the bond strength -20- beyond that which has
her et of or e bedlistal sunfaces lof itheudoubleowpldeddfabricpt bynerinpping ortye
bondi ng between the barrier envelope material and the facing fabric |ayer.
One of the facinsividual, fiilamentscyltiich gp tacmakedupl thei yarn; dwntusing a

i ncreases the surface area of the anchoring conponents. Another factor is

the essenti al ISpLAN fAHimtaoF WiZebylkaheatsgerstexturisingrstepeciniace

Crti 1o mat i ng SATHERGEEEIAG, RBe: XaFne aRd ERS bAEE: CAUER CCSREFARA SR BUAK
Control 1 ed_dedasaeabile 4° rRBSRRSAnBke  Aad "h FERTEL. TEfodf! fitrtace, g
bear i ng. por 1 SelntdrcRudnd eBihotodk) Bubbacd LEdatBARE, e GGido, 000

T o Sha P R R VRBKEA, CRR S ondBt USEHOSE id di
(:) or semi-bright, as contrasted to bright._ There:org, in a

o preferred embodiment,_the yarn from which the dbuble-walled
fabric is constructed is treated so that in the tinal.product
there is a large degree of openness to the yarn, and the
distél sides of the ;espective fabric layers present a great
many tiny loops ér outwardly.pgojecting. The individual
filaments may ﬁe continuous in nature in the preferred
embodiment so that the loops are anchored at both ends.
Crimped.filaments wheh combined intd a yarn are aiso suitable
for use according to the present invention. 1In sénn cases 1t
nay be desiréble to havé a yarn éore of sﬁraight fibers
surrounded by texturizgd fibgr;. Also,.fibers, other than
fibers of circula: cross-section, may be ﬁsetu; £o increase
the surface arei for ﬁonding purposes; such fibers are oval,
cruciform, dumbbell or Y-snaped in cross section; It has been
found that best results are aéhicyed when thc'yarn'is properly
.heat'set 15 the téxturized/bulked condition. |

The presende of a multiplicity of tendrils in the form of

loops and the like significantly increases the bond strength



for exanple by a lock stitch, whereby the tensile elements remain in place

to prevent ballooning along the edges of the fabric |ayers. The double
needl e bar Raschel knit material is particularly satisfactory to use

according to the present

the fabri
sui tabl e

to use. A wi de range of p¢dBkicts having conpl ex contoured an

tapered surfaces in many di fferent shapes are possi bl e using high speed

conput er
and angul

AP0 458, R a9 e, R 85 b
1o oSenEAPGRL PSRl U A NG Vil BB S,

bal anci ng%ﬁ;gj : m-lﬁmm % D) (P aF-To [S e lLved, as
contrasted to ﬁ%cﬁé‘%erpen I cul ar tszoat ?ur é’?’(raqu.t%ﬁe Sgckidt?cftq?&gpposi ng

and bal angi@eord'oLs Hnsk e Predere G &w%&:ﬂbﬂaw -&%xgﬂ%@&%ﬁgs in

supporting shear |oads which, of course, cannot

e support

pressuri zingreises tle igur i taxfda (o itHd Anichordngd compohentsi.abric
structure be free of lubricants or processing aids that would be

det ri ment Khotherctictondis tie easdntially wdtcrr and widespread: he fabric

and the coupling material. The yarn fromwhich the drop thread |inked
doubl e- wedispersinn «f #ibemrintaxrttatenreinforcement’ anchogingensil e

compcnents'thus aésuring 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 permits a
caretully'controlled degrge of penétration of the coupling

material into the facing cloth members.

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

possible using high speed computer controlled, gang type

I'nvention since it provides the |ock stitching to
c layers. Also material which is woven with a |locking stitch is

r

Q.-
v
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strength material which is stable under the intended conditions of both
manuf acture and usage. ‘A variety of synthetic yarn materials may be used.
However, because of the bending and abrasion of the drop threads which
ogccurs when the two outer fabric |layers nove toward one another when cyclic
| oads are applied for relatively long periods of tinme, it is inportant to
use g;pers t hat have good abrasion pro \ties and bendi ng fatigue

resi stance as discussed later. In general the filanments utilized in the

yarn in eﬁbodéaﬁﬂﬁ?_ techrtfqués ﬁmimh%ﬁ%nt Eﬁ@hﬂ%ﬁ@hriﬂy%??&ﬂ%’f‘o@

denier per filament of from about 1-20 with"a preferréd range o rom about
2-5. The indi theead ér! péeStesining et may b Ailffevrent fronNthose
(tenacity) of from2 10 granms per denier with a preferred range of from
appr oxi mat el yadj &centnpegeraileine means.geMheadriope yarmbor ténsilanebémemes
yarn ranges from about 1-300 with the preferred range bei ng from about
40-200. | n genay aéxténd cperperndiculani fnom sche Tadrier dsyger oruhayobe at
strand with the preferred range being fromabout 1-3 yarns per strand. The
preferred fabshearsfqeree tkalanaing anglasout IR0 SO0 instangeser vheres per

square inch of fabrjc,and preferably from about 400- 500 strands per square
i nch. The buILa t%piégtﬁﬁ?f¥ﬂ¥9¥yq49 FﬁbF@P&F@sﬂﬁdgéﬂeiﬁFg?n t he range

Lol oM about 0801 AT 0 e I Rl Wk, SpbRERS a2,
Freiigent SO pifiné{ng angular orientation of the tensile yarn has
o advantages in supporting shear loads which, of course, cannot
' be supported by the pressurizing gas. It is important that
the finished cloth or fabric structure be free of lubricants
or processing aids that would be detrimental to achieving a
strong bond between the filaments of the fabric and the

coupling material.

The yarn from which the drop thread linked déublg-walled
fabrics are_cgnstructed must be made of a high tensile
strength material which is stable under the intended
_conditions of both manufacture and usage. A variety of
syhthetic yarn materials may be used. However, because of_the
bending and abrasion of the drop threads which occurs when the
two outer fabric layers move toward one another when cyclic
loads are applied for relatively long periqu of time, it is
important to use fibers that have good abrasion properties and

bending fatigue resistance as discussed later.

In general the filaments utilized in the yarn in emmiﬁnents



the doubl e-walled fabric the drop yarn will tend to stand up so that a i

given point on one fabric layer will tend to remain axially aligned with
t he sane given point on the opposed fabric layer. This is advantageous in
construction. It is preferable during the manufacturing procedure to have .

the drop yarns standing up so that there_is no significant m s- alignnment
bet ween the upper and | ower surface fabd?t | ayers. Texturizing of the dr
yarn prevents the.individual filaments fromacting as Euler colum
conpressi on _nenbers under. any circunstance. -23- The construction of the

i nt er nal | yOfr enbndimentis ef /et preseat dnvestionchavec a slenien peo filshgnteetnt

w oh | neofah ABal drah virk G aselstren Ofﬁ%‘ﬁ B o bl 3-8 hB oo of
fQiJSSSEZi#‘é%végﬁé eﬁiﬂﬁ s L UL ABbAE delfaiieBEch ﬁ'éf‘?ﬁg” ’
material . 9hfc£@%eﬁ€% m x4 ﬁ] ttdw ;Y&zt Radritiete ﬁ%er.s pQEtEEi'

fabric materia € coupling material. The properhﬁy shaped

article capahgénobereoh dpprotimitely o i ped' dedlileg . Of IfBgeheshalt hat
have been pre-treated. Th| s procedure has advantages to be described later.

| n general the hmunber| ofiof ikdments per arayr darigeshifrionviaboutll-pedewighe and
bond to the material of the outer fabric layers to a carefully controlled
dept h, nottkhecprefexred range being from about 40-200. In general there
are from .apprqximately 1-8 yarns per tuft .ot strand with the O N
preferred range being from about 1-3 yarns per strand. The \J/
preterred fabric is knitted with from about $0-1000 strands or
tufts per square inch of fabric and .preterably from about 400~
500 strands per square inch. The bulk density of the fabric
is therefore in general in the range of from about 5,000-

150,000 fibers per square inch.

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

circumstance.



the thickness of said surface cloth nenbers, 2) act as a sem - perneable
el astonmeric matrix, penetrating the yarn bundl es and tenaciously attaching
to and joining together the fibers constituting the outer fabric |ayer

el enents, and 3) also formng a strong bond with the sem -perneabl e
elastonerlc outer barrier material, or envelope. The coupling material may
be | i ed using conventi onal application rocedures including, for
exaﬁgfe, heat ed pl aten presses, extrusiomtvcedures, or cal endering,
sprayi ng and -24- doctor blading. In general, however, the preferred

| F‘SL?‘SSS&PE’L‘EZ? i ﬁ'?'ctﬁeaﬁvﬁ“’ékﬁiﬁéﬁ??f% _B?&r”?ﬁ#@é&ahrems L25kle Bilki7
oyers: “The T abrref| sivEtop Tdtadting Bed ehds pfepbdl Invaietin) Hialdf vfth
press with a shrgtseieseiph & dflairdprdateoRonbdedRail b?&ﬁPf?: Yhn i

fabric and with a sheet of r&?ease agent bet ween the coug?lng naterlgﬁgand

the heated pl alpesrpérates RIS thieadss extendihga betveah! ené hrewmapent
(strippers) are used to prevent the sheets of coupling material from

sti.cking to t hsunfepees aofl thevrespeativepifabede dhyebs.prrhe . diseabisidedlof
fabric.and coupling naterial sheets are subjected to relatively |ight
pressure in ththereespectitse fakinichdayedsparecinpregpated reith ya Scirefi)ly
for 6-25 seconds in the range of tenperature of 340 to 400
metered quant ty of coupling material. This may be done by
. () starting with large sheets or rolls of fabric material then
P
applying the coupling material. The properly shaped a:ticle
can then be cut from these larger sheets or rolls of material
that have been pre-treated. This précedure has advantaggs to

be described later.

In general, the coupling material is a product which .
will, 1) penetrate and bond to the material of the outer
fabric layers to a carefully cohtrolled depth, not exceeding
the thickness ofnsaié surface cloth member#, 2) act as a semi-

k_) permeable elastomeric matrix, penetrating the yarn bundles and
tenaciously attaching to and joining togethét the fibers |
constitﬁting the outer fabric layer -elements, and 3) also
forming a strong bond with the semi-permeable elastoﬁéric

outer barrier material, or envelope.

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

presses, extrusion procedures, or calendering, spraying and



degrees F.
mat eri al ,

coupling material but not so high as to damage or shrink the fabric. The

When t hernopl asti c pol yurethane is used as the coupling
the tenperature has to be high enough to soften and nelt the

A

feed systemfor this process can be either a batch system (using in-and-out =

shuttl es)

or a continuous process using rolls of fabric and rolls of

~coupling material noved along on an intermttent basis by means of suit
rel axer and indexer conveyor nechanréfs. Platen sizes are nornally 14

i nches x 18 i nches,

pl at ens gr dogtior| blading. -25- parallel within .002 of an inch.
Tenperature uniformty shoul'd be plus or minus 5 degrees F of the

set - poi nt.

Structural deflection of the press should not exceed .002 of

.inch to .004 of an inch. The cold press used to freeze the hot coupling

material operat &9 ganeral; Jhewever sthe prafernad asthodriapplicatdonois

not i on - of

Because sof® PRSYV

process, i
the cloth.

tension to,

SIS 480 pfadd| 100 AN TNRR Hasdif ol IRes" Sl HERERY ebiirhccs

way a fini

t he col-gg ress is ip the sane tined segquence as the hot press.

the couPling materiak, An i sheaet, £oam; 4003y ton. 908

30 inches x 30 inches or 36 inches x 36 inches, with

e

an

g

of the fabppcendceabAle 1£P0REA1 Ut MIBIIVIS WYed TRaCY aRChpber ana

lower heated platen hot press with a sheet of coupling
material on ﬁop and on the bottom of the fabric and with a
sheet of release égent between the coupling material and the
heated platens of the press. ISuch sheets_ot a suitable
release a§ent (strippers) are used to prevent thoishcets of
coupling material from sticking to the upper and lower heated
platens of the press. The stack of fabric and coupling

| material sheets are subjected to relatively light pressure in

the press between :he_heated platens (approximately 5-3 psi)
for 6-25 seconds in the_range of temperature of 340 to 400
deg:ees_r. when thermoplastic polyurethane is used as the
cbupling material, the temperature has to be high enough to
soften and melt the coupling material but not so high as to

dahage or shrink.the fabric. The feed system for this process

' can be either a batch syétem (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

sizes are nbrmally 14 inches x 18 inches, 30 inches x 30

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

Q.
o/



gssential so as to achieve a good grip between the fabric and coupling
naterlal whil e al so avoiding driving the coupling material all the way
through the fabric which would inpair the flexibility of the drop threads
or at worst, bond the opposite fabric |ayers together so the product could
not be inflated and pressurized. In the preferred enbodi nent, the quantity
iggpllng material available to penetrate the fabric is controlled by
cont I1ing the thickness of the sheet of coupling material which is
.applied to the fabric Al so, the heat iszéery accurately controll ed and

regul ated so that spaots do not occur, and the depth of penetrati on does
not vary - ‘b&é"’d‘t 9% af, a1 ipFhe (Te Wrﬁj&& ges in

Lr:isfe'nt‘l y hieﬁ%{aﬁ °°”h1'rﬁé‘3fﬁi Mg 3 28BEPeRF oo ﬁefsﬁéé%q%ffiﬂ”éfep
T

of el oseness SEEGRnGa] Yaf (RGN ) Bries AEHA Hod xddld Hod,Tee o
uni form such n?iiet L pte@f%yl ah i [ ?,cgel dTHQ é & i.ggg %R 'fre@i%t theat

be possible to ration o |screte rays. e density

shoul d not bend@cd@9Bnd rhﬁa»t-me%i;eraehaomttm Cgiigé Yot eauleto o be t 00

tight. Such control of density is achieved in sever ways: 1) nunber of
yarns per squiédrédsF. 2)rhHulpsiand-dowhaidtisnpet $ité 'cold) premstisofint ithe

bul ki ng, texturizing or FIRTEC treatnent, 4) tension in the Raschel nmachine
during the same timed sequence as the hot press. Because some fabrzcs
Kj;D tend to shrink somewhat when heated during this process, it
may be usetul to use pre-shrunk fibers when knitting or
weaving the cloth. In some cases it is usefhl'to apply
longitudinal or lateral tension to the fabric dnrinq.
application of the coupling'material. in thislﬁay a_tinished,
smooth surface is obtained on both top and bottom surfaces of

the fabric.

Accurate temperature, pressure and time control is |
essential so as to achieve a good grip between the fabrxc and
L coupling material while also avoiding dr;vinq the coupling
| material all the way through the fabric wnich would inpair 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 tabric is_'
controlled by controlling the thickness of the sheet of |
coupling material which is applied'to the £abric.' Also, the
heat is very accurately controlled and regulated so that hot

spots do not occur and the depth ot penetration does not vary



knitting process, for exanple. Thus the coupling agent can penetrate both
the yarn bundl es and the cross section thickness of the surface cloth
el enents only to a controlled depth and can effectively join together the
yarns conprising the outer surfaces of the fabric. Another factor to
control during fabric manufacture is the use.of |ubricants or processing -
aids in the manufacture of fibers, yarns and fabric. Such agents can be
detrimental to the achievement of a=36rong bond. Particularly harnful ar@
silicone lubricants and pol ytetrafl uroethyl ene processing aids. The use of
such | ubr i EE9R ORG AFeR (rf (tha fabnic 4o anotherndnerto chanyesi DAt exe
conpl etely during manufacture of fibers, yarns and fabrics. If any such
“agent s renflpi@ity (RE the faupling agenthr i & superiokr andspreferbed washed

(scoured) or properly dry-cleaned prior to application of the coupling
agent . Owepﬁ?gfﬁgt%cé%ﬁﬁébgy seq Lolirwg dncdesaili thisneouplingo the
fabric is that ity virtually elimnates free and laterally extending fibers
when t he b%*g% 3L a0 %ﬁé&"é’erﬁwl s die cut. The absence of such lateral
fibers is inportant in the subsequent sealing operation in which the
barrier is joined together in the appropriate areas at the perineter of the

DU 20 S T G Il e Sea SR B SRR £ Sl A |
the regi orand ﬁﬂkrorm-dggree of closeness or density of weave. The.
density should be sufficiently uniform such that when the -
~ fabric is held up to a light source it must not be possible to -
detect peﬂetration of discrete'light rays. The density Sﬁould'
not be too loose in any areas. Also, th§ density should not
be too tight. Such control of dgﬁsity is aéhievéd:in several
ways: 1) number of yarns per sduare inch, 2) number of
- filaments per yarn, 3) amount of the bulking, texturizing or
FIRTEC treatment, 4) tension in the Raéchel machihe during thé
knitting process, for exanmple. Thus the coupling agent can
penetrate both the yarn bundles and the cross section
thiqkness of the surface cloth elements only to a controlled (;}
depth and can effectively join togethqr the yarhs comprising h

the outer surfaces of the fabric.

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

aids. The use of such lubricants should be reduced to a
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yerineter seal joint or in the portion of the envelop laterally of the edge
of the fabric. The presence of small fibers or even one smal’l fiber
extending laterally and bridging the perimeter seal forns a potential |eak
area which is so small that it is extrenely difficult to find in the usual
quality control inspection. The result is a very slow and virtually
undetectable | eak which results in |oss of_jpyessurization in a period of
twost/o three nonths. The coupling nmateri al y al so be extruded as a sem -

ont on, e cBAPARTRBE, 1INEAALEA ol UEHY Fud G arkPUBRLRR, BY' by,
anot her net tha%saaphy;QQri 8, C 'a:fsg {@éﬂ@éms Sraﬁ@pahytnx 34
Yy po Ol -1 S0C ure se

or spraying a“proper or nulat ed- anate m x as a VvIsSco

partially curgg¢ kh@uiedbifc| NenéUtdnrse faldurd e Wasdhdd Q¥edubéqy dector

bl ade treatnment and thus wth rollers and release material to drive the
coupl i ng nat eproperdlysaryetbednéd tprfor e @ppl ivatizanior thet Bouptiagsary
carefully controlled depth. This is not a preferred techni que because the
resi dual reacagenty of the mxture is likely to react with the tensile yarn
so as to weaken and enbrittle it. Al so the bond strengths with this

techni que are generally nmuch poorer than can be achieved with the heated

pl at en approach described above. The coupling nmaterial inpregnated fabric
is next cut into One of the advantages of prefixing the coupling material

O

N\

to the fabric is that it virtually eliminates free and
laterally extending fibers when the bonded fabric subassembly

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

pressurization.in_a period of two to three months.

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

| layer(s) using heated, and cooling, rollers on a continuous
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the desired shape, being careful that the cut is free of laterally
extending fibers or filanments. The coupling material inpregnated fabric is
then placed within the sem - perneabl e el astoneric outer nmenbrane envel ope,
and the sem - perneabl e nenbrane is securely bonded to the distal surface
of the coupling material inpregnating the upper and |ower fabric |ayers,
preferably by radio frequency heatingpglhe tenperature of the dies whichc;
are used to effect these | am nations are preferably- adjusted so that
melting o S interface between the coupling material and the inner
sur face o?ggﬁepgéf§ggr'nEnbranes and not otherwi se. The radio -29-
frequency power setting, pre-seal, seal, and cooling cycle and die
tenperatures and die heat sinks are preferably selected so as to mnim ze

outer menbr anc® Sor neRefhAE e of Mpd iy Kha connils masaedalh (hat
r RN # €0 SsEsad th
Coupl 1 ng Tt oy 545, Y SRERUSLon o dekaythg F rbrnrly BiaAre, |

heaters, polysl+Dsetrinste wHetire (43 W R dsddie @%‘i@‘iglm | TEREE LI

This can be acconplished by sealing the two layérs o arrier

(using a % the| surfaeei fabrike Tayantolloved Hie acdeetod bilgel abric, and

then drawing a vacuumwi thin the seal ed envel ope. The pressure of the
anmbi ent ZTRAYRent and tthus With 2ml Yersaamd) ridleasednakeriad to drive

Ianinatiqg{bondiqg 3 _
e coupling material, also referred to as a coupling agent, ON
to the necessary carefully controlled depth. This is not a —

preferred technique because the residual reactivity of the
mixture is likely to react with the tensile yarn so as to
weaken and embrittle it. Also the bond strengths with this
technique are generally much poorer than can be achieved with

the heated platen approach described above.

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

surface of the barrier membranes and not otherwise. The radio



psessure to the external surfaces of the barrier |ayers as they becone
nolten and flow into the cloth layers. The part which results fromthe
bondi ng of the sem - perneabl e outer nmenbrane to the distal sides of the
coupling material inpregnated surface fabric nenbers, is uniformy attached
by a bond which is enhanced by a multiplicity of tiny connection sites

conp ing loops or tendrils of the yarn, so that the attachnent of the
sem -pPerneabl e menbrane to the fabric i sogubstantially continuous

t hr oughout th% uBﬁer and | ower surface fabric_nenbers, conpletely free of
yarn fibers o~FFAREREY: POWREA: S giﬁgydgﬁet??iﬁnt%ﬁﬁ*nn%ﬂ?t%PQlﬁ?QnﬁXﬂiﬁ and

-30- surfaces),, through the barrier,envel ppe The outer_barrjer st al so
be conpletelyd4Pe§°FPgﬁF5PﬁgﬁoPE§.d#ﬁehﬁ% | Sinks are Eﬁﬂﬁ!ﬁﬁkthﬁAEAﬁg? so
structure is high:. [ .€q...0iN e a2 er lJj.ne i nch an

general ly exc@?ditﬁgntiﬂéht&??i ﬁéﬁe&?gﬁgﬁ gfgﬁj‘gﬂg‘?‘ﬂ %? %a{%‘fé]ﬁ '@%rt&' when
subjected to Lgca str L | e ﬁﬁsﬁﬁfw '
device is con%laré%gggi' rklf"gﬁé pggséﬁgﬁzgﬁﬁtp%éuﬁt%%m%%e r 0 erv’\ﬁosryeelsgi
sealing the aper At 7t Bebh AAdeOf the outer menbrane envel ope material
where the materi al egtengg ge@oﬁa the inpregnated i nner (cloth) nmenber. I|f
the outer nenbrane material constitutes two sheets of film then a weld is
made adj acent to the entire perinmeter of the inner inpregnated cloth
menber. |f the bar Anethepvapppeach thati cah\beresédrte bond tiss barrier

~extrusion, blow nol ding,
film to the fabric (impregnated with the coupling material)

— utilizes a radiant heat source, such as infra-red heaters, and
atmospheiic pressure to apply the needed bonding pressure.
This can be accomplished by sealing the two layers of the
barrier ti;n (using a suitable clamping ischanisn) around the:
edges ofthe fabric, and then drawing a vacuum within the
sealed envelope. The pressure of the ambient atmosphere is
thus utilized to apply the appropriate laminating/bonding

pressure to the external surfaces of the barrier layers as

they become molten and flow into the cloth layers.

The part which results from the bonding of the semi-
. permeable outer membrane to the distal sides of the coupling
material impregnated surface fabric members, is uniformly
~ attached by a bond which is enhanced by a-nult;plicify of tiny
connection sites comprising lbops or tendrils of the yarn, so
that the attachment of the semi-permeable membrane to the
fabric is substantially continuous throughout the upper and
lower surface fabric members, completely free of yarn fibers

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



vacuun heat form ng, thermal set casting, or vulcanizing, the perineter %
seal may have been partially or fully conpleted during a previous step.
Perineter sealing may be conveniently acconplished by conventi onal

techni ques such as radio frequency wel ding thermal inpulse sealing, 3
cenmenting, ultrasonic welding, magnetic particle sealing, vulcanizing and

the like. It is here that the absence-30-«l aterally extending fibers bec S

i mportant. If such fibers exist, they tend to be sealed into the perineter

path di;? ?%éﬁf%%e’rv:eiﬁ??%é@iﬂﬂ%@%%}% Fres’ At e%&?#g'ﬁé?ifg?t
e dial
par 1y, 1 a1 e RN, A0 O BT oRen Thin BRI CC L0011y
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whi ch el i dpaiepdias’ et Qiindar Gnch’ And Yetietadllyoradadding’ the' S

Al t hough not presently a preferred nmethod of manufdcture, vulcanizable

and/ or thajreiméitnl tRinsEleetregthbofuthe teddile yadns! bﬂehheutaﬁhceéast ic

ur et hane el astoners descri bed above, still requiring, however, e sane

preci se dempy ee tyfpioall Instaon [typéctisnsile ¢est proveduresctrati on of the

el astomer into the upp r and lower cloth or fabric layers. As a final step, -
t he chanmber, which is now defined

. The cushioning device is completed into a pressurizable CQ#
product by welding or otherwise sealing the appropriate ' \)
portions of the outer membrane envelope material where the
material_gxtends beyond the impregnated inner (cloth) member.

.If the outer membrane material constituteé two sheets of £ilm,
then a weld is made adjacent to the entire perimeter of the
inner impregnated cloth member. If the barrier envelope is
partially pre-formed such as in extrusion, blow molding,
vacuum/heat forming, thermal set casting, or vulcanizing, the
perimeter seal_nay.havé been partially or fully completed |

during a previous step. _ U _.

_ Perimeter sealing may be conveniently accopplished by
conventional techniques such as radio frequency welding |
thermal . impulse sealing, cementing, ultrasonic welding,
magnetic particle sealing, vulcanizing and the like. It is
‘here that the absence of laterally extending fibers becomes
important. If such fibers exist, they tend to be sealed into
the petinetef weld during the perimeter sealing operation and

form a potential leakage path. If the fiber extends all the



bet ween the walls of the double-walled fabric, is pressurized wth a

sui tabl e gas, preferably a | arge nol ecul ar non-pol ar gas such as supergas.
In a preferred form the gas is conveniently injected through the use of a
needle with the injection port (which my be free of any cloth or fiber
materi.al ). being seal ed after the pressurizagion is conpleted. It is also
possi(b)e to use an inflation/deflation valve. The physical phenomenon which
occur W th inflgly iy | ' esgei f PRI | S.
Pat ent hb.4,346?%Egﬂbg?gkﬁggg?ﬁPsp%B?EESSZQEn gg?tgﬁﬂfon |§9}32é§g§¥ﬂgly

invited to thi sialgniand uddetecetably. 32 £€ eRténdd ShBAPartly,! 1¢
present device provides a novel and 1nportant nmeans for controll'ing the
rate of diffusicongtitutes aOweakbareai vhepé auléak audy ctakes placeji ntain the
product at design inflation pressure for |longer periods of tinme than would
ot herwi se be pmspddiallycunder relatiyelypheavyiamd cyrlit-\licadsi.s By n, the
contai ned volune of inflatant fluid is snmall. Therefore, the ratio of
surface-to- volaRpdying &he goyplingi sateniadntas describedypithe subseguent
pressure through diffusion. Howeyer, the addition, of the crystalline gas

barrier el enentthing opexation, 18, a| glean gut wvhich eliminates,the, 5 vabl e
function of neteri controlli the.rate of bpth | nward andoutward
di f f usi on, qut?ﬁﬁﬂ¥§#2$%35°'tfﬁﬁﬁlgggefﬁliﬁe’f%ﬁ? lﬁﬂm# * nol ecules in

the anbient air.

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

the upper and lower cloth or fabric lhyors.

As a final step, the chamber, which is now defined
between the walls of the double-walled fabric, is pressurized
with a suitable gas, preferably a large molecular non-polar

- gas such as supergas. In a preferred form, the gas is
conveniently injected through the use of a needle with the
injection port (which may be free of any cloth or fiber
natefial) being sealed after the:pressurization is completed.
It is also possible to use an inflation/deflation valve. The

| physicil'phenonehon which occur with inflation and diffusion
" are described for example in Rudy U.S. Patent No.4,340,626
patented July 20, 1982 and attention is respectfully invited

to this patent disclosure.



There is a further advantage to the incorporation of crystalline gas -
barrier materials within the elastoneric envel ope of the device. Mst of

the mllions of conventional multi-chanber gas pressurized footwear

conponents (U.S. Patent 4,183,156) that have been manufactured in S
accordance wth ny earller patents, and used throughout the world are
normal |y nade from ester base polyurethgge film because this fornulathﬁ>

has | ower gas. perneability when inflated“with one of the supergases than

does the ether-base pol yurethane fornulation. However, ester-base filmin

contrast with tixs eiditiioned a‘udm-matwiordnmvaawec phevidési & novel
adversely -33- affected by noisture and hum dity (hydrolytic instability

that can damycimportant means:forccontrodlingntheagate ofcdpetusion at
tenperatures above 100-110 degrees F. Therefore, such conventional gas
pressuri ze@ympihgt s Oner cbjeckive ofe sucht’ eoned'ohyilntapnaintahg theminto
a foaned mdsole, which is costly; and the foam attenuates and detracts
fromthe benr@rqqqt'amr'mm@ntiq&w‘ém Pregsupec four Longer opentods ppdduct .
On the other, han e device of .the _present.invention can utilize the
desirabl e &iHe éﬁqui? imb-gag'pilﬂkam Begause._ insmany | rn and,

Sl ructure, ERYRCLoRS ShR.ARTLge B BAnearBe PEREaTheR S¥olme.of ove < |
while stillyhangiy N Ga0Tl UBNG.Y $he¥eBHR] eflal FhEL8 o sl fallblsM

air n|trogen and oxygen o
volume is very high. 'This can contribute to rapid loss in <:l~

pressure through diffusion. However, the addition of the -
crystalline gas barrier elements within the barrier layer
'serve a very unique and valuable function of metering and
‘controlling the rate of both inward andoutward diffusion,
particularly as it applies to the O, and N, molecules in the

ambient air.

There is a further advantage to the incorporation of

crystalline gas barrier materials within the elastomeric

envelope of the device. Most of the millions of conventional Q}
" multi-chamber gas pressurized footwear components (U.S. Patent
'4,183,156) that have been manufactured in accordance with my ?
- earlier patents, and used throughout the world are normally '

made fron'dster'baSC.polyurethane-tiln.-bcCausg this -
formulation has lower gas permeability when inflated with one
' of the supergases than does the ether-base polyuréfhane
~ formulation. However, ester-base film in contrast with the

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



whi ch- of f-set any | oss of the supergas so as to achieve a useful life of
three or nore years. Foam encapsul ation is therefore not necessary.
Air-cushions performance is greatly inproved, and cost and wei ght
mnimzed. As a corollary, it is sonetines advantageous to use either thin
films or low nodulus of elasticity filnms f€d334he outer barrier |ayer of the
- prod . This nodification will provide a softer, nore conpliant feel with
greater overal affeckedi by inoisture and humidity (hydrnodytic instability that
el asticity, the |l oad deflection characteristics of the final product nay be
varied. The | oG8R damgesphysicak Rropextirs)i funguscandohacterianespecinlly
hi gher nodul us naterials provide -34- better ene&gy return qualities.

IQ
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constant by the tension in the pile, or interface, yarns), ditfusion
punpi ng of airpéméfidéiel dead LX) privplirtiead’ Ot Prassurizédt PSotyeskICt

during the initial 2- 12 nonths of inflation. This is a potential problem
with the produstodust of Omethe asthdr iHai)t ithe devdpeel ofsthe phésent
() invention can utilize the desirable characteristics of the

— more gas permeable ether-base film, and, by imbedding
crysialiine elements in the outer batrier layers of the
structure, control the outward diffusion rates to acceptably
low levels while still benefiting from the very slow inward

~diffusion of the ambient air nitrogen and oxyéen molecules
which off-set any loss of the supergas so as to achieve a
useful life of three or more years. Foam encapsulation is
therefore not necessary. Air-cushions_performance is greatly'

improved, and cost and weight minimized.

As a corollary, it ié sometimes advantageous to use
either thin tilns or low modulus ot,eldsticity films for the
outer barrier layer of the producﬁ. This modification will
provide a softer, more compliant feel with greater overall
fle#ibility. By controlling or varying the modulus of

~elasticity, the load deflection characteristics of the final
product may be varied. The lower modulus materials provide

increased comfort, while the higher modulus materials provide



diffusion of [err] into the pressurized device and requires a sol ution. s
This potential problemis solved or elimnated in accordance with the

present invention by the presence of crystalline gas barrier yarns or
particul ate el ements i nbedded within the sem -perneable el astoneric barrier s
| ayers of the pressurized enclosure. This technique can |imt, reduce and
control the inward diffusion of the partial pressure of nitrogen, which(iﬁ
about 12 psi, fromthe anmbient air fgnearly zero over a two year period,

and greatly reduce and precisely control the inward diffusion of the

partial prietier enexrgy qetunn qualdtiesi.cnThe morshyapidrdiffusionaratenits
to the control of diffusion -35- punping. Even with a _very tight weave

of the badiialy may sxist t%%mgsmygﬁrtiﬂé'ﬁamcussﬂiﬁﬁilPQ usi on

wi |l occur,_ and perneabiljty ,cannot %fgiduced to zero. for the

best constdf%8e% by the additian of stoxted: Eﬂﬁﬁli‘mg\r/gh’?’éﬁ of
di ffusion Qf npst f interest, includi it . , ;
can o {{udhaEAPT . aqup @nats,sotsnans’ Be naeliren AFFEen contr ol

t echni que, qﬁn | f i nt he g L2, O%GL t | od of
four to twalve Months rgaf{le%?%lir# I‘:%t"’li’og‘"l ngkgégﬁﬂﬁg¥§§'?§e§$a@g?%&a'h%
partial PRt L ey Wifthe gubficed® o2 Rh@eaBica! MOSPhere 1s about 2
psia (out “of a total pressure of 14.7 psia). Thus, reverse diffusion of
oxygen into the enclosure can only raise the total pressure within the
encl osure by an '
Because the volume of the device cannot grow = (:l«

significantly under pressure (thé thickness is constrained and
maintained essentially constant by the tension in the pile, or
. interface, yarns), diffusion pumping of air into the device
‘can readily over-pressurize the product during the initial 2-
12 months of inflation. This is a potential problem with the
product and of the present invention as applies to the
‘diffusion of N, into the pressurizqd-dcvic. and requires a
solution. 'This potential problem is solved or eliminated in
accordance with the present invention by the presence of
crystalline gas barrier yarns or particulate elements imbedded \/
within the séniépérmeablb elastomeric barrier layers of the
pressurized enclosure. This technique'can 1im1t, reduce and
control the 1pwa£d diffusion of the partial pressure of
nitrogen, which is about 12 psi, from the ambient air to
nearly zero over a two year period, and qreatly'reduce and
precisely control the inwara diffusion of the pﬁrtial*pressure

of oxygen from the ambient air.

There are practiéal limits to the_control of diffusion



‘increnment of 2 psi, as a maximum |f desired, this can be offset by
initially under-inflating slightly with supergas (or either a m xture of
supergas and nitrogen gas or a m xture of supergas. and air). However, in
sonme cases such under pressurizing is not necessary; an increnent of 2 psi
iIs within the allowabl e tol erance of iw88atant pressure specifications.
Furtfiernore, with age and use, the device does increase slightly in volune.
The added par tpuBPiNGss Evenowith: a] verynsight weavecefthe kagking yarns in

conpensate for this small increase in volupge of thus, provjde unusual |'y
uni f or m i nf | atthf QPHaE gurtace.ednshe £abric; csgme; Mt‘ﬁqﬂf QRRE /i s

of major inportance, the . nflatant gas can,be . . -36- _100%nnitraq eq; an

the same diff ARGPe I;lth °B?§‘angﬂ/i Feduced, to 2ere, ; jipYayeky, for the
I nt f_ desi infl ati t.;0of _

G 1 usi on of RS gmetiRchies SEoIsprachiChl - Fh AoF A AN |

cases where a |Q{Q6 e E]?%s%nt Be ﬁpgés?ﬁiﬁﬁﬁ'eﬁ tératdl Glcludiitgs Of

. the device contains crystalline materia S can be quite advant ageous,

as the cost ofp{ifdRGEN HoweveY! M?ehhéhnoéibﬁﬁﬁmﬁéﬁ‘%dﬁlﬂq &han

and- the weight of nitrogen is about“I/5 that of the supergases.

- The pressurigpghddeniCt Uedingathisdaigrusibiccontoont techitieoN oxygrn ware
utility in all sorts and varieties of footwear including boots, athletic
shoes, every diyffrss dntorthecenclosarecoyer ansextended periahmt four to
prost hetic _ '

' twelve months (after inflation and sealing at the factory).

R,

The partial pressure of oxygen within the ambient air
atmosphere is about 2 psia (out of a total pressure of 14.7
psia). Thus, reverse diffusion of oxygen into the enclosure
can only raise the total pressure within the enclosure by an
increment of 2 psi, as a maximum. 1If desired, this can be
offset by initially under-inflating slightly with supergas (or
either a mixture of supergas and nitrogen gas or a mixture of
supergas and air). However, in some cases such under
pressurizing is not nécessary: an increment of 2 psi is within
the allowable tolerance of inflatant pressure specifications.
Furthermore, with age and use, the device does increase
slightly in volume. The added partial pressure of O, is
nearly perfect in order to compensate for this small increase
in volume of thus provide an unusually uniform inflation

pressure throughout the life of the product.

If cost is of major importance, the inflatant gas can be
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shoes/ devi ces, sockliners as well as in other devices including helnmets and s
protective gear (for football, hockey, soccer, baseball, and equestrian
endeavors). The invention can also be used for recreational, mlitary,

marine, industrial and aerospace applications, including bicycle handle A
grips, handles for jack hammers, chain saws, hamers, bats, etc. as well as
other seat and saddl e applications for bigycles, nmotorcycle and equestri@D'
purposes. Playing surfaces, athletic mat's,; flooring, work station pads,

gloves, |1iddRitrogen] A thécsand AiPusTBR<Thpalbdiy'OF LLYGEH'I11

Since supergas is bot™h a superitor electrical and thermaf Thsu :

device is ehid, WEdisting"iAntRe R8tdtehanks SthbB!gnV‘%ﬁi‘lféf rical
and/ or thermal insulation” It is -37- further noted that cushioning
products nytadsurac e orrset\the slow outwardoai?fisioh! 62 chlivitbyesPek gas

will have the unique ability to selectively absorb and attenuate

potenti al | midvwre oF aighahdenitrogenccant be asedoin sbméccasenl vhereus! v
transmtting | ow frequency energy waves. The devices of the present

i nventi on dagrgenipercentageaof thet oxpss( spctiomnofathe eutexnbayersfofiti on
can be achi eved by a new and novel technique to selectively control the-

rate of di fthesidevigensrn§adnansryagaildne: matariadtnt This ¢an hecquite of

texturi zi ng,, bul ki ng, Ioogs tendrils anglor single free strands to greatly

i ncr eases €0h8n: a8 the cost of nitrogen is about 1/10 that o
hexafluoroethane (supergas) and the weight of nitrogen is C;L
about 1/5 that of the supergases. - Kui

The pressurized structures according to the present '
invention enjoy wide utility in all sorts and varieties of
footwear including boots, athletic shoes, every day casual and
leisure shoes, dress shoes, work ihoé:; prosthetic
shoes/devices, sockliners as well as in other devices
including helmets and protective gear (for football, hockey,
soccer, baseball, and equestrian endeavors). The invention
can also be used for recreatidnai, militﬁry, marine, -
industrial and aerospace applications, including bicycle
handle grips, handles for jack hammers, chain saws, hammers,
bats, etc. as well as other seat and saddle ﬁpplications for
bicycles, motorcycle and equestrian purpcses. Playing

. surfaces, athletic mats, flooring,_ﬁork station pads, gloves,
life jackets and the like are other markets for the invention.
Since supergas is both a superior eleétrical and thermal
insulator, this device is useful where cushioning needs to be

combined with electrical and/or thermal insulation. It is



bet ween the coupling nmenber and the fabric and in turn attachnment of the
fabric to the associ ated el astoneric outer envel ope material, so as to
achieve a bond peel strength several tines greater than is possible with
‘ot her conventional nmethods. (3) The two step process for attaching the gas
cont ai.ni ng envel ope to the fabric to achigve the necessary high strength
bon y: (a) Carefully controlled heat, ﬁﬁkssure and cooling (freezing)
und pressure and timng, applied to t he coupling material in order to

Coupl i ng. '&Stéﬁi# oot Bk cPSHARRARICPERBucty Haaf ¥ é@%#ﬁ&'t’%ﬁ Yeh
ol ot onor i ¢ SO AiS/antiers ShAT sheiabe SEeh Piberges V1L HATH S diifie,
oci stance MGGt bt EE BTy aRSBEE ShalitEandite pOtimR Ly T, Ohe

pile fiber hyinag ai{rﬁy nigh ¢38qlentyCaUBlstIc BhEEGY) @iildshiwltanddudly

elimnates |later exten i ng fibers and thus precludes such fibers from
bei ng trappataEhittingd low treghehcycenergyavaves. t hus bridging the

perimeter seal and acting as | eakage paths for the inflatant gas. (6) The
vari ety of unique cushioning products which can be
The devices of the present invention are unique aﬁ least
(:) in that:
N (1) Essentially permanent inflation can be achieved by a new
and novel technique to selectively control the rate of
diffusion pumping emanating from the ambient air.
(2) The use of texturizing, bulking, loops, tendrils and/or
single free strands to gfeatly increases the attachment
between the coupling member and the fabric and in turn
attachment of the fabric to the associated elastomeric outer
envelope material; so as to achieve a bond peel strength
#everal times greater than is possible with other conventional
methods. _ |
.(31 The two step process for attaching the gas containing
envelope to the fabric to achieye the necessary high strength
bond by:

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

(b) Short duration, high power RF lamination of the 1nner



&

made, especially relatively thin and essentially flat or contoured
products, of a wide variety of shapes and configurations. (7) The provision
of products that can have controll ed surface contours. (8) The provision of
i nflated products having a high internal pressure, great durability,

| ongevity, and service life and reli%$ility,_and excel l ent resistance t
fatigue failure. (9) The use of a fabric material conprising filaments gade
of gas bar suefacet efi the ersstomerichsshibipetneanlé Guter envsLépeb! e

el astoneric envelope in order to reduce and precisely control the inward

di ffusi on mat@eiabdtpcthe Suter tsurfade cof the, fabric idstexrislively thin
products which typically have a'high surface to volune ratio and thus are
much nore $4hsThevuseoof cspedialryaxns aand 10ibérsdthat have gadd eve t he
optimum | evel of cushioning and -39- energy return or resilience (i.e.,
conpl i anceFesishancanto grheasioni fibrikiationand hending fatigqumiand e

convertand sl owdown potentially damaging .

bl I ' i
ﬁi gﬁ F?eaﬁe géﬁ&é&g%egfﬁ gﬁ‘!ﬁ% B#t%e sinul t aneousl y transmtting | ower
f ' i bratj , 2) Products that, sinult I hi
and al S0’ proli TROCHFR SR FatRt i AATHRFat on hs oSt atriah on even
when surroypiigfniVed [A€lrd iy ditedid ¥iBdls and thus precludes such
fibers from being-trapﬁdd and sealed in the perimeter seal and

-
=

thus bridging the perimeter seal and acting as leakage paths c%t)'
for the inflatant gas.
(6) The variety of unique cushioning products which can be
made, espeéially rélatively'ﬁhin'and essehtially flat or
contoured products, of a wide variety of shapes and
configurations. '
(7) The proVision'ot_products that can have controlled surface
~ contours.
(8) The provision of inflated'ﬁroducts having a high internal
pressure, gteat durability,.longevity, And.serviée life and
reliability, and excellent resistance to fatigue failure. _ v
(3) The use of a fabric material comprising filaments made of
gas barrier materials securely imbedded within the semi-
permeable elastomeric envelope in order to reduce and
precisely control the inward diffusion of oé and y2 from the
ambient air, into the relatively thin products which typically
have a high surface to.volume ratio and thus are ﬁuch more

sensitive to loss of pressure.

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



Nemer ous ot her .advantages of the present invention will becone apparent
fromthe follow ng description, which should be read with the foregoing,
and whi ch, taken together with the acconpanyi ng draw ngs, describes and

i Llustrates preferred -40- enbodi nents of the various fornms of this

i nvention. Brief Description of the Drawings Figure 1 is a plan view of an
I Nnso for articles of footwear accordigg_to the present invention; Figure
2 is an exploded view, partly in section 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
assenbl ed configuration with the coupling |ayer having been inpregnated
into the outer surfaces of the fabric layers; Figure 2b is simlar to
Figure 2 showing the structure in the 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 theghg¥gyt raturhcsei FesiFidse I(d.9.)0 conpliancefreitiin aags are
positioned in a triangular arrangenent. Figure 4a is an enlarged view of a
single fiber digiveapackage! vimitatiomting the tendrils and attachnment
sites; _ - : -

' (11) Products that are able to selectively attenuate,

convertand slow-down p;tentially damaging'high'trequency
kj;> acoustic vibrations while simultaneously trahsnitting lower
frequency acoustic vibrations.
(12) Products that sihultaneously cushion and also provide
both excellent electrical and thermal insulation, even when

surrounded by a high moisture environment.

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

accompanying dr&wings, describes and 111ustrates.pref¢:red



Figure 4b is a view, partly in section and partly in elevation taken al ong "
the line 4b-4b of Figure 4a; Figure 4c is an enlarged expl oded di agrammtic
view illustrating the bond between the fabric and the coupling -41-

agent inpregnated envel ope in accordance with this invention;, Figure 5is a |
view of a short length of flat, untextgblzed yarn; Figure 6 is a pictorial
representation of a portion of fabric knitted or woven fromthe flat yanc;_

of Figure Sembodisents io? ahe Ydrdbus Tooms b@nuhhsofin»ahewh' ch has been
texturized by a false-twist, frictional tw st, stuffer- box, edge-crinp, or
simlar type of textur|2|ng, Figure 8 is a plctorlal representation of a
portion of fabric knitted or woven using texturized yarn as in Figure 7;
Figure 9 | Bpis 2y ' gegt h of yarn which has been

texturized with a spéC|aI nethod“ i;e:; t he air-bul ked, heat-set nethod;
Figure 10 is a portlon of fabric woven or knit using t he special texturized
yarn of Figure 9: Figure 11 is _a portion of fabric having a flannelized

and/ or abr aded ﬁiﬂ“&'@el Asgar ?19.2 viey ofcAphipsolesfor: artigiasoptyarn

o e S oLl R A B pRbaShec SRR, O Scont nuous

fibef content; Figure 2 is an exploded view, partly in section and

. partly in elevation, of the components of the producﬁ of this
invention prior to final assembly; o ' (;L, _

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

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

Figures 3a, 3b, and 3c are similar to Fiqureé 2, 2a and
2b and iliustrate the product of the invention wherein the
restraining neans or drop threads are positioned in a W,

triangular arrangement. |

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

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

Figure 4c is an enlarged exploded diagrammatic view

illustrating the bond between the fabric and the coupling



Figure 13 is a view partly in section and partly in elevation of the
conposite structure of this invention nounted in a radio frequency sealing
press and positioned between the upper and | ower set of |am nating dies;
Figure 14 is a plan view and a | ongitudi nal section of full-length inflated
el ement having variable inflated -42- _ghckness where the thick heel
portien is joined to a thinner fore-foot portion by neans of a tapered

sha’ porti on, agentcinpreguated ténvélope nieidoordance. withithis dnveationsl
view taken along the |1 ne 14a- 14a of Figure 14; Figure 15 is a plan view
of a heel ped in acrigdrecs istd view e sershortydengthk ofi glak,16 is a plan
view of a form of cobra pad cushioned rear foot stabilizer insert in
accordance wit bntexturizedtyarn: Figure 17 is a plan view of another form of
cobra paid insert in accordance with this invention; Figure 17a is a view,
partly in section aRigpuetéyis a pictorial nepresentationhef| anportion7efof
Figure 17; Figure 18 is a view, partly in sectign and partly.in elevation,
of a multiple FﬂPEF? knitted RRHORR prerm khe flatc ya of éﬁﬁﬁrfhﬁé

o pre-Tormod by | nFLERFSNY i ch eIk, A ARRRRy LSPGY A5 SRR ARASNBeR ke
and wherein hebLéRrLQxL3¥fie&5%y a false-twist, frictional twist, stuffer-
| box, edge-crimp, or similar type of texturizing;
() Figure 8 is a pictorial representation of a portion of
— .fabric knitted or woven using texturized yarn as in Figure 7;
Fiéure 9 is an'enlarged.view of a short length of yarn
which has been teiturized with a special method, i.e., the
air-bulked, heat-set method;
Figure 10 is a portion of fabric woven or knit nsing the
.special texturized yarn of Figure 9;
Figure 11 is a portion of fabric having a flannelized
and/or abrﬁded surface;
Figure 12 is a sketch of a short length of yarn which has
W been spun using a combination of continuocus and discontinuous
| fibers with discontinucus fibers constituting approxinately
30% of total fiber content; o |
Pigure 13 is a view partly in section and partly in
elevation of the composite structure of this invention mounted
in a radio frequency sealing press and positioned between the
upper and lower set of laminating dies:;

Figure 14 is a plan view and a longitudinal section of
full-length inflated element having variable inflated



| npregnated with coupling agent and then heat-sealed to the inner surfaces *
of the pre-forned envel ope, in accordance with this invention; Figure 19b

is a view in perspective as seen fromthe left of Figure 19; Figure 19c is

a sectional view taken along the - line 19c- 19c of Figure 19; Figure 19d is *
a sectional view taken along the |ine 19d- -43- 19d of Figure 19; Figure
20 is a graph conparing the force-deflection characteristics of a standgyd
tubular inflated el enent of the priord&*t with the new cushi oni ng device of
the present invention inflated to an average pressure |level; Figure 21 is a
graph conp&hilckness wbere- §he thirknhenirportient issjoined skamithinneu ar
inflated el enent of the prior art wth the new cushi oning device of the -
present in@@HFFGR°FnPPEF28"tBYamﬁFQHePftﬂaﬁaaﬁﬁﬁﬁgﬁhiﬂESBQFﬁﬂ?nFﬁE%re 22 is
a graph of the force-deflectiion,characteristics of the cushioning el enent

of the pre?@ﬁptpﬂﬁgﬂtﬁgﬁhs Eﬁfné"FﬁﬁggBPfion'of the | oad supported by the

O e o 0P FiuPh, 118, 95 o SpRRtoRR1 ey ok BB PR AT S DB
a schenatl&4%rg§s?§§8%bog4ylQM/mnth vector force diagrans of the cushioning
el ement of "the presén

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

Figure 16 is a plan view of a form of cobra pad cushiqnedcsLa
rear foot stabili;er'insert in accordance with this invention;

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

Figure 17a is a view, partly in section and partly in
elevation, taken along the line 17a-17a of Figufe 17:

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

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

Figuré 19b i§ a view in perspective as seen from the left
of Figure 19;

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

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



l.nventi on being conpressed by a load (as a foot) with the | oad nmaking
initial contact; Figure 23b is a schematic cross-section view with vector
di agranms of internal pressure forces and forces in the barrier envel ope of
the cushioning device of this invention, illustrating how the device
perforns to provide the unique drum head effect and the uni que

forcgdefl ection characteristics of this4dew cushioning el enent; Figure 24
is agraph conparing the force-deflection and conpliance characteristics of
a conventionaligdast Figukl ¥capsul ated, tubul ar cushioned and pressurized
sole of the prior art and a non-inflated mdsole of foam sorbathane, or
gels, etc., with tifidureaadsd aigraphacomparihgathe goppe+derTectidme
inflated elenment of this invention inflated to average pressure; Figure 25
i s a graph shobaradtheristics oft @ standaridatubulpreinfilated velenenty of fine
the force-deflection characteristics of the cushioning device of the
present i nventREAPT Ay withs the ney swshinpinggdevicei of cthetpresenti cal
devi ces such rs,. etc. on the inner surface of a noderator pad

can affect an&s‘ﬁlfg’c 3 'g "’cﬁr:"@tﬁér &o. A& pYerngR, PEBEEHEEr levekhar acteristics
of the device of A RS 1" Yrhd bokbdlitg the’ Bofclldle SIS

| characteristics of a stand&rd tubular inflated element of the

() prior art with the new cushioning device of the present
\;, i invention inflated to a higher ﬁhén average pressure ;

Figure 22 is a graph of the forceQdetlection
dharactériséics of the cushionihg element of the present
invention showing the poftion of the load supported by the
drum-head property of the device and portion of load supported

. by the thermodynamic properﬁies of the pressurized inflatant
medium; _ |

Figur§ 23a is a scﬁemaﬁic crdss-éection view with vector
force diagrams of the cushioning.element of the present
invention being cémpressed by a load (as a foot) with the load
making initial contact: |
o rigﬁre 23b is a schematic crossfsectioh view with vector
diagfﬁms o£ interﬁal preésure forces and forces in the barrier
envelope of the cushioning-device of this invention,
illustrating how the device performs to providé the -unique

.drum-head effect and the unique force-deflection
characteristiés of this new cushioning element;

Figure 24 is a graph compéfinq'the_forcé-deflection and

compliance characteristics of a conventional foam



the present invention having lugs and the like; Figure 26b is a sectional N
view taken along the |line 26b- 26b of Figure 26a; Figure 27a is a schematic
cross-section of the device of this invention nmounted in a special Kim

fl ex-test machine to provide accel erated 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
device, sane as Figure 27a, with the-#Afl ated elenent in the fully flexed,
bott oned-out condition; Figure 28a is a highly enlarged schematic :
repr esent 8ncApsulatgl, gubykar cushioned and gpresisurizeds sole ofsitive 1)

flat untexturized fiber, 2) conventionally texturized fiber, and 3)

speci al aiPTIAF AKXt andita agntintlated Ridsol®) afs foamhsexbathane, or
representation of the same three fibers, of FiQFéﬁggga in.,a partially

conpr essedded?, rﬁ%x?cﬂi@brﬁﬁq i?ﬁcﬁiﬁﬂﬁ’%ﬁ _ ' °repres$nt ation
1,000 tines. L " PR P
Several mBTSRAFIIAE f e | AndTHEed Tianers oo, dHik Javenticn, datrgned

Figure 29a.1s | emati c representation of a bundle of flat,
P%d el gy

.untexturi zed : as 1n a ‘bortion of yarn bundle, being subjected to a
transverse | oacg{ig) @8 1% graph showing how differences in inflation

pressure levels can affect the force-deflection
characteristics of.the cushioning device of the preéent .C;Lf
invention; | | ~
Figure 26 is a graph showing how different mechanical
devices such as iﬁgs; bars, etc; on the inﬁer surface of a
moderator pad.can'afféct and cusﬁomize”tﬁe forcé-defiection,
spring rate characteristics of the aevice of the pfésént
invention,; | | . o
Figure 26a is a plan view of a product in acéordance ﬁith
the present invention having lugs and the like}
' Figure 26b is a sectional view taken along the line 26b-
26b of Figure 26a; | - | Q)
Figure 27a is a schematic croé#-section of'the dévice of |
this invention mounted in a special Kim flex-test hachine to
provide accelerated_bénding fatigﬁe teéting:of the inflated
device, with the schematic showin§ the inflated element in a
éartially flexed'éondition: - ' '
Figure 27b ;s a schematic crééséséctibn of the dé&ice,
same as Figure 27a;ﬂvith the ihtlatéd element in the fully
flexed, bottomed-out condition; -

Figure 2§a is'ﬁlhiéhly enlarged ééﬁenétic'representation



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

Figure 29c is an enlarged cross-section of a single flat fiber of the fiber
bundl e of Figure 29b showi ng how the transverse | oading condition can cause
bundl es (or groups) of nolecular chains within the single fiber to start to
separate and subsequently break apart, causing a fibrillation type failure
of a(dngle fiber (see also Figure 30), af+&¥-repeated appl.ication of

| oadimg and unl oading of a transverse load; Figure 29d is simlar to Figure

29a for the exgiPigedd dirfdredtidity s RARirisRls' hekega%apse e 29 is

simlar to Figure 29a for e exa e of an alr- | ber
bundl e; Fi gur eustlexturi2dd\t iHerd SN %ﬁﬁeﬁk@%h&!ly”t&k&ﬁf?@@d £ibéb; and
phot ograph at 1000 tinmes actual size obtained of a single pile |nter ock
fiber after ons) cdpédik diardnilked chivat iselteriber:t he present invention
had experienced a fibrillation-type-failure resulting from approximtely
one mllion cycles RMiqureneeisssoa achematds xepresentation ofidtivensiamg and
flexural fatigue; Figure 31 is a graph show ng how differences in volune or
pl an-form can tires fikers of Figwree@8aodn supartiadlypcompressed pfox he

i nfl ated device of the present invention, with Figures 31a, 31b, 31lc and
31d i || ustrat i FRpA¥RAgEanditianspr esent ed by the graph:

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

C) actual size of the same three fibers of Figure 28b after:
\_) several million cycles of flexing in the near-bottomed-out

condition; | |
| Figure 29a is a plan view schematic representation of a
~ bundle of flat, untexturized fibers, as in a portion of yarn -
bundle, being subjected to a transverse loading condition:
Figure 29b is a cross-section view of the fiber bundle of
Figure 29a; | .
i figure 29c is an enlafged cross-section of a single flat
fibér of the fiber bundle of_Pigure 29b showing how the
transverse loading condition can cause bund;es (or groups) of
molecular chains within the single fiber to start to separate
and suhsequenﬁly break apart, causing a fibrillation type
failure of a single fibér (see also Figure 30), after repeated
application dt loading'and unloading of a transverse load;
| Figure 29d is similar to Figure 29a for the example of an
air-bulked, héat-set fiber bundle:
Figure 29e is similar to Figure 29a for the example of an
air-bulked, heat-set fiber bundle, |

Figure 30 is a view of a scanning electron microscope



Figure 32 is a plan view and cross-section view of two inflated cushions as
the present invention having different elastic, defornable pressure
accurrul ati on vol unmes around their perineters for custom zing the cushioning
properties of the devices; Figure 33 is a plan view and | ateral
cross-section views of the device of the present having a conposite hybrid
design with | oad-proportional, dynamtiﬁé?uonatiC-Iongitudinal ar ch

~tde

support, and a graph conparing the | oac flection characteristics of th

device with and w thout the arch .support accurul ator. volune; Figure 34 is

two cross- photiographcat 2000 dimespactualecsizai obtainédrof ushe Dyl y ce
of the present invention one view showing initial inpact of the |oad and
anot her vi dnterdeckg tiberdaftercoheabfcthésentensilerelementstifibears tde
cushion partially-conpressed;- -47- Figure 35 is a plan view and a
cross- sect ithve preseat ihventibnohadgexperiencédiacfibriklation<typen having
sewn-in lateral flex lines to-inmprove the bending flexibility of the device
during wal f@ddureyresniting Srpmr approxinatelyiconerasilHen reygers ief a 20
times actual size Rran vi ew schematic representation of,a fil ament having

been i mhed FORPERSE10B, pARcfassecinatedabragion, | 3pd Jrerding and ElAxurak he

barrier flkgkighggre 36b is a view in cross-section of Figure 36a

Figuré Silis a gtaph showing'how'ditférehces.inlvolume or
plan-form can affect the forcé-deflection, cushioniné" Q-
propértiés of thé inflated device of the pfesént'invention, ~
with Figlres 31a, 31b, 31c and 314 illustrating the geometry

represented by the g:aph; _ |

.'Figure 32113 a ﬁién view and cross-sectiqn viewlof two
inflated cushions as the present invention having different
elastic, deformable pressure accumulation volumes around their
périmeters for customizin§ the cushioning properties of the
devices; | | | |

Figufé 33 is a plaﬁ view and latefﬁl cross-éeétion views
of the device of the-present having_a.compositg'hybrid design L-’ _
with.load-proporiional, dynanmic, antématic iéngi:udinal arch
support, and a graph comparing the load-defléction |
characteristics of the_device.with and without the arch
support accunulatorl§olunes - -

Figure 34 is two cross-section views'ot a.dual pressure,
twin chamber cushioning dévice of the présent iﬁvention one
view showing'initial:iﬁpact of the-lb;d and énother view
showing the differential cushioning characﬁeristig of the

cushion partially-ccmpressedi



skhowi ng the potential |eakage path around the fiber through which the

I nfl atant gas can slowy | eak out ofthe device of this invention when

i mproper manufacturing or quality control procedures are used; and Figure
36Cc is a schematic representation at 500 to 1000 tines size of a
cross-section of a group of fibers in the outer |layer of fabric of the

devi of this invention which have been4?npregnated and surrounded with
nol ten coupling agent material which shrinks when it cools and devel ops a
tight shrink fit arPigureads is eplarevdew andranaiross-gectibhaview! oot ehé

| eakage paths. Detailed Description of the Invention Referring particularly
to the drawi ngeushioning devicefaf the present! invientionchaving séwneins
illustrated in Figure 1, generally at 10, an inflated product according to
t he present inkaterah fiexhlines tte inpnovecthef bendingr £lesibilitysof nbhebe
an insole. As_shown further in Figure 2, 2a and 2b, insole 10 is conposed

of a conposi t AeYicR dneing wHikingn rapndngsand ptherapthletis: endeavors;

barrier layer 12 defj nes ressure tight seal ed_chanber in m@ich tensil e

:cogd- bearidng st r uctiAIIRHi 198 dfny i20:-& ‘GOGSF@%PP-SG EHFBaH Fyaz%?]??ﬁié%d
. 4 < T ) {

fabrl Lot e Sentelindtod ) | 1B RARng BaghtRbBagHe 150t 020

fabric |ayer 184 afifb el PRsddY SAfkh the  Perinetht 5343 Vab"Bha¥ ifiNche "Bhtfler

excl usi vely

- £ilm;
O

N2 Figure 36b is a view in cross~section of Figure 36a
showing the potential leakage path around the fiber through
ﬁhich the inflatant gas can slowly leak out ofthe device of
this invention when improper manufacturing or guality control
?rocedures are useé: and |

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

potential inflatant leakage paths.
Detajled Description of the Invention

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

the present invention which for the purposes of illustration



as tensile elenents in that they are placed in tension when the envelope is -
pressuri zed and sealed. The material of the fabric |ayers may be different
fromthat of the drop threads. Also. indicated in these Figures are |ayers

23 and 24 of a coupling material, as well as the loops and tendrils 29 and -
30 extending outwardly fromthe distal surfaces 32 and 34 respectively. It

is apparent that Figs. 2, 2a and 2b are progressive views of the general(y
sequence in fabricating the product of tlygs i nvention. As shown in Figure

2a and as will be described in detail, the coupling agent 23 and 24 is

Froves ol 4L, FRRRES KR B85 olObed A8l 1 ot 7
Cou 0 TIAPALIOTY SendBERe Y SO RS L B L
L0, 10T SNoRBYg! 205 SBELIYETe TRECAILLES bUPELOR BUUE 12 SUeENY 4°

material OpréSSup@VELigRE dealédPérinbeP! in ANPLOR 4 Neerfd Fid O1GEd Coddt Brig al S

noted in the above Rudy patents. Preferred materials are pol yurethane
materi al s stgictar@owlch ctompreey ci hddubbbe-ada Phéd Leintdmd e yars) ohirked or -

pol yester el astoner, although the invention is not limted to those

speci fi c nfakriel indieatedi genepalbly hat ul4 | isitpositionedentThe ddukle+ he

product is used, one of these
walled thread linked fabric structure 14 is composed of a
first fabric layer 16, a second tabrid\layar 18 and drop iuj.
threads 20 (pile interlace yarns) whiqh function exclusively
as tensile elementé in that they are placed in tension when
the envelope is pressurized and sealed. ihe material of the
fabric layers may be different from that of the drop threads.
Also indicated in these Figures are layers 23 and 24 of a
coupling material, as well as the loops and.tendrils 29 and 30
extending outwardly from the distal surfaces 32 and 34
respectively. |

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

views of the general.sequence in fabricating the product of

:this invention; As shown in'rigure 2a and as will be

described in detail, the coupling agent 23 and 24 is bonded to

the outer exposed surfaces is and 18 of the fabric 14.

Thereafter, the barrier layer material 12 is assembled and

bonded to the coupling material and the underlying fabric 16

and 18 to form an assembled coupling layer 35, the barrier

layer being seam welded as indicated at 38 to form an envelope

enclosure. Thereafter, the envelope is pressurized with any



materi al s-may be preferred over the other. For exanple, heat, noisture and
bacteria tend to create problens over a period of tine. |If the product is
not used in that type of environment, a pol yester urethane nateri al
operates quite well. If the environnment is such that heat, noisture and
bacteria are likely problens, the polyetheﬁggrethane material is preferred.
The tter is sonmewhat nore expensive and réquires sonewhat greater care in
t he nufacturing process for the final product. Wth the polyether

uret hane, t hothitiieegasies g sonbinatiionhofegpses descupbedas i s not a
serious factor in the novel products of this invention for reasons to be

di scussed. It is understood that the outside surface of the envelope may

.optionally have a relatlvely thln fabrlc terial bonde eto
fabric materi al makeniad, °igyebéza BoPFe Hé Yo?“@xgﬁnge

h I | d I h
avai | bl o undSastamerd ée"i%isék%h A5, Rpaepeona iy sPRERREE" o Tave
t t d t t
Phan the. of ndie SFREH %@%&ﬁ%ﬁ%&g R (3t 0 2 o
especially i rpcﬁ'ir rt o (;%3.3*&:?%%5 b%rs‘édui%‘i ratHane’ éhasiBﬂeE&? gk high

RF energy fo I me, as co are to the other types of
heat sealing, dl%e%aéézsfea@s%ro\ber,l falitholighC ¢hes Anvent ibRowst Aot BEmdmedgyoi s

quite accurately control | abl e.
P those specific materials. Depending upon the ultimate
\j;> environment in which the product is used, one of these
materials may be preferred over the other. For example, heat,
moisture and bacteria tend to'creete problems over a period of.
‘time. If the product is not used in that type of environment,
| a polyester urethane material operates quite well. If the
environment is such that heat, moisture and bacteria are
likely problehs, the polyether urethane material is preferred.
The latter is somewhat more expensive and requires somewhat
greater care in the manufacturing process for the final
product. With the polyether urethane, the higher diffusion
‘rate with respect to supergas is not a serious factor in the
novel products of this invention for reasons to be d;scussed.
It is understood that the outside surface of the énvelope 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 materials noted, or polyester

yarns or materials such as that available under the mark



The peel strength between the facing yarn 16 and 18 and t he assenbl ed P
coupling layer 35 and the sem -perneable el astoneric barrier |layers 12 of

t he envel ope nust be at |east 18 pounds/linear inch. The preferred val ues _
are between 25/35 pounds/|inear each. Conventional bonding techni ques are :
abl-e to achi eve maxi num peel strengths «§0-only 8 to 15 pounds/|inear inch
Figures 3a, 3b and 3c are simlar to Figures 2, 2a and 2b, but illustrat

fabric 14a 4 pch t.h d 0 lar | i ented. .| |1

ot her r oap SAGHONL L iyl e SUCE e TS O By ghedivat tansine

: AL | . et | e t

bond bor weciE$gth Mnd Wrel6F NnddUidH i S lelon R ideahc tB3R o
to Fi matlcihid | -l { tion, th

obri ol ayce Bhes) ndtlrals diHe R, but PRl WY Yakeldl O)s (00
46 ext endi fgrddiistiom,Nedpecialye Y T velding echimligues Elecisdld . angnt he

barrier layers 12 be of the sane material to f'orman optinmum bond. The
coupl i ng nuyenerdl 2 e diskt o HigleRE letiergy [Torl abishortayRiribds( drd 18)
and does not penetrate into the tensile elenents 20. Thus, the coupling
agent does time, ramonpared dicrtheetother [typess oft heat b2alllimg,i 4soccupi ed
by the tensile el enents, thus permtting the tensile elenents to

functi on- f reatiisfagtayt.holit ds afesourise well Xudwt that RFc energy is

quite accurately controllable. _
<
The peel strength between the facing yarn 16 and 18 and

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

pounds/linear inch.

Figures 3a, 3b and 3c ate similar to Figures 2, 2a and
2b, but illustrate a fabric 14a in which the drop threads 20a At
are ;ngularly oriented. In all other respects, the structures

are essentially the same.
One of the important features of the present invention is
the prqvision of a strong bond between the barrier material

and the facing fabric material.

Referring to Figures 4a and 4b, which illustrates a



ebtastoneric coupling material 35 securely |locks the tensile yarn 20 within
the facing layers 16 and 18 so they will not pull | oose and unravel

adj acent to the cut edges of the fabric when cut to the size and shape of
the desired product. This feature is particularly inportant when the drop
tensile yarn 20 is not otherw se | ocked into the facing cloth |ayers 16 and
18, (;y exanple in a woven three di nensi onabitabric. However, the preferred
met hod of manufacturing of the three dinmensional cloth is double needle bar

Raschel knitti A ' kj geQ Vs of i ol Wi

fi bers causes %%%??:EH&E?% ?\?g?ufgggg?l fs r%%g%g) aﬁ#lﬁlsd %ﬁp%i-ll %J‘c}l&‘tj e
are nore evenlgsudi St lai CERE St @hs the {ibe ¢ é}g%ﬁ at
the ultinate tﬁeir%rlge 43’? ?%ﬁg?ﬁ g?it%gﬁélg?%si gfa{)%‘?of(lé nﬁ%ﬁ@e’ﬁaﬁh tot Jeﬂ".
ul'timate tensijee i@ pradedrel thati eHéVedupl ing bedtetid P and tHY B r i
fibers in the yarn; 'in the non-texturized yarn the ultimte tensile -52-
strength is onayerssi2 bef bECthénsahe listerialete fonsidre optiangd bard.t he

i ndi vidual fiber times the nunber of fibers per yarn. This is because of

t he "Domi no Faheurcoupddngomatériak 2dsandi 24 gnky r pesetirated ok dfabrizer s.
Speci al finishes on the polyner filanents should be used other than a _
pol i shed fini dayegi 16. (apdml8livand dioes net (pe¢netinate vinto ithe densillee bond
strength and thus peel strength of the semn -perneabl e el astonmer coupling

matrix 35. HoRdeBENts20.m Thuge the CORPLIRG AJERt Hees MAE dnvade |

prqduct of region between layers 16 and 18'that is occupied by the

N\ tensile elements, thus permitting the tensile elements to
function freely and without any restraint. 1In addition, the
elastomeric coupling material 35 securely locks the tensile
yarn 20 within the facing layers 16 and 18 so they will not
pull loose and unravel adjacent to the cut edges of the fabric
Qhen cﬁf to the size and shape of the desired product. This
feature is particularly important wheh'thé'drbp tensile yarn
20 is not otherwise locked into the facing cloth layers 16 and
18, for example in a woven three dimensional fabric. Rowever,

the preferred method of manufacturing of the three dimensional

cloth is double needle bar Raschel knitting.

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

in the yarn; in the non-texturized yarn the ultimate tensile



this invention, because this process weakens both the tensile strength and =
abrasion strength of the drop thread tensile fibers 20. Bondi ng agents such
as Dow Corning Silane QL-6106 or PAPI 50 can al so be used; however tests to
‘date showed | ess than a 15% i nprovenent in the peel strength when used on :
non- texturized pol yester or nylon 66.93doth. Filaments having a

cross-section other than round (i. ., crUC|forn1 dunbbell etc.) may al 03
be used to j rove ond stren cou er 35 but may resu
in lover t3E %F%tﬁ%ﬁﬂpﬁ'éh&gég}a FBH ¥é§é§ef69nﬁhé3drop

ar o more’ PR 4 e dpgisbdGat s ne2 °S%&¥'sa &Haf i 393932&1%‘3‘“”“
Tayer) o AL e Rl ??@?%958? 35, ey ARRRAbEPEALRep R Rckigncse™ ' "

delan1nailéﬁb\f§§euﬂaq%§ EQEIQ¥QQVH&uLha?ESEE§|ng’ abradi ng, or

texturizing | OUS texturizing are available, i.e., false
twist, friction tw st, stuffer box, edge crinp and air bul k. Fal se tw st
and heat set ‘air ‘bulk are preferred, with heat set air- bul k the superior

of the two as egécialedinishes oActhespoliynkrcfilageAtsSshéudd saeueuaer
surfaces of the backing yarns and pile yarns in the facing |ayers 1-2 of
cloth are athdmw/thamsa pb&ishédvfdudhhf | [(dent ssehit@all pxdull zedtc. ).

This will increase the bond strength and thus peel strength of

the semi-permeable glastomer coupling matrix 35. However, g;

this must be used with caution with the pressurized product of

this invention, because this process weakens both the tensile

strength and abrasioh strength of the drop thread tensile
fibers 20. |

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

texturized polyester or nylon 66 cloth.

Filaments having a cross-section_other than round (i.e,,
cruciform, dumbbell, etc.) may also be used to improve bond
strength of the'cqupling iayer_35, but may result in lower
tensile sttength’and_abfasion resistance if used for the drop
tensile'yarn, and they tend to be more costly..'rlat_ribbon
type filaments are more effective in controlling,the activated

diffusion process.



and/ or flannelized strands of yarn nust be kinked or bent, or forned into
| oops, and/or selectively broken and protruding fromthe yarn surface. The
basic flat yarn is thus expanded in dianeter and vol une which creates an
external surface on both upper and | ower facing cloth nenbers wherein
spaces that normally exist at the overlapping intersections of the strands
of t cloth are filled-in and/or coveredsguer by the | oops, strands, or
~distorted filanments. Thus it is inportant to note that appropriate

texturizing both th&&%ﬁéﬁ@nﬁéﬁﬁt&é&b‘iﬁﬁ%eﬂﬂﬁer(iﬁgiﬁg‘r"ghﬁ&ci&&é h

menber and the yarn that constitutes the drop or tensi y IS essentla

in being abl e §atéctheVenipEngAuyerd d¢ eBsehtiadninf sriepetst asnpéve 0d
t he product as explained el sewhere herein. It is |likew se inportant,

however, not bon@4resistdrit do ifatiiguel delanihakioni zadlypen apHisel 59 the
finished three dinensional cloth be properly heat-set. The surface

char act eri st i cachieved by Ekhrmelizing; abradinger bentexthnizingti oVariouss
i nportant that the coupling nmaterial of the elastoneric coupling |ayer 35
have a hi gh nokethods ofitgxturicing@reoavadlable,i iieat|yfa¥seobeigsp, 000)
and a long-chain nolecule. Further, it is essential in the preferred

met hod of appl §Figtior Boist, atwifer:®o¥. i R§IRFEARP| ARG 24LE Bppkr false

| ower facing fabyric, that the heat, in &ebe uni farm agross, the eptire
surface, and tFEtSE and heak satc s Bhke 8781 PrRECRESH eV iER BRabeset air-

carefully contg&iﬁe&he superior of the two as explained later.
W

The essentia1 characteristic of the outer surfaces of the
backing yarns and pile yarns in'the facing layers 12 of cloth
are as follows: the individual filaments of the texturized
and/or flannelized strands of yarn must be kinked or bent, or
formed into loops, and/or selectively broken and pfotruding
from the yarn surface. The basic flat yarn is thus expanded
in diameter and volume which creates an:external surface oﬁ
both upper and lower facing cloth members wherein spacés that
normally exist at the overlapping intersections of the strands
of the cloth are filled-in and/or covered over by the loops,

strands, or distorted filaments.

Thus it is important to note that appropriate texturizing
both the yarn that constitutes the upper and lower facing
cloth member and the yarn that constitutes the drop or tensile

yarn is essential in being able to achieve the required
durability and fatigué strength of the product as explained

elsewhere herein. It is likewise important, however, not



within specified [imts (350 degrees to 390 degrees F for polyurethane). 3
Accurate control of the tine and heat input assures that the coupling
material will have the correct viscosity when either nechanical or

at nospheric pressure is applied to drive it into the upper and | ower |ayers =
16 and 18 of the fabric. |If the visgggity is too high, the material wll

not penetrate sufficiently into the ctross-section depth of the strands

yarns. |If the viscosity is correct, the sem -perneabl e coupling nateri al

wi || nove essential uphat both | thertdanirigddiiyam anlil alsonthes £finishednd
and adhere to the individual filanments conprising each yarn and :
si nul t aneotiBree bd tmensional ntlothbgprapenlythesttset.coupl ing material to
a depth not to exceed the total thickness of either the upper or |ower
facing cloth nmenbers :16 - and 18. - It is extrenely inportant that the
coupling layer 35 penetration not extend to -55-, the inside surfaces of

the facing | ayeFReoPuUrface Sharactaristing aa dpannihed aboYe agpe Netle free
i M R REREAE T A K LA e N
the temerghUEELgL bEoul LAAGETY i3 I S 30, D 110,
oLl Vool SHRLEE S e (RSSIORE 4 Al Wl A9t optasebbgge |1
time at te&‘ﬁéré‘tlﬁﬁgi&ém%éfé‘énlé) FireieY, 9% A esdential in the O
. preferred method of applying the polyurethane coupling member Q;)
into the.upper and lower facing fabric, that the heat input be
uniform across the entire surface, and'that the surface
temperatures of the heated platen be carefully controlled
.within specified limits (350 degrees to 390 degrees F for
polyurethane). Agcurate control of the time and heat inpﬁt'
assures that the coupling material will have the correct
viscosity when eithér mechanical or atmospheric pressure is
applied to drive it into the upper and lower layers 16 and is
.of the fabric. .If.the_viscosiﬁy.is too high, the material
will not penetrate sufficiently into the cross-section depth
of the strands of yarns. If the viscosity is-co:rect, the
semi-permeable coupling material will move iato the upper and
lower facing fabric and encompass, sufroﬁnd and adhere to the
. individual filanents.comprising each yarn and simultaneously
block and limit the penetration of the coupling material to a
depth not to exceed the total thickness of either the upper
. orlower facing cloth members 16 and 18. It is extremely °

important that the coupling layér 35_penetration not extend to



IS incorrect, 6) the conposite product is not frozen (cooled ) to

approxi mately roomtenperature before the rel ease paper is renoved. This
construction of the facing cloth 16 and 18 effectively constitutes a
coupl i ng agent penetration-control mechanism The hi gh nol ecul ar wei ght,

| ong chain nol ecul es of the sem -perneable cgygpl i ng materi al drape around
t he W:Dy fine filaments of the texturized and flannelized yarn, the latter
forming a filter for controlling and limting the depth of penetration of
the coupling nitheriiasidé surfatés ofpetie afacimyclayers ngf Ay Fadbrie,s slich
and 18. At this point in the discussion it is inportant to discuss further
t he needed chafthateditswouidointécfere feitiy tletfxed dovemnert mff ¢he drop
illustrates an individual flat yarn 50 (non-texturized) where the

i ndi vi dual fib¥agnotensilacelenents 20entThis ycan rhappean &t [l)e theyeouwpl ing
a relatively coneact bundl e. There is very littl e open space between the

-56- filament sPaterdatpis nat of suEficiantly 9%@@%ml%4arr ar@éght
e T U AR T A O S AR G XA
oo ek (2, L8PSR AR MRRLE AR LR i R, Y B
RIEECH b NE R ey
thrg§>dlnenSIoaagciabéacln the paragraph above, (as well as in the further
N . discussion which now follows in describing the Figures), 4)
‘the time at temperature is incorrect, 5) the applied pressure
is inéorreet, 6) the composite product is not frozen (cooled )
to approximately room temperature before the release paper is
removed. This construction of the facing cloth 16 and 18
effectively constitutes a coupling agent penetration-control
mechanism. The high molecular weight, long chain molecules of
the semi-permeable coupling ﬁaterial drape around the very
" fine filaments of the_texturized and flannelized yarn, the
latter forming a filter for controlling and limiting the depth

of penetration of the coupling material 35 into the upper and

lower facing cloth layers 16 and 18.

At this point in the discussion it is important to
discuss further the needed characteristics of the surfaces of
the fabric. Figure 5 illustratas an individual flat yarn 50
(non-texturized) where the individual fibers or filaments are
essentially straight and lie together in a relatively-coupact

bundle. There is very little open spaée.between the



which permts 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 becone gl ued together and the
air-cushion will not inflate uniformy to the proper thickness. In extrene
situations, the upper and |lower facing cloth layers 16 and 18 are cenented
t oget her such that no inflation is pos: %Qle. Figure 7 shows a typica

i ndi vidual texturized yarn. Loops, tendrils and filanment énds 54 protrude
fromthe sffflamentis. h&heamataridl ioflidhe idonpd imge layeked Socanmoted and
are not straight. The yarn is fluffed-up or bul ked and of |arger dianeter
than a comRenehirate dnto;the Rnass-seetion [ofe thegyars;, andathuspact
configuration. There is substantial space and openness between the

~individual ¥44ashes oy Fo thehqutar gurfiaces, 9t thenyasn bundldes t Abigar n.
T3S P, S BeerF b Bas R 7 B el B SRS ST ER 1
Sirong comuban yak ST Reca RHadh Y PHoeeaB st pithaFR afuivaced”
Fi bor o and ST ueir, sTacesd of Rl 300 alls. LURCEbREEAGIIR"TLLY Phr o

Figure 8 diagrammatically illustrates a fabric 55 constructed with a
texturized yarn as in Figure 7. This :

Figure 6 illustrates the additional problem with fabrics CD.

having_f;at_yarns‘ - Open spaces 52 exist between the various \,}. |

_overlapping yarns of the completed three dimensional fabric
ﬁhich permits the coupling material to flow essentially
unobstrﬁcted through the facing layers 16 and is of the cloth.
into the pile area of the fabric. The pile (tensile) yarns 20
thus become glued together and the air-cushion will nbt
inflate uniformly to the proper thickness. In extreme
situations, the upper and lower facing cloth layers 16 and 18

are cemented together such that no inflation is possible.

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

material can easily penetrate the entire cross-section of the



fabric has no open spaces between the overlapping yarn el enments 55a and 55b
that would permt excess penetration of the pol yurethane coupling materi al
35 as would be the case in the fabric of Figure 6 made using a flat yarn.

" BEven with a texturized yarn, it is necessary to follow proper procedures
when knitting or weaving the fabric to insure proper (not excessive)

t ens on the yarn during the knitting ocfSIveavi ng process and to provide
uni form density of the fabric surface through all portions of the fabric.
In this way, the nmacro- nolecular filter/penetration control technique

i spreserved aYRfRe thus lagking the dnddyidualg high-gsrengghpfibers degree
of penetration of the coupling material 35. - Figure 9 is a_pictorial

repr esent at | oFPIRthEL WHfihdin, sdastomeric. senirpermeable WALRLX very
speci al process.. This is an air_:bul ked rn. Not only is this,yarn_ pul kier
t han ot her tei??&xgﬁﬁf s b, frorm 3334giﬁ?qﬁ33e3§§P n&ﬁPP?sﬁgﬁtgager¥$§1
set during t textuiz 0 h eat -setti.ng,op ' . ' he
oops. 1 ondr 126 BReY el Betmeh. Fas” Tk aha ApelBh BpbAar £F Hathik
strai ght und t%gg H B lWRBS a ' | b NEs L N
the fini shedei!:osro uct%@q‘v&ﬂ ret t‘jl%n%bgt tgnlﬁg r g%duélgggghg?atgg &%gng%ﬁéeré
tension | oad 4rfq MG YRHL1 -HiptH) Yeietdalt ivl 0?0 theke1a5eBRbrYbEENeBNI Ehe €VEN
after several mllion cycles of ‘tension and relaxation of tension which
greatly adds ¢ibdm, bending fatigue resistance and abrasion resistance of

the(%ﬂle
~— -Figure 8 diagrammatically illustrates a fabric S5

constructed with a texturized yarn as in Figure 7. This
fabric has no open spaces between the overlapping yarn
elements 55a and S55b that would permit excess penetration of
thg polyurethane coupling material 35 as would be the case in
the fabric of Figure 6 made using a flat yarn. Even with a
texturized yarn, it is necessary to follow proper procedures
when knitting or weaving the fabrié to insure proper (not
excessive) ténsion on the yarn during thelknitting or weaving

A\ ~ process and to provide uniform density of the fabric surface
through all portions of the fabric. In this way, the macro-
moleculdr-filter/penetration control technique ispre;erved and

is very effective in achieving the desired precise degree of

penetration'of the coupling material 35.

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

other texturized yarns, but it is.huch more pefmanently heat-

r



(tension) fibers 20. This will be discussed in nore detail later. For now, =
it is sufficient to say that air-bulk heat set texturizing is also a very
satisfactory nmethod for assisting in the macro-nol ecul ar penetration

control of the coupling material 35. Figure 10 illustrates a fabric 65 3
whi ch has been constructed using the €|r-bulked yarn of Figure 9. The

advant ages of such a fabric are supe? or to these of Figure 8. As is

appar ent, setidurimgrtheitéttiridind grocedsyerthdhdatssettinagy direct
unobstruct ed passages or path ways to the core or center portion of the
fabric | ayeperattiomrlocks ois tife tYanps ntendr kls famk kinkish&6f sor kthato add

to bond strength can be used, although they are not .preferred approaches.
These i ncleNRn fter keing stiretehed out straightyinder fensicn end: he

fabric to create_|oops or tendrils or_protruding broken strands. The

possi bl e o'fﬁh‘xe -mapy pines; spugham qqféiﬂﬂ/éfﬂje&ﬁsiﬂig oradn ithe: finished: cd

by these tend d brfﬁﬁn fllanent o0ops .t o ac eve at Iea aggartlal

macr o- nol &{ﬂ‘%‘fcﬁe Y ¥ neIHE)| ‘bfuﬁ#ﬁ: KRNRY ol ib

Fi 11.

.w'q?gﬂehas SO A0ad 1 et Y e ﬁ%b"és '3 t'n§oush' °
slur?gggfsamﬂ-% oppos&ke en(#s ar e i%lc%g'&agn eéfa?’rﬁ)ﬁteg‘%q% gPt © yarn

il 'UStratafblikation of tension which greatly adds to the bending

fatigue resistance and abrasion resistance of the pile Q' :
(tension) fibers 20. This will be discussed in more detail ~
laf:'er. For now, it is sufficient to say ﬁhét air-bulk heat
set texturizing is also a very satisfactory method for

assisting in the macro-molecular penétratién control of the

coupling material 35.

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

or center portion of the fabric layers.

Other methods of treating the surface of the fabric to
add to bond strength can be used, although they are not
preferred apprOaches. These include abrading the S\irface or
flannelizing the surface of the fabric to create loops or

tendrils or protruding broken strands. The possible open



Figure 12. Again referring to Figure 2, because of structure of filanents
and yarns just discussed, as is seen, the distal sides or outer surfaces 32
and 34, respectively, of the fabric |ayers are populated with a
miultiplicity of tiny tendrils or |oops which formattachnent sites or
points 29 and 30. These are shown as extending outwardly fromthe distal
surf s in Figure 2 for the purpose ©%9+|lustration, it being understood
that They are later bound within the coupling material as shown in Figure

These at t achnlRec BetHesR Engl TEaTh3eRias: Ran, 45, Enu Sovfed, B¥ hase
hese att. i qE8=BYP _

o &LSUL es 4 SRS AR reen ?g‘rrl]féﬁﬁbii FOPRACES- Shnile 48 fadtlrd 1<
Condrils may Ben ok, mipro-mpaSculdr REReghti0R ShnthfL o v, b (Y

procedures fomat@rial] a4CBeAN¥ighpehas . al ready been described. The
tendrils function to increase subStantially the surface area for

attachnent, as described. The tendrils extend in various directions,
dependi ng upon the procedure used to formthem As shown, there are
tendrils at the upAmotherfdessoprefferteticapproach isdtoreserahdiscomtitthdde
entire surface area of the yarn strand. In the conpleted structure
i ndi cat ed for f&bexpwbich has been spun into a yarn containing at least 70%
C) continuous filaments. Thus, the discontinuous fibers or
(O tendrils extend from the yarn surface, and the opposite ends
are lockéd into the yarn/fiber bundle, as illustrated in

Figure 12.

Again referring to Figure 2, because of structure of
filaments and yarns just discussed, as is seen, the distal
sides or outer surfaces 32 and 34, respectively, of the fabric
layers are populated with a multiplicity of tihy tendrils or
loops which form attachment sites or points 29 and 30. These

U _ are shown as extending outwardly from the.distal surfaces in
Figure 2 for the purpose of illustration, it being understood
that they are.later bound within the coupling material as
shown in Figure 4c wherein the same reference numerals
previously used are again used. These attachmgnt sites are
provided by the tendril members which are part of the

filaments from which the fabric is constructed.

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

40 includes a plurality of tendrils 42 which extend from the



Figure 4c the inner surfaces 68 of the outer sem -perneable barrier |ayer *
12 are rendered nolten for the purposes of bonding with the coupling agent
23, for exanple, which is also rendered nolten at the interfacing plane at
69. The application of heat to the envel ope during manufacturing is
preferably controlled so that nolten zone at 35 and the correspondi ng
regi on of the coupling agent within ti#@-respective fabric layers are th
only parts of the structure which beconme nolten. This nolten layer is very
limted instaface iporitiont bifn thiee yaznr strahdyer ThedtehariDs phay tbeJbsdps

| ayer (i. e., 001 of an inch to .002 of an inch deep). However, in this
process ved# oxr fragmentedatdbelrt straddsR46i. oxrf bothencPhe dprdeedures htari ng
(in conmbination with heat sinks) is particularly useful in selectively

f ocusi ng h&rmimgusushdtepdrids hag adxeady: bemd: desaribed. dotRenot get
-61- hot. The ;set-up which has heen very effectiye_in controlling the

| ami nat i ont6f sb&PPF&i°PiFm' ECFGaFﬂeseaﬂﬁPpﬁéaabithﬁtSQSfQEQShBQh in

[ . oThe _L | | am [ ' d i ¢ch b
cont | gur o £E8 AYERETPRBY AR, BesfTiPan. ghe Eapdrils; exeatd' fRHALIORS | ¢
b d | ' ' t i pch ' Lght t
focus tne BaFeBisheldepinalsfpdh End! Brpoplite fséa P8 F0mm BERTL ' O
the fabri f [ [ | bl
get hot. chS, BECHHCchRge’ abe EelaFi1070€ Englbplr RaFAL of ehETENGH
coupling | g¢¥eand?dndNgreferably around the entire surface area of the Q

yarn strand. . ' v/

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

However, in this process very strong bonds are obtained.

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



24 are highly polar and are quickly heated at the interface by RF energy.
The cooled |amnating dies provide a heat-sink to draw heat away fromthe
outer surface of the barrier film The result is a sharp focus of heating
"at the localized interface between the inner surface of the barrier film12
and the coupling material layers. This gé?a qui ckly heats up to

approxi mately 350 degrees to 390 degrees as is seen in the tenperature

scal&”of this Figure 19. At this tenperature, the barrier filmand the
coupling | ayehotit e Theeseataup ywhclkclths dysen ovextyy dffpettiior indeontibelling
pressure of the lam nating dies. This process is best achieved wi th maxi num
practical RF ther}aminationfofhthe dsarpiessifila tli2ndodkhet conplipgnagenti aty
of the envelope layer 12 (Figure 2b) to the coated fabric material surface,
as descri bed, 36hésnshevhainoFigure chiipl iThe (upper andddowerniapinatingsdies
with the envel ope material as one cohesive structure in which the fibrils
are -62- séeupBdy7incubichy may ke ¢opfigurad o mateh thej perdmgtarioft he
coupl i ng naterialﬁgnd the latter effectjve rrounds or covers or

| .
encapsul at es SR8 SLACEIS: EAbEiB. ake Bade, of salid, Brass,andopze; vAEST| ar ge
: dth tixel |l fib dJfihrigl t he_bond h
TR T e D

e use of coupli £ C AR a3 § .
internal gas SiacEep@ Gl e Dl np "Bkedy SERA B WReTRoR12BRERY GonkPE
two material sp1fné 6fLEKe F4¥rid. Because the fabric has low dielectric

\j;> constant, it does not get hot. On the other hand, the
material of the barrier film 12 and the coupling layers 23 and
24 are highly polar and are quickly heated at the interface by
RF energy. The cooled laminating dies provide a heat-sink to
draw heat away from the outer surface of the barrier film.

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

dies. This process is best achieved with maximum practical RF

energy input of shortest possible time duration.

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

material as one cohesive structure in which the fibrils are



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 delam nation of two distinct |ayers as nmay be the

case of two sheet materials adhesively bonded or |am nated together. The @
barrier layer 12 is hernetically sealgg by neans of a weld 38, Figure 2b,

whi ch extends entirely around the perfphery of the structure to achieve €)
pressure tight enclosure. It is preferred that the periphery of the

structure ajedureMelahdnoremut sincenahle ehvelbpel Rakeetatsiss§éinhedato

t hi ckness of the two sheets of barrier material. The weld 38 1s normally
made as cl dshee aoypdsisigo matier ilalle andg¢hef laktetoelfifectdvety Sabroundd or

wi t hout trapping any of that fabric material or strands thereof in the weld
itsel f. Anycdversimn encapsyidtes and penétwatespsubsbantially abl dfvice to
| eak, as will be described in detail As earlier noted the elimnation of
fabric or Rehdhe Felatively dargenyprpeand the. comparativelys small
appl yi ng the cou Ih&g Tg rial to the fabric material. In certain instances
however, itEiRerdand; fiibrids, the; endnatyength 45, exceptianally bighne
edge of the cloth reate a stabilizer and pressure accunul ator tube(s)
or secti on.ané( s ®q§§er3§§_a8) ;:ouﬁp éef 353?5" 3?#5&” gﬁﬁﬁﬂgﬁe‘&"? MEe
outer surf f e, - th a [ forns_ the
outer Sur T3 1o TUARRRS, | WiEnT¥SLAREL 0! BenhRER b he Rl Sl (0L e
can be posigdyeNtterhal'gadeptessure does not appear to be at the O

interface between the two materials, but rather due to o/
fracture or pulling of the fibers and tendrils with respect.to

the coupling material 35. In other words, the separation

above the relaﬁively high peel strengths noted is not

delaminatioh of two distinct Iaye:s as.may be the case of two

sheet materials adhesiﬁely bonded or laninated'together.

The barrier layer 12 is hermetically sealed by means of a
weld 35, Figure 2b, which extends entirely around the
periphery.of the'structhre to achieve a pressure tight
enclosure. It is'preferred that thé periphery of the
sﬁructure at the weld be about one-half the original cross-
sectional thickness of the twd sheets of barrier material.
The weld 38 is normaliy made as close as possible to the édge
of the double-walled fabric 14 without trapping any of that
fabric material or strands thereof in the weld itself. Any
filaments trapped in the weld will probably cause the device
to leak, as will be described in detail as earligr noted the

elimination of fabric or strands in the weld area may be



I.f desired, the distal sides of the fabric may be treated wth chem cal
bondi ng agents such as silanes or silastic naterials DOWQL-6106) to

i mprove adhesion. It has been found, however, that chem cal bondi ng agents
‘are not adequate alone to provide the necessary peel strength. In a |ess
preferred procedure the distal sides of the fabric 14 are flame treated so
as toHNoxi di ze the surface and provide a _ngjé_ti plicity of mechanical
attactiment sites. It has been found, howevVer, that: f.lame treatnment nmay
reduce the strength of the fabric beyond a satisfactory level. Structures
accordi ng to aghieyed iy firstnappAyAngi shei nenpldngt patenialeto i the heabrixe
of .100 of an i.nch to .500 of an inch have been successfully inflated to

over 180 psi BAkPHAl r HniceT§adRoiBSERRSES) cBOVEVeEey it als riesimahle kit
failure. It is_ also si.bl e ,in accordance with_ this invention to provide
product s thatp%i\fgq}'g%%folwgiflnﬂ ga¥gn dis ance,fremcthesedge (of | the £loth,
controlled s ' t0 i thigner fabric_at on ortian and thicker
at anot her pt)*H fc%%a ] gau%'ré:’sa bﬂ.igﬁa Tﬁg PFROgYFS: %‘:ﬁ“ﬂ“fﬁg et‘%?)e,& orOF
exanpl e, whergj e f [ 6q4al dy, desgei be | | r ven 40
have successﬂ%%gg}kpﬁicaagyﬁféegF'pg§?iéh) a%g ?h?%bﬁg?kﬂﬁﬁésgﬁf(#%ﬁﬁéﬁiﬁﬁd
portion) sepaiitdd lBatard gheh np. S 'égh |
form an inflation/deflat isgﬁtggei %g g}iafigﬁgfg%ﬁiéf I ﬁg?rgfiéf. ﬁéeh}%ﬂr%ﬁ(yr?s
coated with tthatcetilchgorabethal papinbter WeEdsUtheh! lond ot Ndt ¥t fon
() of the fabric or covering cloth can be positioned in the weld.
“ | - o
If desired, the distal sides of the fabric méy be treated
with chemical bonding agents such as silanes or silastic
materials DOW Q1-6106) to improve adhesion. It has been

found, however, that ché_mical bondiiig agents are not adequate

alone to provide the necessary peel strength.

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

strength of the fabric beyond a satisfactory J level.

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

invention to provide products that have var’iable inflated



formng t

he heel portion, the thin fabric the forefoot portion and the

t apered section conprising the shank area of the pressurized product. In

general t

filns as

he preferred barrier filmmaterial is polyurethane as described in :
the above identified prior Rudy U S. pgients the other elastomeric barrier

identified in the previously referred to patents are al so

applicable. The coupling naterial is conveniently the same’ urethane S}
material WHidkresséseByahaiingOd! Yonkoliled sar¥acelBentalii,C il.&.Gompose

of heat set filanents so that the fabric layers remain in accurate registry
wi th respatiinnerofabiet At ohe ipodtiondlandd thidkezbaitCcahbther Yortion.

satisfactory results have ‘been achi eved using filanment shaving a denier 3,

a tensil e Riqurest 140and ghandllastdatecandajnsolienassl foflekamplent s per
yarn and its 1 to 3 yarns per tuft or strand with the fabric being conposed
of approxiwhensin the fabaids 76/, alreadycdesgribedinds. kniktedr 2 woven

frequency
el ast oner

heati-ng has been utilized to bond ~-65- the sem -perneabl e

Yo have gucsessdvelyn Fhigin77cdheed ppstiendi and Shinhportions

doubl e-wal |l ed fabric it 'has been found that heatiag the dies to between

appr oxi mat’d (IPF8~4RQt1 POTEIONdc SepARALRAPY aRd

frequency
i mpai ring
super gas,
di ffusion
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coupling material and then die cut with the thick fabric
forming the heel portion, the thin fabric the forefoot portion
and the tapered section comprising the'shahk area of the

pressurized'product.

| In general the breferred barrier film material is
polyurethane as described in the above identified prior Rudy
U.S. patents the other elastomeric barrier films as identified
in the previouslf referred to patents are also.applicable.
The coupling material is conveniently the same urethane
material which is used as the outer barrier layer. The fabric
is composed of heat set filaments so that the fabric layers

remain in accurate registry with respect to one another during

handling and fabrication. Very satisfactory results have been

achieved using filament shaving a denier 3, a tensile strength
of 3 grams per denier, apprdximately 40 filaments per yarn and
its 1 to 3 yarns per t@ft or sﬁrand_with_the'tabric being
composed of approximately 440 strands or tufts per square

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

Q

<

P



air into the envel ope and the reduced rate of diffusion of the supergases
out of the envelope are related to the surface area through which diffusion
may occur. It is again useful to refer in sonewhat nore detail to the
construction described in Figures 2, 2a and 2b, for exanple. As can be
seen,. a |l arge percentage of the cross-section of the outer layers of the
deviﬁs I s occupied by fibers, conprisiLgg-the distal surfaces of the fabric,
whi ch“are inbedded in the el-astoneric materials of the coupling substance
35 as wel | asthecsemizpeormnesable slastonen dayere tandhesicoypddng @gentii | m

12. The fibers of the fabric, are made fromhi ghly distorted gky talgine gas
barrier materratted Riskal sidgs R Fhe rdqublenwalded Sapris 98N

AR ALE A B TN MR W

[ i b ' h d f ff i, - I I k
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of Lhe nf1 2185, 55 hek fhedlle, 'Sl Blow cndGodlid Suts gyttt on

fabric outer sibifpefy tné reddiof IR sdibeugls whi ch mke up the backing
abric’ | '

portion of the _ esired, the construction of the backing surfaces
of the fabric can be changed i ndependently of the pile (interlace) portion
20, which extends between and connects the outer surfaces of the fabric.
Thus this novel The preferred inflatant gas is supergas, although the

Kj;> invention is not limited ﬁhereto. The rate of diffusion.of
air into_the envelope and the reduced rate of diffusion of the
supergases out of the envelope are related to the surface area
through which diffusion may occur. It is again useful to
refer in somewhat more detail to the construction described in
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 (pressure enclosing envelope) film 12. The fibers of
the fabric are made from highly distorted crystalline gas
barrier materials (polyester or nyldn, for example). |
Diffusion rates are very low through such materials.
Therefore, the presence of such a large amount of distorted
crystalline polymers within the outer composite coupling
barrier layefs of the product forms an effective control or

block to movement, by the activated diffusion process, of

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



arrangenment can retain the desirable and needed properties of the

el astoneric materials of the enclosure while at the sane tine enjoying the
benefits of control of diffusion rates, and diffusion punping, through the
sel ective incorporation of crystalline elenents within the coupling |ayer
and el astomeric enclosure. The imefibate effect is that in the case of
supergas, there is a substantial reduction in what is_already a _
conparatively low rate of diffusion out of the envel ope. The practi cal

effect is tRalerhBeoRYPEAOE1TLus BOR @b ING, ScaNChe ! CONEE ' b Bnd S
especially i rrport_a‘r:\’t int hi%\ devices in a@%brdﬁcﬁew th t%?gé?%yen\t’gl%*%%d

whi ch have khghcoHEt2GEtion VoL UdBhs Dby 06 €106 LXBADE Coutde SuFfaéds area of
thin devices in accordance with this 1nvention can have greater than 40

units of suifiace ehearivérgasndifdrne othLENNRERE bGP €66 bAEK 1165 NSGEE Dgn uni t
of contained gas volune. This is approximately 4 times greater than the
t ypi cal tubwoifathebfiabpis. ai If cdesinst, tthe hcomseructiéy oficthe fhackingly
patents and t-hus the problem of nmaintaining the desired uniforminflation
pressure i nsugéagesdafitherfabricicanbeichanged cindependerntly of the nore
Than super gRAL8r (ANESELAGR) BREFAOR 20 ncviekolorextands optRen Rhd ni {1 al
i1 usi on  FPBUBHEBNENS (SNESAATELIERT | OF VR cFArLon; PORR B FRek much
| over rate gLfQL&LHELQchgKEetain'the desirable and needed properties °f(:lm
the elastomeric materials of the enclosure'while éﬁ the same G‘j
tihé'enibyinq the benefits of control of diffusion rates; and
diffusion pumping, through the selective incorporation of
crystailine elements within the coupling layér and elastomeric
enclosure. The immediate effect is.that in the case of
supergas, thére'ié a substantial reduction ih'whét is already
a écmpatatively low rate of diffusion out of the eh&élope.
The practical effect is that'the.supergas is retained for a
much longer périéd; This is especially impbrtant in thin
devices in accordancé with this invention and which have high i_)
'surface'to voiuné ratios. For'etample, the surface area of
thin devicés'in:aécordance with this invention can haQe
greater than 40 units of surface area for.gas'diffusion
'combéred'to each corresponding unit of cohfaiﬁed gas volume.
This is apprbximately.h 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 préssure in the product for the stated life

expectancy is four times more severe.



t-he supergases have still a nuch lower rate of diffusion. Since the fabric
operates to reduce the avail abl e el astoneri c gas passage area for

di ffusion, the slower diffusing gases nay be used as the inflatant, i.e.,
those gases having a diffusion rate | ess than oxygen. Because air includes
about 78% nitrogen and about 21% oxygen with the bal ance being other m nor
gase air may be used as the inflatantgyn a properly constructed part,
since the diffusion of nitrogen is relatively slow due to reduced surface
area for diffusi-on, and the relatively high rate of diffusion of oxygen

represents only 21%%&3@39#@&&2&9@&.ggrggpﬁ{% £H0 ae We | fdde dier

inflating at a relatively pressure w he pressure

tine is relatipgany st &Pasl bri & PQ?ESPt tiOf tRé ers p act| Jlfz' ifSes

"~ havi ng an effectlve usi on ra ess than oxygen of

advant ages. Timedlihfmamnihnateénpropei-te dpiethﬁtf?@rkﬁoﬁfﬁttﬁfdtﬁ'o%éie
to the material of the fabric being distorted and stressed nol ecul arl'y as

wel | - as be|nghhsghlhighyrhablogrdbﬂfusiéﬂ thidugh cetse élustonrsic daridledy
density is such that the fabric material acts as a gas barrier. - 68-
Wien an al nosmategdaBl.ocNitvogenfgas ohas sa rmuch r bover ratgtdfy didfifers idrotaind
(taffeta has been used successfully) is inpregnated with a |ayer of high

t enper at ur e néhe- gYPRrgaseshbave dtLhl i & mugh nlower txvate R shif fugion.of

| ower tenperature urethane. ,This cloth conposite is used as the
Since the fabric operates to reduce the available elastomeric

\j;>. gas passage area for diffusion, the slower diffusing gases may
be used as the inflatant, i.e., those gases having a diffusion
rate less than oxygen. Because air includes about 78%
'nitrogen and about 21% oxygen with the balance being other
minor gases, air may be used as the inflatant in a properly
constructed part, since the diffusion of nitrogen is
relatively slow due to reduced surface area for diffusion, and
the relatively high rate of diffusion of oxygen represents
only 21% (2.5 psia) of the gas component. Thus, by 1n1t1a11y
inflating at a relatively high pressure with air, the pressure
W, loss over time is relativelynsmall. It is apparent that the
use of air or other gases having an effective diffusion rate
less than oxygen offers practical édvantages. The diffusion
barrier properties of the fabric material relate to the
material of the fabric being distorted and stressed
molecularly as well as being highly crystallographic. In

either case the cohesive energy density is such that the

fabric material acts as a gas barrier.



material of the barrier envelope 12 (instead of urethane film. Lam nation, -
usi ng RF energy, successfully bonds the | ow tenperature |ayer to the

coupling agent 48 on distal surfaces of the fabric. |In this case,
crystalline elenents are provided not only by the backing fibers in the 2
surfaces of the core fabric, but alé8-by the crystalline fibers of the
taffeta cloth outer barrier layer. In this arrangenent, the entire surfa@B.
of the device, t tao._and_inclyding the perineter weld, is conprised of

this special barriet %ﬂr 835'815?: #Pghbﬁgc&f‘@c iffusicn, hepe@uiredha oxygen
gas of the ' JanE AN QRN nd,whigch acts as a barrier to the -

ni trogen ggrgyfﬂ%ﬁg q e*?ﬁgnﬁggﬁﬁgﬁt hag Besn “ﬁ?gtﬁ"‘%%i%ﬂ?]zb\'k&% of

the above g f USkRJa o8t 31 9Bt €Lhlb-SPIRLI SING 2 conbi nation

of both el asfto rléﬂghgaggygt% ??%eagoﬁ% neﬁ§%8+ggggg%kﬁ?£§d?°fm%

el ast orer| qudthanierumient 18 BRAhKUH €0 B BUEORBIPLPRL dFeyGlyptalline

el ements. The elastoneric material provides goo fa

resi st ance canperatutesurednaiius othisr 606 Somps 0L g dla AL 1Y
el ongati on, manufacturing processability and heat-sealability. The
crystal | i nmaterfialenifs theobatieiébcenveDopéi D2 inktdatsi o Dedtale ' N
-69- this way, the el.astoneric properties of the conposite structure exi st
up to the Kddmlari demipatien, chaihgnRFi energy croutcdss Ml B GoHdS tHe t he
structure. Thus, the crystalline materials are protected from damagi ng
fatigue st e¥sEemppFature layer to the coupling agent 48 on distal

surfaces of the fabric. In this case,'crystalline élemenﬁs' (%-;
are provided not only by the backing fibers in the surfaces of

the core'fabric, but also by the crystalline fibers §f the
taffeta:cioth outer barrier layer. In this arrangement, the
entire surface of the device, out to and including the

perimetgr weld,-is comprised of this special barrier product,

which is selectively permeable to the oxygen gas of the .

ambient air gnvironment, and which acts as a barrier to the

nitrogen gas of the ambient environment.

A good way to visualize some of the above concepts o
fusing a composite material comprising a combination of both
- elastomeric and crystalline components is to think of the
elaktomeric material as the matrix which binds together the
crystalline eleménts. " The elastomeric'material'provides good
flexural fatigue resistance and the desired physical
properties of modulus of elasticityi eiongation, manufacturing
processability and heat-sealability. The crystalline |

components provide the proportional diffusion barrier. 1In



sealability is acconplished within the inner elastoneric surface portion of
the conposite barrier product. A weld bead at the inside perineter juncture
of the barrier product assures that there are no cloth fibers exposed to
t.he internal pressurizing gas.so as to create a | eaking path. Another of

t he advant ages of the present invention6P9s the variety of shapes which may
. be fonmed. For exanple, Figure 15 illustrates a heel ped 90°in which the

- upperand | oy 5l 3C Ehe o] aRle18"drEpRERLES! bY Lhe siiclial spaced

- relation. This heel “ped I's unlike-prio t heel peds due to the planar
- confi gurati orgedfydiiipeS ¢iidtCup! ke the Bounalias! Bétwden heldstoneriorand

bul bous articles of the prior art. Since the heel ped of this invention is

relatively thRirystial 1Gde /e eltietiitlsy ofr eheustzadtapd. i SThug)httheigstalline
of fers significant advantages over the prior. heel peds since the heel
profile of thaterdalsaaredprotected firomndampgingt fatigus csstresses. t \Heat-of
shoes including nen's and wonen's street or dress shoes. The structure of
the heel pedse@liabiddty disadgcompidiisbed withinethe innerielastoneriGif| ated
ped 95 in accordance with the present invention and which is soneti
referred to Surfasehpersionhefathe comprsitR parrinE PredNchy s&r‘lf’c’trzﬁﬁifad
-70- of the device is as already previougbé de§c 'beg. The uni t ey I ncl ude
a nedial | eq 387 thed insidecpeximeter; Jpnckiie,P IébeQ ATF1FF REUPATE area 100
oL "e MR, Wt ar' aHe’ no 8108 £1BLYR’ uBbedd®ed B SHitdrH1
CD . pressurizing gas so as to create a leaking path.

Anoéher of the advantages of the present invention is the
variety of shapes which may be formed. For example, Figure 15
illustrates a heel ped 90 in which the upper and lower
surfaceé are planar and essentially in a parallel spaced
relation. This heel ped is unlike prior ar; heel peds due to
the planar configuratién of the surfaces thereof as contrasted
to the tubular or bulbous articles of the prior art. Since
the heel ped of this invention is relatively thin, it can be

\\j ~ .highly pressurized and is light weight, it offers significant
advantages over the @rior heel peds since the heel profile of
the footwear can be much thinner permitting use in many types

of shoes including men’s and women’s street or dress shoes.

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

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

as a cobra pad because of its shape. The interior structure



inserted in footwear such that the nedial leg 97 is on the nedial side of
the foot with the open area 100 general |l y-under the cal caneus. The nedi al
|l eg is located under the arch of the foot and provides arch support while
the rear section 101 is curved, as shown, to fit the general contour of the
heel . The top and bottom surfaces are flat and planar and in spaced
generally parallel relation. The devicgz§ends to stabilize the foot as
well as to provide cushioning and arch support. Referring to Figures 17 d

17a, a nodiéigh fquvicd Mféftﬁq%%ﬁb reidlo oubly igeddrively.at eeagnijg i n the

formof a cobra pad wth nme l egs 112 and 113, respectively.

The inter nady Sidamide G ifediall IRPG WRCE dohewhat Ehdrdlerandtiezadr abgl egs

are spaced fron1each other and jolned to a rear section which is curved 114
to fit thesdiagitls @i When dred oD atwedn ahe icpposed portdonsf bt ehe
chanmber 115 forward of the rear section and between the legs. This inflated
section islégs md forward igfirthe areamsextdon n@.guﬂ'helmitto9pr dsi de a
speci al cushion el enent | ocated under the cal caneus. The surface of the
bul bous seinserted ihdEaotwear gucicchat the mediadnlege§d. ignoph&heor m
illustrated, a heat seal weld extends all the way around the erlphery of

the infl atRefihide of the foot N¥ith the,Apen BArea 100 ally. pnder
portions of the ped. Thus, the outer portlo S de rized at _one
| evel and ”tr_l% ﬁﬁ?ﬂiﬁ“ﬁ‘lS The é‘?ﬁﬁliﬂelr ql?é{%yq ug%{e&,é?:eppg D,0% £ or
lconfort E”%Lénjggé"gnéJprov1des ‘arch support while the rear section 101 CD

is curved, as shown, to fit the general contour of the heel. o

The top and bottom surfaces are flat and planar and in spaced
generally parallel relation. The device tends to stabilize

the foot as well as to prov1de cushioning and arch support.

Referring to Figures 17 and 1l7a, a modified form of
inflated stabilizer 110 is illustrated again in the form of a
cobra pad with medial and lateral legs 112 and 113,
respectively. The internal structure is as already described
The medial and lateral legs are spaced from each other and _
jeined to a rear section which is curved 1l4to fit the heel %"
contour. In this form,:there is a separate inflated chamber
115 forvard of the-rear section and between the legs. This
inflated seetien is bultous'in configuration, as seen in
Pigure 17a to provide a special cushion element located under
the calcaneus. The surface of the bulbous section is above
the surface_of the'adjacent'legs.' In the form illustrated, a
heat.seal weld extends all the wvay around the periphery of the

inflated chamber and is a separate chamber from the outer

-

-



center portion may al so be connected to the outer portion and thus function
as an accunul ator to provide different | oad deflection properties in the
air-cushion. It is understood that the separate chanber 115 nay be
fabricated with a three dinensional fabric material rather than being
merely an inflated bul bous chanber. Lfjihis variant, the fabric materi al
may bé:khicker than the material in the nedial and |ateral |egs for added
cushioning and the inflatant pressure may be | ower for softness under the
cal caneus. Fipgwtdonssofnthesped. i | Thus Lhe outer Iparsdons mayube 120 in
which there are nultiple chanbers 122 and 124 forned by three barrier
sheets 125, pressaxdzed7atTaneplevekranddhe ghamkesridhatopnatheradevadsic
material as already described and a fabric material, 128 aan129, as

al ready desclistad 1¥s ar dowWet BT eBFYER £ oK SRRGArs and cushiopipgr i Thear form
f the i ti b d in which ' full | th

Chsol'e and 1 GEAESRLPoREiBn/asy Al he aamhedked &b kie SRtRE BPEEPR and

Further, th b i zed t t th

Fover part | FSPaEuRBE1HCHs (fn PACRRI14HE, & e MiBEREBRY: 2809, 5,

wth the bot hglﬁggtripﬁ ngﬁ?@gﬁg ﬂgﬁg@@g}&{ﬁﬁ%ﬁnder section to prevent

-72- bottom ng out. orm of Figure € upper chanber may be of a
smal |l er surface area than the | ower chanber, i.e., the upper '

C) It is understood that the separate chamber 115 may be
o fabricated with a three dimensional fabric material rather
than being merely an inflated bulbous chamber. 1In this
variant, the fabric material may be thicker than the material
in the medial and lateral legs for added cushioning and the
inflatant pressure may be lower for softness under the

calcaneus.

Fiéutes_ls and 34a-b illustrate an inflated structure 120
in which there are multiple chambers 122 and 124 forméd by
three barrier sheets 125, 126, and 127. The barrier sheets
are compbsed of an elastomeric material as already described
and a fabric material, 128 and 129, as already described is
received between adjacent sheets. This particular form of the
invention may be a product in which one chamber is a full
length insole and the upper part is in the form of a hgel ped
or moderator. Further, the upper part may be pressurized to
a lower pressure than the lower part in order to provide a
relatively soft upper cushion-in contact with the bottom of

the foot and a more pressurized under section to prevent



part need not be coextensive with the |ower part. For sone products, it may
be desirable to use a heel ped at higher pressure than the |ower part since
it may be placed in a cavity in the heel while the upper section may
function as a full length sock liner. It is apparent, that the present
invention offers a wide variety of pggsible structures and variations _
thereof. By way of exanple, the pressurized article may be used either ) a
full-length slip-in or partial length sockliner. It nay be configured to
provi de arPftt tO%% a slip-in itemor built into footwear. It may be
installed in footwear during manufacture by placenent in a recessed cavity -
in the mdsole or elsewhere in the footwear. It may be fully or partly

be. under ot ood + ik Eih P A SRR, 15 oRhe: uhre® HORRHRF mexpegel ° 1
di f f usi [ L=y I d
Ser - per neaBr LT, SAEHCE, anel Snallchel Bt LRSRLR/CL. §77CeRE poper | g

S requir ogate AdGd Ad¥HR RUixtietallve U theRhaPELUBR PELE L0 POr | Bohle

structure. Waile iti s preferred to have the surtaces

uni forny peoddets®, tie dac ibed dedirapleotol R8ebar he@l PBacathighlpre nay be
a situation in which defined regions of one surface are not bonded or in.

whi ch no fpibessurenyimnetthe dowers part Singei t6l maycbesplacédr eni &
illustrated in Figures
' cavity in the heel while the upper section may function as a
full length sock liner. It is apparent, that the present g;)
invention offers a wide variety of possible structures and

variations thereof.

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

footwear.

It is also £6'be understood that the sheets of the
p:oduct'may have different gas diffusion characteristics.
Thus, only one surfaée layer need be semi-permeable to gas and
the other may be impermeable. In effect, all that is required .
is that there beat least one semi-permeable region in the

structure. While iti s preferred to have the surfaces of the
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17 and 17a and Figure 33a hereof. Further, it is apparent that the envel ope
may be formed fromstarting materials other than sheet materials. Qher

t echni ques such as bl ow nol ding or injection nolding may be used to form

t he envel ope, ID fol |l oned by joiging the envel ope to the fabric
conponents and then pressuri zi ng. Figﬁré§ 19-19d illustrate such an
apprgach. There, the heel ped 130 includes a thicker rear wall section 132

and ™ cker szl 16aing £a281 ¢ Wodrd t&StEé Ok i N s rfdideC ofithlel darkdekrs

al so present. Additional approaches would include vacuum form ng, slush

casting, rot qaterdialg. thegw B®y beca sitestion nih wirich @efinedsregdoasdothe
like. At this point in discussion, it is inportant to enphasize again the
uni que pr operdriec suYffacenpreanct bdmded her nbw whifdhatrexl fabriice compongas. isAs
menti oned earlier, an optinmum cushioni ng. product shoul d absorb.the maxi num
possi bl e shogresentt. eAetypicahdsuch ustrecturerigpsillnstsatied d& Fdguxgs of
that energy; while at the same tine attenuating the shock forces to the

| owest possi W7 and/d7a sndhFiguret 3 3dnhereds oniFk cdti 5] 2PPAEENS

~havi ng superi-or conpliance. The manner in |ch the preesent  prqdyct
functions tothadvithe go¥elepepra¥inee f%ng%g#’f‘ﬂ‘ i qu#&u?&?efo,

-74- 21, 22, 23, 24. Th ir, hi f | S ' '
hock 1 nput | SRanyshent RafRRialRr o Srben RREREL i 4R AR BeTRIE,
o 2l o ANs2cA0R 5018 hg P8P 58 Qled o A Trt UVeilop)®

1:) '~ followed by joining the envelope to the fabric components and

~ then pressurizing. Figures 19-19d illustrate such an
.approach. There; the heel ped 130_inc1udes a thicker rear
wall section 132 and thicker side walls 133 and 134, as shown.
The fabric material 14 is‘al;o present. Additional approaches
would inclﬁde vacuum forming, slush qasting, roto molding,

blow molding, vulcanizing, open pour casting_and the like.

At this p;int in discussion, it is important to emphasize
again-tﬁe unique properties of compliance that the new
\/ inflatéd 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 superipr gqmpliance.

The manner in which the present product functions to

provide good compliance is seen in examination of Figurgs 20,
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of Figure 20. The configuration of this curve 150 approaches a rectangul ar -
shape, which is the ideal shape as conpared to curve 152 which represents
the | oad-deflection curve for a prior art nultiple chanber inflated device.
Figure 21 illustrates the energy absorption of the prior art product as
represented by curve 155 as conpared to the energy adsorption of a product
of the present invention, 156, the |al4er about 1/2 the thickness of th
prior art product. Figures 22 and 23a and 23b show how this is achieved.
The foot i23,skeyn23npi 2i4al | Therndet EaghidR 6f reiis hinverdGfon edn Hiishrdsa.

As is seen, the pressure within the device can act over the entire | oad
bearing smaikimamashackli ihpatbehepgypfwitie hawimum ncasini ey s{gogd oduci ng a
| ar ge supporting force before significant deflection occurs. As the foot

si nks f ar sheck attenhation withinna maximimsallowable deéeflectizs) the upper
distal elenent, which is a conposite structure of fabric outer |ayer

i nbedded WecRuse: 9 $beyuniguenshapepef nthegloaddefliection rewrved 15 acts
in tension as . ,a drum head and adds a second_supporting force by virtue of
the verti Of Figws8neRrs Thet genfigurakion Qﬁeﬂmgﬁ)e?“m%thﬁo ARpRAAChes

i ndi cated by the vector diagram 162., This additional supporfing-force is
shown in Pi\_&F&a 1lar; ghap os@ﬁﬁ’?c}éd&e ’-'dC/iSa-l a?\!%?ﬂfﬁ; %ﬁgﬁé’(ﬁ"the

P Lot GRG0 a2 "LRiEn° PapELERES  thie Todd-dOF1 LMD BEL 6 £ 2)
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prior art multiple chamber inflated device. 'Figure 21 CB.
illustfates'the ehetgy absorption of the prior art product as \§J
representéd by curve 155 as combared to.the energy adsorption

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

1/2 the thickness of the prior art product.

Figures 22 and 23a and 23b show how this is achieved.
The foo£ is shown initially impacting the air cushion 160 ih
Figure 23a. As'is'seen, the pressure within the device can
act over the entire load bearing surface area of the bottom of
the foot, instantaneously producing a large suppoftipg force <
before significant deflection occurs. As the foot sinks
farther into the air cushion, as illustrated in Figure 23b,
th§ upper distal element, which is a éomposite structufe of
fabric outer layer imbedded within the polyurethane coﬁpling
agent and the barrier film, acts iﬁ tension as ; drum head and
adds a Seéond Supportihg'force by virtue of the vertical
compbnents of the tension in the upper distal element,

indicated by the vector diagram 162. This additional

supporting force is shown in Figure 22 as the cross-hatched
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essentially perfect-gas thernmodynam c properties of the inflatant fluid; as
well as 3) the fact that cushions of this invention can be built into

f oot wear or other cushioning devices w thout foam encapsul ati on (which
greatly interferes with the energy-return capabilities) the products of
this invention return a | arge percentage-p$-the cushi oned i npact energy as
conpared to foam encapsul ated conventional gas pressurized products, foam
m dsores, Sorbat hane, gels, etc., which waste and di ssi pate nost of the
energy, in tR&e@oA®Pef heat. In Figure 24, 170 represents the curve for the
energy absorbed by a conventional foam encapsul ated prior art product,
curve 172 represents the energy return (about 40%efficient) for that
product; curve 17 rese

o A ST
) {/ o
Ca:V:“iggp{smngoa%gﬁhéﬁgwﬁa%gév oo P B AR 2
poseible to SEESATETLYpakebucld, %%%anﬁg?wmeq ess‘i:tm itis
dlsplacenentiﬁﬁiﬁﬁaﬂélQﬂula? Qéoﬂﬂfi &5 3)ithé NPESE i at RUSHYGHEld tHiGUT e

21 shows the -76- product of this invention absorbing the sane | npact
energy in ongnWahtibhccahsSpeBeiTot ikt st EoGtwddr (O Stvre Bushidning
pressurized product, still with overall excellent cushioning

_ devices without foam encapsulation (which greatly interferes
kj;) | with the.energy-return capabilities) the broducts of this
invention.return a large'percentage of the cushioned impact
energy as compared to foam encapsulated conventional gas
pressurized products, foam midsoles, Sorbathane, gels, etc.,
which waste and dissipate most of the energy, in the form of
heat. In Fiqure 24, 170 represents the curve for the energy
absorbed by a converitional foam encapsulated prior art
ﬁroduct, curve 172 represents the energy return (about 40%
efficient) for that producﬁ: curve 175 represents the energy
absorbed by the product of this invention, curve 176
represents the energy return (50% to 90 § efficient) for such
product; curve 177 is for a foam product (30% efficient), and
curve 179 is for Sorbathane and gel type products (2%

efficient).

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

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



(i.e., acceptably | ow shock |loads). Inflation pressure is the primry

factor (but not the only factor) which can be utilized to alter the shape

of the force-deflection properties of the product of this invention. Plots

for three different cushions at three different pressures are shown in

Figure 25, i.e., medium pressure curv/&-180, high pressure curve 182 and | ow

pressure curve 184. As is seen, the high pressure unit can absorb much ng:?
2

energy in aﬁ:f&uﬂbﬁﬂﬁrdﬂ@qmdrpraﬁwﬂﬁﬁd tNe sade’q %to“en'é'rg‘}' in
a 1°softer

is identic to curve 156 of Figure 21. The |'ow pressure anit has

feel, but mhﬁlpr&wmﬂs}mmeﬁtskﬁmd DS UHe Cdhventlithaiharp _
initial rise of the | oad- deflection curve is objectionable. This occurs in

shoes wher epyessnatiesll prddudt, Stil1PWiEN vverall aiceldent ERshlioning Ng
is low, as in street shoes, workmen's duty shoes and al so sone types Of

wal ki ng shofk. e Tharcceptably ilows-shoek leoads)duce .an initial softer feel
(other than reducing inflation pressure). Sone of these are illustrated in
Figure 26 and related Figures 26a and 26b. For exanple, tits, or lugs 190,
bars 191 or egg crate pattern 192 on the bottom of the noderator can

achi eve this ef fdflakion pressyrends she primazy Sactozr 4butr neti theof the

drum head %gﬁS't e vario dotted portioas of the_| oad- -77- deflection
curve). Th I FAGESE); ¥ cam: be; Neidized &0 adter thesshapenefotheit h

t he studd ' .act _with hi f i h hi on. |
adgifign,ez 4?§§%§§¥&%%QE%% p@hper% es” ot the %ro%%% Sa%ethlg gg&egggon.n

Plots for three different cushions at three different (3-
pressures afe shown in Figure 25, i.e., medium pressure curve ~
180, high pressure curve 182 and low pressure curve 184. As

is seen, the high pressure unit can absorb much more energy in

a much restricted space (or deflection). cCurve 182 of Pigure

25 is idgntical-to curve 156 of Figure 21. The low-pressure:

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

- In some cases, the sharp initial_rise of the load-
deflection curve is objectionable. This occurs in shoes where
perceived comfort is of primary importance and impact loading k;)
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 egg
crate pattern 192 on the bottom of the_moderétor can achieve
this effect by altering the load/deflection characteristics.of
the drum head (see the various dotted portions of the load-



yarn, fabric construction, nodulus of elasticity of the barrier film etc.,
can change the perceived confort and | oad/ defl ection of the device. It is
now val uabl e to discuss the solution to one of the nore troubl esone

probl ens encountered during the six-year devel opment program which brought
the new air-cushions to the status of a reli-able mar ket - ready product. The
pro m i nvol ves fatigue failure of the tensile filanments (drop-threads)

af t ex/pr ol ongagf?g??wﬁ ec‘%ﬂ,gjany THE | hisaé¥atis¥ did hisdd Wiitho thleviaild elisAien

abrasi on. These ures (as well as delam nation failures) were

encount ered dypi BH1s CHhvERk n lWELh ERE! aftuddiE tacd nTeonthctivdts the
athletic shoes for many thousands of mles of testing by nunerous world

cl ass athl et egysRibhosghoppesite | thie cwéleions M additdion,i rvhenitypef @ifl ure
rates of other components of the shoe, for a high pressure inflatable

devi ce of thigaknpetabiic r@dnstrﬁctyompauodlﬂqp ot elasticitar afi e
conponents because failure results in the overall product becom ng
essential |y ubareier filmcusteonscamcchangeithetnerasived sonfont @ded to
many different types of loading in addltlon to that related to - 78-
sinpl e up- andlaadrdedleckionr Rt &heAeviedear forces due to turning and
st oppi ng, longitudinal flexing as the foot noves from heel -strike to
toe-of f rotation novenents, lateral flexing and torsional tw sting during

pronation and It is now valuable to discuss the solution to one of the
_ 1:) more troublesome problems encountered during the six-year
~ development program which brought the new air-cushions to the

staﬁus of a reliable market-ready product.

The problem involves fatigue failure of the tensile
filaments (drop-threads) after prolonged exposure to many
cycles of bending, flexing, twisting and abrasion. These
failures (as well as delamination failures) were encountered
during testing of the inflated elements in many hundreds of
athletic shoes for many thousands of miles of testing by

N " numerous world class athletes. Although the failure rate was
not out-of-line with failure rates of other components of the
shoe, for a high pressure inflatable device of this type, the
reliébility must be greater than for other components because
failure results ih the overall product becoming essentially

‘useless.

Air-cushions used in athletic shoes are subjected to many

different types of loading in addition to that related to



supi nation. Very special testing nmachines which sinulate the in-shoe duty -
cycle are also used to accelerate the quality control testing of the
air-cushions. These machines run at relatively high speed and subject the

ai r-cushion to as many cycl es of Ioadlng in two days that an athlete would =
accunmul ate in-tw to three years of ?Estlng Furthernore, these tests are
much nore severe in the type of |oading so that two days of testing mﬁtﬁ)
what. we call the Kimflex tester machines is, in fact, approximtely equal

to 3,500 g'% $e0h nghagg Q"r*‘?&g% TF tg%ﬁ? ?6r£ﬁe£@d€°£¥%€|&@es@&e Wil |

not | ast nd a out t pasS two

days of tﬁh?niﬁétaﬁulbtéggfﬁél|!oﬂglthé§ﬂaih€1£99ﬁéeﬁi e ArbS€  fly&d WO
or nore tines Fi gures a and show a typical™air-cushion 210 nounted

under thefgomaheeltstrik@atio’tdeadtitsHoLaticn Rovénerts puldesran the form
of rollers 213 on each side of the test head of one of these special "Kinf

fl ex-test flaxbngeand feorsionatntwistingsduring’pfonatbomozmdl t o severe

up- and- down conpression | oading as well as bending/flexing as well as sone
shear act$upingtipnandvevynspeciaintestingsnachines which sinvlatelthe s
.remain flxed Compression is provided by the head 212 forcing the cushion
agai nst aiRosheerdutyycyeleiane alse used te %@eﬂlﬁnﬂﬁgﬁil% @litpny of
these tests were run to isolate failure podes. -79- The test is able to

accur at el §oRRACL Fert{ng Bf | the cairzcushions. noThese pash oYM ate

act ual Wearlagfvely high speed and subject the air-cushion to as many CD__

cycles of loading in two days that an athlete would accumulate v/
in two to three years of testing. Furthermore, these tests

are much more severe in the type of loadihq so that two days-

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

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

running. The typical well made running shoe will not last

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

two days of this test will generaily out iast_the footwear by

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

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

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

to severe up-and-down compression iqading as well as
bending/flexing as well as some.shéar'action'by'up and down
movenenﬁ of test head 212 while the rollers remﬁih fixed.
Compression is provided by the head 212 forcing the cushion

against a contoured cylindrical seat 215, as seen in Figure

27b. Many of these tests were run to isolate failure modes.



The excl usive purpose and function of the drop-thread yarns is to act as
tensile nenbers to contain the pressurizing nediumand nmaintain the desired
geonetrical configuration and structural .integrity of the device.
Therefore, the subject failure problemwas sonmewhat unexpected in that it
occurs during the portion of the duty cygle when the drop-yarns are not in
t ensij and are not perform ng any uséTﬁf’function. The drop-yarns have no
pur poSe when not in tension and do not support conpression |oads, so as not
to interfereThetbesteiprable yté tacturately tdwd ppelckly dupd icateutthehi ch is
to support conpression | oads. A good design deflects as nmuch as possible

Wi t hi n spacefablure anodes expexsienced | iny the etk weamdestsi.umto ful ly
support and attenuate shock | oads and absorb and return as nmuch ot herw se
wast ed energy as possible. As soon as the drop yarns go out of tension
(Figure 28b) they start to bend, coil and fold. As the downward. notiaon
continues, they bERR eXelusive rRhrPRSe | and funation b thendropashzead  ub

consi der aol FHERT off FRAFSAP HATELHS (hemlbers, &4 reankalirine REesgyEizing
fo the i r- Hetfo 48 afiReal 5008 MEEeN epoRetillalh SRR pbibn 8RO
very severe TERIGHIAL LA LE I dirl e I hINANY, IR SUBRELES
_ failure problem was somewhat unexpected in that it occurs
Li;D during the portion of thé duty-cycle when the drop-yarns are
not in tension and are not performing any useful function.
The droprarns have no purpose when not in tension and do not
supqut compréssion'ldads, so as not to interfere with the
primary function of the pressurizing medium which is to

support compression loads.

A good design deflects as much as possible within space
constraints, so as to allow the pressurizing medium to fully
support and attenuate shock loads and absorb and return as
much.otherwise wasted energy as possible. As soon as the.drop
yarns go out of tension (Figure 28b) they start to bend, coil
and fold. As the downward motion continues, they bend and
fold further in random fashion and thus also rub against one
-another._ During this portion of the duty cycle, there is
cqnside:able motion among and between the yarn strands. This
motion is aggravated by shearing loads (associated with
stopping and turning) applied to the air-cushion as well_as by
the longitudinal and lateral twisting and flexing of the |



“limts f

bendi ng and flexing of the drop yarns generates fatigue stresses in the .
outer portions of individual fibers. Abrasion damage can occur as the

fi bers squirm and nove agai nst one another. Under extrenely heavy | oad
conditions (i. e., generally less than 2% of the normal tinme/life duty
history of the part) the product boggons-out trapping and crushing the
tensile fibers against one another and against the inner surfaces of they
conposi t eushiongas ayhe Sathl §¢6 °gdds) thrdudR thE Wokue s Very Fpvere
contorting, it is possible for tensile yarn filanent fatigue ‘an

fibrill asobhohsiwhibe perpormingsvarioas! dthietie émbeidrs O Utumg of the
tensile el enents when -- bottom ng-out occurs, (Figures 29c and 30). Sone

of the fherdingrandetiexing of thendsopsyarmstgenérites nedeifien. Tensi-on
stress in remaining fibers increases, and a ripple effect® occurs as

successi FEresses sin sthe | outensportions cof utndividuah dibers .oc Abrasicte
air-bul k, heat set texturizing of the fibers is effective in controlling

and pre3ARIFY TIR OFSHE 28 the | fikers squimpand meve againstBanmise nost

cushi oni ha-gdevices,of this type: are designed to operate close to their -
%?Q%Zﬁ{‘bm' -%t?xﬁ'?g&%ﬁrheﬁ‘&' oAd oning in -

Fail ur e SERERLEP 1A Fndy E%ﬁ?tﬁ’%{ri#é#’gb?ﬁéj}g&“@ ik ;at.vcraréﬂefqé i
-81- i i ] Th ;
S, SR UL O SO e AR

tensile fibers against one another and against the:inner .CQ'- -

o/

surfaces of the composite fécing_Iiyers (Figuré 28c)} After
many cycles of such contorting, it is possibie for tensile B
- yarn filament fatigue and fibrillation failures to occur as a
result of the repeated crushing of the tensile elements when -
bottoming-out occurs, (Figures 29¢ and 30). Some of the -
fibéré are weakened and then subsequently fail in tension.
Tension stress in remaining fibers increases, and a ripple
effect occurs as successive fibers fail in tension. ‘Eventually
-= an aneurysm occurs. The air-bulk, heat set texturizing of the
fibers is effective in controlling and bréventing this tjpe of \Qi'”

failure and is explained next.

Because most cushioning devices of thié type are designed
to operate close to'thei: limits tof“bot£Olihg-out; in order-
to provide maximum cushioning in minimum space, instances of

bottoming-put do occur, which aggravates this failure problenm.

In order to solve this-problem, considerable failure



probl ens are best described in referring in nore detail to the series
illustrated in Figures 28 and 29. The series of Figure 28 illustrates the
manner in which three types of fibers,i.e., 1) straight or flat fibers 200,
2) conventionally texturized fibers 201 agfl 3) air-bul ked, heat-set fibers
202 function differently during the downward flexing node, especially as

the | Es??ﬁ ApaLysLs; anq, Lab t ”d;tég%ftﬁﬁsﬁg'vgéj%j‘?%%ﬁwﬂr@@i8ﬂr§ﬁeﬁ%§cp§‘&ﬁ?m'”
oads. Lﬁw'eCEF i1k 4 éeﬁmd””cttmﬁ? £ oMhieh ofdee isa0 $R0RP2YE" Ehe®
?H@?Ef oy BEORuEREFa e BEE Udetiihed ﬁfffeﬁraﬁ&i Ay eRR $3E81) ko e
St I o hokg¥ile EEfetideid 40 FUAGHLO TS TR dd O gRib SertesB PIgRRd,
bul ki er thanzhhmhéeweésftxb@raamtm%fbﬁ ed}ﬁtéh Wfﬁ & oFOifli beRsi, e . The

air-bul ked, heat-set fiber 202 (bulkier than the conveéentionally texturized

fiber) also ghrisekaight!| 6R0tTat NtHbérdi 200, "B BnEN L Halilyd tekitarized
bottomed-out condition, after several mllion cycles of up and down fl exing

i's shown in Eibers 26r.and 3y sir+bulked stheatriget i fiers0Qioas fhact ioner
onto itself. The air-bul ked fiber 202 is conpressed into a bul ky, conpliant
bundl e of | odpEfeventlyntduningdtliie hivenward oflexing) Modecespecdally a&ri ous
directions '?e&gﬂggnlne Bgztomed-out condition. As is indicated in Figure
N | 28a, when in the tension mode, all thfee types of fibers are

stretched-out in a ﬁaunt, straight iine, and all three

fnnétion in much the same way under tensile loads. However,

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

~cushion deflects downwardly and the fibers of the drop yarns

immediately go out of tension and enter the relaxed mode

(Figure 28b). The straight (untexturized) fiber 200 functions

much like an Euler column and starts to bend. The

conventionally texturized fiber 201 (which, as seen, is

W, 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 Figure 28c. As is seen, the étraight:fiber 200has bent
over onto itself. The air-bulked fiber 202 is compressed into
a bulky, compliant bundle of lboped and intermixed fibers

coiled amongst themselves in various directions in random
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fashion. The conventionally texturized fiber 201 because of many cycles of «
tension and flexing is seen as having resorted back to its original
pre-texturized condition, i.e., it is now a straight fiber; and, as such,
has bent back upon itself in the sane wag2as the other straight fiber in x
this illustration. After many cycles of exposure to such action the fiber
will tend to fail, as next explained. A portion of a yarn containing th€]
strai ght fifashion. sithen convent iippaldyefexturiced fiberi 201(hecaose| afs
actual size) in Fiqure 29a. As is seen, the fibers are tightly packed

t oget her i rany FHGERS i Yensdoncandy flexing dsisesp asi havingargsasked The
conpression | gad is, shown gpplied-to the sides of the éarn bundl e as seen

ARSI i e picug it L
g charn SRt Aol R S Aot
lpg;é: (r)]gso;)ff{%e a(:yecl €, (,a%upqﬁ & v%nﬁtg% tshgiséggltr #1‘{58 ?Hbéﬁgasagéufgans%/%iée

. %%g%ﬁ%ﬁ u‘g bs% e BB %Yx%h ac‘i:rtﬁﬁ Eﬁ&. eidef Efﬂ

(del am natio undl es or nol ecul"ar chains wthin the

interior ofedheitdl@iql’ AsOilese! RRp1adReqzcur- This failure node is
illustrated in Figure 29c which is a magni fi ed cross section view (1000

times actual size) of a single fiber fromthe bundle of fibers (Figure
29B). As is seen, when the transverse conpression load is applied to the
' A portion of a yarn containing the straight fibers is

shown in the bottomed-out configuration (at 40 times actual
size) in-Figure 29a. As is seen, the fibers are tightly
packed together in essentially a parallel, aligned, side-by-
side arrangement. The compression load is shown applied to
the sides of the yarn bundle as seen in Figure 29a and the
cross—-section Figure 29b. The fibers are applying transverse
loading one to another. Each fiber is made from a polymer
with a long-chain molecule oriented'ggnerally_along the
longitudinal axis of the fiber. Afterbprolonged bending and
flexing during the up and down portions of the cycle, W
coupled with the squirming, rubbing and transverse loading of
Ithe bottomed-out portion of the cycle, transverse decochesion
(delamination) between individual bundles of molecular chains
within the interior of a singie straight fiber can occur.
This failure mode'is'illustrated in Fignre 29c‘which is a
magnified croés sectidn view (1000 times actual size) of a
single fiber from the bundle 6: fibers (Figure 29B). As is

seen, when the transverse compression load is applied to the



-83- straight fiber, the fiber tends to burst outwardly on the horizontal
centerline plane, and tensile separation stresses occur at the sides of the
fiber tending to delaninate and unravel_the various bundl es of nol ecul ar
chains one from another. The fiber bré&ks apart into individual bundles or
strands of nol ecul ar chains. Eventually, these smal'l’ strands are weakened

by f@ni gue agdrsogne spires kit cﬁl RehakNebeBiLee Pﬁt@&%’i%gon e

condifion is seen in Figure 30 whi is a scanni ng electron Croscope

phot ogr aph OhofizsPt&R| cértdrl imepliaies hr@CLeRSk 26ISEpAPRE L @#FA&’ ég 000
times). The separation of a single fiber into various strands (o rnﬁemu[ar
bundl es) is seeur & the sides dfathe tibebectiendthg Bbrdélanbshte heid
(Figure 29d and 29e) behave differently fromthe straight fiber. The

ai r-bul ked fuheavel rthécvamiqusbiindlesc ofidinolecubarcchains comerexseed i Nt o
an intertwi ned mass of |ooped and undulating filanents. Such a

congl oner at | ¥CEREr | bh'ThSs ex brieakgnaparhsintoaindividwahgoundlesitox nuch

like a felt ma.t%l{l t her eby nitigating conpressi on_stresses on aqg singl e
filament andStFands RE inflecHaLs chaipsyhobyentuallyy othese  small mtrandssy| t

Several factOre weaRena B fRtigteaend, Aeon onep cehd: FolL o GIRR 0
control or e{éﬂgf&; o *Béu&i%e. Otl‘hfigi lcg;ﬁitigri\rfé’ sieéx'li 1S.ni gotiéeargo twq'lich
JiD is a scanning electron microscope photograph of a typical |
W, failure of this type (enlarged approximately 1,000 times).
The separation of a single fiber into various strands (of

molecular bundles) is seen.

‘on the other hand, the heat-set, air-bulked fibers
(Figure 294 and 29e) behave differenﬁly from the straight
fiber. The air-bulked fibers in the bottomed-out condition
have been compressed into an intertwined mass of looped and
undulating filaments. Such a conglomeration of fibroué
material functions as a cushioning element (much like a felt
mat), thereby mitigating compre#sion stresses on any single
filament and distributing forces thfédghout 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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-84- have a fiber with the |ongest possible nolecular chainoriented as "
much a spossible along the |ongitudinal axis of the filament. Secondly, it
is inportant to use a polynmer with superior abrasion resistance, such as
DuPont's industrial polyester 68L. Better yet, are fibers nade fromthe %
NYLON 66 fam |y, especially CORDURA nyl onggthaving especially |long chains)..
Thirdly, texturizing of the drop-thread filanents is anecessity to inproqg

abr asi fl al_fatigue, . and fibrillati Si 1ce: by hel pi t =
Sushi on t he Bt peta sy tPdhe: JonmeptoBPSEABL e  BObReRLar 1A iR ament s

f bei | eqled t h fold - ' | nst ther. |
this regard SReiRed = mieBl B sPosdipls, dend, EhectoRgteantont, i‘Qé’sL ?lée gf”
heat - set t | gZl i ch i d ith i t
Ao wth i Fithett ol s88bndRLY BELE FRoBrANP, ¥h' Ve ck cORTIRRE ik er
pr ol onged Chlg (@l GBAB1bROTRbIEARRS) BubRUgs! Bublifel & FigheLplgled mode

and back agai the tension no ecalis ei'ng heat-

texturized gonqeister LI BetBe? §bt! Cate’ FIBOrk! nadE tton € RYEDN o6
texturized shape after exposure to repeated cycfes 0 I(xuﬁng and un oaalng
(as we as difamidyheespegidllyNCORDORACAY1ION) (hatifgPé faPnf 1&hgrn to
their original untexturized, flat yarn configuration. t 1s ffor this
reason t hat chiadnsyshi ons of this new type nade from Cordura nylon exhibit a
service life which is about one order of magnitude better than the standard

texturized nylon 66

Thirdly, texturizing of the &rop-thread filaménts is ;;;
aneceséity tp improve abrasion flexural fatigue, and
fibriliation resistance by helping to cushion the loading on
.éhy'individual fiber and preventing the filaments from beiﬁg
subjected to sharp folds, as yarns move against one another.
In this rgga;d Cordura, is greatly superior because of its
air-bulked type of heat-set texturizing which not only
provides a yérn with increased bulk but also with fibers which
retains their téxturized spring-like condition after prolonged
.cycles of going“f:qm the tension mode to the relaxed, folded
mbde and back.again to the tension mode because of being heat-
set in the texturized condition. Other types of texturized
filaments, loée their texturized shape after.exposure to
repeated cyclés of lqéding and unloading (as'we as due to
heating during fabrication) of the produét and - return to their
originai untgxturized; flat yarn configuration. It is for
this reason thaﬁ air cushions of this new type made from

- Cordura nylon exhibit a service life which_i§ about one order

of magnitude better than the standard texturized nylon 66



yarn. Further, the sStandard texturized yarn is approxi mately one ful
order of magnitude superior™in service life than the flat untexturized
tensile yarn. There is also a fourth i'nportant consideration to mnimze

these failures. It has been found necegsary to provide a sufficient nunmber
of fibers per unit area of the drop threads to further cushion the abrasion
and t{ransverse | oading forces, especially those associated with side-|oad

shear crushi nf2ERd LEWEFREr ortheStandard $exturdzedr yarn israppuoxisately

this regard, the [oxi pat e m ni mym nunber of, drqp ‘'yarn, fi bers per square
inch is 5, ooo°‘aﬁdg€ﬂe ‘Pﬂé‘ir? imagihude ﬁ&P@F}%oggoa.erSéver&{ifet Ehan the
. enbodi nents of,tpe ipvention are shqwn in Figure 31 and rel ated Figures

- 3la-31d Fn_or%%? i ?Eﬁhﬁtﬁﬁ&ﬁﬁﬁ?s aﬁréPﬁﬂr cushi oni ng properties possible
with different types of designs all at the sanme inflation pressure. The

Figure 3la ped 220 exhibits a steep rise 220a in support force as

defl ection | ner easpreRe oo el o Poutthl imbahtUREOLoARIERRLRLRCHOW L i N

the ped (i.e., nost o oad supporting-volune e device I's trapped
beneath the |apsibeifé ctlese TaiMUreays TLTRAL! BBBhS £ddhd Recef88ry28o0f the
. Figure 31b full- length design behave in the sane way (220a), and provide a

stiffer feel provide®d asutfiditnt’ wumbesnoth fibeksopeg 8hOEUsEe225£0ENEI gUT €
31d (see 225a). The form 227 of Figure 31c, in a dog-bone configuration,
provi des suppirep pthreads \taimirrthielre cushion the abrasion and transverse

Ai) loading forces, especially those associated with side-load

~ shear crushing and bending of the planar surfaces of the air-
cushion. 1In this regard, the approximate minimum number of
drop yarn fibers per square inch is 5,000 and the maximum is

approximately 80,000.

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

a dog-bone configuration, provides support primarily under the



-86- | oad-bearing portions of the foot (for cost saving purposes), and has
an internediate force-deflection curve 227a. Referring to Figures 32 and
32a- 32e, another way to influence control the cushioning
characteristics is to provide an acclinul ator volune into which the

i nflation gas can be mass transported fromone portion of the device to
anot her upon_application of |oad. One such accunmul ator transport vol une GB“
be ar oundlead~hearing @ortiens afs then fiedtn (fogucestisavingapurpesesihe

| arger vol une 233 of Figures 32c-32e, of course, provides the softer feel.
The sof t ARG has ran | internediake) forcendefdestion cuzvex@RZavol une outside
the | oaded area (Figure 32e) provides a space for the inflatant gas to nove
i nto upon application of load and 3) the elastoneric filmenclosing the

The gas pr ess Hafemming e FAEes" 30 and, JopRar ey, anGRRRE, AK. EBns) gt he

| TRV Ll (A f4 oy i opi ti f

{he devi AHETH TS dinelie, ohe, Hlan{oRIR3)3bUEELRRIR1GS FR0RET ' 7O

v ) ! oul : t 193¢

b Chin o By fdedn AbcimatRldaAine dnkolfntoR G hETAEIbNY GBEERRCc
means f olbed mad el ittantported FramdonéOpeiRionhbe the2@e9iBki tBednB¥nbavi ng a

hybrid product 250 in accordance with this invention, including.a standard
alh r - cus hiupors \application @fallioad.2 Oneulsachpactufdladtséri Arahispakeh area, as-
shown ' C

volume can_be around the perimeter 230 as.ié shown in Figures (P_
32,32a and 32b. The larger volume 233 of Figures 32c-32e, of ~
course,.prévides the softer feel. The softness of feel is |
achieved in two ways: 1) the extra volume outside the loaded
aréa (Figu:e 32e)_pr6vides a space for the inflatant gas to
move into upon application of load and 3) the elastomeric
film enclosing the accumulator can elastically expand and
contract in response to changes'in the gas pressure when the
load is applied, thereby further increasing the volume of the
accumulator and the soft responsive Cushionihg properties of
the device. This larger tubular section serves a secondary )

dynamic, load proportional function of cupping and holding the

foot centrally positioned within the shoe. -

Figure 33 i11ustrates an alternaté and beneficial unique
means for providing an accumulator yolume; This is
accomplished by having a hybrid prdduct 250 in accordance with
this invention,"ihcludihg a standard ait-cushion systenm

incorporating a tubular portion 251 in the'argh area, as shown

£

£

4



287- in Figures 33b’and 33c and a portion 252 in accordance with this

i nvention. Figure 33b shows a section view through the arch area with zero
toad. Figure 33c is.the sanme section view in the |oaded condition. Figure

33d is the |l oad-deflection graph illustrating the conventional product 253
in accordance with this invention (w thoy,the standard air cushion) while
pl oty 55 is that for the hybrid product in accordance with this invention.

As is“indicated,_,the tubes can elastically grow and shrink in size

(di ?maélelr) \é\/l‘\@ﬂ??\‘ér?%aﬁnl?sa p3eand@ Porsion ?ﬁzdllpeEFcﬁFGﬂB??l’ﬁhWﬁ t he
;25322 Oal RIS ARG ETan T K S0boaReRE.8 SRCEIENC VISR ERFOIORAERE ¢ he
support pr opRFERCRESS (G Alre a(rir"?"goﬁé'éa“lf?ca?'? A %gmgyﬁgg%ﬁaﬁn few
arch port'onlﬂftﬁgﬁééﬁd < 1%tn asl_q Q'Et ?95' d@l‘xleci LBLdQEPQ

control. At toe- support |ca recedes away rom

supportive CQf‘éﬁﬁt11’!&&\:1‘&&590%&%0%%3%%05&1' ;&b&ﬁ&% bB8 Phagteérd&nens

as they extend during the toe-off phase. Anoth I nteresting configuration

i nvol ves a muith-tilerinvertton 1ed thoututhe sBandardsagrncushios)reriféa,
34b and 18 where th reference nunerals are the sane. The two (or nore)

pressuri zed phyer3ssars khate [foxv ahewhybridopgogactt dnt asgordance - witshi on
devices, one on top of the other, with separate perineter seals, all as
al ready descthi®dinventidmer st Hasd indiratedpi nheetubesscankelasalsallgye
oper?)lon and to seal the
grow and shrink in size (diameter) when the load is applied
and removed in direct proportion to the applied load and the
resultant instantaneous pressure changes within the device. a
softer feel is provided to portions of the air-cushion where
the load is applied (heel area or forefoot). Also an
automatic dynamic arch support proportional to the wearer’s
need occurs under the longitudinal arch portion of the foot to
assist as an orthotic device for prénation control. At toe-
off the arch support automatically recedes away from
supportive contact with the foot so as not to 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 achievediwith two separate tensile’
air-cushion devices, one on top of the other, with sepafate
perimeter seals, all as already described. Anbﬁher method is

to laminate the stack in a single operation, and to seal the



-88- three sheets of barrier filmaround the perineter in"a single :

operation. For maximum confort, the top portion can be inflated to a |ower
pressure than the bot t om chanber . Th@giop, at |l ower pressure, thus
deflects nore easily than the bottom portion, and conforns nore readily to
t he bottom pl anar surface of the foot; thus a high degree of initial
contact softness is perceived. The higher pressure bottom chanber preve
the devi cothFes sbeebsi o8- BArGhee: CAIBArONN the perineter: i duisinsie

per cent age of thﬁ ot herw se %f g and wast ed i nmpact energy. |In some shoe
appl i cat i oRBerathefn JEQF RARIMYE COREQrE g 'él’é%lF%EI pPextian £amhe ng shoe.

}Tﬂii EﬁQ Sﬁggf 264 °Ford e RE crrarnion thep ;ﬂs‘?rﬁ?vs?%r et Hd f' %1y one
Tt 260
e; etndiengrﬁaéerg’f‘l gg‘a‘é’;'g@’égﬁ%ég P’S‘ﬁ? ﬁﬁgfgﬁégrgﬂigseﬁ%e c?hteaﬁ}elﬁr’ﬁe%al step
Such sewn PPASRHCPEBELL] dha RS REraCreaBllly, £ Rl KM flithals)

~the thicknggge Qéetaf ég@w&éws&mcgrﬁiﬁta& &6%¢ LAY IdoraiEt etel y

cl osed, there y precl udi ng. nmovenent. of ac 0SS t e sewn line, or aline

of di sconfgértHQSQris hef@@ived\'OlTIgé NEGRNEF pledduré\Botdda Thantedar s
positioned on the bottom of a noderator elenent i.n the region(s) where
flexure i spresentd, the advice i frdm Wottdhing-outunder high loads and

returns a greater percentage of the otherwise damaging and 'Cﬁe

wasted impact energy.

In some shoe applications, a high degree of toe flex is
desired, as in a walking shoe. This can be achieved by
incorporating two or more separate ped elements into the shoe,
one for the heel and one for the forefoot, and possibly one
for the aroh/mid-foot region. Another method involves sewn

.flexlines 250.extendinq laterally acfoss 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
thickness of the fabric) using care not to seal the fabric
coﬁpletely Closed, thereby precluding moveient 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.

LY
<



-89- To better understand the | eakage probl em which was di scovered to be a
signi ficant problem and which is solved by this invention, reference is
frade to Figures 36a, 36b and 36¢. In Figures 36a and 36b, a weld section
275 conposed of layers 275a and 275b is shown in which the pressure side is
276. A single filanment 277 is show ext endi n§2%through the weld 275 fromthe
pre%igre side 276 to the outside anbient pressure side 278. The residual
stre

T ament 277 resul {1 Hevest SRR and the Fad3a08 BRbs1OUTVRL0R Nad)

- al the | at | i Y i t
i Dament 2vy odiscvied iy bd W iBicideRe  rint R ahatkltn (2 2O 1P
condi tion. Leaka{is MBeMt3\¥n,C W erleridet ik hﬁﬁﬁnlcgﬁg%ﬁg% fﬁée,e][‘f?ﬁ'éné hfsc,

way through the weld since the distance between th anent and

the outside of ¥rherigRiresasaband Bek;i anveldsseekibfl P?S NEémpOEEd 6P Xayers
diffusion in that area than is taking place in other regions of the film

Figure 36¢c il 2nSantarsl 27Gbhess fshoww dnoWhilch thecpressurdi side sis he76f f ect
of the coupling agent in reducing | eakage along the fibers 290. For

exanpl e, fiber sigglies fdlament: 125 7disp shiowe a¥tenddngsthoougkedtive wéld RS
pressure side 295 of the inflated product of this invention. During

appl i cation of fnem dhepPregsugensiden@76atoethesoutside ambient pressure

the fiber, as indicated at 297, effectively sheathing.all or_a portion of
the outer surf&d@eR7Ere Thecrefidyalostress in the film or layers 275a and

{'f:> 275b tends to pull away from the filament 277 resulting in

~ minute leakage paths 279a and 279b typically along the lateral
sides where the iayers join to the filament. As shown the
filament 277 extends all the-way through the weld and
represents the worst condition. Leakage may occur even if the
filament does not extend all the way through the weld since
the distance between the end of the filament and the outside
of the weld may be sufficiently small to permit more rapid

diffusion in that area than is taking place in other regions

of the film.

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

portion of the outef surface of the fiber with coupling



material. This effectively prevents or substantially reduces passage of the
gas along the fiber or the outer surface thereof and between that surface
and the barrier filmnmaterial. Reference is made to ny copending
applications nos. 9201174 and 9201175 whi ch have been divided out of this
application and which disclose and claima pressurised envel ope and a

nmet hod of making such an envel ope as di scl osed herein. - 91 - CLAIME:

An internally pressurized envel ope having spaced inner and outer surface
conprising: first and second fabric |ayers positioned in said envel ope such
that one surface of each fabric layer is facing an inner surface of said
envel ope, said envel ope bei ng of abiya - perneabl e el astoneric material,

each of said fabric surfaces being bonded to the facing inner surface of
sai d envel ope, said fabric layers including a yarn material which is
texturi zedpgeetiannel 'rﬁQQ atfbetkedlyOpraoéﬁeseoi- heuberkh€al vy (Héaddéd N9

| ayer of said envel ope, flexible neans between said fabric layers for
passage of the gas along the fiber or the outer surface

thereof and between that surface and the barrier film
material.
Reference is made to my copending applications nos.

9201174 and 9201175 which have been divided out of this o

application and which disclose and claim a pressurised
envelope and a method of making such an envelope as

disclosed herein.

e,
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restrai ning the noverent of said fabric layers away from one anot her beyond
a predetermned distance, and a gas in the interior of said envelope to
pTessurlze the sane.- 2. An envelope as clainmed in claim1, which is
stibstantially inpervious to |large nol ecul e size gases and slightly

“perneabl e to oxygen, said flexible neans 84 rg conpressi bl e and -92-
iforng;g a part of said fabric, said fabric |ayers being at |east partially
"I nmbedded witIGAEMS Y outer covering to reduce diffusion through such

- covering, and said gas being a large nol ecul e sized non- polar gas, said
envel ope being pressurized to pressure of at |east two pounds per square

I nch whereby substantially all of the resistance of said envelope to
conpression is provided b thé“gé&tﬁFB§§&YePﬁFFﬁPﬁl§S@deBH8ﬁBBP hgvipg
envel ope as clained |n cla n% n¥ wherein said flexible nmeans for
restraini ng HRPYEE a%ﬂ“?ﬁb?? ?3§%FSSFH 5?%ﬁe?8?ﬁ¥h§a“8ﬁd predefi ned spaced

relati onship to one anothgé envel.ope. as of .cl.ains 1

to 3, wherein said envel opt 43 §ﬁgs§3ﬁ?Pgl ?bF}SeRSVeFﬁCBRﬁfgégpﬁpe B eas.
5'.An envelcm§éf§ gﬁ@éfggé'Qu@ﬂytﬂgtcéﬁéngu}face of each fabric layer

is facing an inner surface of said envelope,

said envelope being of a semi-permeable

f:) elastomeric material,

éaéh of said fabric surfaces being bonded to
the facing inner surface of said envelope,

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

flexible means between said fabric 1ayérs for
restraining the movement of said fabric layers away from
one another beyond é predetermined distance, and

a gas in the interior of said envelopé to

\\/ pressurize the same.

2. An envelope as claimed in claim 1, which
is substantially impervious to large molecule size gases
and slightly permeable to oxygen,

said flexible means being compressible and

N



to 3, wherein said first and second fabric layers include’'yarns in which up
to about 30% of the fiber elenments are discontinuous to increase the
bonding to the facing inner - 93 - surface of said envel ope. 6. An

envel ope as clainmed in any of clains 1 to 3, wherein the peel strength

bet ween said inner surface and the matigyg surface of said fabric being _
greater than about 18 pounds per lineal 1nch. 7. An envel ope as clained gn
any of clainms 1 to 3, wherein the fabric layers include filanments conposed
of a nolecular structure which is predom nantly crystalline in nature and

whi ch funcféﬁﬁgn@saapagfrbgrsagadfasgsbon of gas therethrough. 8.  An
envel ope as clained 1n any of clains 1 to 3, wherein said texturised, or

flannelized or bul ked yaid fabehiicalayer@edeigl atd.leaSt garelieudyas clai med
inany of clainse 1 to 3, wherein said fabric layers is conposed of yarn

mat eri al whnsédded withiprsabdsedtén poeseihgf somredaseoflifbusdbnect and
unobstruct ed passages through to the core of the fabric layers. 10. An

- envel ope athrougheduch aayevingladnd 1 to 3, wherein said flexible neans

for restraining the . .
said gas being a large molecule sized non-

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

provided by the gas pressure within said chamber.

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

relationship to one another.

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

incompressible areas.

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

discontinuous to increase the bonding to the facing inner

e

ws U
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-94- novenent of said fabric layers is of sufficient strength to hold said
fabric layers at .said preéedeterm ned di stance when the gas pressure in said
chamber exceeds approxi mately 150 pounds per square inch. 11. An envel ope
as clainmed in any of clainms 1 to 3, wherein said.flexible neans for
restraining the novenent of said fabric Fayérs conprises filaments
exteng between and | ocked to said fabric |ayers. 12. An envel ope as
claimed in any of clainms 1 te 3, wherein the flexible neans is a
filamentary nater qg t he fabrlc | ayers are of a material different from
the materi al éﬂf?l? YRt®Tal. 13. An envel ope as clained in
claim11, mhereln sai d fllanents are conposed of a material having good gas
barrier properties. 14. An envelope as clainmed in claim1l, wherein said

filaments are conposed of an ofje gg1$g€ga§ ggglﬁﬁghlgnégg %@r ¥§iﬁgt.

polymer. 15. An envelope as clained In erein

sel ected fromddio onapr CAISUN 501 serdiiyen OleDRsdn L2ty {%QP 9&%
Cor dura nyl on. An envel ope as clained in claim 14, wherein said
filaments haV%rﬁi St wdinPrsuktfdcd i Sdaid fabric being greater than

about 18 pounds per lineal inch.

!:) ' 7. An envelope as claimed in any of claims 1
to 3, wherein-the fabric layers include filaments composed
of a molecular structure which is predominantly

crystalline in nature énd which functions as a barrier to

diffusion of gas therethrough.

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

yarn material is heat set.

\/ ' | 9. An envelope as claimed in any of claiﬁs 1
“to 3, wherein said fabric layers is composed of yarn
material which has been procéssed to prevent formation of
any direct.and unobstructed passages through to the core

of the fabric layers.

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

to 3, wherein said flexible means for restraining the

L



17. An envelope as clainmed in claim 14, wherein said filaments are conposed 4
of texturized or flannelized or bul ked and heat set' yarn, and wherein said
yarn has a uniform hi gh degree of loft. 18. '‘An envel ope as.clained in any 2
of claimse 1 to 3, wherein said fabric layers are inpregnated with a : u
- coupling agent to a depth which is | ess Pfhan about ‘their thickness, said
coupling agent being bonded to said facing surface of said envel ope. 19.(§p
envel ope as clained in claim 18, wherein said coupling agent is an

el astoneric nateriaI&%nd sem - perneabl e to oxygen. 20. An envel ope as

claimed in BRYSPPECeGitnFadaifdb it ianentils qis suilirkant stpengel. 21
mmteri al | nepubedd Tald daR P IR e SAl SRAdc oo ibe b bpRcRs
curface,  SaPICBUEEF Sar KeetoReeding 4 IShATARE dfea*Fhnded heroto. 23,
At ogen coaPRraXamAERIY" 130 plerfasl B b T T 2 pr ecedi ng ol ai m
wherein said envelope is full length insole for use
11. An envelope as claimed in any of claims 1
to 3, wherein said fléxible means for restraining the
movement of said fabric layers comprises filaments -(D
extending between and locked to said fabric layers.
12. An envelope as claimed in any of claims 1
to 3, wherein the flexible means is a filamentary material
and the fabric layers are of a material different from the

material of the filamentary material.

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

good gas barrier properties. : _ ' &,)

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

chain high molecular weight polymer.

15. An envelope as claimed in claim 14,

wherein said polymer is selected from the group consisting

*x € L mos %



in footwear. 25. An envelope as clainmed in any of clains 1 to 23, wherein
sai d envel ope is. a heel 'ped. 26. An envel ope as clainmed in claim?25,
wherein said envelope is a cobra pad type heel ped, and said heel ped
~having | eg segnents. 27. An envelope as clained in claim 26, wherein one

| eg segnent is |longer than the other |eg-segnent. - 97 - 28. An envel ope
~as c{anmed in claim?27, wherein said | eg segnents are spaced and separate
~fromeach other. 29. An envelope as clainmed in claim28, wherein a gas
cinflated chanmber is |ocated between said | egs. 30. An envel ope as cl ai ned

- in any precedifigDelcgiom Shemyilions %iéd agwdy Slogdarianaiyldes at | east two

- chanbers. 31. An envel ope as clainmed in claim30, wherein said chanbers are
r interconnected. 32. An envelope as clainmed in claim30, wherein said

" chanbers are | ocated one above the other. 33. An envelope as clained in
claim 30, wherein one of df«d AdEialoRe A hAined) i glaimckdn e

different frogh%ggi%tg%&af % Q%Ents have a semi-dull or dull finish.

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

yarn has a uniform high degree of loft.

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

surface of said envelope.

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

semi~-permeable. to oxygen.

20. An envelope as claimed in any preceding

claim, wherein said gas includes a supergas.

21. An envelope as claimed in angfbreceding

claim, wherein said elastomeric material includes a

a
g
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34. An envelope as clainmed in any preceding claim wherein the surfaces
thereof are in planar relation. -98- 35. An envelope as clained in any
preceding claim wherein said fabric material is a double needle bar

Raschel knit material. 36. An envel ope as clainmed in any preceding claim
wherein said flexible neans are drop tpr§§d§ conprised of about 50 to 1, 000
strands per square inch of fabric and wherein the bulk density of the dr@_
threads is in the range of 5,000 to 150,000 fibers or filanments per squar
inch. 37. An envelope as clained in any of clains 1 to 3, wherein said
envel ope is iﬂ BPStﬁQgEiQEEQEBﬁQer an insole having a substantially

uni f or m t hi & n%ss, and sai d envel ope being free of inconpressible areas

t hroughout the | oad bearing portions of the said insole. 38. An envel ope as-
claimed in claim37, wherein said insole is contoured to the shape of the
pl antar | oad bearing surRac@arfedvldpotas 3P afmedniel apy psecédingd in any
of clains 1 to 3, wherein said fabric layers are in spaced predeterm ned
cont our ed relaimonwheredah thieh@nvelope includes an outer surface,

X

L e

said outer surface including a cloth material bonded

thereto.

23. An envelope as claimed in any of claims 1 <;13

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

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

in footwear.

25. An envelope as claimed in any of claims 1

to 23, wherein said envelope is a heel ped.

~26. An envelope as claimed in claim 25, o
wherein said en#elope is a cobra pad type heel ped, and

'said heel ped having leg segments.

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

segment;

A



-¥99 - 40. An envelope as claimed in any qQf claims 1 to 3, wherein said
envel ope includes an inflated section free of fabric material. 41. An

efivel ope as clainmed irn any of clains 1'to 3, wherein said envel ope includes
at' | east one elastically deformable gas pressure energy accunul ator section
al ong _a periphery thereof. 42. An enveI6p37a§ claimed in any of clains 1 to
3, furpher including a flexible foamnmaterial -at |east in contact wth at

| east a portion of said envelope 43. An envel ope as clained in any of
clainms 1 to 3, wherein sai %grlc i ncl udes

~envel ope as claimed in an R aTME"1°RD %? ?tﬁ%@%ﬁ }ﬂc?ﬁﬁfﬂgéa * st udded
~moderator in yailGh the Sidds, %saﬁ[%e}&orglaect (ﬁécéltf?asﬁd ase?%ééé@ D Plodhe

r envel ope. 45. "An envel ope as Ihan wherern said
flexible neanga@hed@mgg threads arranged perpendlcular to the fabric

| ayers. - - 46. An envelope as claimed in any of claims 1 to 3,
wherein said erX|bIe means are drop threads arranged at an angul ar
orientation with respect to said fabric layers. 47. An envel ope as clai ned
in any of clainms 1 29. An envelope as claimed in claim 28,

wherein a gas inflated chamber is located between said
legs.
30. An envelope as claimed in any preceding
claim, wherein said envelope includes at least two

chambers.

31. An envelope as claimed in claim 30,

wherein said chambers are interconnected.

32. An envelope as claimed in claim 30,

wherein said chambers are located one above the other.

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

different from the other chamber.

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

relation.

Y



to 3, wherein said envelope is fornmed of filmmaterial. 48 An envel ope as

clainmed in any of clainms 1 to 3, wherein said envelope:is a pre-forned

envel ope.

49. An internally pressurised envel ope substantially as

her ei nbef ore described with reference to and as shown in the acconpanyi ng

dr awi ngs.

substantially as herei nbefore descri bed9®i th reference to the acconpanyi

dr awi ngs.

50. A process for making an internally pressurised envel ope

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

Raschel knit material.

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

square inch.

37. An envelope as claimed in any of claims 1

to 3, wherein said envelope is in the configuration of an

‘insole having a substantially uniform thickness, and said

envelope being free of incdmpressible areas throughout the

load bearing portions of the said insole.

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

plantar load bearing surface of the foot.

39. An envelope as claimed in any of claims 1
to 3, wherein said fabric layers are in spaced

!

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

free of fabric material.

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

section along a periphery thereof.

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

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

to 3, wherein said fabric includes sewn flex lines.

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

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

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

arranged perpendicular to the fabric layers.

—_—

gy



- 100 -
46. An envelope as claimed in any of claims 1
to 3, wherein said flexible means are drdp threads

arranged at an angular orientation with respect to said

fabric layers.

47. An envelope as claimed in any of claims 1

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

48. An envelope as claimed in any of claims 1

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

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

and as shown in the accompanying drawings.

50. A process for making an internaily

‘pressurised envelope substantially as hereinbefore

described with reference to the accompanying drawings.
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