-1- | MPROVEMENTS | N AND RELATI NG TO PRESSURI SED ENVELOPES Thi s |nventF§
relates to internally pressuriz- able nmulti-I|layered envel op ]QEhH
particularly, to an inproved nulti-layered pressuri.zed, gas contalnlng

envel ope which is particularly adapted for use as a cushioning device such
as an insole or other conponent in footwear. Background of the Invention
Previously, considerable difficulty had been experienced in providing tb
internally pressurizable multi-|ayered envel opes wherein the envel ope was a
flat or uniformy contoured supporting sirfaces with the capacity of being
pressurized to relatively high | evels. Previously nmuch of the absorbed, re-

di stributed, and stored inpact/shock energy was | ost and not -2-
returned in a useful forn1because of the reoU|renent t o _encapsul'ate the
unit in a viscoel astic foakMBRQYEN o LMo AND, ,N‘eﬂ’lop the desired .

snoot h or contoured surface. A . EBbl e to provide a
product wherein nuc reater than 6 he Ioad orting material of
t he product was a gﬂgggndgyeﬂféfghrr@q%?% ﬁ?‘le"qmﬁﬁp % s than
40% of the en fql t fqr r eneficial,
efficient andgggéf @ngg}lggkg%%gr 'é%vselol{?éé’ i ndrd Lbrar}e&a"ﬂa%ﬂ'

to an improved multi-layered pressurized, gas containing

envelope which is particularly adapted for use as

©

a cushioning device such as an insole or other component

5 in footwear.

Background of the Invention

Previously, considerable difficulty had been experienced
in providing internally pressurizhblc multi-layered envelopes
wherein the envelope vas a flat or unifornly'contoured

supporting surface, with the capacity of being pressurized to

»
X
g

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

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



'ghe bal ance of the energy being absorbed and di ssipated as heat. The

)resent design is capable of returning, in a useful form up to 92% of the
at herwi se wasted energy. In addition, superior cushioning and conpliance
are also provided, which significantly reduces damagi ng i npact shock | oads.
t.o the foot and legs to | evels under 12 (s. The new product was devel oped
Bbec e difficult b ' it e e QL |

progg)(s:i ng |ight rﬁg\lgﬁéjd f’g%qﬁ?{e&f%g -\[;Mreeéssgtl#r}e %ft?‘gt géagggéé?ﬁgetffor
use in foot wear i | ' FRARE esa | & ence
and conpliance ﬁﬂgggisé\fﬁﬁée ﬁ%wgeﬁ?gﬁ(}%&?@gi stri gﬁtegﬁéa?\% %t ored
at inpact is efbLGpREbY éﬁtdlé\rﬁbﬁt&weiédn;@aers%dua ®rS EBAtBUFRA Nir fade A
rate equal to or greater than the rate at which the applied load is renoved
fromthe devices. Success of this new product depended upon sol ving several
basi c problens: 1) separation (delam nation) between the tensile el enent
(fabric layer with dropwasrsimply not Posmiblehdcyprovidearnprgoduct rvherein

| ayer, when subjected to high loads with |Iong-termcyclical fatigue

condi tions, 2) muchbh{gyeater sham 6ak)d aferthiendoRs isypporsing, waterial of the

drop-threads, 3) hydrolytic degradation failure of the drop threads, .4 )
,fungus, bact eri Rreduchy¥ns| §19as Jndex; pressIree o ithe tg&r BPEP‘H&PE??‘&%F' 5)
\ |1 f the t ile- ' ' '
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returned in a beneficial, efficient and comfortable manner,

o

o/

the balance of the energy being absorbed and dissipated as
heat. The present design is capable of returning, in a useful
form, up to 92% of the otherwise wasted energy. 1In addition,
superior cushioning and compliance are also provided, which
significantly reduces danaging.impact shoék loads to the foot

and legs to levels under 12 G’s.

The new product was developed because difficulty had been
experienced with the prior prodﬁcts in producing light weight,
long-iite, high-pressure intlated'structures for use in foot

— wear and the like which possessed a high degree of resilience
and compliance wherein thé shock éﬁergy absorbed,
redistributed and stored at impact is efticiently'returned as
useful energy in # 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 prodﬁct depended upon
solving several bagiq problems: 1) sepafat;on (gelanination)

between the tensile elément (fabric layer vith §rop threads)



| oads and bendi ng and flexing, 6) puncture and abrasion 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
: mnute | eakage paths through which pressurizing gas could slowy | eak out.
~In addition to the above probl ens, one-38+~ the nore difficult challenges S
the provision of a sealed, permanently inflated cushioning device with flat
surfaces, as contrasted to tubular or rounded chanbers, and which could be

made rel at | Rl Veh! dad oot i (60 oY e S VR sl SRR iGN

whi ch possessed sufficient fatigue resistance to . .
© CONpr essi on} §4ds SFith e mpf:mwmqﬂémﬁnse,smcwdﬁmg,
'S

~footwear, a useful life of several years is essential. Furthernore
. product nusabrasién] nand cbernding fatidue dfaidurie @fs ihaidiop-thraadsss 3)
* Wi thout significant degradation throughout its full lifetime. As is .

appar ent, ahydpolytiendedrasiation fallifre s the: drop threadsyr i4)d fungus)e
: is not acceptable, especially in consumer products. It is also desirable to
provi de an Pagterta andhydralytic styesq ttﬁrac&\mm@ﬁ 4he baginiex gh

“ localized | oads hout bottom out, such as ,the | oads typically
encounterecF“ﬂ"Ie’él{VI et?L unnavalling of, the tensile-elenents; izmediately,or t

_ events V\’h'cg'djac:em: to the cut edges of the cloth, when subject to high

loads and bending and flexing, 6) puncture and abrasion C;EH
failure of the barrier film, 7) leakage of the pressurizing -
gas at the perimeﬁet seal, caused by fiber filaments extending
from the sides of the tensile cloth being trapped in, and -
bridging the perimeter barrier seal so as to create minute

leakage paths through which pressurizing gas could slowly leak

out.

In addition to the above problems, one of the more
difficult challenges was the provision of a sealed,
permanently inflated cushioning device with flat surfaces, as L:)
contrasted to tubular or rounded chambers, and which could be
made relatively thin so as to achicvclloo% air support and
cushioning and vhich possessed sufficient fatigue resistance
to withstand millions of compression cycles in use. 1In the
case of consumer items, especially fooﬁwear, 2 useful life of
several years is essential. Furthermore this product must
maintain the unique and beneficial cushioning properties,
without significant degradation throughout its full lifetime.

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



invol ve running or junping, there are substantial |ocalized | oads during
heel strike or push-off. |If the cushioning device bottons out, then the
entire purpose of the cushion is conmprom sed. For nost condi ti ons
encountered, to prevent bottom ng out, 44w inflated product either may be
made sufficiently thick or highly pressurized or both. Another desirable
approgch is to use smaller chanmbers inflated at |ower pressures, and

e UnberiBa beadiRgaie b hbakge] Brepcbepdpifrog sh pofisthel®

accunul ator vo nt o as ma
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chanbers produCed an uncontort e fee ess ehcapsu ated\M

used with sonecapag et rseew%nﬁaaﬁasﬁécganauvawem&ﬂr1sb3ﬂr£éd 196ds
| oad/ defl ection Curve of this tensile product achieves totally new, unique

and benefici al witnbuenbegtemtngcoat| ssuch asvehebibads Bgpiedlryensouhbered
prior art |oad cushioning devices. The | oad defl ection characteristics

of ny earlier invathletic ®atiwithes.4, 183, 156, provided a very soft
cushi oned support under light |oads. Then, w th progressively heavier
| oads, the supportive force increased either in alinear or in an

exponentral manner. This type of Ioad/diflection characteristic is suitable
for many applicatioRF e¥dBbie, imcrunp BIPFcPtheEsspnEt ceyents whigh

involve running or jumping, there are substantial localized

(:) loads during heel strike or push off. If the cushioning

(Y device bottoms out, then the entire purpose of 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 feel, unless encapsulated with foam,
or used with some other type of surface/contour moderator

elenment.

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.



desirabl e that the pressurized pneumatic cushioning device initially
exhibit a very firm cushion support under light to 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 autonatically, at a predetergbned
| oad, changes fromthe firm boar d- FPRe cushi oni ng support and exhi bit

soft, relatively consistent and gradual increasing |evel of cushioned
support throughout the full, available displacenent of the inflated device.
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there are the practical” considerations of eto -6-" manu ac

such produgeaviakaloagsy thexeepportive mreelﬁﬁd:feuednattwhm and of a
very high quality which assures that the product will be free of |eaks and

have an actipeapl ersinvancexponential viiznméri | {This otyps nefient and integra

part of the footwear. It is also an advantage to be able to provide a gas

pressuri zeloadsdeflection characteristic is suitable for many
applications. However, there are other uses where it is very O
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 automaticaily, 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 eséentially
permanently pre-pressurized product which has advantages over
the prior art inflated products. It is alsé-appgrent that

there are the practical considerations of being able to
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beéring cushi oni ng menber which may be fornmed in various shapes,

t hi cknesses and contours. It is an object of the present invention to
obviate or mtigate these di sadvantages. The present invention is an
internally pressurized envel ope for use 4r6 foot wear wherein said envel ope
I's exposed to relatively high I ocalized and cyclic |oads conprising: first
and s'é@ond f amdmufagture poech i predhdrs see bakivel ypenexpéns imelyneatsur f ace
of each fabric layer is facing an inner_surface of said envel ope, said
fabric materi &el3d g loohpicte vokure and 0f severy fhighaauakit prvvithked

yarn material, said envel ope including an outer_elastoneric material and
i ncluding at 13384Tes Jdhat drhsuRrIfYr il bl kel Bee oy 1ealeh apd shavefabric

surfaces being bonded tq the facing jnner surface of said elastoneric
material, {1 A bIAFGRERAD IR MR L TSR YRR AR SYLIE 285 FETIPEH:
novenent of said fabric:%ﬁyers away, .fro r beyond a.gredeternined

di stance, sai Oafﬂ ST L R A 2 u‘i:n% %gtg‘%ﬁa’g‘loit F@t ot ?%u% _ strands
gé;%“giei“g bet %nﬁ% P ahfiyert% ?%&%&%.jé%lé‘%é%xe{&d Spdgh seal ed
g essentla free of Tibrou
' bearing cushioning member which may be formed in various
shabes, thicknesses and contours. |
C:) It is an object of the present invention to obviate
or mitigate these disadvantages.

The present invention is an internally pressurized
enveiope for use in footwear wherein said envelope is
exposed to relatively high loéaliied and cyclic loads
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 fabric
material being composed of a éexturised or flannelised or
bulked yarn material,

— said envelope including an outer elastomeric
material and including at least a portion which forms a
sealed seam,

each of said fabric suffaces being bondéd to the
facing inner surface 6f said elastomeric material,

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

said flexible means including a plurality of fibrous



material of said fabric layers and said fibrous strands, and a gas in the *
interior of said envelope to pressurize the sane whereby said fibrous’
strands are placed in tension to maintain the opposed surfaces of said

envel ope in planar configuration and said gas operating as the nmedi um which*
absor bs conpressive | oads on said envel gpe. Enbodi nents of the present

i nvention provide a gas pressurized and inflated structure which conprﬁgls
an hernetically seal ed outer covering barrier layer which is securely
bonded, as will be described, substantially over the entire outer surfaces
of a doubl e swaiands iexttemdimg detiweest ramiidirfabiie Laydts and | kelidqbric
structure conprises first and second outer fabric |ayers which are normally
spaced apar tiime@ dherst®tmher at a predeterm ned di stance. Drop-threads,

(or nore appropriately drop-yarns) preferably in the formof mnulti-filanment
yarns conprised RidaBeraled Aepm beingk asssiteirlinteret o5 HRERR% t he
proxi mal or facing._surfaces, of .the respective_ fabyjc_Jlayers. The yse of
nu|ti-fi|arrémteaﬁ%&- RaLd %%%f%‘?ﬁsa'm e EHREOS | 8HEARES of the
drop yarns formtensile restraining neans and are anchored to the
respective ic layers. The restraining

a gas in the interior of said envelope to pressurize
the same whereby said fibrous strands are placed in
tension to maintain the opposed surfaces of said envelope 'CD_
in planar configuration and said gas operating as the L

medium which absorbs compressive loads on said envelope. .



-9- nmeans or drop yarns nmay be arranged nom nally perpendicular to the
first and second fabric |layers, or they may be arranged in a triangul ar
arrangenment. It is noted that the yarn conprising the drop threads or
restraining neans may be separate and distinct fromthe yarn of the first
and second fabric layers, i.e., the yarn used for the first and second
fabryty | ayers nmay be conpletely different firomthe yarn of the drop threads
or restraining neans, depending an the appli~cation and the use environnment.
These restraining nmeans function to maintain the general flat or contoured
pl anar form of the pressurized and inflated structure, and the bondi ng of
the outer covering tQ the distal |des or exposed outer surfacges of the
respective fabric | ajp® gi@9§ﬁ§s° hEhﬁuP§F568$eFPH§“FP8ﬁ1BE@V?ﬁ@ away or
separating fromthe distal s rfa es gg 8rn1ng an aneH %ﬁﬁl The,drop yarns
whi ch ext end f96ﬁ18§§sFHSF?E | ape, ipflaked, strpctyugg. wpdgh; fopRFisesnsion

as the preferr

fo hol d t he st e ParkePiSe iy BerTed prihs, CriRRins: Radeiar: Levis™ " o "
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lifefTy me cycl seraeeafss'seﬁm@aﬁsui&e RE SHEEORE Cowker hesbrliic Aayldns ahich
o/ are normally spaced apart from one another at a predéternined
distance. Drop-threads, (or more appropriately drop-yarns)
preferably in the form of multi-filament yarns comprised of
many individual fibers extend internally between ﬁho proximal
or facing surfaces of the respective fabric layers. The use
of multi-filament drop-yarns is unique to this product. The
filaments of the drop yarns fora tensile restraining means and

are anchored to the respective fabric layers. The restraining



10 infinite fatigue life. Thus, by separating the conpression, and tension”
| oad carrying conponents of the device in this manner, a very uni que and
beneficial result is achieved. The resulting product has a fatigue life
many tines greater than is otherw se possible. The region between the

proxi mal surfaces of the fabric |ayers iZ%Of sufficient openness to a%tgw
nmovenent of the pressurizing gas throughofii the pressurized chanber.

her ot i oal | el il i yalkiia iy | Y Sranifie AT RrpANNIIBEC LGRS

preferably are conposed of a conposite elastonmeric sem- e material
which is sulxpd affret |ahd BEICHD UeathiPld B, &t WHey mdiye bRS adFanglely in
non-pol ar and that may additionally have very |arge nol ecul ar sizes. The
out er barrigretinmi st Arranygemait ol Itds aicted thatatheydraut war d
diffusion of [err] and [err] and ot her conponent gases of the anbient air

by nmeans ofcanprisdrer ithey dropitinteads) orf neéstraindng meanscoayobent within

the el astoneric conponent of the barrier layer. Therefore, this outer
barrier |aysepanabs @and diatingtfrom the gtarniof thefiinst endhsesgnd
slightly perneable to sone other gases such as oxygen. Wth this material,
a sel ecti vefahris dayeaut silod.or the garn vsed ﬁﬁbrﬁ%\%éiﬁ!ﬁi apd geFOoRd ch,

by means of_Rartigl pressuresg, tends toJncrease the gotal pressure wihin
the al readyf%?'e@s&q% e h,qgmpsﬁﬂtse]iys %’d&d titrﬁ's yaih' 8f"the

drop threads or restraining means, depending an the C}

/

application and the use environment. These restraining means
function to maintain the general flat or contoured planar form
of the pfessurized and inflated st:uéturc, and the bonding of
the outer covering to the distal sides or exposed cuter
surfaces of the respective fabric layer prevents the outer
covering from peeling away or separating from the distal
surfaces and forming an aneurysm. The drbp yarns vhich extend
fror one fabric layer to the other, function in pure tension
as the preferred restraining means and are present in
quantities sufficient to hold the structure in the desired
planar form without offering substantial resistance to the \;;
compression of the two outer layers towards one another. That
is, the restraining means have very little compressive

strength and very substantial tensile strength and thus do not
provide any significant compressive support to externally

applied loads and thus exhibit a very considerable fatigue

life. It is the pressurized gas component that provides 100%

of the cushioned support for the vety heavy, life-time cyclic

compression loads. The pressurized gas has_liherally an



.Jetail in, for exanple, Rudy U S. Patent No. 4, 340,626 patented July 20,
982; Rudy et al, U S. Patent No.4, 183,156 patented -11 - July 15, 1980;
dy et al, U S. Patent No. 4,271,606 patented June 9, 1981; and Rudy et al,
WS, Patent No. 4,219,945 patented Septenber 2, 1980.  Attention is .

respectfully invited to these patents, which are hereby incorporated herein
by rgzprence, for a description as to the barrier film the pressuri zi ng
gas amnd the physical phenonmenon which are {pnvol ved in diffusion punping and

as aid the physi cal ffusi on_purpi ng

The ot ruct ur es REARREE S8R 440N TR ol Y RBedRRING, Biip] Gfeeradsion,
structures _ _ ;

o cushi on’ an i SeRBLoR 108 carryifd (rbordfteTel HAE abEich 1f ERIS

ot herwi se wast gdnfes,0% barguggshhh_ﬁhﬂpﬁbnéiﬁ' aitEHGh!EeiEaicﬁiééﬁéhﬁgrhe

advant age because it has a tantially reduced nmass as conpared to t

prior art strugesudtinghproduct HasdaPratidgue 1478t hahy 8¢méé! §Eefter than
el enents whi.ch have a I ow hysteresis energy | oss when Tl exed. s(s)

pressurized toist otheswiseppossiblp.cf PhabiregioncbebweehSthei préxiwal ons
well to provide excellent and confortabl e cushioning and then to return the
stored energy Burfaces pfcthe Sabricciayeriscisi o8 suffickent copénnmesscto
When the structure of the present invention is pressurized to a level in
excess of 40 t#13@WpBpverent: pficthecpyessurizing,gas throughout the

{:> pressurized chamber.
Y o
The hermetically sealed outer barrier layers, which
operate to contain the gas, preferably are composed of a
composite elastomeric semi-permeable material which is
substantially impervious to those ga#es vhich are essentially
non-polar and that may additionally have very large molecular
sizes. The outer barrier layers also can control the rate of
inward and outward diffusion of N, and 0, and other component
gases of the ambient air by means of the percentaqe
composition of the crystalline component within the
— elastomeric component of the barrier layer. Therefore, this
outer barrier layer provides a very important secondary
function of being slightly permeable to some other gases such
as oxygen. With this material, a_selectivu inward diffusion
of oxygen occurs from the ambient air which, by means of
partial pressures, tends to increase the total pressure within
the already pressurized enclosure. This is described in some
detail in, for example, Rudy U.S. Patent No.4,340,626 patented
July zo,'1saz: Rudy et al, U.S. Patent No.4,183,156 patented



much as 92% of the energy of an inpact. Therefore, if a weight having the «
" shape, nmass, and velocity of a representative hunman foot at heel-strike, is
-12- dropped fromapproxinmately two feet height on to a properly designed-
structure in accordance with the present invention, which is pressurized to «
a level of approximately 55 psig., the weight will first be well cushioned.
fromthe force of inpact, such that lthe G forces on the wei ght will be i(ny
the range of 9 to 12 Gs. Then nearly all of the inpact energy that is

absor bed, i stributed and stored_in _the device during7the downwar d

Copress) ?ﬁg?ﬁm‘z’"zﬁ“?’a’% i oo encly
?LLQLgﬁLig&ﬂﬁegg?gtghibraﬁg #ﬂgﬁeg? ?%s abgd EBﬁP?E?ﬁEE‘EgiiséﬂEFongxPress
pr oduct siﬁ%#?ﬁﬁgéu%?§é§§%¥gi%fnggéékinﬁﬁ?%ﬁggﬁgn?ﬂgpgﬁﬁegﬁﬁéii#n{hﬁgiﬁda
Coml | ancet notiee FELERERT ViLon 4P HEEELY | 2nBKBofdcds BRRLTIY | O

uni quel y spatéfende | OPOFCR AE4Er PHOEON Sad t&' tRESPAPPLIES £P1h) C@ld ONS where
hi gh styl e and/ or maxi num cushi on confort, support and shock protection are

to be achipregsurisingngasnand the phpsical dphencnenon. vhichy sxefile).
Thi cker devices as disclosed in Rudy Patent
involved in diffusion pumping and the activated diffusion of
gas through the semi-permeable barrier layer. ()
s
The .stmctures-accozﬂjngtoerbodinmtsofthepraeﬁtinv'eﬁtim. :
are particularly unique and suited for use where they are required
to absorb and cushion an impact load within a limited space
and then return this otherwise wasted energy in a useful
manner. This structure has a further advantage because it has
a substantially reduced mass as compared to the prior art
structures, thus providing pressure constraining walls or
elements which have a low hysteresis energy loss when flexed.
Gas(s) pressurized to at least 2 psi and preferably more than .
15 psi, functions well to provide excellent and comfortable ~
cushioning and then to return the stored energy in a
resilient, efficient 1ife-1like and beneficial manner. When
the structure of the present invention is pressurized to a
level in excess of 40 to 50 psi the structufe gives back as

much as 92% of the energy of an impact.

Therefore, if a weight having the_shapo, néss, and

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



4%183, 156, were, in large neasure, poorly suited for this type of
application. The hills and valleys of the earlier product, coupled with the
need for sone type of foam encapsul ati on or noderator device to provide a
sroot h, confortable support surface, created a product that was relatively .
thick and -13 clunsy for this type ofl&pplication. The flat or contoured
pl angr )| oad bearing surfaces of the present invention achieves a conpletely
new and uni que ree of 100% fl oati ng_on air cushioned, resilient support,

d
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the present invenfion atl on O one Oor nbre aneurysns cons
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fabric, or by tailare’/el toRefS¢ayDy 811 SUththeonpact émergy i) i
caused by bendi ng fatigue and/or abrasion of the drop yarns, normally
referred to asabsérbed|| pedbstrietédi andestéred in the device during the

O
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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
consideréd to have good compliance. Poor compliance would, of

course, be the opposite.

The present invention is uniquely #ulted to footwear and
U othef similar cushioning applications where high style and/or
~ maximum cushion comfort, support and shock protection are to
' be achieved in a minimum of thickness and space (.e., low
profile). Thicker devices as disclosed in Rudy 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 encapsulation or
moderator device to provide a smooth, comfortable support

surface, created a product that was relatively thick and



Figure 30 for an illustration of an electron nicroscope image of a typical *
fibrillation failure of drop yarn tensile fibers under the ball of the foot
after approximately six nonths of wear in high performance athletic shoes. -
As discussed later, the present invention solves these problens for the
life of the product. -14- The use 8+ drop yarns in a double walled
structure acting in tension to constrain and shape the barrier surfacegshas
been proposed previously. An exanple of the aneurysm which can devel op when
t he drop clamsy ficr dhisntypei ofcappliicatgoh.or are deliberately severed, is
illustrated for exanple in Cross, U S. Patent No. 3,205, 106 patented
Septenber 7, 1965. There the product functions conpletely as a structural
device, it does not produce a cushioning function; nor does it solve the
probl ens i nhe/Tha filataofusantauredpplanar l1odd beaning sucfaces of the

I nvention. Cross does not address the problens that nmust be solved in order
to achi ePresantsinvention,achieves aceempletely new:and unique dagree

or esent A% S FLoHInZEn p1 8 psLohed e n + {Rak SVBRot  campart

' | Q0 S| [ | bl |1 ed
has beon AR pEeERenidn Redar The bl RRRRERRE: | thiobiynifen 5,5 106 1 °°
pat ent ed g93u3Atesd theOhéed fof £58m encapsulation. However, in

certain circumstances it may be desirable to use foam in order Q

-

to build the unit into a midsole, to abéorb moisture and to Q.)
increase further the service life of the gas pressurized

product. The use of foam can also conttcl or eliminate the
tendency of the subject cushioning product from buckling, when

bent in a sharp radius.

In the present invention the formation of one or more
aneurysms constitutes failure. Aneurysms can develop either
when there is delamination of the barrier material from the
distal or outer surfaces of the ﬁouble-walled fabric, or by
failure of the drop yarns. Such drop yarn failure can be e
caused by bending fatigue and/or abrasion of the drop yarns,
normally referred to as a fibrillation-type failure. See
Figure 30 for an illustration of an electron microscope image
of a typical tibrillation failure of drop Yarn.tensile fibers
under the ball of the foot after approximately six months of
wear in high performance athletic shoes. As discussed later,

the present invention solves these problems for the life of

the product.



al, US. 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
dianeter) plastic nonofilanment strand woven into a stiff three-di nensional,
conpression | oad supportive mat. The Tungseth '126 patent describes a
product of this type that relies conpletely on the buckling characteristics
of qﬁbect di aneter plastic nonofilanments in=l4<he woven structure and
whi ctr‘are placed in conpression in order to absorb conpression shock | oads.
I n Tungseth ' 126, no pneumatic support.is provided at all. The G ese patent
'532 likewise is a JThé fusspmf sirdpryamnad isugpdonble walledyvstructure acting
of an inch dianeter plastic nonofilanment strand in order to forma thernmal
i nsul ati on i nsein tensipn ta congtradsn angd shape the barrdes; gurfaceschas

S To prevent  deeeh RRGRSed RARYIRUALY+ | 0B SX3EPLE OF, BN BASHEYERCHAIRBN
Tungeet h. The CRIBAREROR Ame (G Broh yaif® 4F% ps. ABaSrr LR 1aRE, pEPapstn
may e left wi 19 reih SRRy Reviad:, 16020 useeRel coF EREnpTetnl
2gas such a5 [SFTIT 0 et MO 0%, 106 FACRERR ssptonbpR, 5rsobsLl
transfer that ifnéfeathd Frodutt Fiftictilond completely! aCalbtiudtarat! device,
(:) it does not produce a cushioning fuﬁction: nor does it solve

K/. the problems inherent in a cﬁshioninq product such as does the
present invention. Cross does not address the problems that
must be solved in 6rder to achieve permanent inflation nor
‘does he attempt io use or céntrol 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
valled structures has been proposed, for example, by Tungseth,
U.S. Patent No.3,616,126 pgtented OQtobc: 26, 1971 and Giese
et al, U.S. Patent.né. 4,005,532 patented February 1, 1977.
These pridr structures are comprised of a single heavy (i.e.,
large .003 to .025 inch diameter) plastic monofilament strand
woven into a stiff three-dimensional, conpresgion load
éupportive mat. The Tungseth ‘126 patent describes a product
of this type that relies completely on the buckling

characteristics of select diameter plastic monofilaments in



poor shock absorbing devices returning little, if any, of the inpact energy
to the user and thus wasting and dissipating the energy away as i nternal
frictional heat. Qur tests reveal rapid fatigue failure of these |arge

di anet er, conpression |oad supporting plastic nonofil anents which thus
create sharp, protruding plastic splinters that easily puncture the
envelope film resulting in a |oss of w+«um or |oss of special |ow thaghal
conductive gas. The sharp splinters |ikew se penetrate, irritate and
puncture thehewoven stiaugtiyie andswhichgare plasediiincsonpressidanpbssi bl e
infection. OQther prior patents include U S. Patent 4,409,271 issued to Pehr
on October andex gy absprhcoppression shosk loadmsi gfn Tungseth: (326, no

el ement. The Pehr structure i,s conB sed of ap_untrimed velvet fabric

havi ng a veP@?%t&I@%‘iﬁeéﬁ PRE 893 r 8%n3dner webs. The fabric is
rendered i nperneable to air by a rubber coating which is vul cani zed and the
fabric is joined together by a seam The Pehr product may be filled with a

Gas bndurd or Lo flice Balenk! 9845" 138ebghel SCUIE1ED, U5nioEdaEin?
Vaney ot dloan IEPSrCHEL pat MEVeRCrrbR 87 BR00BE dn ik ALKISLEE. ° o
been tensi |prse s ddrstiYatientBeeand dnhozlle2€o!l TOENOR théPndfbric wll
stretch. U S. Patent 3,205,106 of Septenber 7, 1965 issued to
insulation insert for grticles of footwear; wherein it is C)
stated "The separating material®(i.e., plgstic monofilaments) \\)
"are of such a strength as to prevent deformation of the mesh-
like fabrics toward each other when subjected to the weight of
the wearer of the shoes.® This is identical to Tungseth. The
embodiment calls for the mat to be covered with a_barricr
material and closed to form a hermetically sealed chamber. 1In
one form, air may be left within the chamber to form an
insulative dead-air space, while in other forms, the air may
be evacuated froq the chamber or, replaced with a gas such as
CO, in order to achieve a thermal coefficient of heat transfer
that is lower than the ambient air. These structures are very -~/
poor shock absorbing devices returning little, if any, of the
impact energy to the user and thus wasting and dissipating the
energy away as internal frictional heat. Our tests reveal
rapid fatigue failure of these large diameter, compression
load supporting plastic monotilaments.which thus create sharp,
protruding plastic splinters that easily puncture the envelope

film, resulting in a loss of vacuum or loss of special low

thermal conductive gas. The sharp splintcrsllikewiso



Ci:oss 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

provi ding a convex section. This effectively produces an aneurysm the very
siztuation which the present invention seeks to avoid. Also of interest, but -
describing an entirely different 17 produgt fromthat here dlsclosed S
U.S. (Patent 4,261,776 of April 14, 1981, isst®d to Lea et al and the

paten S therein discussed, The Lea et al product is_ a self-lnflatlng air

‘mattress. |n tPRNGFEAEM 4%%& @W%m skin of the faptyery
fine, texturized or qu d se e nents (not ofilanment as
in the above presplbin Eaﬁf HQ§53Pﬁen§P§°gﬁg Bei ng of a
very small cross- sectlon dlaneter in conparlson with the prior art such
that they cannot act as Euler col umtm conpressi on nmenbers and are conpletely

| ncapabl e of suppor et ! lgOn b %

Shoul d fil aments bé% qﬂ#%e ol Fﬁggiﬁodupkggﬂt xﬁgpgn?gg Qﬁsued
sharp splintergd hﬁﬁh reg OfF PTG 8 ke’ ki 2ight 1 ht
envel ope. Thus t f&h supporitdllﬁlg r%e%i;%ﬂgm%g‘ithe praggent mven?l O:eig

conpletely di fé&ﬁ&f‘héé%ﬁt&hﬂﬂ&r e PNt Wtructige! s copposed bghn
pressure containnment, |oad carrying capability, shock absorption, fatigue

life, resiliengNtrimn@dteélvet fabric having a vertical pile between the

o/

upper an lower webs. The fabric is rendered impermeable to
air by a rubber coating which is vulcanized and the fabric is
joined together by a seam. The Pehr product may be filled
with a gas, liquid or foam. The Pehr product is not intended
to be used as a cushioning or shock absorbing device, as is

the case with the present invention.

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

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

present invention seeks to avoid.

" Also of interest, but describing an entirely different
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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 conpartnents, see for exanple, Rosenberg, US. -
Pat ent No. 4,590,689 patented May 27, 1986 and Striegel, U S. Patent No
3,914,881 patented Cctober 28, 1975. Foam products of this type C}'
pressurized even with supergas (Rudy Bi%= Patent 4,183, 156) have not been

the bost of oy £hom HHR hekel RIEH olul) da BB ptank 4 28ha7 78 SLr
Lo support AdjaNaeesades | Nestiedd o ieas Wea1047 thS bhtenth EngrOEHC! (O
be used in this marfner i1 footwear: {%? under ébavy cyCl1c conpression

| oads, typigidcuiisddic Mh@ Lol idec alhProdict 18 Q' selPiiRglatifgaiEs of the

I ndi vidual cells constituting the foam structure abrade and tear as they
nove agai nyiattyeswiot her 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 halfsole or insole) in athletic footwear such as running shoes,

| oses a subst antimithee presengi invention the drop yarng gengisti of manyin

just a few mles of running, and at _about 150 niles-agproxinatelé 75% of
t he initia|vq;!azsmim»ngeﬁvgéﬁsﬂeemmméeﬁepaﬂtqﬁé ppeRts (RS Roning is

the single monofilament as in the above prior art) each having a g:)
high tensile strength and being of a very small cross~-section .
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'danagc_the barrier envelope. Thus, the
load supporting mechanism of the present invention is
completely different from the piior art, and with greatly
superior high ptessutc containment, load carrying capability, N

shock absorption, fatigue life, resiliendy, long term et

permanent inflation and beneficial life-like energy storage -
and return characteristics that are nbt even remotely possible

with the above stated prior art.

Various gas containing foam naterialj have previously
been sealed in flexible air-tight compartments, see for
example, Rosenberg, U.S. Patent No.'4,590}689 patented May 27,
1986 and Striegel, U.S. Patent No. 3,914,881 patented October



result of internal breakdown of the cell walls of the foam as descri bed
above. In this usage, the footwear does not becone unusabl e because of the
descri bed breakdown of the foam The user sinply is exposed to reduced
cbshi oning (and poorer foot support) and thug nmuch greater shock forces.
However, with a pressurized structure, =p§ eakdown of the foam structure
resuggé in formation of a protruding aneur¥5n1or bul ge under the foot. Even
t he |l est f28,ur@786 t Foam products ofithis: typerpressurized- evan with

product painful under the foot and therefore unusable. The relativel

pressures mhicﬁ??PEgP!qJFPQU HosprS@FG@ttHelﬁasﬂﬁéa ‘h§9§59ﬂ99 ﬁﬂé?gégg?l
EEEEELEEE% fE%ﬁ'ﬂ?ﬁZg u%%%%taéi?%bﬁ?ﬁ? 33/5&ath?%%?ﬁrl“ré?%?gb??g'r"“r"
winthis © nlvgﬁr'?g#?st@o%%@?a?a fs?@hé‘g%ﬁ_é?ﬁem"g‘ﬁ% ﬁ@*&i&#gﬁqﬁﬁﬂg@’@gﬁ?
barri or | ayer pe seALeble 34 Wigpiy e ASCARRRLY IRR1ALICHRERUELPRE Gher

del ami nate thethgndedel aﬁhsmh&eggew BBGE ?ﬂr eHIBOBhnhEe Lhf Lostwédse;

product. It has been found, I'n accordance w1t ' '

is invention, that if the
yarn which is y2¢duh@ekroh@aye Qlecconpregsion’ 16ads] thpibalroft thet fsot
fiber interface reinforcenent of the barrier layer, is in sonme way bul ked,
texturized or strike when walking or running, the walls of the individual
(:) cells constituting the foam structure abrade and tear as they .
U move against one another and thus rapidly fail, resulting in
an aneurysm and/or a-suhsequént'lbss of pressure.

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

~ result of internal breakdown of the cell walls of the foam as
described above. In this usage, the footwear does not become
unusable because of the described breakdown of the foam. The
user simply is exposed to reduced cushioning (and poorer foot
support) and thus much greater shock forces. However, with a
pressurized structure, breakdown of the foam structure results
in formation of a'protruding aneurysm or bulge under the foot.

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



flannelized or nade fromat |east 20% di sconti nuous filanments, so that
there is a | arge degree of openness to the yarn and there are nunerous
| oops and/or spirals of small dianeter tendrils or other tendrils and
projections of filamentary material extending slightly fromthe distal
surfaces of the fabric |ayers, greatly inproved bonding can be achi eve
Actually, the tendrils extend fromthe | arger dianmeter yarns from whi cR#t he
fabric material is formed. The texturiZl g can be provided for exanple, by
abradi ng the distal surfaces of the double-walled fabric, by crinping
the indi vi ¥ Prodact,Paintud, upder, the: faat and fhexefpye unpygables) se

tw st or air bulk heat-set texturizing step in manufacturing the yarn, and
the Iike. Such a surface or bulk treatnent is referred herein as a FIRTEC

éié?féb{ QLSU one pRIRERELY, pigh. PR e Riren Wilih kS ?«ﬁ&?ﬁhéﬁ :f >
The varn [ PEOVIARO e 368 rkA hia0 Becebldaiy AsGreeof Buphfrt lnd 00 ToTH
that in thapgma'maw#bshher Yel iub%uﬁﬂ%qrgﬁos&eaﬁeweﬁsﬁa bee1YAEN

and the dis sides of the respeCtive fabric |adyers present a great many
tiny | oopscg delawdindtiof’ ofcthendutéie bardierd tdin’ avagerionBRebaistal

continuous in nature in the preferred enbodi nent so that the | oops are o
anchored abrbouterngarfacesped theadeubdeswalledrifabedci ntptaigathuare al so
sultante important, in accordance with this invention, to provide a ’CQ'
strong bond between the outer surface of each of the layers ot/
the fabric and the facing surface of the envelope or barrier
layer. In other words, the peel strength or the force needed
to delaminate the bonded layers must be very high throughout

the life of the product.

It has been found, in accordance with this invention,
that if the yarn which is used to form the double~walled
fabric and vhich creates the fiber interface reinforcement of
the barrier layer, is in some way bulked, texturized or
flannelized or made from at least 20% discontinuous '
filaments, so that there is a large degree of openness to the
yarn and there are numerous loops and/or spirals of small
diameter tendrils or other tendrils and projections of
filamentary material extending Qlightly from the distal
surfaces of the fabric layers, greatly improved bonding can be
achieved. Actually, the tendrils extend from the larger
diameter yarns f?on which the fabric material is formed. The

texturizing can be provided for example, by abrading the



far use according to the present invention. In sone cases it may be

desirable to have a yarn core of straight fibers surrounded by texturized
fibers. Also, fibers, other than fibers of circular cross-section, nay be
useful to increase the surface area for bog@Lng pur poses; such fibers are
oval, .cruciform dunbbell or Y-shaped in Cfoss section. It has been found

toxt 411 7ed) bul k60U gRC e, oL, s AciBYa-yay e abkity by Brfapnd phe
the Torm ol 1 0oqs Al ‘a§Gneh®l WyaRH b, WACRGRACTo! BBerPRns L B Hhing o
aohi pved L1 e galhi® i kO g R BRTIC HURZUAL, et b Geap B veer

factors is that plahe MIRYed %.%@g{l?ﬂd the' 11kkl.Ca8Lkn ansupracs a_be?ux

surface area of the anchorinfng co Anot her factor 1s the essentially

uni form and W degieataént 18creretred hed¥in asch FIRTECC|(FibetcIntérface
anchoring conponents thus assuring strong bonds over the entire mating

surfaces of theRednforcandnthTechinology)jcisurtacetreatmentet Itoibealsact or
Is that the openness of the yarn permts a carefully controll ed degree of
penetration of desicabliei t9 mseca yarnnwheriednf thenfilaventnsurfaces Taxe dull
cloth or fabric structure which fornms the tensile |l oad bearing portion of
the inflated produsemizpright, as contrasted to bright. Therefore, in a

(:) ' preferred embodiment, the yarn from which the double-walled
U fabric is constructed is treated so that in the final product
there is a large degree of openness to the yarn, and the
distal sides of the respective fabric layers present a great
many tiny loops or outwardly projecting. The individual
filaments may be continuous in nature in the preferred
embodiment so that the loops are anchored at both ends.
Crimped filaments when combined into a yarn are also suitable
for use according_to the present invention. In some cases it
may be desirable to have a yarn core of straight fibers
surrounded by texturized fibers. Also, fibers, other than
fibers of circular cross-section, nay-hc useful to 1ncrea§e
the #urtace area for bonding purposes; such fibers are oval,
cruciform, dumbbell or Y-shaped in cross section. It has been
found that best results are achieved vhen the yarn is properly

heat set in the texturized/bulked condition.

‘The presence of a multiplicity of tendrils in the form of
loop§ and the like significantly increases the bond strength



constructed according to any known procedures including knitting, weaving, *®
sewing, matting, etc. It is preferred that the drop threads be securely
anchored to the fabric layers, for exanple by a |lock stitch, whereby the
tensile elenents remain in place to prevent ballooning along the edges of @
the fabric layers. The doubl e needle 2§r Raschel . knit material is

particularly satisfactory to use according to the present i.nvention siﬁab

it provides the lock stitching to the fabric layers. Al so material which

i s woven \Weyond kthaiti whith hais heretidforiecbeenuachidvelldin th@geindudtppuct s |
havi ng conpl ex contoured and/or tapered surfaces in many different shapes
are possi itice providenhiexiceptdonaddyp strongobondingdbetwegnt the barrP@r sewi ng
t echni ques where the length and angul arity of each drop thread or

restraini epvedope magerdadi and: the faginghfabrigj dsyer.r coneavfi the means.

The drop yarn or tensile-elenents nmay extend Eerpendicularlgsfron1the

fabric | af@Cctorsndg tbag: the-presgnce pf| fthe xendrilsssignificantiy ances,
where | ateral | oads Sre in&plved as onhrasteg't | oads geégendicu!ar to
the surfadBCTPasRE the,BUTrLags,axea,of & ﬁaF&ﬁ-PﬁS“ﬂnﬁﬂPa neit8nt ati on of
the t il t ' ' h I whi ch f ,
cannot | be AhgERR, 2AS5OE 38 SRS enBentiRinkl 0R1 POFR' ahd WRasbbidaq ot
finished al . : : d
hat woul H1SP9z8Aoh BE, 2186k theb-2ace’ FE1AkortBhbAE hACKEr BAGCCOS! N0 &1 dS
components thus assuring strong bon4s over the entire mating (2)
surfaces ot the fabric and the outer envelope component. Yet ;)
another factor is that the openness of the yarn permits a
carefully controlled degree ot.penetration of the coupling

mate:ial'into the facing cloth nmembers.

'Tha cloth or fabric structure which forms the tensile
load bearing portion of the inflated product may be |
constructed according to any known procedures including
knitting, weaving, sewing, matting, etc; . It is preferred that
the drop thre#ds be securely anchored to the fabric layers, | N
tor cximplc by a iock stitch, wvhereby the tensile elements L#’
remain in place to prevent ballooning along the edges of the
tabric_lafcri.'lmhc double needle-bar.nasghoi knit material is
particularly satisfactory to use accord{hg to the present -
invention since it provides thc_lock stitching to the fabric
layers. Also material which is woven with a locking stitch is
suitable to use. A wide range of products having complex
contoured and/or tépeted surfaces in many dittérent shapes are

possible using high.spéed computer controlled, gang type



st{ong bond between the filaments of the fabric and the coupling material.
The yarn fromwhich the drop thread |inked double-walled fabrics are
constructed nust be made of a. high tensile strength nmaterial which is
stabl e under. the intended conditions of b manuf acture and usage. A
variety of synthetic yarn materials may be~lsed. However, because of the
bendi{ng and abrasi on of the drop threads which occurs when the two outer

fabric |ayers nyeeimycteciiiinidd Witire/the 1éngth haadSnghgg?g’e{,h %Qéh drop

relatively long periods of tine, it is_inportant to use ave

good abrasi on premeedd e arebtheihing mwmyebasaameraatdtseuseﬁdsé ater.
In general the filanments utilized in the yarn-an enbodi nents -23- of
enbodi ments of tdd)auersentestradning) Means.a fhei dropeyatnl erctensilérelenents
about 1-20 with a preferred range of fromabout 2-5. The individual

fi]anments in gemaylextendpexpendiculamynfron thenfebrie dayeroer may be at
grans per denier with a preferred range of fromapproximately 4-6 granms per
denier. In genersci?eac‘hefqmﬂ)é?‘]&“q’-l%m Q'perlyaﬁﬁnﬂaﬁgé§am=ﬁﬁva ¥e1-300

sttty AR Y el IR B oAbl "L 1"
o 50000 MR A 24, P HASHBR A8, e i "
from about 400- balancing angular orientation of the tensile yarn has
(:) ' advantages in supporting shear loads which, of course, cannot
— be shppdrted by the pressurizing gas. It is important that
the finished cloth or fabric structur§ be free of lubricants
or processing aids that would be detrimental to ach;eving a
strong bond between the filaments of the fabric and the

coupling material.

The yarn from which the drop thread linked double-walled
tabrics are constructed must be made of a high tgnsile
strength materlallwhiéh is stable_under the intended
conditions of both manufacture and usage. A variety of
synthetic yarn materials may be used. However, because of the
bénding and abiasion of the drop threads which occurs when the
twvo outer fabric layers move toward one another wvhen cyclic
loads are applied for relatively long periods of time, it is
inportént_td use fibers that have good ahrasioﬂ propérties and

bending fatigue resistance as discﬁssed later.

In general ihe tiliments utilized in the yarn .in embodiments



500 strands per square inch. The bulk density of the fabric is therefore inff
general in the range of from about 5,000- 150,000 fibers per square inch.

It is inmportant that the finished cloth (in addition to the begi nning yarn).
be given a heat-set treatnent so that in the double-walled fabric the drop *
yarn will tend to stand up so that a giﬁgn poi nt on one fabric |ayer w L]
tend to remain axially aligned with thé<2anme given point on the oppose _
fabric layer. This is advantageous in construction. tt is preferable during

the manufacturing procedure to have the drop yarns_standing up so that
there is n8fs@¥%lg€%’-ﬂ ofi the mm Redenige rpaxnfilapent ofurf ace
fabric layers. Textuyrijgzi of the drqp YA i 'vim
filaments ?F‘H%% ﬂﬁl"éé’g‘gﬂlaelprﬁgﬁﬁ g% ‘f]e‘gg%lﬁdun?r%ersil}?der any

Circunstanggajyvidpgd- tIi‘Em&ﬂi‘itiﬁC?éﬁﬂr&i SRR Vet ie HeEHytngD! €

mul ti- |ayer envelop according to The present invention beginswth the

. sel ection Qteaacaegs 08t #i6m (P UDY cgidhs Ser adén fexVWith ia) priederdied® drop

t hreads extendi ng between the proximal surfaces of the respective fabric
| ayers. Theafgetof fromsapproximatelycd+6ogisus iper derierar e Inger@railed
with a carefully nmetered quantity of coupling material. This may be done by
starting wthe humbersbfcfilaments |penfyirmrranges driom aboudn 1300y wikh he
coupling material. The properly shaped article
the preterrgd range being from about 40-200. In general there
are from approximately 1-8 yarns per tuft or strand with the -C)
~ preferred range being from about 1-3 yarns per strand. The .;;)_-
preferred fabric is knitted with from about 50-1000 strands or
tufts per square inch of fabric and preferably from about 400-
500 strands per square inch. The bulk density of the fabric
is therefore in general in the range of from about 5,000~

150,000 fibers per square inch.

It is important that the finished cloth (in addition to
the beginning yarn) be_giv#n a heat-set treatment so that in
the double-wallqd fabric the drop yarn will tend to stand up
so that a given point on one tibric layer will tend to remain
axially aligned with the same given pdint on the opposed
fabric lgyer; This_is_advantageous in construction. It is
preferable during the manufacturing procédure to have the drop
yarns standing up so that there is no significant nmis-
alignment between the upper and 10w§r_surfacc tabric layers.
Texturizing of the drop yarn prevents the individual filaments

from acting as Euler column compression members under any

circumstance.



can then be cut fromthese |arger sheets or rolls of material that have
been pre-treated. This procedure has advantages to be described later. In
general, the coupling material is a product which will, 1) penetrate and
bond to the material of the outer fabric layers to a carefully controlled
depth, not exceeding the thickness of said surface cloth nenbers, 2) act as
a sz:}- permeabl e el astomeric matrix, penetdgting the yarn bundles and

tenaef ously attaching to and joining together the fibers constituting the

s (R
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hot press with a sheet of coupling material .on top and on the bottom of the
fabric and w t htige sShespective| futari . Jayers avec impregnatpd ejthnaccasetallly

the metered quantity of coupling material. This may be done by
'(:} : sﬁarting with large sheets or rolls of fabric material, then
\,/' applying the coupling material. The properly shaped article

can then be cut from these larger sheets or rolls of material

that have been pre-treated. This procedure has advantages to

be described later.

In general, the coupling material is a product which
will, 1) penetrate and bond to the iaterial of the outer
fabric layers to # carefully controlled depth, not exceeding |
the thickness of said surface cloth nehbers, 2) act as a semi-
permeable elastomeric matrix, penetrating the yarn bundles and

v tenaciously attaching to and_joining together the fibers
constituting tﬁc outer fabric layer elements, and 3) also
forming a strong bond with the seni-permeable elastomeric

outer barrier material, or envelope.

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

presses, extrusion procedures, or calendering, spraying and



heated pl atens of the press. Such sheets of a suitable rel ease agent
(strippers) are used to prevent the sheets of coupling material from
sticking to the upper and | ower heated platens of the press. The stack of
fabric and coupling material sheets are subjected to relatively |ight :
pressure in the press between the heated platens (approximately 5-3 pshbé
for 6-25 seconds in the range of tenpegature of 340 to 400 degrees F. n
t her nopl asti c pol yurethane is used as™~RA8 coupling material, the
tenperature has to be high enough to soften and nelt the coupling material
but not so hidgstar bdaddngee or shrink the fabric. The feed systemfor this
process can be either a batch system (using in-and-out shuttles) or a
continuous process usihg-rolls of fabric and rolls of coupling materi al

R R G W T R TR, G
(lat and | 38 BRpdins, bk ApyBLegs mfESRfA AR 4 Bt (B B Jod "
Shoul d'be. bl YchbsTMAEK: 4E9H°CR0T B11Ad IV o dlrpitcitheln AR G610
Fo 120 dogr oo 1E- 62 PREsE7tnCHOLLEN, SRd: MyCGVII ke End RUKAE olled”
tined sequenog thet fabPLE DAgéfs.Berhestatyl® fsihidved under an upper and
lower heated platen hot press vith a sheet ot coupling | &
material on top and on the bottom of the fabric and with a o
sheet of release agent between the coupling material and the
heated platens of the press. Such'sheets_ot a suitab1c
release agent (strippers) are used to prevent the sheets of
coupling material from sticking to the upper and lower heated
platens of the press. The stack of fabric and coupling
naterial sheets are subjected to relatively light pressure in
the press between the heated platens (appfoximately 5-3 psi)
for 6-25 seconds in the range of temperatire of 340 to 400
degrees F. When thermoplastic polyurethane is used as the ;;)
coupling material, the temperature has to be high enough to
soften and melt the coupling material but not so high as to
damage or shrink the fabric. The feed system for this process
can be either a batch system (using in-and-out shuttles) or a
continuocus process using rolls of fabric and rolls of coupling
material moved along on an intermittént'baSis'bj means of
suitable relaxer and indexer conveyor mechanisms. Platen

‘sizes are normally 14 inches x 18 inches, 30 inches x 30

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



tend to shrink sonewhat when heated during this process, it may be usefu
to use pro-shrunk fibers when knitting or weaving the cloth. In sone cases
it is useful to apply longitudinal or lateral tension to the fabric during

application of the coupling material. In this way a finished, snmooth
surface i s obtained on both top and bottom surfaces of the fabric. Accurate
te ture, pressure and tinme control is sential so as to achieve a good

gri p~etween the fabric and coupling materT whi l e al so .avoi ding driving
et bi ity of PREVTeE viiREn Yol HEWH dnthyror Fenpetaride ol fabpiey "¢
the pref orred Aot SPYE of Ml dlmdlie ¥ U R BpESpULAET. (O
Chect of coupl i SerRerara MGt Khd Hrelll) Srafe nk FRBedn, L0R2 ot

is very accuratghyineni€d! | ook e dreduich.cd e [dlld PrlessPabeddeoN2te8seUthe
and the depth of penetration does not vary -27- fromone area of the

fabric to anot est decupDindg ampteerial (dperdtesiiiny thie rangeool! s00tegead. A
superior and preferred procedure presently used follows in detail this
coupl i ng nat er idégrees i Eat i The upandrdowumotion et &heotcoldeptessi isnint the
have a control |l ed
- same timed sequence as the hot press. Because some fabrics
C>° tend to shrink somewhat when heated during this process, it
L/; may be useful to use pre-shrunk fibers when knitting or
weaving the cloth. In some cases it is useful to apply
longitudinal or lateral tension to the fabric during
application of the coupling material. 1In this way a finished,
smooth surface is obtained on both top and bottom surfaces of

the fabric.

Accu:atg temperature, pressure and tino-control_is
essential so as to achieve a good grip between the fabric and
coupling material while also avoiding driving the coupling

N material all the way through the fabric which would impair the

| flexibility of the drop threads or at worst, bond the opposite
fabric layers together so the product could not be inflated
and pressurized. In the pteferred embodiment, the quantity of
coupling material available to penetrate the fabric is
conﬁrolied by controlling the thickness of the sheet of
coupling material which is applied to the fabric. .Also. the
.heat is very accurately controlled and regulated so fhat hot

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



and uni form degree of closeness or density of weave. The density should be «
sufficiently uni formsuch that when the fabricyis held up to a light source
it nmust not be possible to detect penetration of discrete |light rays. The

density should not be too |oose in any areas. Al so, the density should not -

be too tight. Such control of density is achieved in several ways: 1)
nunmber of yarns per square inch, 2) m#ber of filanments per yarn, 3) anﬁynt
of the bulking, texturizing or FIRTEC treatnent, 4) tension in the Raschel

%:‘LQ%?F??&%??% 5%%%&?%@&23‘?@%152%} fhet € aun Fo %ﬁé’i L&Q&lr?n@’_et” he
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can be det pat¥eial applicatibneseapnt of a strong bond. Particularly
harnful are silicone [ubricants and pol ytetrafl uroethyl ene processing

acids. The use of such lubricants should be reduced to a m ni mum or

el imnated conpletely during manufacture of fibers, yarns and fabrics. If

any such agent s Thensuternsuprfacesf afcthef fabrié¢ aust have & adontrolied d be

washed (scoured) or properly dry-cleaned prior to application of the

coupl i ng aggﬁtuniforn degree of closeness or density of weave. The
density should be sufficiently uniform such that when the (@]
fabric is held up to a light source it must not be.possihle to-g;)
detect peﬂetration'ot discrete light rays. The density should
not be tod loose in any areas. Also, the density should not
be too tight.' Such control of density is achieved 1h several
wiys: 1) hunber_ot yarns per square inch, 2) number of
filaments per yarn, 3) amount of the bulking, texturizing or
FIRTEC treatnent, 4) tension in the Raschel machine during the
knitting process, for exanple..'Thug the coupling agent can
penetrate both the yarn bundlées and the cross section
thickness of the surface cloth elements only to a controlled .
depth and can eftectively join tagether the yarns comprising .k‘)

the outer surfaces of the fabric.

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

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



Gne of the advantages of prefixing the coupling material to the fabric is
that it virtually elimnates free and |aterally extending fibers when the
bonded fabric subassenbly is die cut. The absence of such lateral fibers is
i_mportant in the subsequent sealing operation in which the barrier is .
joined together in the appropriate areas at e perinmeter of the product so
as %chreate an encl osure that can be pressufized with a gas. In effect,

the laisence of A o Y iHidVed | Stk LY Hardn SR saUclE iog»tt ¥$bers,

‘region of the perineter s el I'on “of "t hé enve

laterally of t i opg Ta ' linf |
aterally o %ﬁ@eadﬁ] gf{b;,tfap{' Gnnigfyb ﬁ‘%}f%&%’% Y&lalin 'o’ihe'i:%elc’%]pﬁ-‘f‘i&es

one small fiber® exten erally a perineter sea orns a

potential |eak gf ahdairic, KhéBlbridandild bedwashied Y stoliredy! br! 0

find in the usual quality control inspection. The result is a very slow and
virtual |y undetpripditky |d@nj-clesied gatidr to appidcat ione vtutheaicouplinga
period of two to three nonths. The coupling material nmay al so be extruded
as a sem - nol tagentscose filmand driven into the surface fabric |ayer(s)
usi ng heated, and cooling, rollers on a continuous feed process. Stil
anot her nethod of applying the coupling material, is to apply by extrusion
or spraying .a properly formul ated- pol yol-isocyanate m xture as . a Vi scose

partially cured |iqfne @f the advantages, ot B’ ing tha-gopplingomaterial
bl ade to the'fabric is that it virtuqlly eliminates free and

{:} o 'latérally extendinq fibers whdn the bonded fabric subassenmbly
o/ is die cut. The absence of such lateral fibers is important
in the subsequent sealing operation in which the barrier is
joined tbgether in the appropriate areas at the perimeter of

the product so as to create an enclosure that can be

- pressurized with a gas. In éftect, the absence of laterally
extending fibers prevents leakag§ paths in the region of the
perimeter seal joint or in the portion of the envelop
laterally of the edge of the fabric. The presence_ot small -
fibers or even one small fiber extending_literglly and
bridginq'the perimeter seai'fofﬁs a poﬁenti#l leak area which
is so small that it is extremely difficult to find in the
usual quality control inépection. 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 ﬁlso be extruded as a senif
molten viscose tilﬁ and drivén iﬁtc the snrface fabric

iayer(s) using heated, and'coolinq;_roliers on a continuous



treatnment and thus with rollers and rel ease material to drive the coupling +
material, also referred to as a coupling agent, to the necessary carefully -
controlled depth. This is not a preferred techni que because the residual
reactivity of the mxture is likely to react with the tensile yarn so as to-=
weaken and enbrittle it. Also the bond strengths with this-technique are,
general |l y- nuch poorer than can be acé¥ved with the heated pl aten apprQgch .
descri bed above. The coupling material inpregnated fabric is next cut into
the-desirQ% ? RPoce glng careful that the cut is free of laterally.
extending fibefs or |Ianents The coupling material inpregnated fabric is
then placed within the seni- perneabl e el astoneric outer membrane envel ope,
and the sem - perneabl e nmenbrane is securely bonded to the distal surface

of the couplingtqaleandthel TN oF E?Ewmagr taadcbﬁwzi aRateriaYers,
preferably by radio frequency heating. e tefperature of The dies which

are used ie ¢bf appliyhbycektrusionoor spea ﬁéeiarkﬁpéﬂl sgefmalatéas
melting occurs at the interface between t coupl i ng erial and the inner

surface opoiyelbisocyanatebmixturandsnat vistesei partiibdyredied liqafd
.frequency power setting, pre-seal, seal, and cooling cycle and die
t enper at ut@s thedsurfaneafabriks layerp ol dowedybyeacdoctiorcbladeo ni ni i ze

t he anmount of _heating_to the fabrlc and the barrier film At this point the
outer menBrEALRSEE; ABdcEhug with rollers and release material to drive

the coupling material, also referred to as a goupling ‘agent, (:)
to the necessary carefully controlled depth. This is not a ;;)
preferred Eeéhnigde because the residual reaétiviﬁy'ot the .
mixture is likely to react with the tensile yarn so as to

weaken and embrittle it. Also the bond strenqthé with this
technique éreiéenerallffnuch pobrer than can be achieved with

the heated platen approach described above.

The coupling materidi'inpregnated fabric is next cut into
the desired shape, being careful thit.the cut is freé of
laterally exténding tibern or filaments. The coupling
material impregnated fabric is then placed within tbe semi-

' perneable elastonerlc outer nenbrane envclopo, and the semi-
perneablc nenbrano is securely bonded to tho distal surface of
the coupling naterial impregnatinq tho upper and lower fabric
layers, preterably by radio frequency heating. The
temperature of the dies which are used to effect these
laminations are preferably ;djusted so that melting occurs at
the inteffacé'between'tﬁc.cdupling nateria# Snd the inner

surface of the barrier meibranes and not otherwise. The radio



i $.not yet been nade. Another approach that -can be used to bond the barrier
filmto the fabric (inpregnated with the coupling material) utilizes a

radi ant heat source, such as infra-red heaters, and atnospheric pressure to
apply the needed bondi ng pressure. This can be acconplished by sealing the
two | ayers of the barrier film (using a suitable clanping nmechani sm around
the gdyes ofthe fabric, and then dramIng a3gyacuum wi thin the seal ed

I h h I
The. appr opr | ot ERARAEl poi HEAG, CHPIARRT, eba o Candl Eobt Thal 8vBT8) foe
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to the distal Ygiep AiniNd P tNe %dm:erdzahewahageat eﬂesw:sse A& the
menbers, is uniformy attached by a bond which is“enhanced by a

mul tiplicity obarrierc@IIent i (it THies polfity thenguteePsesbranddperinatei Nseal
yarn, so that the attachment of the sem -permeable nenbrane to the fabric

i s substanti al lis st yetobedhmadgiout the upper and | ower surface fabric
menbers, conpletely free of yarn fibers or filaments that may bridge (from
t he. inner to the outer -31- surfaces), through the barrier envel ope. The
outer barrier nust also be conpletely free frompin-holes. _The peel

P
strength exhibited Bpother apRroache thathcam be. eseduﬁ°eke@§sthe barrier
film to the fabric (impregnated with the coupling material)

(:) utilizes a radiant heat source, such as infra-réd heaters, and

v atmosﬁheiic pressure to apply the needed bonding pressure.
This.can be aécoﬁplished by sealing the two layers of the
barrierlfiln {(using a suitable clanping mechanisn) éround the-
edqei ofthe fabric, and then drawing a vacuum within the
sealed envelope. 'The pressure oﬁ 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 cléth layers.

 The part'which results from the bonding of the semi-
permeable outer nenbrane to the distal sides of the coupling
| naterial'inpregnated surface tébric members, is uniformly
attached by a bond which is enhanced by a multiplicity of tiny
connection sitgs comprising loops or tendrils of the yarn, so
" that the attachment of the semi-perneable membrane to the
fabric is substantially continuous throughout the u?per gnd
lower surface fabric membérs, completely free ot-yarn fibers

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



of 20 pounds per linear inch and generally exceeding the ultimte tensile ¢
strength of the tensile yarns when subjected to a typical Instron type o
tensile test procedure. The cushioning device is conpleted into a

pressuri zabl e product by wel ding or otherw se sealing the appropriate ¢
portions of the outer nenmbrane envel ope,material where the material extends
beyond the inpregnated inner (cloth) mefber. If the outer menbrane natdEDaI'
constitutes two sheets of film then a weld is nmade adjacent to the entire
perimeter strtaceshpcthronghythscbacirder envetope.! f Thacouter Barefwel ope
Is partially pre-fornmed such as in extrusion, blow noldihg, vacuunm heat

form ng, thestnalsetbeacompletelyvfireanifromgpinhhodesineThe peel nay have
been partially or full npl eted during a previous step. Perineter sealing
may be consbneagthyeabzbhpedshrdtbiscGSWBGFHSQaIStbtﬂhfqhec sulh excessli o
frequency wel di ng t hermal ul se seal ing, cenenting, ultrasonic welding,
nmagneti c pﬁﬁt?QIE°BEG?|H§f gEPQﬂﬁliFﬁQ and gemerally exceedingcthdat the

Z“x’?li_{‘?et neytfines Lonstin) abPenuth: as oS Fene %%P%ar«tﬁgft‘ﬁé‘b b«?#si; er
A the e ?M%Sl oﬁéﬁ%ﬁc’#ﬁﬁé SonpfTg PEs bR RIS w11 cak o owy
and undetectably. |If it extends only partly, it constitutes a weak area

where a | eak may take place,
The cushioning device is completed into a pressurizable C)

product by welding or otherwise sealing the appropriate \’
portions of the outer membrane envelope material where the
material extends beyond the impregnated inner (cloth) member.

If the outer membrane material oonstitutes.:uo sheets of film,
then a weld is made adjacent to the entire perimeter of the

inner impregnated cloth member. If the barrier envelope is
partially pre-formed such as in extrusion, blow molding,
vacuum/heat forming, thermal set oasting, or vuloanizing, the
perimeter seal may have been perﬁially or fully completed

during a previous step.

Perimeter sealing may be conveniently acconplished by
conventional techniques such as radio frequency welding
thermal 1npu1ee'sea11nq. cementing, ultrasonic welding,
magnetic particle sealing, vulceniiing_and the like. It is
here that the absence of laterally extending fibers beconmes
important. If such fibers exist, they tend to be sealed into
the perimeter weld during the perimeter sealing operation and
form a potential leakage path. If the fiber extends all the



esbecially under relatively heavy and cyclic |oads. By applying the
coupling material, as described, the subsequent cutting operation is a
cl ean cut which elimnates the possibility of free laterally extending
fi‘bers. Al though not presently a preferred bod of manufacture,

vul cani zabl e and/or thermal -set el astoners nmay be used, rather than the
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preferably a |arge nol ecul ar non-pol ar gas such as supergas. In a preferred
form the gas i especiallgnthiernretatdvelyongaviyhandseyeiie yuaai.c By h the
injection port (which may be free of any cloth or fiber material) being
seal ed after thapplyingrthet couplingompterddl,| asi destribeds the subsegent)
i nflation/deflation valve. The physical phenonmenon which occur with
inflation and dicuttingnopevatiionrisca tdeanxent whichreliminatespihent

No. 4, 340, 626 patented July 20, 1982 and attention i s respectfully invited
to this patent ?P§8ﬁ5§&i§¥ of fxee lateradiynextending fihers.;resent device

provi des a novel and inportant neans for controlling the rate of diffusion

(:} l"Althouqh not presently a preferre& method of manufacture,
Y vulcaningle and/or thermal-set elastomers may be used, rathe:
than the thermal plastic urethane elastomers described above,
still requiring, however,'the éane precise degree of control
of the depth and quality of penetration of the elastomer into_
the upper and lower cloth or fabric layers.

As a final step, the chamber, which is now defined
between the walls of the double-walled fabric, is pressurized
with a suitable gas, preferably a large molecular non-polar
gas such as supergas. In a preferred form, the gas is

— " conveniently injected through'ﬁhe use of a needle with the
injectlon port (which may be free of any cloth or fiber
material) being sealed after the pressurization is completed.
Iﬁ is also possible to use an intlation/detlation valve. The
physical phénonenon 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 respectfullylinvited

to this patent disclosure.



punpi ng. One objective of such control is to maintain the product at design «
inflation pressure for |onger periods of tinme than woul d ot herw se be -
possi bl e. Because in nmany applications the device is thin, the contained
volume of inflatant fluid is small. Therefore, the ratio of surface-to- B
volume is very high. This can contribute to rapid |loss, in pressure through
di ffusion. However, the addition of the gyystalline gas barri-er el emené
within the barrier |ayer serve a very unigq){Je and val uabl e function of
nmetering and controll.ing the rate of both inward andoutward diffusion,
particularly as iAsapeitioned earlerarthg présent devics providesii Advel
air. There is a further advantage to the incorporation of crystalline gas
barri er mat candi| imppxrtant means foomontraldidigtheratiscofedifeusioat of

the mllions of conventi.onal multi-chanber gas pressurized footwear

conmponent s (R_B.“B?’-%t erfine; okdectiye ofiisuah cantawlisutacnaintain the

normal |y maFOHR ¥ deaidhs (i o areaaunn fov4eDger periodm ot i on
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t hat inflatant fluid is small. Therefore, the ratio of surface-to-

| ~ volume is very high. This can contribute to rapid loss in )

pressure through diffusion. However, the addition of the U
crystalline 'g'a's:birriier. elements witl.\.inﬂ' the barrier layer |
serve a 'very. uniquo and valuabli function of netering and
c.on;tr'ol”lhin'g the rate of both inward andoutward diffﬁsion,
pérticﬁliriy as it apbl:led to the 0, and N, moleculés in the
ambient air.

There is a further advantage to the incorporation of
crystalline gas barrier materials within the elastomeric
envelope of the devié.e. Most of the millions of cbnventional
‘multi-chamber gas ptgssurized footwear conxidneni:s (U.S. Patent \J

4,183,156) that have been manufactured in accordance with ny |
'earlier patents, and used throughout the world are normally
made from ester base polyurethane film, because this
formulation has lower ga# permeability when inflated with one
of the supergases than does the ether-base polyurethane
formula_tion. Howevef, 'ester-base £ilm in contrast with the

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



can damage physical properties) fungus and bacteria especially at

t enper at ures above 100-110 degrees F. Therefore, such conventional gas
pressuri zed products for footwear are protected by encapsulating theminto

a: foaned m dsole, which is costly; and the f attenuates and detracts
fromthe beneficial resilient properties of Pressurized footwear product.

on t@ ot her hangefdded By HOIFtURE sHE Mikid IviEhyarolgtid! ihs€apifty that
desi rabl e characteristics of the nore gas perneabl e ether-base film and,

by ‘i nbeddi ng cr ysdmm|dduye Iphiyaiical pridirerties) Punguer ahdybacteiia h&s?ecially
structure, control the outward diffusion rates to acceptably |ow | evels
while still benait ttenpdratures: above sl00+1l0alegyreest Fsi oThefefore anducht

air nitrogen and oxygen nol ecul es which off-set any | oss of the supergas so
as to achi eve a eanventidnal gas pressuriged productsrfom footwear Aren s

t herefore not necessary. Air-cushions performance is greatl

cos vl o e Shsnia i U Senal il Sl Rounl TS
barrier |ayer ofi® R® du&“dr%‘s% ﬂ%ﬂﬁﬁﬁ’%%ﬁﬁg‘% E’B‘?‘P e ore
Che’modul us of e s abiTibne rrigteeidy’ or bresibbised odtyddey| 10
Confort, anite dhodifes. o CHY JEHUE Yarlh' Wild dpvlER'bEehdBlSEE
(i} invention can utilize the desirable characteristics of the

\/

more gas permeable ether-base film, and, by imbedding
cryséaliine elements in the outer barrier 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 gnd oxygen molecules
which off-set anj loss of the supergas so as to achieve a
useful life of three or more years. Foam encapsulation is
therefore not hecessary. Air-cushions performance is greatly

improved, and cost and weight minimized.

Y . Aﬁ a corollary, it is sometimes advantagedus to use
either thin films or low modulus of elasticity films for the
outer barrier lafer of the ptoduct. This modification will
provide a softer, moré compliant feel with greater cve:all
flexibility. 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



-35- better energy return qualities. The nore rapid diffusion rate that may”
exi st when using such materials, can |ikew se be offset by the addition of
the distorted crystalline fibers of the fabric. In some cases softness of
feel can also be enhanced using elastic (two-way stretch) fibers as the: *
backi ng yarns in the outer surfaces of the fabric. Because the volune o

t he device cannot grow significantly under pressure (the thickness is é}
constrai ned and mai ntai ned essenti al |43%®enstant by the tension in the pile,

over - prescur SECEF ety A RURLEOLGH, "and Hoky' FartRl i eiRion Foke’
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as applies to usion of [err| into the pressdrized device a

requires a s¢f#ié@by ¥né s Riidmlo md&ﬁw%ﬁ%m&ﬁhn?}sd:h“oc

accordance with the ‘present invention by the presence”of crystalline gas
barrier yar nchergairie cul i aone tales igoTTHENE UL TRl tansalsorBeneabl e

el astoneric barrier layers of the pressurized enclosure. This techni que can
limt, reducenhancebnusing tdlastieor(twi-Waysistretich)heibersi as phesBacking

ni trogen, which is about 12 psi, fromthe anbient air to nearly zero over a
two year perYaxns an thenuten surfacesd off shesdfapriestrol the i nward

di ffusion of the partial pressure of oxygen fromthe anbient air. There are
practical limts to the control of diffusion

Because the volume of the-deVice,Cinnot gfow , {:}

significantly under pressure (the'fhickness is constrained and;)-
: maintained"esséntialiy constant by the tension in the pile, or
-1nterfaca,.yarns),‘ditfusion bunping'éf air into the device

can readily over-pressurize the-produét'duringfthé'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 thé“prnssutized'dev1¢c and'tequires a
solution. This potential problenm is solved or eliminated in
accordance with the present invention by the presence of |
crystalline gas barrier yarns or particulate elements imbedded
within the semi-permeable elastomeric bartier"layers of the ~/ .
pressurized enclosure. This technique can limit, reduce and
control the inward diffusion of the partial pressure of |
nitrogen, which is about 12 psi, from the ambient air to
nearly zero over a:twOfyear.petibd. and greatly reduce and
precisely control the inward ditfusion ot the“pattial pressure
of oxygen from the ambient air.

There are practical limits to the control of diffusion



pufpi ng. Even with a very tight weave of the backing yarns in the outer
surface of the fabric, sone diffusion will occur, and perneability cannot
be reduced to zero. However, for the best construction, it is practical to
forman effective control for diffusion 85.gnst gases of interest,

i ncl udi ng ni trogen. However, oxygen can 'bfuse much nore rapidly than

ni trogen. Usi ng puliping. f EveAnwE Rt BOvelrgC tlghtewea¥06P €RE BAEKING YaERs in
t he encl osure over an extended period of four to twelve nonths (after

inflation and sahe outar sacfacet ofytheTifabrie!i sbnpr dtttusion willesceur,
within the anbient air atnosphere is about 2 psia (out of a total pressure
of 14.7 psia). unds permeabdditiyf cannot b wedyced toozebhe. critdwever, cfor the
only raise the total pressure within the enclosure by an increment of 2

psi, as a maxi mhest| copssruetionpi itcis practical t9 formian effective
under-inflating slightly wth _supergas (or either a m xture of super and
ni trogen gas orqanﬁgﬁﬂuF@rbﬂiggﬂgiﬁgs°§n3°ﬁﬁr?PseﬂoﬂﬁvéPF‘F?FEO %H@@i“g
such under pressyrizing i s not necessary; an increment _of 2 psi is wWdhi

Che al | oviabl o & HSTRAER-of BPREVEF aroXRPEDSGAD d3EERRR BEPh RSTe: rantdty than
wi th age and useg, evi €Sy k OC I.LO ' he

partial pressur 2"%?3?3%‘] ?giﬁgagvglnpé;? 2@? iloh g’%héfb?oggéﬁrr&ggﬂ%gt eo’?géj&? hTan

smal | increase i raleinth HiloefcPubdge Bvip At bickelilbd Batidd 64 Mur to

pressure throughout the e product. cost
lﬁpokiince, the chidi@! #ont8as (dfBePCinflation and sealing at the factory).

\d{' 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. If desired, this can be
offset by initially under-inflating slightly with supergas (or
eithér a mixture of supergas and nitrogen gas or a mixture of
supergis_and air). However, in some cases such under
pressurizing is not necessary; an increment of 2 psi is within
\— the allowable tolerance of inflatant pressure specifications.
| Furthermore, with age and use, the device does increase
slightly in volune. 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

pxessufe throughout the life of the product.

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



100% ni trogen; and the sanme diffusion inwardly of oxygen will occur,
assisting in the mai ntenance of design inflation pressure to offset the
sl ow outward diffusion of nitrogen. A mxture of air and nitrogen can be
used in sonme cases where a | arge percentage of the cross section of the
outer layers of the device contains crystalline material. This can be guite
advant ageous, as the cost of nitrogen ig @Qout 1/ 10 that of o
hexaf | uor oet hane (supergas) and the weight of nitrogen is about 1/5 that of

t he super . ' : t : T £l '
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invention enjoy wde utility in all sorts a _

i ncl udi ng echs, &ésisting A0 the BEINtéfAnce Ve daityn dnatidipes, dress
shoes, work shoes, prosthetic shoes/devices, sockliners as well as in other
devi ces i nsressure Moo et teetn the allnt iowtwsrd diffusion b Inithegen. A
soccer, baseball, and equestrian endeavors) The invention can al so be
used for rmixtureocvfsimidnd smitrogen an ibellitded dn sohecasamchers a
applications, including bicycle handle grips, handles for jack hanmers,

chai n sawslargerpercentage of the;sxass sectionofthe autemdaysers of

applications for bicycles, notorcycle and equesirian purposes. Playing
" surfaces, theldevicegantaing, srygtaly %t‘%&%ﬁﬁﬂaﬂs,ﬁﬂl Fan be [@Iite o s
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about 1/5 that of the supergases. N
_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, dréss shoes, work shoes, 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 recreational, military, marine,
industrial and aerospace applications, including bicycle
‘handle grips, handles for jack hammers, chain saws, hanmmers,
bats, etc. as well as other seat and saddle ipplications for
bicycles, motorcycle and equestrian purposes. Playing |
surfaces, athletic mats, flooring, work station pads, gloves,
life jackets and the like are other markets for thé invention.
Since supergas is both a superior electrical and thermal |
insulator, this device is useful where cushioning needs to be

combined with electrical and/or thermal insulation. It is



fuwther noted that cushioning products nade in accordance with this

I nvention and inflated with supergas will have the unique ability to
selectively absorb and attenuate potentially danmagi ng high frequency
acoustic energy, while sinultaneously transnitting l'ow frequency energy
waves. The devices of the present inventiod&re unique at least in that:
(1) entially permanent inflation can be achieved by a new and novel
techg;gue to selectively control the rate of diffusion punping emanating
from the anbi é4¥ther nokedrthatseushioping: prpdyctsumadegin| acperdancervith

and/or single free,strangs to greatly increases the atta nt between the
coupl i ng ngnbgLién&“Fﬁg SBrPEgaiﬂfixtﬁﬂrHiﬁptﬁBRﬁEHP’oYi§ﬂ§h¥¥5rFB‘t%niﬁﬁe

iated el ' It terial, : ' bond
peel strongt hiBAJAEY| o, HelegFiuRLY"SheRtPoaps.afBeatab e PorhaY fafty "
ti I T tt '
cont ai ni ng_endapagang, bigh ' ¢Eekitanch BeRhBEEE" ab8kaF, HH N L1 iTeovs LY
bond by: (2) EraRblitingnion! reeqis aﬁsx?égrsaend.coo!in_g.(freezing)
under pressure and timng, applied to the colpling naterial in order to
achi eve the essential, precise degree and quality of penetration of said

coupling material into the upper and lower facing fabric layers; (b) Short
duration, high powrheR8Bevicesabfothefptésentnthvention are unique at least

| in that: _ o _
.<:} (1) Essentialiy 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
singlc frée strands to greatly increases the attachment
between the coupling member and the fabric and in turn
aﬁtachnent of the fabric to the associated elastomeric outer
envelope material, so as to achieve a bond peel strength
- several tines_gfeater_than is possible with other conventional
methods. _ . .

o (3) The two step process for attaching the gas containing
envelope to fhe fabric to achieve the necessary high strength
bond by: ;

(a) Carctul;y.controlled heat, pressure and écoling
(freezing) under pressure and_timing,_applied.to the coupling
nateri#l in order to achieve the_essential,_precise_degree and

“quality of penetration of said coupling material into the
upper and lower facing fabric layers;

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



-39- surface of the elastoneric sem-perneable outer envel ope material to”
the outer surface of the fabric material. (4) The use of special yarns and
fibers that have good resistance to abrasion, fibrillation and bendi ng
fatigue and of sufficient pile fiber bulk. (5) The use of a coupling N
material on the cloth which elininaiggglaterally ext endi ng fibers and thus
precl udes such fibers frombeing trapped and sealed in the perineter -

and thus brsugfagetdf the islastomaric senmbepermeablecontar entéloper the
i nfl atant gas. ) The variety of unique cushioning froducts whi ch can be

nic

(6
made, espechateyial|tethe outen suxface of theyfabpic mrateriady ed :

products, of a w de variety of, shapes and configurations. (7) The provision
of product s(fha?hﬁa‘r‘ﬁ?ud?/é éﬂﬁ‘r@l Iﬁ‘%r#%e‘%ﬁu@t (hnverigead ovi si on of

| ongevity. ERECEERNEE £ shramipr.c FEF 1 H4€EoR g Hvding' (Eitang and
of gas. bay rPErPREEEH1AE MR, Barthe AR CF LT TR semi - Cpermeable
o e | (ST o o S RGP S, e oA i |t
products wherimit@tés laterally extending fibers and thus precludes such
f;bers from being trgpped and sealed in the perimeter seal_aqd
thus bridging the perimeter seal and acting as leakage pathsgji
for the inflatant gas. | - - o
(6) The variety of unique cushiqninq products vhich can be
‘made, especially relatively thin and essantiilly flat or
contoured products, of a wide variety ot.shapcs and
configurations. |
(7) The provision of producti that can have controlled surface
contours. | |
" (8) The provision of inflated products having a high internal
pressure, great durability, 1ongevity, and service life and
reliability, and excellent resistance to fatigue failure. U
(9) The use of a fabric material comprising filaments made of
gas barrier natdrial# securely imbedded within the semi~
permeable clastomeriq envelope in order to reduce and
precisely control the inward dit:usion.of'oé and 42 from the
ambient air, into the ralatlvély thin'productg which typically
have a high surface to volume ratio and thus are much more

sensitive to loss of pressure.

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



|

hafe a high surface to volume ratio and thus are much nore sensitive to
| oss of pressure. (10) Products that achieve the optinmum |l evel of

cushi oni ng and -40- energy return or resilience (i.e., conpliance)
wi thin any given package limtation. (11) Products that are able to
selectjvely attenuate, convertand sl ow do otentially damagi ng high

frequé:hy acoustic vibrations while sinulTdifeously transmitting | ower
frequency acoustic vibrations. (12) Products that sinultaneously cushion
and al so provide both excellent electrical and thermal insulation, even
when surrounded by a high noisture environnent. Nunerous other advantages
of the present invention will becone apparent fromthe followng
description, which should be read with the foregoing, and which, taken
together with the acconpanyi ng draw ngs, describes and illustrates
preferred enbodi ments of the various forns of this invention. Brief

ariLel B of oot \SAPEQH, BUCF QE xdaiPiendd 1. ¢ cOp1anERP 94ELn any
eXpI oded view, pagivuni packéede Aimdthtion.
(11) Products that are able to seloctivoly attenuate,
convertand slow-down potentially damaqinq high ttequency
(:) ' acoustic vibrations while simultaneously transmitting lower
W frequency acoustic vibrations.
| (12) Products that simultaneously cushion and also provide
both excellent electrical and thermal insulation, even when

surrounded by a high moisture environment.

Numerous other advantages of tho'ptesent invention will
become apparent from the following description, which should
be read with the foregoing, and which, taken together with the

accompanying drawings, describes and illustrates preferred



partly in elevation, of the conmponents of the product of this invention  »
prior to final assenbly Figure 2a is a viewsimlar to Figure 2 show ng
the structure in a partially assenbled configuration with the coupling

| ayer having been inpregnated into the ut er surfaces of the fabric |ayers;?*
Figure 2b is simlar to Figure 2 sho “% the structure in the conpletelzﬁD
assenbl ed (o] r t e a “the line '2b
of Figure 1 G?BéPgHngh gfagﬂe gﬁgf@@ﬂaggégfng? %‘ tﬁgures * 2a and 2b and
illustrate the product of the invention mhereln t he restrai ning nmeans or
drop threads are p05|t|oned in-a trlangular arrangenent. Figure 4a is an
enl ar ged vpeyed®’ De e OF I £194 pggcal |y illustrating the tendrils
and attachnent S|tes F|gure 4b is a view, partly in section and partly in
el evation taken along the line 4b-4b of Figure 4a; Figure 4c is an enl arged

expl oded dlagrannatlc view illustrating the bond between the fabric and the
coupl i ng -42F igyeatli dsragplancviewcefpani inseler floncarvicles g

i nventi on; %ure 5is a_view of a short length of flat, untexturized yarn;
Figure 6 |§°8 BPEFOFFSP'¢¥B§€E%HPH! present, LRyenblon;

Figure 2 is an exploded view, partly in section and
partly in e;ev&tion, of the components of the product of this
invention prior to final assembly; . | . o
Figure 2a is a view similar to Figure 2 showing the C‘)
_structure in a ‘partially assembled configuration with the
coupling layet having been inpregnated 1nto ‘the outer surfaces
of the fabric layers; . ,
Figure 2b is similar to Figure 2 showinq the structure in -
the completely assembled configuration and represents a .
section taken along the line 2b-2b o£ Figuro 1;
Figures 3a, 3b, and 3c are similar to Figures 2, 2a and
2b and illustrate the product of the invention wherein the
restraining means or drop threads are p@sitioned in a
triangular arrangement. - QJ.
| Pigure 4a is an enlarged view of a single fiber -
diagrammatically illustrating the tendrils and attachment
sites; |
Figure 4h.is a view, partly in section and partly in
elevétion taken along the line 4b-4b of Figure 4a:;
Figure 4¢ is an enlarged exploded diagrammatic view
iilustrating the bond between the fabric and the coupling



fiabri c knitted or woven fromthe flat yarn of Figure 5; Figure 7 is a view
of a short length of yarn which has been texturized by a fal se-twist,
frictional twist, stuffer- box, edge-crinp, or sinilar type of texturlzing;
Figure a is a pictorial representation of g+ ortion of fabric knitted or
woven using texturized yarn as in Figure 7. 'figure 9 is an enlarged vi ew of

2 ST L0t ol bt R S AR SARH Ui son;

woven or knit using tff%@‘;@ﬁ A g tf)@ﬂf@gq{%l@‘ &@r&%‘i\e& ehiagure 11 is a

portion of fabric havin annel i zed and/ or abraded “surface; Flgure 12 is
a sketch of a sheigextieidediyatdn which has been spun using acombination
of continuous and dlscontlnuous fibers with discontinuous fibers
constituting approxi nefqiye ¥%sfa ipiictoridlc repreisentatiopuot a3portdoni 61/
partly in section and partly in elevation of the conposite structure of
this invention ntabrixl kmitteddn Woveq dirop thel i!rigtpym aﬂdFﬁqurni Emed

between the upper and |ower set of |lamnating dies; Figure 14 is a
view and a | ongitudi rslguret] de & view afagshorks L P@nﬂﬂﬂh!ﬂ)ﬂ»ﬁg "nas
variable inflated - thickness where the thi.ck heel portion is,kjoined

~thinner fore- f odleqihexknrmized Bys afalsentwiss s Eﬁﬁtﬁmﬂ'oﬁwiﬁﬁ' stutter-

box, edge-crimp, or similar type of texturizing:
(i) Figure 8 is a pictorial representation of a portion of
fabric knitted or woven using texturized yarn as in Figure 7;

Fi;ure.s is an enlarged view of a short length of yarn
which has been texturized with a special method, i.e., the
air-bulked, heat-set hethod:

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

Figure li is a portion of fabric having a flannelized
and/or abraded surface;

Figure 12 is a sketch of a short length of yarn which has
been spun using a combination of continuous and discontinuous
N fibers with discontinuous fibers constituting approxinately

| 30% of total fiber content: |
" Figure 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'inflafed



accordance with this invention; Figure 14a is a sectional view taken al ong®
the line 14a- 14a of Figure 14: Figure 15 is a plan view of a heel ped in_
accordance with the present invention; Figure 16 is a plan view of a form
of cobra pad cushi oned rear foot stablllzer insert in accordance with this*
invention, Figure 17 is a plan view of _anot her forn1of cobra paid |n5225 I n
accordance with this |nvent|on FlguF43I7a Is a view,” partly in secti and

P‘;‘lré' i %&;M%’a“sn B AT A ehl SEISH 4n Josfea”tal b Bhinnayer
- 19 i

View of Z : 5@@@%&%&%@?&%"5@ ) ol el KRBk BorE L8, oot on

nol di ng, {H ﬁ§ ($H:he | i ke and wherein he fabric

| ayer is |npregna é?%mﬁ coup |ng agent ‘and then heat-sealed to the inner

surfaces of the gicRodd IRf i‘i“&e's@lﬁhidﬂ&la%‘éiljiﬁﬁn""ﬂbn?htﬁe' PYRat 1@3_

Figure 19b is a vi'ew in perspective as seen fromthe of Figure

Figure 19c jfa s Fiigurenligsi ew taken along the |ine 19c- 19c of Figure 19;
Figure 19d is a sectional view taken along the |ine 19d-

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

- Figure 16_13 a plan view of a form of cobra_pad.cushione .
rear foot stabilizer insert in accordance with this inventioﬂ}g~
Figure 17 is a plan view of:ancther form of cobra paid

insert in accordance with this invention:
~ Figure 17a 1§ a view; partly ia:section and partly in
elevation, taken along the line 17a-17a of Figure 17;

Figure 18 is a view, ﬁarﬁly in séction and partly in
elevation, of-a nultipie layer, multi-chambered product in
accordance with this invention;
| Figures 19 is a view of a heel ped where the enclosing
envelope is pre-formed by injedtion molding; blow molding, \
rote molding and the like and wherein he fabric layer is LQ)
impregnated with coupling agent and then heat-sealed to the
inner surfaces of the pre-formed.enVelgpg, in accordance with
this_iniention:_ '_ | _

| Figure 19b is-a view in perspective as seen from the left
of Figure 19; '. .

Figure 19c is a sectional view ﬁaken along the line 19c~

19c of Figure 19; |

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



44— 19d of Figure 19; Figure 20 is a graph conmparing the force-deflection
cHaracteristics of a standard tubular inflated el enent of the prior art
wi't h the new cushioning device of the present invention inflated to an
average pressure level; Figure 21 is a graph conparing the force-deflection.
characteristics of a standard tubul ar infl#4pd el enent of the prior art
mﬁth(ipe new cushi oni ng device of the present invention inflated to a

e

hi gh t han averf§ge . g gure 22 is a graph of the force-deflection
characteristics 0 tﬁ%qﬁﬁéﬁﬁ%ﬁﬁ%g el enent of the present invention show ng

h [ f the | . .
the portion of the %{%\ﬁp%tfﬁ DVgrdph Eonpaiang Eh%p?&_&eﬂée?i‘tﬂﬁg%hce

and portion of |oad supported by the thernpdynam ¢ properties o

pressurized i nfloiaFdict@Fistics Gl stindard tudiaal! infTh0ea- 626heAE BECYhe
with vector force diagrans of the cushioning el enent of the present

i nvention bei ng meier casedvith theatew aushiiondng deviicehef! thed present
initial contact; Figure 23b is a schematic cross-section view with vector
di agrans of i nt eknéntpiessinflfted o anl &verage presisuriealevel senvel ope of
t he cushioning device of this invention, illustrating how the device
performs to provi de tRigure Rl is unmoraph conparingd thee foncqudeflection
force-defl ection characteristics of this new cushioning elenent; Figure 24

is a graph conp@haxpstariskics Rf a&tandany té‘&\‘&l‘i‘aﬁﬁgléﬁﬁﬂaﬁlﬁlnﬁgﬁeg the

a conventional fﬁ?igr art with the new cushioning device of the present

(jy invention inflated to a higher than average pressure ;

% | '~ Figure 22 is a graph of the force-deflection
characteristics of the cushioning element of the present

_.invention showing the portion of the load supported by the
drum-head property of the device and portion of load supported
by the thermodynamic properties of the pressurized inflatant
medium;

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

- Figure 23b is a schematic cross-section view with vector
diagrams of internal pressure forces and forces in the barrier
envelope of the cushioning device of this invention,
illustrating how the device pérforms.to provide the unique_

' drum-head effect and the unique force-deflection
characteristics of this new cushioning element;

'Figure 24 is a graph comparing the force-deflection and

compliance characteristics of a conventional foam



-45- encapsul ated, tubul ar cushioned and pressurized sole of the prior art®
and a non-inflated m dsole of foam sorbathane, or gels, etc., wth the
force-defl ection and conpliance properties of the inflated el enent of this
invention inflated to average pressure; Figure 25 is a graph showi ng how
differences in inflation pressure level's can affect the force-deflecti
characteristics of the cushioning devid#8=of the present invention; 6ﬁ?e

such bar s

;?C'SOE fﬁ?ﬁ‘w“%ﬂe&wt&r&&em;em e é&a%iﬁ%e%v' Ced édndela. l&g?ntbe the'
| nvent i on, PRAGLARDEM & Fe-AiHERed midsmlel ad Yoau! s5ua °ﬁeterx%.¥’|¥§fﬁ2t
Present L el 8%‘4%%3* s et aba Sonbl 48080, 100

t
fl ex-t est %ﬁe{%pmv , Ingiiced MG, F G (nDefcBR 1R SkR

inflated d tEssuesati ¢ showing the inflated element in a
partially 1(‘i!)f4$xec1a condltlon Figure 27b is a schematic cross-section of the

_dEVICe Pigure_zs_is a graph showing how differences in inflation
pressure levels can affect'thé force-deflection
characteristics of the cushioning device of the present _C)h,

. invénéion: _ .;‘)

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

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

| Figure 26b is a sectional view taken along the line 26b-
zsﬁ of Figure 26a; ‘
| Figure 27a is a schématic cross-section of the device of \J
this invention mounted in a special Kim flex-test machine to
provide accelerated bending fatigue testing of the inflated
deyice, with the schematic showing the inflated element in a

' parﬁially flexed condition; |

Figure 27b is a schematic cross-seétion of the device,
same as Figure 27a, with the inflated element in the fully
flexed, bottomed-out condition;

Figure 28a is a highly enlarged schém&tic representation



‘sgnme as Figure 27a, with the inflated elenent in the fully flexed,

bott onmed-out condition; Figure 28a is a highly enlarged schematic
representation 46 of three different types of fibers in tension 1) flat
uhtexturized fiber, 2) conventionally texturized fiber, and 3) speci al .
ai r-bul ked, heat set fiber; Figure 28b is 'a s Egnatic representation of the
sane{three fibers of Figure 28a in a partially-conpressed, or relaxed,

condition; Figure 28c is schematic representation at 1,000 tines actual
size of the sanePf Fheee| %e’fﬂnq:ifgﬁﬂeeé)&ﬁz hexrs Jdn densien 1)oflakc| es of

flexing in the near-bottomed-put condjtion: Fiqure 29a.s.a plan view
schemati ¢ repres‘éﬁ%ﬁ?"!ﬁfﬁé’f I ecg)f ‘f‘?’}ﬁ%’“&%ﬁd’r itfé‘&“Fin@Fls tiber,, gnd
portion of yarn bundle ei SUh ed. t verse | oadi ng condition
Figure 29b is a T o%ée-%ie% ia}% &ﬂ@\feﬁ, s}%ﬁf iasoetet: %%r'e of Figure 29a;:
Figure 29c is an enl %qﬂ_. I - [ [ fil.0er, #0 h Lber
bundl e of Figure 29ba§s ovmérig ovﬁ% %&%‘&iﬁ%ﬁ%ﬁg&?&h& 'E’lfo%h%a%a%guse

A S A Tl Id ¢ i i s
of a single fiberelded alcehdiitionr 305, after repeated
Figure 28c is a schematic representation at 1,000 times
L actual size of the same three fibers of Figure 28b after
| (:)  several million'cycleé of flexing in the near-bottomed-out
cénditioﬁ:

Figure 29a is a plan view schematic representation of a
bundle of flat, untexturized fibers, as in a'pOftion of yarn -
bundle, being subjected to a transverse loading condition:

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

Figure 29¢c is an enlarged cross-section of a single flat
fiber of the fiber bundle of Figure 29b showing how the
transverse loading condition can cause bundles (or groups) of
W, - molecular chains within the single fiber to start to separate

and subsequently break apart, causing a fibrillation type
failure of a single fiber (seé'also Figure 30), after repeated
application of loading and unloading of a transverse load;

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

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

Figure 30 is a view of a scanning electron microscope



application of |oading and unl oading of a transverse |oad; Figure 29d is
simlar to Figure 29a for the exanple of an air-bul ked, heat-set fiber
bundl e; Figure 29e is simlar to Figure 29a for the exanple of an

~air-bul ked, heat-set fiber bundle; Figure 30 is a view of a scanning

el ectron m croscope phot ograph at 10 times actual size obtained of -a
single pile interlock fiber after one of 'these tensile elenent fibers dzf
the present invention had experienced a fibrillation-type failure resulting
fr om appr ophekograpbnatnif00otiimes| actualcsigecebtained ofisa mingle pile
abr asion, and bending#and f | exur al fatigue; Figure 31 is a graph show ng

how di f f er dnte¥lprky SiheE Afterapnecef Ehasertensile olenent (tibexs of
cushi oni ng_properties g _ ated device of th ent, invention, with

Figures 315RespResst AYenE 4on, *ragt eXPEF evﬁedgeoﬁﬁﬁl;'eﬁ%-e@ by the
o Fi 32 i an’ vi - i Vi 1

Cushi bns adaiRuTe, i‘sgﬁﬂfﬂvZh?%ﬁgna%?ﬁgﬁafﬁfi}é’ﬂnfvéf%if%f%% e h

P en oni noConBleBbuth 48' HESQEIRNAA LOFRE1RR] SRd Fénd o Ak E1GHRL "0

_cross-sectkggigggws of the device of the present having .a conposite hybrid
design with | odd-proportional, dynam c, automatic |ongitudinal arch

| Figure 31 is a graph showing how differences in volume or
plan-form can affect the force-deflection, cushioning : ‘CD"'
propgrties of the inflated device of the present invention, \;) :
with Figures 3i1a, 31b, 31c and 31d illustrating the geometry
represented by the graph; |

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

- 'Pigure 33 is a plan view and laferal cross-section views

of the device of the present having a composite hybrid design J
with load-proportional, dynamic, automatic longitudinal arch s
support, and a gfaph comparing the load-deflection
characteristics of the device with and without the arch
support accumulator volume; '

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

cushion partially~compressed;



support, and a graph conparing the |oad-deflection characteristics of the
device with and without the arch support accunul ator volunme; Figure 34 is
two cross-section views of a dual pressure, tw n chanber cushioning device
of*t he present invention one view showing initial inpact of the |oad and
anot her view show ng the differential cusf@oning characteristic of the
cushiQn} partial |l y-conpressed, Figure 35 is a plan view and a

Cewnim Tatoral 11 of yauid 5 ek BIaW Yu<h Aol 4" cRicBRmect S5 iRk 4B, Hhd
duri | ki ng, | Letl w4El gl 0
i mes actual ocrriorte Mevindor® khepr B I Vakie bl oS apindsf

peen | mhedded hate Al f1RE 1333 tU 1Rprdve’ the Bt ihi r16ain R4ty Be! iRe

barrier film- Figure 36b i's a viewin Cross-section of “Figure . how ng
the potenti al Idwiwdwmgamum he riinhdng! Bha'Gtnéd athleeicnehdeavbrads
can slowy |l eak out ofthe device of this invention when | nproper ,

manuf acturing or quiiicureca%a ds A’ 20ctimes actualcdizaplanoview3schematic
schematic representation at 500 to 1000 tinmes size of a cross-section of a

group of fi ber xepresentation lofyar filanent haviinghdednyiimdedtiedhin a
I nvention which have been i npregnated and surrounded with nolten coupling
: - perimeter seal vhen the perimeter seal was made in the barrier

o £film;

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

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

. ] |

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

the present invention which for the purposes of illustration



agent material which shrinks when it cools and devel ops a tight shrink fit”
; around each fiber thereby elimnating potential inflatant |eakage paths.
~ ~Detailed Description of the Invention Referring particularly to the

drawi ngs, which show preferred forns of this invention, there is -
illustrated in Figure 1, generally at 10, an inflated product accordingto
the present invention which for the purpgéﬁs of illustration may b n
insol e. As shown further in Figure 2, 2a and 2b, insole 10 is conposed of a

conposite.structure i,n ich an og@er sem - perneabl e el astoneric barrier

:aygrblz dBpYnRe &np49§§hfehtﬁgh9 _§BI€H’§H&FF§P Fﬁfﬂchﬁvazgeﬂ§#labvl_ o
TgﬁL{ge?ﬁé?@aﬁiﬁ”§§ﬁ3§aFPbgaﬁg§ZB?Liﬁ%e%5933§3?5¥%?°§35§|igawaﬁ¥§52 hrégded
fabric | ayehEed' BHRLIPErReable STBARBReRlc Kok br, 18 kok . 12 eriRrarar O "

excl usi Vel u a35hgaSkigne! SURTES bhahBak 1ACYNIER B! geRd11R 18HALBHaPERY (N

envel ope i S pressuriz seal e e nmaterral ric layers<may

be differ eg&:ﬁeeg}ggaggeﬁ tbapgisest & aaﬂsFeAbmbpldhﬁﬁbsﬁ k?as:hs;snﬁkaar es

~are layers 23 and 2 a coupling material, as we as the Toops an
tendrils 2fappic3@naicatédngenerdalyl ief 1amishpogitisheayr f PR@SAdUbREd 34

respectively. It is apparent that Figs. 2, 2a and 2b are progressive
‘walled thread linked fabric structure 14 is composed of a
first fabric layer 16, a second fabric layer 18_ahd drop ._ i;§ 
threads 20 (p11§ interlace yarns)-which.function exclusively ‘QJ
as tensile elements in that they are plaéed in tension when
the envelope is pressurized_and sealed. The material of the

| fabric layers may be ditterent from that of the drop threads.

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

It is apparent that Figs. 2, 2a and 2b are progressive
views of the general segquence in fabricatinq the product of
‘this invention. As shown 1n.rigure 2a and as will be
described in detail, the coupling agent 23 and 24 is bonded to
the outer exposed surfaces 16 énd 18 of the fabric 14.
Thereafter, the barrier layer material 12 is assembled and
bonded to the coupling matérial and the underlying fabric 16
and 18 to form an assembled coupling layer 35. the barrier
'1ayer being seanm welded as indicated at 38 to form an envelope

enclosure. Thereafter, the envelope is préssurized with any



vi Bws of the general sequence in fabricating the product of this invention.
As shown in Figure 2a and as wll be described in detail, the coupling

agent 23 and 24 is bonded to the outer exposed surfaces 16 and 18 of the
fabric 14. Thereafter, the barrier |ayer nmatgp.al 12 is assenbl ed and :
bonded_to the coupling material and the underlying.fabric 16 and 18 to form
an asééhbled coypling layer 35, t barrier | ayer bein am wel ded as

i ndi cated at 39&F§hfbﬂﬁf§ﬁ QHVEPBES"eﬁéPBgeﬁe. ?&FgEag e envel ope is
pressurized with any -50- of the gases or conbination of gases

described. The material of the envelope 12 is preferably one of the

el astoneric materi ah‘ﬂe”%?@@riﬂ%t gg Sgﬁyg“w%&?a%r}?i ng%g.;aggg %Eeﬁkakﬁe

are pol yurethane material's suc ester ( _ _
pol yuret hane eb&%‘s@%@%icohaﬁﬂﬂﬁiiehloﬁbastiﬁ e Above Rudypaeneslion is.

not limted to those specific materials. Depending upon thé ultimte

envi ronment i npyéifelredemitefials arespilyarethane aatedads suchmas be
preferred over the other. For exanple, heat, npisture and bacteria tend to
create probl enpolyestarpori polyethercbabed! polyuréthianes elalstomedsinorhat
type of environnent, a polyester urethane nmaterial operates quite well. If
t he envi r onnenpolyester elastomer, adthough the Laveationais notclimited to
probl ens, the polyether urethane material is preferred. The latter is
somewhat nore &hosesspecifdcr materislssncRepending upon the ultimate

environment in which the product is used, one of these

v materials may be preferred over the other. For example, heat,
moisture.and bacteria tend to create problems over a period of
time. If the product is not used in that type of environment,

. a polyester urethane material operates quite well. 1If the
environment is such that heat, moisture and bacteria are
likely problems, the polyether urethane material is preferred.
The latter is somewhat more expensive and reduires 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 discussed.
It is understood that the outside surface of the envelope may
optionally have a relatively thin fabric material bonded

~thereto.

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

yarns or materials such as that available under the mark



greater care in the manufacturing process for the final product. Wth the
pol yet her 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 discussed. It is understood that the outside surface of the envel ope may*
optionally have a relatively thin f abrt® material bonded thereto. The
fabric material which has been described nay be a pol yam de, for exanp!h

the nyl on pypdmon 2l swwsgﬂdogngamwtw o Havididtdatier tenside t hat

_avail abl e under the nmar CRON. Polyam de materials tend to have
greater tatardmyth rantidreattern abiasicdrand Ll Yddidr Iddiztamsd thance
than the other materials nmentioned, but require nore care in production,
especi al | the dtherrimhterials mentdomed, tnsd requlxge mors care dmse of high
RF energy for a short periods of tine, as conpared to the other types of
heat seal iprpduction, Hspecially it RFR welding techrdgques laxe mBegher Jn i s
quite accurately controllable. The peel strength between the faciqg yarn 16

and 18 an@eneralssdhe ase fbhigh | eqnmrﬁgn i shant pericds ©

el astoneri.gc, barrier Iaéers 12 of the _envel ope nust be at

“pounds/ | i fime, A © pdta the LRI %%amﬁﬁe@ngﬁ’/ | i near
cach o« AR I G 60 G B RGP T

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

pounds/linear inch.

' Figures 3a, 3b and 3c are similar to Figures 2, 2a and ;
2b, but illustrate a fabric 14a in which the drop threads 20a . |
are angularly oriented. 1In all other respécts, the structures

are essentially the same. . | ' i
One of the important features of the present invention is %
the provision of a strong bond between the barrier material

and the facing fabric material.

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



Figures 3a, 3b and 3c are simlar to Figures 2, 2a and 2b, but illustrate a

fabric 14a in which the drop threads 20a are angularly oriented. 1In al

other respects, the structures are essentially the same. One of the

i mportant features of the present invention is the provision of a strong )
bond between the barrier material and the fadﬁhg fabric material. Referring:
to Fﬁ@Dres 4a and 4b, which illustrates a 52 fragnentary section, the

fabric layers 1fr ABagycsection,dachd i tairsici Ol dyers1016 hind aElrddch 4hcivdes

46 extending therefrom It is preferred that the coupling material and the

barrier |ayers ffbéesodothavingcthaitendrils §Drandind ® pextendinghthetetron.

coupling material 23 and 24 only penetrates the fabric layer 16 (and 18)

and does not pelttistprefievredcthatidhe coupking mtermiak anddheo harnier

agent does not invade the fegion between layers 16 and 18 that is occupied

by the tensile bayersti2 beef jdherisane, patarial o Laum amoptiaum, handon

-freely and w t hout aqékiestraint In addition, the el astoneric _coupling

material 35 secth®|GOVRLRT MAteriak |23 24 opivipenetrates the S16

and 18 so they will n ul ose unr avel adjacent t cyt edges of

the fabric whortdyer £8 . Find 14 Fnd dost e nedsBEate ke dhe Eerpide

feature is part] ) Apor, j | r ' 0

ot herwi se | ocke%f#l%(;)é¥hie 1 ac*’ﬂgyu'c}g])ﬁ: ({Jé@eliﬁéﬁl@ dodd bt Lrivadl®'the
region between layers 16 and 18 that is occupied by the

i:} " tensile elements, thus permitting the tensile elements to

— _ function-freely and without any restraint. In 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
when cut to the size and shape of the desired product. This
feature is particularly important when the drop tensile yatn
20 is not otherwise locked into the facing cloth layers 16 and
18, for example in a woven three dimensional fabric. However,
the preferred method of manufacturing of the three dimensional

cloth is double needle bar Raschel knitting.

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

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



18, for exanple in a woven three di nensional fabric. However, the preferred®
nmet hod of manufacturing of the three dinensional cloth is double needl e bar .
Raschel knitting. The texturized and kinked geometry of the individual
fibers causes themto act like mniature coil springs. Thus applied |loads =
are more evenly distributed across arf3ef the fibers of the yarn such that
the ultimate tensile strength of the yarn is approximately equal to th

di1imte bRPBhiERSIECOALY 8T shafl! PRALILR of |G Sult IRae Eendihe Of 53

fibers in the yarn; in the non-texturized yar tlnate ten

strength sgéreng¥hacgthé inatvi@daDf filiér W ind@!ené oRshbér séf crbérd! the
I ndi vidual fiber times the nunber of fibers per yarn. This is because of

t he "Dom perFgainie"Thisi b8 bécalise oS ithe JiDombns cRstTutevi action of bers.
Speci al flnlshes on the polyner filanents should be used other than a
pol i shed thei mbst(highlysstressed, 1nﬂd¢iduak:ﬁibéiss will increase the bond
strength and thus peel strength of the sem -perneabl e el astonmer coupling
matri x 35. However, this must be used with caution with the pressurized
product of this |nvent|on because thusii;mess weakens both the tensile

strength and oPPeciah Sinishes en the pelymem filpments|shoyuld ke nped
used: hovBEaRE B8R § cpakiehetohbit e oliitny pemi-dull,’ ant); %kl
This will increase the bond strength and thus peel strength of
the semi-permeable.elastbmér coupling matrix 35. However, : -
this must;he used with caution with the pressurized product of o
" this invention, because this process weakens both the tensile
strength and abrasion strength of the drop thread tensile

" fibers 20.

'Bonding agents such as Dow Corning Silane Q1-6106 or PAPI
S50 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.,

- crucifornm, dumbbell; etc.) may also be used to improve bond
stréngth of the coupling layer 35, but may result in lower
tensile strength and abrasion resistance if used for the drop
tensile yarn, and they'tend to be.more'costly.' Flat ribbon
type filaments are more effective in controlling the activated

diffusion process.



15% i mprovenent in the peel strength when used on non- texturized pol yester
or nylon 66 cloth. Filanents having a cross-section other than round (i.e.,
cruci form dunbbell, etc.) may al so be used to inprove bond strength of the
coupling layer 35, but may result in | ower %g&sile strength and abrasion
resistance if used for the drop tensile yar and they tend to be nore
ffective in controlling, the

cost | - Flat ribbon t g&!la nts re nor
activated diffusion pr ber- ?ﬁ@'FF§€§°FﬁFEPP§céfPG#H90YéEﬂ!wﬁmbedded
faci t I ti d t
Lhi eve A bond odies e cﬁweﬁin@é a‘s?imiﬁ BrbAnEARL 1 o%ﬁeg”réra%fmeev%dn
by fl I t t f t
o auailable .b%t”da‘*{ﬁes e, 6 tainhd o¢fhhPhacTER 2RT1B . CRIA4Y

d air bulk. Falsgg L L h
Sgt g:;- gulk tﬁe superlor o?lgﬁaheagkg Ié%% é?%ﬁgela?eis&#ﬁgiz éenF6§¥‘°“‘
characteristic ofpddodd!lcl te¥tuzi2in faEEeabiiihBﬂe¥ain8 and?fkéerwﬁées in

the facing layers 12 of cloth are as follows: the i ndi vi dudl ament s of

the texturized anp¥iwtiidmtidist;cdtaftapdbor| ¥age orimpbandi akedp@ikbetalse
or fornmed into | oops; and/or selectively broken and protruding fromthe
yarn surface. Thewist and deagtaset airhbalkxaredprefergedpewithahdat dettrmair~
whi ch creates an external surface on

bulk the superior of the two as explained later.

% ' ~ The. essential characteristic of the outer surfaces of the

backing yarns and pile yarns in the facing layers 12 of cloth
are as tpilows: 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 protruding
from the yarn surf;ce, The basic flat yarn is thus expanded
in diameter and volume which creates an external surface on
both upper and lower facing cloth members wherein spaces that
normally exist at the overlapping intersections of the strands
of the cloih are filled~in and/or covered over by the loops,

strands, or distorted tilaments.

Thus it is important to note that appropriate texturizing
both the yarn that constitutes the upper and lower facing
5 _ | cloth member and the yarn that constitutes the drop or tenéile
. yarn is esséntial in being able to achieve the required
durability and fatigue strength of the product as explained

elsewhere herein. It is likewise important, however, not



bot h upper and | ower facing cloth nenbers wherein spaces that nornally
exi st at the overlapping intersections of the strands of the cloth are
filled-in and/or covered over by the |oops, strands, or distorted"
filaments. Thus it is inportant to note that appropriate texturizing both =
the yarn that constitutes the upper #B%~|ower facing cloth menber and the

yarn that constitutes the drop or tensile yarn is essential in being e
to achleveegbsntsagltﬁdedubehlhhbycanéuiﬁiéa fﬁr£ﬂ@t{F£E tNE P{Pifda as
expl ai ned el sewhere herein. It is kew se | nport ant owever, not

essenti al theeebdihehBtohalt umundbaapﬁogréﬁlylﬁeaﬁt@eﬂ ni shed three
di nensi onal cloth be properly heat-set he surface characteristics as

descri bed above are very inportant. |In addition, it is inmportant that the
coupling material of the elastoneric coupling Iayer 35 have a high

mol ecul ar ‘wei'ghTheletrfacet chacdcteristiicsl ay diﬂcﬁiﬁe&ﬁb@ﬂ@)amdlay

| ong-chain nolecule. Further, it is essential in the preferred nethod of
appl yi ng t keppstantet hlneaédéblipng Atnbsrimportant that thedcoupking aci ng
fabric, that the heat input_be unlfirnlacro the entire surface, and that

| thehsurfacBaFG déra?ﬁr EE‘OPlPﬁE”PGH €dCPVRE £0g player é?lh%ﬁ%cﬁlthtﬂbh ed
) 5 '390_de

Accur at Zpgﬁﬁ'ai'?gv 37 'hishE d1BRd0R8 0 500, 0080 fkatti 116D dGr R4 HPO)
materi al e é gaggpéhggggﬁfSSEeXLisos'%yg%@&@,eié*%; SESOR S 19 ¢the

at nospheri ‘:}

preferred method of applying the polyurethane coupling member

into the.upper and lower facing fabric, that the heat input be\‘)
uniform across the entire surface, and that the surface
temperatures of the heated platen be carefully controlled
within specified limits.(sso degrees to 390 degrees F for
polyurethane). Accurate control of the time and heat input
assures that the coupiing ﬁaterial will have the correct
‘viscosity when either.méchanical or atmospheric pressure is
applied to drive it into the upper and lower layers 16 and 18

. of the fabric. If the'viscosity:is too high, the material
will not penetrate suf!icientiy into the cross-section depth ;;)
of the strands of yarns. If the viscosity is correct, the
semi-permeable coupling material will move into the upper and
lower facing fabric and encompass, surround and adhere to the
individual tilaments:comprisinq 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 layer 35 penetration not extend to



ap%lied to drive it into the upper and |lower |ayers 16 and 18 of the

fabric. |If the viscosity is too high, the material wll not penetrate
sufficiently into the cross-section depth of the strands of yarns. |If the
vi'scosity is correct, the seni-perneable couprPlg material will nove into"

t he upper and | ower facing fabric and enconpass, surround and adhere to the -
indi%ﬁ§ual filaments conprisin eacggyarn and si nul taneously bl ock and

linit the penet *R dhside gu s of e faging layers: wf she: §abxdcedsush
total thick f eiith J f aci | ot h. nenb 16 d 18.
' TS extrone y SHAtoritaHouldnd NHeE fag, MURR (LR thes MoNeReat: of kbe BXeBn:
to Fhe i nsi de _sur f,aces ,of &he f cig% | a r% of .t he fabrigk Sycpgthat i&i
woul d |nterferel"\ﬁirt"‘ntteﬁ’@s"[lteefvg FOPRTE e Cor drc(ﬁ? Ref‘etif f1 &) eFBRefPYPLING
20. Thi h iofy: ' ' [ LGhent

20, orml e, oo DAAAGEY. 1) ok S BRICEIATHAY Sndhuiohigh BBEAEGLER! bbigne,

t at th t | | ' | 3 h
not a € corrogt ¢ng e ag?ﬁ%rhﬁﬁﬂeﬁﬁkpﬁﬁﬂ%?ﬁ} dh%%n%“& enoﬁngt_ihb Egrrect :

external surfaces of the ic are not stru operly as described In-

the paragraph aeift ofSthRl tedperadtut@-isdowity Tuive,0anahbfhthavexternal
follows in describing the Figures), 4) the tine at tenperature is

incorrect, 5) tsurfagescdfpthes fabriec ared hotcistructuredcpipperly asoduct

is not frozen (cooled ) to approximately roomtenperature before the

rel ease paper i desemibed ihhithecparagraphoaboive,hqdasaweldd asoih theafurtBer

ef fegti vel y constitutes a coupling agent penetration-control
i discussion which now follows in describing the Figures), 4)
o ~ the time at temperature is incorrect, 5) the applied pressure
is incorrect, 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 cbupling agent penetration-control
mechanism. The high molecular weight, long chain molecules of
the semi-permeable coupling material drape around the very
fine filaments of the texturized and flannelized yarn, the
latter forming a filter for controlling and limiting the depth

- of penetration of the coupling material 35 into the upper and

lower facing cloth layers 16 and 18.

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



mechani sm The hi gh nol ecul ar wei ght, |1ong chain nol ecul es of the

sem - perneabl e coupling material drape around the very fine filanents of
the texturized and flannelized yarn, the latter formng a filter for
controlling and limting the depth of penetration of the coupling material . *
35 into the upper and |lower facing cloth |ayers 16 and 18. At this poing.in
the discussion it is inportant to di scB3s further the needed- &):

char act er i #jilameiftd.ne ThHe mraridl (01 thitd doupling NAyer lisidanfbts an
i ndi vidual flat yarn 50 (non-texturized) wherée the individual fibers or

filaments pehetyatd iiditly tlie Vrdis-dettion oTthecvarn,2 and dhuge! y conpact
bundle. There is very little open space between the filaments. The

mat eri al ohtthehesupnly) teatire utean suirfacest oft ¢henyarnhdunddes- Sehison
of the yarn, and thus attaches only to the outer surfaces of the yarn

bundl e. Thiis inothacceptailehbecanse(d)( the: bondods itoo weaksall2)( thet he
open yarn bundl e accel erates the process of outward activated diffusion,

i nst ead of OP@k ¥azh hyndle asaelerates the progesssof outwazrdesctivated
addi ti onal _praoblem wi th fabrics having flat yarns. Open,spaces 52 exi st
“bet ween th§&¢§PF§G@'o ?ﬁaﬁ|ﬂ§'fEFW§%GF1?He‘BGWﬁpﬁﬁﬁalgﬁpﬂeinnensional
fabric which permts the coupling material to flow essentially unobstructed
through the facing |ayers 16 and 18 of the cloth. into the pile area.of the

fabric. The pilgChsasid 9h Gavtaedl bHes 0810 TBnT" Bobld5! hTknPEntREs

air-cushion wl

having flat yarns. Open spaces 52 exist between the various ™
. overlapping yarns'ot the completed three dimensional fabric -
which permits the coupling material to flow essentially
unobstructed through the facing layers 16 and 18 of the cloth.
into the pile area of the fabric. Thelpile (tensile) yarns 20
thus become glued together and the air-cushion will not
inflate uniformly to the proper thickness. In extreme
situations, the upper and lower facing cloth layers 16 and 18

are cemented together such that no inflation is possible. .

' Pigure 7 shows a typical individual texturized yarn. W
Loops, tendrils and filament ends 54 protrude from the surface |
of the yarn. Individual fiber§ 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 openness between the individual fibers to permit
penetration of coupling material into the yarn. The coupling

material can easily penetrate the entire cross-section of the



inflate uniformy to the proper thickness. In extrene situations, the
upper and lower facing cloth |ayers 16 and 18 are cenented together such
that no inflation is possible. Figure 7 shows a typical individual
texturized yarn. Loops, tendrils and filanen& ends 54 protrude fromthe
surfaqﬁzpf the yarn. Individual fibers are” ﬁﬁked or coiled and are not
straight:. The yarn is fluffed-up or bul ked and of larger dianeter than a

bl e fl at . ¢hi ' highi- :
conparable fla W thue18ciengothki ¢nligvsatisy hﬂg@éﬁg?ﬁggﬁ fibers

configuration. ere is substantial space and openn

i ndi vidual fibercogethee’ withRfineheaelastomeeup! bafiophehbablenhatie varn.
The coupling material can easily penetrate the entire cross-section of the
yarn, thus | ocki(polyarethdne)dtel forghant extgehielybgtsohgucblipssité atértal .
el astoneric, sem -perneable matrix (polyurethane) to forman extrenely
strong conposi t Sheapeelastréhgthebetweennthé parncandt theyelastogerie matrix
el astoneric matrix is extrenely high because of the kinked geonetry of the
fibers and the i@ exgy¥snplychighabecause ofctheckinked geometry:of thecfibers

Figure 8 diagrammatically_illustrates a fabric 55 constructed with a
texturized yarnahd .tﬁeFFé&lederpttrhpgnsﬁﬁnéonaef nthepelastemes betweenm the
over | appi ng yar% ﬁlenents 55a and 55b that would permt excess penetration
of the polyuret & 8X8supl ing material 35 as woul d be the case in the fabric
of Figure 6 nade using a flat yarn. Even with a C

(:}

. Figure 8 diagrammatically illustrates a fabric 55
N\

constructed with a texturized varn as in Figure 7. This
fabric has no open spaces between the overlapping yarn
elements 55a.ahd 55b that would permit excess penetration of
the polyurethane coupling material 35 as would be the case in
the fabric of Figure 6 made using a flat yarn. Even with a
textprized yarn, it is necessary to follow proper procedures
when knitting'or weaving the fabric to insure proper (not
excessive) tension on the yarn during the knitting or wea#inq
prbcess and to provide uniform density of the fabric surface
% through all portions of the fabric. In this way, the macro-
molecular filter/penetration control technique ispreserved and
is very effective in achieving the desired precise dégree of
penetration of the coupling material 3S. |

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

other texturized yarns, but it is much more permanently heat-



texturized yarn, it is necessary to follow proper procedures when knitti-ng =
or weaving the fabric to insure proper (not excessive) tension on the yarn.
during the knitting or weaving process and to provide uniformdensity of
the fabric surface through all portions of the fabric. In this way, the =
macro- nol ecular filter/penetration 4 rol technique ispreserved and is
very effective in achi.eving the desiréed preci se degree of penetration

the coupl i Bgtndueing the textmrizings progesssri Ther bgasssetsiingn of a
single yarn 60 that has _been texturized with a very special process. This

h |
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bending fatigue resistance and abrasion resistance o

fibers 20.cdRi éxibt! eendiagterssdveralCntlliebal bybdb8 of tehsioW ahll i S
sufficient to say that air-bulk heat set texturizing is also-a very

sati sfact orglaxationf of tensionnghicht eeatlyoaddsectol thepbeadinagi on

control of the P
fatigue resistance and abrasion resistance of the pile o
(tensionllfihers 20. This will be discussed in more detail Q;)
later. For now, it is sufficient to_say that air-bulk heat
set texturizing is also a very satisfactory method for
assisting_in the macrb-molecular penetration“control of the'

coupling'materigl 3s.

Figure 10 illustrates‘a fabric 65 which has been
~constructed using the air-hu1ked yarn of ?igure 9. The
‘advantages of such a fabric are superior to these of Figure 8.
As is appaient, it is_ippbrtant that the fabric layers be free.
éf any d;rgct unobstruqted passages or path wvays to_the core ~

or center portion of the fabric layers.

Other methods of treating the surface of the fabric to
add to bond. strength can_bé used, althqugh they are not
preferred approaches; These include abrading the sg;face or
.flannelizinq the surface of the fab:ig to cre;ﬁe loéps or

tendrils or_prqtrud;ng broken strands. The possible open



cpupli.ng material 35. Figure 10 illustrates a fabric 65 which has been
constructed using the air-bul ked yarn of Figure 9. The advantages of such a
fabric are superior to these of Figure 8. As is apparent, it is inportant
that the fabric layers be free, of any diwyect unobstructed passages or path,
ways to the core or center portion of fR& fabric layers. Qher nethods of
trealing the surface of the fabric to-add to bond strength can be used,

al tholgh they aadéd HEBIEEn SEhé PoN ind NgSen | 16| tififs Juvaitied by &hese
surface or flannelizing the surface of. the fabric to create | oops or
tendrils or praiendirils Rk aprskémntitl anédwt (hsopd| o rhieve Atadeadtetacen
the overlapping yarn is thus covered by these tendrils and broken fil anent

| oops to achi epartidkasicrormoléculanpenetratiomrcontinal af dhe @oupding
the coupling material, as seen Figure 11. Another |ess preferred approach
is to use a di smakeriakbuasiseen Wigwreatl been spun into a yarn contai ning
at | east 70% continuous filaments. Thus, the discontinuous fibers or
tendrils extend fromthe yarn surface, and the opposite ends are | ocked

into the yarn/fiber bundle, as illusirated in Figure, 12. Again rgferri to
Figure 2, because ofARQYhRY Lﬂ‘%‘%fp¥?*%€s°%%n§’j%i&t“%ﬁ &L@?&En%q"é‘s
seen. the di sty 3l d%h fin WS bedh 'S568 £ied"s Fien "SGR ae Yeddt® 708
| | continuous filaments. Thus, the discontinuous fibers or

f:} tendrils extend from the yarn surface, and the opposite ends
N ~ are locked 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 tiny tendrils or
loops which form attachment sites or points 29 and 30. These
are shown as extending outwardly from the distal surfaces in
Figure 2 for the purpose of illustration, it being understood
that they.a:e later bound witbin the coupling material as
shown in F;gure 4c wherein the same reference numerals
previously used are again used. These attachment sites are
provided by the tendril meﬁbers 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



| ayers are populated with a multiplicity of tiny tendrils or |oops which
formattachnent sites or points 29 and 30. These are shown as extendi ng
outwardly fromthe 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 sane reference nunﬁiﬁls
previously used are again used. These-@l+tachnent sites are provi ded by‘%he
tendril nenbers which are part of the filaments fromwhich the fabric is
const r uct esurifaicer poxtionc efbhe tyarn gtrandia Sheé 4endridsyaay der 30dpd0
includes a plurality of tendrils 42 which extend fromthe “surface
portion of 44heryLfragmented fiber stmandss 46aprbbotbeps The protedyrest fdr
fiber strands 46 or both. The procedures for form ng such tendrils has

al ready befAradagr sysh tendrils has 2lxready beenodescrdhed.suBBeantial ly
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render ed nnften at "t he |nter?ac|ng pl ane a _
strand and preferably around the entire surface area of the (:}

yarn strand. ' | ';J

In the_comﬁleted structure indicated for example in
Figure 4c the'inngr #urtaces.sa of the outer semi-permeable
barrier'léyer 12 are fendered mélten'tqr the purposes of
bonding wiéh the coﬁﬁling'agent 23, for example, which is also
rendered molten at the interfacing plane at 69. The
application of heat to the envelopé durin§ manufacturing is
preferably controlled so that molﬁen éone at 35 and the
corresponding région qf'the coupling agent within the .
respective fabric layers are the only parts of the structure \’J
~ which become molten. This molten layer is very limited in

depth, both within the barrier iayer anﬁ.the coupling agent
layer (i.e.,'.001.o£ an inch to .002 of an inch deep).

However, in this procéss vety strong bonds are obtained.

Radio'treQﬁenéy, dielectric heating (in combination with
heat sihks) is pértiéulariy useful in selectively :ocusing
heat ihpﬁt and éontroliihq what geté'hot and wvhat does not get

. -



a&blkcation 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 the respective fabric |ayers are the only parts of
t e structure which becone nolten. This nod | ayer is very limted in
depth,, both wthin the barrier layer and the coupling agent |ayer (i.e.,
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the perineter of the die-cut tabri are nma rass a re water

cool ed. These dtpg aie-éuthgébiPc? aPéhfidadenctcsaiidiPriss Uind Nire it et
maxi num RF energy input at the horizontal center plane of the fabric.

Because the fabcooleds | Thedecdtesracecanthoht toi 2 {AEKeHOin IR to @ocus
t he other hand, the material of the barrier film12 and the coupling:|ayers
23 and 24 are hthél gopel af maximum BRI ehéygjitcinputaoatttite i horiZontmalbcenter

energy. The cooled |lam nating dies provide a heat-sink to draw heat away
fromthe outer Planacefothenfabricicr BecaugeThher fabricihas kawirdidlentsict

heatkf? at the nggLLﬁ%? it does not get hot. On the other hand, the

.K,/ | - material of the barrier film 12 and the coupling layers 23 and
24 are highly polar and are qﬁickly heated at the interface by
RF energy. The cooled laminating.dies provide a heat-sink to
drag heat away from the outér 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
temperature scale of this Figure 19. At this temperature, the
barrier film and the coupling.layer are molecularly locked
teniciously together under the pressure of tﬁe laminatinq

dies. This process is best achieved with maximum practical RF

energy input of shortest possible time duration.

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

" material as one_cohesive structure in which the fibrils are



I nterface between the inner surface of the barrier film12 and the coupling*
material |ayers. This area quickly heats up to approxinmately 350 degrees to
390 degrees F.as is seen in the tenperature scale of this Figure 19. At

this tenperature, the barrier filmang4he coupling |ayer are nolecularly *
| ocked tenaciously together under the essure of the.lamnating dies. This
process is best achieved with maxi nrum practical RF energy input of shor@st
possi bl e tisecuxely iancheped. | ostneg the ténvelnpe opatérial i® jdinpd adb)

to the coated fabric material surface, as described, the material of the.
coupl i ng | ke eeupking material andcthetlatter ceffechive ntaurrounds or

cohesive structure in which the fibrils are securely anchored. Since

the envel oftPYRESIP%I eRGAPSRIALLS ARAPLRREFITRS HuRstaNtidY L) af or
effectively surrqunds or, covers, or encapsul afes and penetr.ates
subst ant i all??/ttihlﬁ‘%fr%’gﬂwf\'?iyr)e?‘?ﬁ?v@ I%ﬂ%e%r??‘&ﬂf’c‘?é’wli vely
smal | fiber fibri n ' ptj.on 14gh . and much
hi gher t hané%%% %)l{e)ci a%:ﬁ?zé%i;%' 2%}? glé&ﬁ r%&ﬁmxﬁee%qe%ﬂ% zﬂ}ﬂi\ S.
Si gni ficant nﬁfcﬂ?r Ly r?ﬁ“ | r r not
appear to. bieﬂ%t the l?zin lggrbf-g%he%e weeé\ ﬁé{@p&%‘fe‘r@aﬁgﬁﬁ r%t htg‘redgiﬁse% to
fracture . i ROUPIEnPTagéird] DS Sgifi ¢y Ssepdbat o dd o ddidt of
coupling material” 35.7 In" other words, the séparation above the relatively
hi gh peel siHenHternyl afas predsiiee ddodRinet) Ppda® tb Yd WY thw/ers as my
be the case of two . : _
interface between the two materials, but rather due to 'C)ﬂ
fracture or pulling of the fibers and tendrils with respect té;J
the coupling matgrial 35. 1In other words, the separation
above the relatively high peel strengths noted is not
delamination of two distinct layers as may be the case of two

sheet materials adhesively bonded or laminated together.

| The barrier layer 12 is hermetically sealed by means of a
weld 38, Figure 2b, which extends entirely around the
periphéry of the stfucture to achieve a pressure tight
enclosure. It is preferred that the'periphety of the Q;J
structure at the weld be about one-half the original cross~
sectional thickne## of the two sheets of barrier material.

The weld 38 is normally made as close as possible to the edge

of the double-walled fabric 14 wi.thout 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 detéil As earlier noted the

elimination of fabric or strands in the weld area may be



sjéet mat eri al s adhesively bonded or | am nated together. The barrier |ayer
12 is hernmetically sealed by neans of a weld 38, Figure 2b, which extends
eﬁtirely around the periphery of the structure to achieve a pressure tight
edcl osure. It is preferred that the periphery of the structure at the weld.
be about one-half the original cross- sectrbftal thickness of the two sheets:
of bdrnier material. The weld 38 is nornmally nade as cl ose as possible to

the edge of thgddeved Wy Iﬁ_ctsftatarpg;y%qmmo@oaﬁgmf ataryadf Bh%he fabric

material or strands thereof in the welditself l'aments trapped in
the weld will maﬁalﬂm.cau@eddnadw/limﬁamdmkhmwﬂl meideaeblibamhnto

detail As earlier noted the elimnation of fabric or St rands in the weld
area may be postiitdord the weld aamilvmgitdtamuﬂnmmm edygel offotheecloth,
fabric material. In certain instances, however, it. is desirable t.o position

the wel d a gi vé&o dreateca fsrtahitmecdgad)fprtelssucleotalqcmlameat tube(s) or
stabilizer and pressure accunul ator tube(s) or section. (Figure 32,

33a-c). |f a =estionmt d#’isrurﬁs 32ppPRacclo t A€ eufabrie materdpli hs applied
envel ope, the surf ce other n that which forms the perineter weld, then

none of that PFG of thecenys Mh%%fﬂesl pitbnsdthﬁn
chen cal bLLdﬁ et ?ﬁa%h%tgi'ta% ksl wadic . it oEckas passon
Coer g Ve nor SF. e, fauits BE BRIy RIRK Car A pIBLERLS TN vera.
ng If desired, the distal sides of the fabric may be treated
‘with chemical bonding agents such as silanes or silastic
materials DOW Q1-6106) to improve adhesion. It has been
found, however, that chemical bonding agents are not adequate

alone to provide the necessary peel strength.

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

‘strength of the fabric beyond a satisfactory level.

Structures according to the preSent invéntion having
inflated thicknesses in the range of .100 of an inch to .500
of an inch have been successfully inflated to over 180 psi and
have retained those pressures for several months without '
‘failure. It is also pbssible'in'aécotdaﬁbe with this

invention to provide products that have variable inflated



al one to provide the necessary peel strength. In a less preferred procedure
the distal sides of the fabric 14 are flane treated so as to oxidize the
surface and provide a multiplicity of mechanical attachnment sites. It has
been found, however, that flane treatnggt nmay reduce the strength of the *
fabric beyond a satisfactory level. Structures according tQ the present :

I nvention having inflated thicknesses in the range of .100"of an inch &g

. 500 of anthicindsses pehavitee s fednitrolYddiisn: tare \vontidiiixr pdi.eand have
retai ned those pressures for several nonths wi-thout failure. It is also
possi bl e ithinner diatoeicriath ane portion iand tthivker @t amothers parttidmve
variable inflated t hi cknesses by having a controlled surface contour,

i .e., thirFikguresric and dfa pdrkustiratel and dasole 7Sotferr @@anRle. Figures

14 and 14a illustrate and jnsole 75, for exanple, wherein the fabric 76,

al ready detherein the fabric 76y already dessribadyc & kndttad, QX wovem ce
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material igevice 81 is also illustrated. The fabric is coated with the
coupling material and then die cut with the thick fabric ":?
forming the heel portion, the thin fabric the forefoot porticngh)
and the tapered section comprising the shank area of the

pressurized product.

In general the preferred barrier film material is
polyurethane as described in the above 1dentified'prio: Rudy
U.S. patents the other elastomeric barrier films as identified

~in the previously referred to patents are also applicable.
The coupling material is conveniently the same urethane

material which is used as the guter 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, approximately 40 filaments per yarn and
its 1 to 3 yarns per tuft or strand with the fabric being |
composed of approximately 440 strands or tufts per square

inch. When radio frequency heating has been utilized to bond



pdl yur et hane as described in the above identified prior Rudy U. S. patents
the other elastoneric barrier filnms as identified in the previously
referred to patents are also applicable. The coupling material is
cenveniently the sane urethane material which is used as the outer barrier
| ayer. The fabric is conposed of heat setkbi-l anents so that the fabric

e el N L e e e Spd AT Mt duiP Yy O R b
using filanent steytédd disedl Hides bf X '&@;ﬁﬂﬂéﬁ %ﬂi@'&ﬁoﬂas been

| ayer;

deni er,

approximately 40 filanents per yarn an

its 1'to 3 yarns per t

or strand with tfeuhdbenst Hrsdtimp BHE T P Hetidi Appridd it 100 and

tufts per square - inch. Wen radi o frequency heating has been utiliZed to

bond
di st al

‘the seniijerdegides Fantenieit ard utd Iwimy wdadic or
sides of the double-walled fabric it has been found that heating the

di es to between 2ppkdhegahentz,0@achievis) they desd rexh bondding arithout i zi ng
a radio frequency of 27.12 megahertz, achieves the desired bondi ng w thout

inmpairing the r

pairing the kest ©f the mtaustured nflatant gas is

supergas, although the invention is not linmited thereto. The rate of
diffusion of air into the envel ope and the reduced rate of diffusion of the

o3 st on oy R P R R Vo B e
det abto the COMNERETdd rksd?\sé(‘tr 'ﬁﬁiéeﬁ thereto. The rate of diffusion of

- air into the envelope and the reduced rate of diffusion of the

supergagés 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, Za_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, whiéh are imbedded in the elastomeric materials
of the coupling substance 35 as weil as the elastomeric
barrier (pressure enclosing envelope) film 12. The fibers of
the tabric.are made from highly distorted crystalline gas
barriér materials (polyester or nylon,.tor example).
Diffusion rates are very low through such materials.
Therefore, the p:esence_of such a large amount of distorted
crystalline polymers within the outer composite coupling
barrier layers_of the_pfoduct forms an effective control or
blbck to movement, by the activated diffusion process, of

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




Figures 2, 2a and 2b, for exanple. As can be seen, a | arge percentage of
“the cross-section of the outer layers of the device is occupied by fibers,
conprising the distal surfaces of the fabric, which are inbedded in the

el astoneric naterials of the couplisggsubstance 35 as well as the

el astoneric barrier (pressure enclosing envelope) film12. The fibers

the fabric are made fromhighly distorted crystalline gas barrier mategdal s
(pol yester f - ' N '

Stch mat or | ST EUE R, i AEERIBlon Pinpid] i Be Bdhertiad by Vikith
crystal | inee el osmieradt {bn b UdHs Ry CERNE QLY dite P A ficdgyers of
the product forns an effective control or block to novenent, by the
activated difélsitie Eierss . ad SRS wiildh make Up GHe Yadking Pdrtiivsh
article. The rate of di ffusion, and diffusion punping, can be controlled
by varyi ng dficthoortabrix. orf Hrdekired,y thie iconstructioniof the bavcking . e.
the fibers and yarns which nake up the backing portion of the fabric. If
desired, taurfaces of the fahric [carkibey changest: dndependentily oft dhebe
changed i ndependently of the pile (interlace) portion 20, which extends

bet ween an@ﬁd‘nr@d‘l‘?ﬁ%@ﬂut&qm 2055 whiicihh @xtends: between and novel

arrangement can retai.n the desirable and needed properties of the

el ast omer i CIRNEFYS, e router SHiages: ofhthe fahnic.,Fhus khis nevely t he

beret [ of contsleril Shf WLAN e Tea10ld 1 P ipeliih s e

the elastomeric materials of the_énclosu:e.while at the samegﬁ,.

time enjoying the'benefits of contr§1 of diffusion.rates, and
diffusion pumping, thréugh the'sélective incorporation of
crystalline elements within the coupling layer and elastomeric
enclosure. The immediate effect is ﬁh&t in the case of
supergas, there is a-éubstantial :eduction in whag is already
a comparatiQely 1ow rate of diftuéipn 6ut of tﬁe envelope.

The practical effect is that the supérgﬁénis :étained for a
much longer period. This is especially 1mpbrtant in thin
devices in accordance with this invehtibn,and which have high
surface to volume ratios. For exaﬁpié,:the.surface area of \)
thin devices 1n'éCcord§ﬁce with this invéﬁtion can hﬁve
gfeater than 40 units of surface area rqr.gas diffusion-
compared to each corresponding unit ot:coﬁtained gas volume.
This is approximatély'4'times greatéf than the typical
tubular, bulbous air-cushions of thé_ﬁrevioﬁslyIidentifiéd
Rudy patents and thus £hé problenm of.mainta;ninghthé desired
uniform inflation pressﬁré:in'thé préducﬁ for thé stated life

expectancy is four times more severe.



crystalline elenents within the coupling | ayer and el astoneric enclosure.
The i.nmedi ate effect is that in the case of supergas, there is a

substantial reduction in what is already a conparatively low rate of :
dieffusion out of the envel ope. The practical effect is that the supergas is.
retai ned for a nuch | onger period. This*&g-especially inmportant in thin
devi in accordance with this invention and which have high surface to

vol une ratios. For exanple, the surface area of thin devices in accordance
with this invention The secendaryt effebtnidOtonpesmdt thafase of cfases gbher
di ffusion conpared to each corresponding unit of contained gas volunme. This
i s approxi mat el ghant supergasader at greater ampuntl of uthé cothérml dpases during
ai r-cushions of the previously identified Rudy patents and thus the probl em
of maintaining the dnitiad inflatienaf| Eorosxampieuriti istknown cthat oxygen
the stated life expectincy s four gknes nore severe The secondary

effect is to pehAtathighsrabe gosdifsnaden: throuahcthaselastonpric parrier
ot o e ChLERERSCY, HHELGeh i hhah MLk e i ST Erphloh en
bart et ot oL kog bARGRAREDATH BEEYE"n' SUGh APk OLabh M OGRS
O O BE Bk End AR OB RS BaoR R € prapegperic
thoifzfases havgag padsh§esaPla for diffusion, the slower diffusing gases may
\/}' be used-?s the inflatant, i.e., those ggses having a diffusion
rate less than oxygen. Because air includes about 78%
nitrogeﬁ and about 21% oxygen with the balance_being other
minor gases, air may be used as the-inflatanﬁ in a properly
constructed parﬁ, since the diffusion of nitrogen is
'relatively slow due to reduced surface area for diffusion, and
the relativelf high rate of diffusion of oxygen represents
only 21% (2.5 psiﬁ) of the gas component. Thus, by initially
inflating at a relatively high pressure éith air, the pressure
lioss over time is relatively small. It is apparent that the
-~/ use of air or othef gases ha#ing an effective diffusion rate
less than oxygen offers practical advantages; The diffusion
barrier properties of the fabric material relate to the
material of the fabric being distorted and stressed
molecularly as well as being highly crystallographic. In

either case the cohesive.enetgy density is such that the

fabric material acts as a gas barrier.
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rate | ess than oxygen. Because air includes about 78% nitrogen and about -
21% oxygen with the bal ance being other mnor 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_%b_oxygen represents only 21% (2.5 psia)
of the gas conponent. Thus, by initrally inflating at a relatively higﬁ:)
pressure with air, the pressure loss over tine is relatively small. It is
apparent that tYReRsan Alnest k0¥ Rlogk ke dbffusiom s fraqiined]i af usi on

en of fer actical advantages. The diffusion barrier
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envel ope 12 (instead of urethane film. Lamn usi ng ener gy,

successf ulfiga)and Linkndtdon e G RE i)y, Gudtesutiilly' boraaNthés on |

di stal surfaces of the fabric.” In this case, crystalline elenents
low tempe:atuxe layer to the coupling agent 48 on distal <:}
surfaces of the tabric. In this case, crystalline elements C;;

are ptovided.not'only by the backing fibers in the surfaces of
the core tabfic,_but also by thé_crystalline fibers of the
taffeta cloth outer barrier layer. In this arrangement, the
entite surface of the device, out to and inciuding the
perimeter weld, is comprised of this special barrier product,
which is selectiﬁely permeable to the oxygen gas of the
ambient air environment, and which acts as a barrier to the

nitrogen gas of the ambient environment.

A good way to visu;lize some of the above concepts o kv)
fusing_g composite material comprising a combination of both
glastoneriq'and_crystallihe components is to think of the
elastomeric material as the matrix which binds together the
crystalline-elemgnts. The elastomeric material provides good
flexural fatigue resistance and the desired physical
properties of.modulus_of elasticity, elongation;‘manufacturinq
processabilitf and heat-sealability. The crystalline

components provide the proportional diffusion barrier. In



ar'e provided not only by the backing fibers in the surfaces of the core
fabric, but also by the crystalline fibers of the taffeta cloth outer
barrier layer. |In this arrangenent, the entire surface of the device, out
té and including the perineter weld, is cgﬁbrlsed of. this special barrier
product which is selectively perneable to the oxygen gag of the anbient
air &:Qlronnenthianﬂamhltheaeﬂasaamarﬂerprepethibbeoulthegemmgpuitﬁ the
anbi ent environnment. A good way to visualize sone of the above conce
fusing a conpostrﬁcﬁarereuis§onprt9|ngeabesnganAasohebwegnteﬂasten |!nd

and crystalline cong ints Is to think of the elastoneric material as the
matrix whi ch bFFIgtadd PﬁeFlFHSnE?yQFaFPFnEtEPEEEﬁFs Thus ¢| the FE¥stalline
resi.stan he desired: é)hy5| cal
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oroper tico of ASHAFLSLBI SEPaREPERE eﬂ“?aagaﬁmgiﬁaﬁﬂfsim.m esses.” Heat-
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and crystalline e enen I'ne matéertal's

are -protect ed ;goehda 1&8 ?éﬁfﬂ&éeft ﬁﬁéﬁﬁre*gftthéeﬁif¥&éf q&;conposite

acconplished wthin t I nne astone I c surface portion o

barrier prOdUCéssﬂ‘r&G'éhQ@aéhéi'etbﬁe A6 €LoBR' FIBELS éxPosed ewfcweintemu
barrier product assures that there are no cloth fibers exposed to

|nt§(f§l pressurizing gas so as to create a leaking path.
~ AnoéAer 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 lowver
surfaces are planar and essentially in a parallel spaced
‘relation. This heel ped is unlike prior art heel peds due to
the planar configuration of the surfaces thereof as contrasted
to the tubular or bulbous articles of the prior art. Since
~ the heel ped of this invention is reiatively thin, it can be
highly pressuriied and is light weight, it offers significant
— - advantages over the prior heel peds since the heel profile of
the footwear can be much thinner permitting use in many types
of shoes including men’s and women'’s street or dress shoes.

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

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

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



pressurizing gas so as to create a | eaking path. Another of the advantages -

of the present invention is the variety of shapes which may be forned. For

exanple, Figure 15 illustrates a heel ped 90 in which the upper and | ower

surfaces are planar and essentially in a parallel spaced relation. This 6

heel ped is unlike prior art heel peds due ﬂo t he pl anar configuration of

t he surfaces thereof as contrasted to the tubular or bul bous articles OC)
eeI this inven
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Wwth the prsa?atahavqakwa&daad thieCleh? SaﬁﬁlbﬂeioﬁgfeThSduEQta§9ai§0bra
pad because of its shape. The interior structure of the device 1s as

al ready prejhsertedddac tobtdeathguchi thatythechedtad madl ot LeJoR7thad a
somewhat shorter lateral leg 99 with an open area 100 between the opposed

-portions of meddalegidenoff theafdotf with theropenterealmoo géheralbly GRdes
inserted in footwear such that the nedial leg 97 is on the nedial side of
the foot withettslopeeusicaTheomgdiadaleg dadiecatedcundenctie anchnedi al
leg is |located under the arch of the foot and provides arch support while
the rear setheoffioetiland provides arch support while the rear section 101
is curved, as shown, to fit the gener_al contour of the heel. o
The top end.bottem surfaces are £1at and planar and in spaced
generally parallel relation. The device tends to stabilize

the foet as wvell as to provide cushioning and_areh support.

Referring to Figures 17 and 173, a modified form of
inflated stabilizer 110 is illustrated again in the form of a
cobra pad with medial andlleteral_legs 112.end 113,
respectively. The internal structure is as already described.
The medial and lateral legs are spaced from each other and
joined to a reaf_seetien which is curied 114to fit the heel
contour. In this.:orn,'the:e is:arsepefate_inflated chamber |
115 forward of the rear section and between the legs. This
inflated section is bulbous in configuration, as seen in
Figure 17a to provide a special cushion element located under
the calcaneus. The surface of the bulbous section is above

the surface of the adjacent lege.; In the'form_iliustrated, a
heat seal weld extends all the way around the'pe:iphery of the

inflated chanber and is a separate chamber from the outer



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 parall el
relation. The device tends to stabilize,t,he foot as well as to provide
cushi oni ng and arch support. F@ferrlng 3’ Figures 17 and 17a, a nodified )
formaokL inflated stabilizer 110 is illustrated again in the formof a cobra -
pad A medi alportddnst @falthecpedl12Thug, 1the outpecportipns iy beat er nal
structure is as already described. The medial and lateral |egs are spaced
from each othemmassqnianddatooaeréaweieandohhahchhmbercNLSedt1aﬁ¢thért1¢¢!a,
heel contour. In this form there is a separate inflated chanber 115
forward of theustellyeé lowesnpressurenforecongort andscuahioningsecthen is

bul bous in configuration, as seen in Figure 17a to provi de a speci al
cushi on el emenCentes POTEAQB, ﬂ?He‘&&PcHﬁeﬁgm‘eqﬁe"s ofthe euterPoxtinmand

section is abo h% surf,ace of the adépient

|Llust;?tedd upGtion gs.apefgeu aFﬁEJgéypﬁ?ﬁﬁﬁﬁhS%éféEﬁ?EWkﬁwdof
of the pod . TASEISEHISH bEeBsBERBRTLR, ERETREL-LUERIO0T 0t S | uel  and

t he chanber 115 at another level, usually a l.ower pressure for confort and
cushioning. The center portion nmay al so be connected to the outer 'portion

ropertics i n the ant. SeoRnastsfben thall e Bephia fh Phaniel L6 AEy 0,
115 Tiﬁ be fabricated with a three dimensional fabric material rather
. than being merely an inflated bulbous chamber. In this
variant, the fabric material may be thicker than the material
in the medial and lateral legs for added cushioning and the
inflatant pressure may be lower for softness under the

calcaneus.

Figures 18 and 34a-~b illustrate an inflated structure 120
in whi;h ihere are multiple chambers 122 and 124 formed by
three barrier sheets 125, 126, and 127. The barrier sheets
| are composed of an elastomeric material as already 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 heel ped
or moderator. Further, the upper part may be pressurized to
; a lower pressure than the lower part in qrder to provide a
i ‘relatively soft upper'cushion in contact with the bottom of

the foot and a more pressurized under section to prevent



fabricated with a three dinensional fabric material rather than being *
merely an inflated bul bous chanber. In this variant, the fabric materi al '
may be thicker than the material in the nedial and lateral |egs for added
cushi oning and the inflatant pr essuLgaamay be | ower for softness under the =«
cal caneus. Figures 18 and 34a-b illusfrate an inflated structure 120 in.

. which there are nultiple chanbers 122 and 124 forned by three barrier

sheets 12bottoming,®ufr7 The barrier sheets are conposed of an el astomeric
material as already described and a fabric material, 128 and. 129, as

al ready described is received between adjacent sheets. This particular form
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bottom ng out. In the formo I gure 18, the upper ch r may be o

smal | er sprbduttd,cdt Ry becdesipabiatBeuse atheel "SedPRE nPghbyneEd NOt
. be coextensive with the 'ower part. For sone products, it nmay De desirable

to use a peelssuae thah ther 1pwerspaett Bincehit! sagrb@aplasédcenia may he
placed in a cavity in the heel while the upper section may function as a
cavity in the heel while the upper section may function as a
full length sock liner. It is apparent, that the present i
invention offers a wide variety of possible structures and W

variations thereof.

" By way of example, the pressurized article may b§'used
either as a full-length-slip—in.or partial length sockliner.
It may be configured to provide arch support as a slip-in item
or built into footwear. It may be installed in footwear
during,manufactﬁré_by placenent ih a recessed cavity in the
midsole or elsewhere in the footwear. It may be fully or
parfly encapsulated in foam in a midsole or elsewhere in

footwear.

It is also to be understood that the sheets of the
product méy'have different gas diffusion characteristics.
Thus, only one surface layer need be semi-permeable to gas and
the other may be'impermeéble. 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



fill length sock liner. It is apparent, that the pregent invention offers
a wide variety of possible structures and variations thereof. By way of
exanpl e, the pressurized article my bQ4%£Pd either as a full-length

sl¥i p-in or partial length sockliner. It y be configured to provide arch
support as a slip-initemor built into footwear. It may be installed in

f oot \@r dur i ifgbrdeuiuadiformllyy bpuadetenthentacing cosethce\61 \tHd Barerier

m dsol'e or el sewhere in the footwear. It may be fully or partly
encapsul at ed matiesdali,ntheredmaycber acsituationi infulicheatef ined sejiong ot
be understood that the sheets of the product may have different gas

di ffusi on chacnet surfacesarghnot bandednersinfwhich xyerfahrit tomponent is
sem - per neabl e to&gﬁs and thgpother may be inpe;pea le. In effect, all that

is required i Premehtrhefeti® 3Fe§§Fho¥Er§EF¥t$ ustratied, im Eigures
UGN RE LT E ERITS G R g M
L on, | Bl SR uSoh e Bag B ko PR R R AL B ot
oSty eS| RS aRUAATR . MOERPEciitalied ilen U Wi ddh,,
sheet materiabg jp4@etibACHBLAYAG RHFDESUBL@tITPSiI%he envelope,

(i}'  followed by joining the envelope to the fabric components and
.i- ‘then presgﬁrizing. Figures 19-19d illustrate such an
.\,/ approach. There, the heel ped 130 includes a thicker rear
‘'wall section 132 and thicker side walls 133 and 134, as shown.
The fabric material 14 is also present. Additional approaches
would include vacuum forming, slush casting, roto molding,

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

At this.point in discussion, it is important to emphasize
again the unique properties of compliance that the new
inflated device provides. As mentioned earlier, an 6ptimun

N\ cushioning product should éhsorb 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 pbssible level. Such an optimum

cushioning device is defined as having superior compliance.

The manner in which the present product functions to

provide good compliance is seen in examination of Figures 20,



or injection nolding may be used to formthe envel ope, followed by joining®
t he envel ope to the fabric conponents and then pressurizing. Figures 19-19d
illustrate such an approach. There, the heel ped 130 includes a thicker
rear wall section 132 and thicker side walls 133 and 134, as shown. The
fabric material 14 is also present. Additional approaches would includ
vacuum form ng, slush casting, roto msy¥-ng, bl ow nol ding, vul cani zi ngks
open pour casting and the like. At this point in discussion, it is

i nportant tg enppaspie SR NrhEcaipi CighIVIPRY kir3s Anven®ibndeah ababrbhe

new i nfl ated device provides. As nentioned earlier, an optinmm cushi oni ng
product shopdsimbs oshoékeinput Nener®s s ivilth Jadinun Rdshdoning (goed eturn
the | argest possible percentage of that energy: while at the sanme tine

att enuat i ngshdek sitoténtiatbons within 4 awednursilovableydefl8etiion) opti mum
cushioning device is defined as having superior conpliance. The manner in
whi ch t he precause pofidthe udnique cshape of dheldoadodeflectianc eurvesaso i n
exam nation of Figures 20, 21, 22, 23, 24. The air cushion of this

i nvention cof Bigwre 20xi rhe scontigunratiomeafythis curnvexilS0mappsioachesgy

(good shock attenuation w thin a naxi mum al |l owabl e defl ection) because of

t he uni que 3HEQREINILIAT | ShaPeefvhich o8 the/ddead shapejasccoppared to
configuration of | s curve 150 approgches a yectangul.ar shape, which is
Che | deal e ASE LT Ferrettihs b eds chpye for a

| oad- def l ecﬁff@r Caruré/-em;f{i;?le chamber inflated device. Figure 21 O

illustrates the energy absorption of the prior art product as ;;)

representéd by curve-iss as compared to the energy adsorption
of a prodnct'ofrthe'presént'inVention, 156, the latter about
1/2 the thickness of the prior art product.

Figures 22 and 23a and 23b show how this is achieved.
The foot is shown initially iméacting the air cushion 160 in
Figure 23a. As is seen, the préssure within the device can
act over the entire load bearing surface area of the bottom of
. the foot,.instintaneously producing a large supporting force
before significant deflection occurs. As the foot sinks
farther into the air cushion, as illustrated in Figure 23D,
the upper distal element, which is a composite structure of
fabric outer layer imbedded within the poiYurethane coupling
agent and the barrier film, acts in tension as a drum head and
adds a second supporting force by virtue of the vertical
components of the tension in the upper distal element,
indicated by the vector diagram 162. - This additiOna;
supporting force is shown in Figure 22 as the cross-hatched



prior art mrfltiple 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 pro qﬁL of the present invention,
156, the latter about 1/2 the thickness of the prior art product. Figures
22 and_23a and 23b show how this is achieved. The foot is shown initially
inpad:)ng t he areacd$B.on 160 in Figure 23a. As is seen, the pressure
within the device can act over the entire | oad bearing surface area of the
bottom of the foot, instantaneously producing a |arge supporting force
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as the cross-hatched ‘area 165. Because o I clent energy return

characteristicifbehtiohec@hubenpadlef iato Foetwear! B SEh¥roéasRiching
essentially perfect-gas thernodynam c properties of the inflatant f|UId as

wel | as 3) thedesdceshaiithoulti goamoencapsulationi ¢whieh beebviirtinﬂéﬁferes
f oot wear or other cushioning _
(j} with the energy-return capabilities) the products of this

. 'inventionareturh a large percentage of the cushioned impact
~ energy as compared to foam enéapsulated conventional gas
pressﬁrized products, foam midsoles, Sorbathane, gels, etc.,
which waste and dissipate most of the energy, in the form of
"heat. In Figure 24, 170 represents the curve for the energy
absorbed by a conventional foam encapsulated prior art
product, curve 172 represents the energy return (about 40%
efficient) for that product; curve 175 represents the energy
Absorbeq by the prodhct of this invention, curve 176
represents the ehergy return (50% to 90 % efficient) for such
W | product; curve 177 is for a foam product (30% efficient), and
curve 179 is fqr Sorbathane and gel ﬁype products (2%

efficient). 

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

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



devi ces w thout foam encapsul ation (which greatly interferes with the

energy-return capabilities) the products of this invention return a |arge
per cent age of the cushioned inpact energy as conpared to foam encapsul at ed

conventional gas pressurized produciyg-foam mi dsol es, Sorbathane, gels,
etc., which waste and di ssipate nost of the energy, in the formof heat.:

Figure 24
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For exanple, Figure 21 shows the product of this invention absorbing the
sanme inpact energflagiéncphaséuirdcidi thkapeiRaiy IXaE80FC(Bht 6t the
conventional pressurized product, still wth overall excellent cushi oni ng
(i.e., acceplypbfactor) skhiéhl cansbe utilitedantoraltercthe shiperofiothe

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.

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 speee (or deflectionf{' curue 182 of Figure

25 is identical to curve 156 of Figure 21. The loﬁ-pressure

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

In some cases, the sharp initial rise of the load-

deflectiou curvelis'ebjectionable. This occurs in shoes where

' perceived comfort is of primary importance and impact loading

is low, as in street'shoes, workmen’s duty shoes and also some

types of‘walkiﬁg'Shoes. There are varieus uays 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 moderator can achieve
this effect by eiterihgwthe load/deflection eheracteristies of
the drum“head‘(see the various dotted portions of the load-

‘Plots for three different cushions at three different (:}

'pressures are shown in Figure 25, 1.e., medium pressure curve \_)



force-defl ection properties of the product of this invention. Plots for
three different cushions at three different pressures are shown in Figure
25, i.e, nmediumpressure curve 180, high preggure curve 182 and | ow

preessure curve 184. As is seen, the high pressure unit can absorb nuch .
nore energy in a nuch restrlcted space (or deflection). Curve 182 of Figure
25 |s(:hentlcaIdFﬁleGFiénlsgrUP)Flgﬁhe Qde¥ﬂ§°roﬁﬁpﬂéséuwéthnthehﬁ%raF“ShiOﬂ -
softer feel, but can, bottomo in,sone instances. In sonpe cases, %g shar

|n|tLaI r;;e of of hEh #ﬁangGErEBBtVéﬁhCGPQe PS“GEF@CFPGHa$Pe¢3"§H?§ E%r%?
| oadi ﬁSfis réﬁv Behiancpr.appenste. the, Fhahioha. JRoARaLeARt, 48 Eoe of
softer Teer (ot RBFRenEAPFAR EPRBLERFREPR, mRiLuh of BLHRELG ey (0F B .
iIlustrated in Bgyﬁgrzfigﬁd EEEategaﬁ'QHSE ezéﬁeaggrggfyﬁgqg ol ¥ PP

tits, or lugs 1 ars or egl crate pattern 1 ottomo the

moderat or can afbh&]&e?ﬁbétﬁ&ﬁeék Lhedlboibey the | oad/ deflection
characteristics of the drumhead (see the various dotted portions of the

| oad- defl ection curve). The noderator is used with the air cushion of
this invention with the studded face in contact with the cushi on of
opposite the cushi onIt! bsardwt valuable typdistussrthefl sbluticnnts romei o, the

modul us of elasticity of the barrier film etc., can change the perceived
conf%ii and Ioaﬂbdeftmoubbesoﬁetprob&emseencountered during the six-year
development program which brought the new air-cushions to the

N\,
status of a reliable market-ready product.

The problem involves-tatigue failure of the tensile
filaments (drop-threads) after prolonged exposure to many
cycles of hénding, flexing, twisting and abrasion. These
:ailures (as well as delamination failures) were encountered
during testing of the inflated elements in many hundreds of
athletic shoes for many thousands of miles of testing by
numerous world class athletes. Although the failure rate was

(A hot out-of-line with failure rates of other componehts of the
shoe, for a high pressure iﬁtlatable device of this type, the
'reliability must be greater than for othqr components'because
failure results in the overail product becoming essentially

useless.

Air-cushions used in athletic shoes are subjected to many

ditferént types of loading in addition to that related to
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It is now valuable to discuss the sol-ution to one of the nore troubl esone
probl enms encountered during the six-year devel opnment” program whi ch brought
the new air-cushions to the status of a reliable market-ready product. The
probl eminvol ves fatigue failure of e tensile filanents (drop-threads)
after prol onged exposure to many cycl es of bending, flexing, tw sting d
abrasion. These failures (as well as delamnation failures) were
encount er ed during t esting of t inflgled ele ntsﬁbp nma hundr,eds, of

athletic sfIBPLEPPTARA-ARYR. MOTION. FOXs Q3RmRkey; FEPBLSURLEPY
cl ass at hl . u 8 LA | I \\aS t-af bin ot Ll ure
rates of o?&@iigghégﬁeﬁgg&%ﬁnpﬁe1§h§gF%P§P ﬁ?%#iﬁgegguF ei??ﬁ%tgspgs
devi ce of ttg'iui\ —alt e leina kil 2145 gﬂg‘,@ n er
conponent s ecah%%sfgﬁPSF% #§§u°%%E¥ﬁ thgéggéggl p?ﬁ%&%ﬁ-ggggg?gg
essenti al | ¢1¢58nes and ito jaqn " dRirind ivxonatdendapdsubj ected to
many di ffere'r??qt %eg.of Iro%gd%?ir?g' i%nﬂz?}gin?inon t(lgq at related to si npl e
up- and- dowsupiinationfkor veryspecialctestinge madhines Whichngiaulateogheny,
| ongi tudi nal flexing as the foot noves from heel-strike to toe-off rotation
~ novenent s, ihashoal dutyxcyclanadreoalisonasednitst iacgelerate thenguaddtynd
supi nation. Very special testing machines which sinmulate the in-shoe duty
cycl e are cbntrodetiestingceifcthiec airecyshliions.coThesie machingsorunhat

air-cushions. These machi nes run at : :
relatively high speed and subject the air-cushion to as many

L

_ cycles of loading in two days that ah athleﬁe would accumulafe,~
in two to.thiee years of testing. Furthermore, these tests

are much ﬁoré.severe in the type of iéading so that two days

of testing with what we call the Kim flex tester machines is,
.in fact, aﬁproximately equal to 3,500 miles of marathon

running. The typical well made running shoe will not last
béyond about 800 to 1,400 miles. Therefore, parts that pass

two days of this test will generally out last the footwear by

a factér of two or more times. Figures 27a and 27b show a
ﬁypical_air-cushion 210 mounted under the movable test head

212 and supportéd by fixed guides ih the térn of rollers 213 §;)
on each side ot.thé_test_head of one of these special "Kim"
f;éx-test m#chines.' As is seen, the cushibn, 210 is exposed

to severe up-and-down compression ioadinq as well as
bending/flexing.és well as some sheai action by_ﬁp and down
movement of test head 212 while the rollers remain fixed.
Compression is provided”by the head 212 tércing the qushion
againsi a conﬁoured cylindrical seat 215, as seen in Figure

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



refatively high speed~and subject the air-cushion to as many cycl es of

| oading in two days that an athlete woul d accunulate in two to three years
of . testing. Furthernore, these tests are nmuch nore severe in the type of

| oadi ng so that two days of testing with=8@at we call the Kimflex tester
nachiggf Is, in fact, approximately equal to 3,500 m|es of marathon

runni kgl The typbCteseclis ERIG o BcBUrakedyrah §3§c§$§{ﬁp§x?eﬂtab g 800

to 1,400 mles. Therefore, parts that pass“two d est w

general |y out fatluireembdeseRpekiefckdCin the hdeuadl Wea® tesBs, Figures
27a and 27b show a typical air-cushion 210 nounted under the novable test
head 212 and supported by fixed guides in the formof rollers 213 on each
side of the test head of one of these special "Kint flex-test machines. As
i s seen, the cushi ofhe2egclusdxvpopurposesandr funption of\wtheodpopsthraad

| oadi ng as well as bending/flexing as well as sonme shear action by up and
down novenent mrnsSﬁShsadagtzamgeasMs members tongontainctheCpressuvrizing

is provided by thg head 212 foriln the-cgshion agai nst a contoured
cylindrical seBediym apd maiptajnrther desiged gaopetricadseonfiguratien and

Bﬁpi Toate the ¥ iﬁeﬁﬁgﬁiaagsségiﬁriﬁ e'gﬁ,gﬁ'?ﬁétcggf‘ [ TheReiptecctad Fifddet
Consi Te. nenber CAEbaES PEBRLpRcvRp . eeBerbAR  UReRPER AR I NS, RE: pflare e
.geon?tilcal anéfﬂﬂaaihahp89€19n of the duty cycle when the drop-yarns are

-KJ not in tension and are not performing any useful function.

The drop-yarns have no purpose when not in tension and do not
support compression loads, 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

y | 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 downﬁard motion continues, they bend and
fold further in random fashion and thus also rub against one
another. During this portion of the duty cycle, there is
considerable motion aﬁong 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



structural integrity of the device. Therefore, the subject failure problem?
was sonewhat unexpected in that it occurs during the*portion of the duty
cycle when the drop-yarns are not in tension and are not perform ng any
useful function. The drop-yarns have no purpose when not in tension and do *
not support conpression |oads, so as-&lot tointerfere with the primary-_,
function of the pressurizing nediumwhich is to support conpression | o

A good deSufhifn |agthea & gk threugh 1the, sonetdmes,very seversy as

bnd” absor POHAPRE TS Puaarning xatiovs A0 et 5 Endaavias: bisietas soon
ond ol d BRASY st Mleing S cH, diek e e e oG R her i
o the dulLRURfU {rf the' clitdr bi¥NOIN SERAEN T MDeid. [abRUIOD

strands. [y gm%&nd&ww%%@aﬁlﬁgﬁ | fiif v 2gfaiied offel N

stopping and turning) applied to the air n.as well as by the

| ongi tudi aalottet . AUHdYr lestTiened yo Hedvy I i WorldFionst YdhieQn as the

athl ete goes through the sonetinmes very severe notions while perform ng.
various aigemival 1gndeas thanSesh ot hoxish Y [idbiie) iffe idutyd hdstoaynof

generates fatigue stresses in the outer portions of individual fibers.

Abr asi on dthreagart)n thec producthbdotitoms~outi trappihgand ayauishdngothe
tensile fiberé against_one another and against the inner '-()f
surfaces 9f the composite facing layers (Figure 28c). After .;)
many cycles of such contorting, it is poésible for tensile
yarn tilament.fatigteiand fibrillation failures to occur as a
result of the repeated crushing'ot the tensile eléments when
bottoming-out occurs, (Figures 29c and 30). Some of the
fibers até veakened and then subsequently fail in tension.
Tenéion stress in remaining fibers increases, and a ripple
effect occurs as sucéessive fibers fail in tension. Eventually
an aneurysm occurs. The air-bnlk, heat set texturizing of the
tibefs is effective in controlling and preventing this type of .-

o/
failure and is explained next. '

Because most cushioning devices of this type are designed
to operate close to their limits for bottoming-out, in order
to provide maximum_cushioning in minimum space, instances of

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

In order to solve this problen, considerable failure



anot her. Under extrenely heavy, |l oad conditions (i .e, generally less than
2% of the normal tinme/life duty history ofﬁﬁge part) the product

bott ons-out trapping and crushing the tens =~fi bers agai nst one anot her

and agai nst the inner surfaces of the conposite facing |ayers (Figure 28c). .

After_many cychaalgsisuahdcdaboratogy teéstingoweré! éohauctedsi | The aiéchanism
filafent fatigue and fibrillation fallures to occur as a result -of the
repeated crushofgfailube andsthe sbrutdonswkibichowérei dgvised ctausslve the
(Figures 29c and 30). Some of the fibers are weakened and then subsequently
fail in tensi oprobdemsoaret best describedi in feferrsingcinanere detkril rtphe
ef fect occurs as successive fibers fail in tension. Eventually an aneurysm
occurs. The aberpepkilhustrated: int Bigures 2% and 29berThesseries(of Figure
controlling and preventingvthis type of failure and is expl ai ned. next.

Because nost c@&hidhnsbratescthechannes ippehigh thseentypes %eﬂé’f?ﬂ’o&%v_
(o thel 13, SEeRRLRRTLRIERUE: el et I5ho 5 eventEoii} SHobbRH b
anaiysis ana | SoAPEPoP9T, BBR Ry SAFCoUDNIR. nEAEoARE nERRER 07 refian'c”
ond e 501 Ut GuEculuiiyoaGe Sy PR MOuSPME LIGRRIMERD, YbREly e
fgpggog%’% i g2§§é§§£§§ the FbSH*E@mZ&fbﬁé Ué&.&iefgﬁhe ﬂen{@rimm&& i Fyure
L\ ' 28a, when in the tension mode, all three types of fibers are
) stretched-out in a taunt, straight line, and all three
function in much the same way under tensile loads. However,
as soon as an external compression load is applied; the air-
cushion deflects dowhwardly and the'fibers'of the drop yarns
immediately go out of tension and enter the relaxed mode
(Figure 28b). The straight (untexturized) fiber 200 functions'
‘much like an Euler column and starts to bend. The
conventionally texturized fiber 201 (which, as seen, is
bulkier than the straight fiber) shortens in length like a
'coil spring. The air-bulked, heat-set fiber 202 (bulkier than
the conventionally texturized fiber) also shrinks in length in
a similar manner as a spring. The bottomed-out conditioen,
after several million cycles of up and.down flexing is shown
in Figure 28c. As is seen, the straight fiber 200has bent
over onto itself. The air-bulked fiber 202 is compressed into -
a bulky, compliant bundle of:looped and intermixed fibers

coiled amongst themselves in various directions in random
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1) stralght or flat fibers 200, 2): conventionally texturrzed fibers 201 and
3) air-bul ked, heat-set fibers 202 function differently during the downwar d
fl exi ng node, especially as regards the lonmed-out condition. As is
indicated in Figure 28a, when in the tensfdYn node, all three types of
fibers are stretched-out in a taunt, straight line, and all three funct
in much- t he tastdonmy ammeccnsnntﬁenhdaysteH&urﬂced Z4bep0oR0BShétatsé 6
conpression load is applied, the air- cushion-deflects downwardly and the
fibers of tmanyt gyclesnofi #ﬁsﬁﬁaneﬂydgﬁleuﬂngfisesseonaanﬂaehngrretmrted
rel axed node (F|g¥;e 28b) .. The stral (untexturized) fiber 200 functions -
much |ike aback & d&suexiginal; pres PastbsﬁaedTﬁenéémemlbmuyit-e&smqmed
he strai ht fiber) shortens in

fiber 201 (whi S b | kier th

| engt h ||k(eaas§6"1192‘§r %ﬁg "'Tﬁé ai PSLEPRBY, ;’Hﬁapggét prkcuPOnitsel & tn
than the co nt| riz I b o] e

simlar man SB& %5 E$ ggf ﬁgﬁL6§#§c6§gFFlgﬂ kﬁi? {ﬁiﬁg&;gﬁion.
mllion c cI o] n e c

The stra ot arel mBYRYCIRN oF BkpBdurs ERCUICh" ok eMR"eEE e ubls YAPEST,
I S conpress | 'k I | e of | ooped and i nterm xed
fibergpc0|Iggngﬂgﬁb??q?he#geﬁegg Pﬁa%ggﬁggs dlrectlgns I n random - 83-
fashion. The conventionally texturized fi ber 201 because of many cycles
of tension and flexing is seen as having resorted '

A portion of a yarn containing the straight fibers is O
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_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 parellel, aligned,'side-by-
side arrangement. The compression load is shown applied'to

the sides of the yarn bundle as seen in ?igure.zsa and the
cross-section Pigure 29b. The fibers are applying transvetse
loading one to another. Each fiber is made from a polymer

with a 1ong-chain rolecule oriented generally along the
longitudinal axis of the fiber. After prolonged benging and
flexing during the up and down portions of the cyele, B
-coupled with the squirming,'rubbing ang trensve;se loading of A
the bottomed-out pbrtion of the cycle; trans§erse deeohesicn
(delamination) between individual bundles of noleeular chains
within the interior of a single straight fiber can occur.

This failure mode is illustrated in Figure 29¢ which is a
magnified cross section view (1000 times actual sxze) of a
single fiber from the bundle of fibers (Figure 29B). As is

seen, when the transverse compression load is npplied.to the



b4ck to its original pre-texturjzed condition, i.e., it is now a straight
fijper, and, as such, has bent back upon igself in the same way as the ot her
stiraight fiber in this illustration. Aff#" nmany cycles of exposure to such
action the fiber will tend to fail, as next explained. A portion of a yarn
contai ni ng t hestradighit! fiiear,s the £iber tonddetdobupstloatiras@ly i ¢iitlid On
(at #O0ytines actual size) in Figure 29a. As is seen, the fibers are

ti ghtTy packedhordzomtali centeriinel pyanepaand| tensile gseparstion Btredsts
arrangenment. The conpression |load is shown applied to the sides of the yarn
bundl e as seenocfuri 8% &heogides ofcthe ofiberctending (to cdebiminate snder s
are applying transverse | oading one to another. Each fiber is made froma
pal ymer with aUpsAyednihe Yardouscburdles cof juoleenlar fhains ene from

TS e b ome bAAed bt ] e
{ransver ce decBNBANER CIoREASHULAB ShnteheorET oo bt bEk:  Ehisth Akl ‘stranas
Thi s failure nage velkBnelphrEgE die dnd SbBY' b dhd tald Sl CHA 00
i bers (i gur o SOBLoN ST Bendings! S oondlElof 18 When O Iy 40 Suflen
applied to thejg askcanfilhgl e2@etréhemitbsicds@dshdCodrumh Srtaeeyican t he
{:} : 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
(tiguré 294 and 29e) behave differently from the straight
fiber. The air-bulked fibers in the bottomed-out condition
have been compressed into an intertwined mass of looped and
undulating filaments. Such a congiomeration of fibrous
material functions as a cushioning element (much like a felt
mat), thereby mitigating compression stresses on any single
filament and distributing forces throughout the fibrous

volunme.

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

eliminate this type of failﬁre. First, it is important to



hori zontal centerline plane, and tensile separati.on stresses occur at the
sides of the fiber tending to del ami nate and unravel”the various bundl es of
nol ecul ar chai ns one from another. The fiber breaks apart into individual
bundl es or strands of nol ecul ar chai ns. ptual ly, these small strands are’
weakened by fatigue and soon snap and fail™either i.n tension or bendin

This condition is seen in Figure 30 which is a scanning el ectron m crosgbpe

phot ogr aph Rave ayhiker with khe Jfongsst ipossikie mojesudesr ehakik el y 1, 000
times). The s ar%%hsn of a single fiber into various strands (of nolecul ar
bundl es) | ORLAREER AT G HforS sribke,alang the longitydinad pxis of

Fi 29d d h di f ly, f th trai ght fiber,. Th
1 bul ked $HOs CTateRt, (SRR oA S ARRaRTanh, S0, 080 o RALYReE, wikh,

intertw | atjng fil ts., S

congl oner attBRELRSY AR kAL, "diith ad PUHNE s iRABeEIAY (icn
ik fel t , o : : . . _
L KE ot oL e E 0 DI R OB POl MO T T oROE
of testing Mﬁfl'aly@&ﬁﬂj]@dmm A q,yldjgsqrﬁ _ Q‘? &gg@;a(iq?er]_@n@e- d t hat
several factors "are inportant to take iI'nto consideration in ofder to :

~control or ¢Hdfpgpie this type of failure. First, it is inportant to
-85- . _ ‘ :

Thirdly,.texturizing of the drop-thread filaments is J
anecessigy to imﬁfove abrasion flexural fatigue, and "/
fibrillatioﬁ resistance by helping to cuéhion the loading on
any individual fiber and preventing the :ilaménts from being
subjected to sharp folds, as yarns move agiinst one another.

In this regard Cordura, is greatly superior because of its
air?buiked.type.ot_heat-set téxturiiing which not only
prévides a yarn with increased bulk but also with fibers which
retains their texturized sprihg—like condition after prolonged
cycles of gbing from the tension mode-to the rélaxed, folded
mode and back again to the tension mod§ because of being heat-\;)
set in the textu:ized condition. Other types of texturized
filaments, lose their texturized shape after exposure to
repeated cycles of lbading and unloading (as we as due to
heating during tabrication) of the product-and retufn to their
original untexturized, flat yarn configuration. It is for
this re#son that air cushions of this neﬁ ﬁype_made from
Cordﬁ:a nylon exhibit a service life which is about one order

ot magnitude.better than the standard texturized nylon 66



have a fiber with the |ongest possible nolecular chain oriented as nmuch a
spossi bl e along the longitudinal axis of the filanent. Secondly, it is .

i nportant to use a polyner with superior -gky=asi on resistance, such as
DuPont's industrial polyester 68L. Better yet, are fibers made fromthe

VLIRS Lo O Y S o AR
Gushi on the 1 0adi g R cacy oo sl Hear PG of VR PRl {¥hd than, the

from bei ng subj gaa@duhtextarizeal €&ns fife Yy&#®, NOVe agai nst one another. In
this regard Cordura, is greatly superior because of its air-bul ked type of

heat - set texturizing which not only provides a yarn with increased bul k but
also with fibers which retains their texturized spring-like condition after
prol onged cycl es of Ubere fisomlsbeat fourtin impbrtant heonsidewrstidmwi/ted node
and back again to the tension node because of being heat- set in the
texturized condmdndmizer theseyfailuresextIt ihas Beennfound necessany rto
texturized shape after exposure to repeated cycles of |oading and unl oadi ng
(as we as due tPre¥ideng suffigienb numbewn 0f fibexs peximnitiareataf ithe
their original uyntexturized, flat yarn confjguration. Is for this reason

| t
that air pushioﬁ§°8ftPHF§dﬁeﬁPt§B CY§. EIﬁQRwQPFE#%ﬁPeSﬂ#tﬁﬁaQ§Verse
e e I iAo BObbeg! %8 EE a fly TBILS SiabSTd la AL a0 ¢
gees e .
N shear crushing and bending of the planar surfaces of the air-
~ cushion. In this regard, the approximaté minimum number of
drop yarn fibers pef square inch is 5,000 and the méximnn is

approximately 80,000.

Several other embodiments of the invenﬁion are shown in
Figure 31 and related Figures 31a-31d in order to highlight
the diftereht cushioning properties possible with different
types of designs all at the same inflation pressure. The
Figure 31la ped 220 exhibits a steep rise 220a.in support for&e

o, as‘deflection increases because of'the sma11 vplume of gas
contained within the ped (i.e., most of the load supporting
volume of the device is trapped beneath the loaded area). The
various compartments 221, 222 and 223 of the Pigu:e 31b full-
length design behave in the same way'(zzoa),_and provide a
stiffer feel as compared to thé fullilehgth cushioned product
225 6t‘fi§ure 314 (see 225a). The form 227 of Figure 31c, in

a dog—Boné-configuration, provides support'primarily under the



yarn. Fu

of magni tude superi or

yarn. Th
failures

rther, the standard texturtzed yarn is approxi mately one ful

order?

in service life than the flat @ntexturized tensile
ere is also a fourth inmport@ant consideration to minimze these
. It has been found neces to provide a sufficient nunber of

fibers per unit area of the drop threads to further cushion the abrasion
and transverse | oading forces, especially those associated with side-lqai

shear cr uxsddrpeaning mbrtians tafe thenfaots (fioar eostl saving purposesdn.

In

this regard, the approxi mate nini mum nunber of drop yarn fibers per square

inch is
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enbodi nents of the invention are shown in Figure 31 and rel ated Fi gures

3la-31d in order to highlight the different cushioning properties possible
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225a) . _ m 227 of Figure 3lc, in a
PO Appida®lion b £NeAd.t NOne such accumulator transport

volume can be around the perimeter 230 as is shown in Figures
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

area (Figure 32e) provides 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

~dynamic, load proportional function of cupping and holding the

accumulator and the soft responsive cushioning properties of

the device. This larger tubular section serves a secondary
foot centrally positioned within the shoe.

- Figure 33 111ustrates an alternate and beneficial unique

means for providing an accumulator volume. This is

accomplished by having a hybrid product 250 in accordance with

this invention, including a standard air-cushion systenm

incorporating a tubular bortion 251 in the arch area, as shown

-bone configuration,

Q
$



| §ad- bearing portions. of the foot (for ‘cost saving purposes), and has an
intermedi ate force-defl e€tion curve 227a. Referring to Figures 32 and
32a-32e, another way to influence and control the cushioning
characteristics is to provide an accumul at ogguol une into which the
inflation gas can be nmass transported from one portion of the device to

;’SQOL‘r‘@mSF? e BB FEGRLER Sop 8 o R0 [T, SRR el A Wdance Hien
The sof {ness. ot Sct"TSRELER, [ Hiqiefe Do L ia NEALET Iy YHA Sl Bhe

the | oaded aregyélyi SHé€ wEER XY a d %3d hﬁ} |§g4 aéﬁ%sﬁ"}%‘e%‘%

into upon application of load and 3) the elastoneric film en

accumul ator cajnetkéil68ded COMMELH] FIRIRE 33 {6 Sodd-ddERion”
the gas pressure when the load is applied, thereby further i1ncreasing the
vol ume of the graphnilXlustracind ctlvedonvaatiitiale prodictizgs @ pridordance
the device. This larger tubular section serves a secondary dynam c, |oad
proportional fwithithisfineention sfwithout the stamiard aky dushion)i whdled
wrthin the shoe. Figure 33 illustrates an alternate and beneficial unique
means for prowkeh2%h iscthat faoxr the hpbrithiproduct dm@adcondanse iwithng a
hybrid product 250 in accordance with this invention, includina a standard

ai r- cushi on syis, Inkentiond | A dg dndigates, ithe tubes, qan igaddy as
h
S OQ?} grovw and shrink in size (diameter) when the load is applied
s 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 pronation control. At toe-
off the arch support automatically recedes away from
supportive contact with the foot so as not to irritate the
plantar tendons as they extend during fﬁe'toe-off phase.

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

to laminate the stack in a single operation, and to seal the
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in Figures 33b and 33c and a portion 252 in accordance wi.th this invention.

Figure 33b shows a section view throl the arch ared with zero | oad.
Figure 33c is the same section view1% the | oaded condition. Figure 33d is °
the | oad-deflection graph illustrating the conventional product 253 in s

accordance with this invention (w thout the standard air cushion) while _
pl ot 255 ithreentsewts ot haryieproile tarourst cthied Perd maitidr tin a isivelel @
As is indicated, the tubes can elastically grow and shrink in size

(di anet er )Opmtilﬂm | Fox imaximim cconfort crithe tom peintdon wapdeion to the
applied |l oad and the resultant instantaneous pressure changes within the
devi ce. Alnflated &g & Jowex iRreEIUredhan thef ﬂha(!&gﬁ-onmﬁere t he
|l oad is applled ( eel ‘area or forefoot) Al so an automatic dynamic arch

support ptSFs T, RURSSIES o rthus, deflacts porejeasidy | {the nal

géﬁ?{)?f;ik%ttof tChe f’.o[q%‘tg!t Msm st as an 1ort h%éi??: d%PeE:S‘Ge& l 3ronahl::dons
aspf Ihey e%tu %%%tcgu“ ngthtlan gqé%hgig%A$ °§€é’?‘é’tttqsr%g %% ration |
20 and 150Tese W?ﬁﬁﬁ%ﬁ%ﬁﬁ% Higfler e%asﬁes RYEchl chatitief 142

Pressuri zggdeh@ntsS thd) det 16d) ! %t}] nitiy-RRUnded HAGH '1‘éa,a'sr “a‘i:'dSh' on

devi ces, One on top of t he ot her, separate perinetéer seals, all as

al ready deeturpsda greater rﬁﬂ%ﬂaﬁgé of TN Vtherid sel aehak;rma; anagl e o

operation, and to seal the
wasted impact energy. ' , __ .

;_)
In soﬁe'ehoe applications, a high degree of toe flex is

desired,.as in a welking shoe. This can be achieved by

.incorporatiog two or.nore separate ped elemehts into the shoe,
one for the heel and one for the forefoot, and possibly one
for the a:ch/mid-foot region. Another method involves sewn
flexlines 260 extenoing laterally across the die-cut fabric
blanks priorto the final step of laminating the barrier film
into place as shown in Figures 35a and 35b. Such sewn lines N
draw the fabric down e prescribed distance (1/2 to 3/4 of the \e/
thickness of tﬁeltabxic) using care not to seal the fabric

_completely closed, the;eby precluding moﬁement 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 l-‘igure 26a.
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tqiree sheets of barrier filmaround thé perinmeter in a single operation.
For maxi mum confort, the top portion can be inflated to a | ower pressure
than the bottom chanber. The top, at |ower pressure, thus deflects nore
gasily than the bottom portion, and conf or eS0T e readily to the bottom
pl anar surface of the foot; thus a high degree of initial contact softness

i s fefcei ved. The hjgh b hapber devi
I e el
oL her < CaTnohge08 VSN I ERO1ne BroRTEacEA HELACEM BBfved by

achi eved by | NCeRRA" 3hvBAruR, OreUrense 5 haaB ochRaRRLS HBA0 306 &hE%s6c.

one for the heel and one for the possi one for t

arch/ md-foot regi pigusast Bea APA1AéD,N4OWEEA Se¥RibhezsNesmpESed X6 NTayérs
| aterally across the die-cut fabric bllanks priorto the final step of

| aminating the pasai andf 278bi 180 shlowdic inswhlloWnthe pressafe3bfdanils3aD6. A
Such sewn lines draw the fabric down a prescribed distance (1/2 to 3/4 of
the thickness osingtef £blamentsi2?q dsr showt extendihgt bhrbaghi theowpldt 27y
cl ased, thereby precluding novenment of air across the sewn line, or a line
of disconfort ufitem the pvessureoside 226htd theboutsideganhientopressure

positioned on the bottom of a noderator elenent in the region(s) where
flexure i s desi péde 328shoFhei wesidyad stxess in the film or layers 275a and

(:} . 275b tends to pull away from the filament 277 reéulting in
U minute leakage paths 27%a and 279b typically along the lateral
- sides where the layers join to the filament. As shown the
filiment 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.

Figufe 36c illustrates another feature of the invention
which is the effect of the coupling agent in reducing leakage
along the fibers 290. For example, fiber 291 is one of the
drop threads and is located on the gas pressure side 295 of
the inflated product of this invention. During application of
the coupling agent, the latter is melted and flows around the
fiber, as indicated at 297, effeétively sheathing all or a
portion of the outer surface of the fiber with coupling



To better understand the | eakage probl em which was .di scovered to be a

signi ficant problemand which is solved by this invention, reference is
made to Figures 36a, 36b and 36c¢. In Figures 36a and 36b, a weld section
275 conposed of |ayers 275a and 275b is shown in which the pressure side is
276. A single filament 277 is show extending through the weld 275 fromthe
pressure side 276 to the outside anbient pressure side 278. The residuaIC)
stress in the filmor layers 275a and 275b tends to pull away fromthe
filament 277 resulting in mnute | eakage paths 279a and 279b typically
along the | ateral sides where the’Piyers join to the filanent. As shown the
filament 277 extends all the way through the weld and .represents the worst

condition._ Leak ccur.even if the filament doges not. tend all the
way 1 hr ou PSR o Ui et ey, pFayenia. on muBRTATHLALY MOdkaR  and
t he outsi e b AN I mal L to permt re rapid

di f f usi on%e??{#ﬁ] %#\g‘la'g? %’i‘?f’ﬁi%f Sﬁ‘&eé % &hﬂe-P‘&é&'&%@SF’t he film

Fi gure 36G.y r SO0 &’ t ' R Bale Pl is the effect
of the coﬁtp 4iJ‘n&g";‘fagfgléf?S‘l’.n r%%ﬁc?%?l%‘?ggg rg gnlg'g:%t 2’ ibee\ry;ég . For
exanmpl e, fhdyedrsatl, is one of the drop threads and is |ocated on the gas
pressure side 295 of the inflated product. of this invention. During
application of pRéferoniéi g NYRE! totder | sopendifignappticatiohsonssar ound
the fiber, as indicated at 297, effectively sheathing all or a portion of
the outer 8302474.9 fhemfwhpchvihis capplicgtion was divided, and

- :C? 

9201175.8 which /disclose and claim ‘CA. N/
| N»M puide o arlife oo oleredonad ' |
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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 filmmterial. Reference is nmade to our copending
applications Nos. 8902474.9, from which- l8)s -application was divided, and
92011£5.8 which/di sclose and claim[err] 92- CLAIMS: 1. An internally
presduifi zed en@LAEMS:for use in footwear wherein said envel ope i s exposed
to.relatively high |ocalized and cyclic |oads conprising: first and second
fabric |ayers posit%oneﬁnihng%xaaé¥Vepbﬁésgneﬁeéhaaveh@pgufpac@ssfieach
fabric layer i facing n inper surface of said envelgge said fabric

material bei ngt RINPRREIVRITSLR 5314 | SR¥eLrPe | henexpeesdofoptekabiyaly
materi al , said%e vego e, including a outfr- | astoneri ¢ material and :

i ncluding at 1243 °€%¥%¥% IR pﬁy$ﬁ+ﬁs 3a§§a?8ﬁp§é§ﬁF?éach of said fabric
surfaces being bondgg Lo [ e {ACUAW +40F cSHLFEFE BEs PR OnSh 28 OURESC

mat eri al ,
envelope such that one surface of each fabric layer is

facing an inner surface of said envelope, said fabric
material being composed of a texturised or flannelised or
(i} bulked yarn material, |
| said envelope including an outef elastomeric
material and including at 1east a portion which forms a
sealed seam,
each of said fabric surfaces being bonded to the
facing inner surface of said elastomeric material,
flexible means between said fabric layers for
restraining the movement of said fabric layers away from
one another beyond a predetermined.distance,
said flexible means including a_plurality of fibrous
strands extending between said fabric layers and being
_\“j joined theieto,
said sealed seam being essentially free of-fibrous
material of said fabric layers and said fibrous strands,
and
a gas in the interior of said envelope to pressurize
the same whereby said fibrous strands are p;aced in

tension to maintain the opposed surfaces of said envelope

[



fl exible nmeans between said fabric layers for restraining:the novenment of
said fabric |ayers away from one anot her beyond a predeterm ned distance,
said flexible neans including a plurality of fibrous strands extending

.;_

LA

between said fabric |ayers and being joined thereto, said seal ed seam being *

essentially free of fibrous material -0P3sai d fabric |ayers and said fibrgus
strands, and a gas in the interior of said envelope to pressurize the s
whereby said fibrous strands are placed in tension to nmaintain the opposed
surfaces of said envel ope, 1111111 111121 11111 11111111111 -93- in

pl anar conf#%nﬁ%ﬁq%ﬁl%Rﬁﬁk%ﬁﬁﬁﬁbgnoﬁﬁﬁa??ﬁﬁ g3st AReRREL A% AR EReabsor bs

conpressive | pads ai d envel ope n e as cl n claiml,
Sherei i samPd s i ahaOY Br PotpFarhirg LoraS of asidnPrEeldpere | n
predet erm ned and predefined spaced relationship to one another. 3 An
envel ope as clainmed in claim1l, wherein said envelope is substantially free

of inconpressible ar epyve aj, Ia C ein said
first and secon Taggﬁc §§%€E |%%I% f@%?nghlgfﬁg?cg Lﬂ E$f§0%of
the fiber o IEYe dicand SEGPILEECERiAPng holds said fabrlc layers

in predetermined and predefined spaced relationship to

one another.

3 An envelope as claimed in claim 1, wherein said o

envelope is substantially free of incompressible areas.

4. An envelope as claimed in claim 1, wherein.said
first and second fabric layers include yarns in which up
to about 30% of the fiber elements are discontinuous to
increase thé bonding to the facing inner surface of said

envelope.

5. An envelope as claimed in claim 1, wherein the 3
peel strength between said inner surface and thé'mating
surface of said fabric being gfeater than about 18 pounds

per lineal inch.

6. An envelope as claimed in claim 1, wherein the
fabric layers include filaments compoéed of a molecular

structure which is predominantly crystalline in nature

* ¢ L B S *



i rcrease the bonding‘to the facing inner surface of said envelope. 5. An
envel ope as clained in cllaim1, wherein the peel strength between said
i'nner surface and the mating surface of said fabric being greater than "’
about 18 pounds per lineal inch. 6. An g 43I gpe as claimed in claiml1,
wherejin the fabric layers include filanment's conposed of a nol ecul ar
stru&:hre which is predom nantly crystalline in nature and whi ch
functions as a barrier to diffusion of gas therethrough. 7. An envel ope as
clainmed in claiandl whifedr efuncafiichd ead W iserkiey dd aFduyiash Gf gdked yarn
material is heat set. 8. An envelope as clained in claim1l, wherein said
fabric |ayers ithexmhjoseglof yarn material which has been processed to
prévent formation of any direct and unobstructed passages through to the
core of the fabric layers. 9. An envelope as clainmed in claim1, wherein
said flexible means for restraining the novenent of said fabric |ayers is
of sufficient strength tAR IRANLIRRY Fainlained & qhaimily yharein reaid

di stance when the gas pressure .in said chanber exceeds approximtely 150
pounds per squie¥tufdped, or flannelized or bulked yarn material is

heat set.

(:} 8. An envelope as claimed in claim 1, wherein said
fabric layers is composed of yarn material which has been
processed to prevent formation of any?direct and
unobstructed passages through to the core of the fabric

layers.

9. An envelope as claimed in claim 1, wherein said
flexible means for restraining the movement of said
fabric layers is of sufficient strength to hold said
fabric layers at said predetermined distance when the gas
pressure in said chamber exceeds approximately 150 pounds

per square inch.

10. An envelope as claimed in claim 1, wherein said
flexible means for restraining the movement of said
| fabric layers comprises filaments extending between and

locked to said fabric layers.
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10. An envelope as clained in claim1, ‘wherein said flexible neans for
restrai ning the novenent of said fabric layers conprises filanents

ext endi ng between and | ocked to said fabric |ayers. 11. An envel ope as
claimed in claiml1, wherein the flexible nmeans is a filanentary nateéri al
and the fabric layers are of a materi al98 #ferent fromthe material of the
filamentary material. 12. An envelope as clainmed in claim10, wherein s
filaments are conposed of a material having good gas barrier properties.

13. An envelope as clained in claim 10, wherein said filaments are conposed
of an oriented |ddg MaienvielgPendise qlakmediightcladm ey whereim theel ope as
clainmed in claim13, wherein said polynmer is selected fromthe group

consi sting &lepEdich means iH Fd el materist aml the SakTipe as
clainmed in ilain113, wh%rein sai d fil é#s ha%? a %gri-dull or gﬁé

finish. 16. 1AYeER &'6pOLfad Materd@) ALAANG 1R s maker¥at fknts are
conposed of  textdri zed ar flaqpehi'ed or bul ked and heat set yarn, and
mherein.sai§&Vh ﬁ%ﬁﬁ?Q§3ﬁ¥1mﬁwﬁﬁﬁ " degree of |oft.

12. An envelope as claimed in claim 10, wherein said
filaments are composed of a material having good gas

barrier properties. : €C)"

13. An envelope as claimed in claim 10, wherein
said filaments are composed of an oriented'iohg chain

high molecular weight polymer.

14. An envelope as claimed in claim 13, wherein said
polymer is selected from the group consisting of Dacron

56, nylon 66 and Cordura nylon.

15. An envelope as claimed in claim 13, wherein said "

filaments have a semi~dull or dull finish.

16. An envelope as claimed_ih claim 13, wherein said
filaments are composed of texturized or flannelized or
bulked and heat. set yarn, and wherein said yarn has a

uniform high degree of loft.

A
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17« An “envel ope as cliaimed in claimi1, wherein said fabric layers are

i mpregnated with a coupling agent to .a depth which is |less than about their
tﬁickness, sai d coupling agent being bonded to said facing surface of said
envel ope. 18. An envelope as claimed in cl gygnd7, wherein said coupling
agent _is an el astoneric material and sem - perneable to oxygen. 19. An
envelppe as clainmed in claim1, wherein said gas includes a supergas. 20.
An envel ope as clainmed in claim1, wherein said elastoneric materi al

i ncl udes a pol yur et hhhe Bhasovatopelds dhaémed| dpecdaiml di,netiereiol arddl,
wherein the envel ope includes an outer surface, said outer surface

i ncludi ng a cl ofabriceclayversontedimpeegnatedrwish angonppéngsageatnte an
claim1, wherein said gas is a_nitrogen containing gas, 23. An envel ope as
clainmed in cIaiﬂ?&?hmmkiﬁhn1§a1ﬁs§n§gPBpEbP§tfEPFlFeﬁgiﬁkpﬁ§§ke3Féﬂ use in
f oot wear . 24. An_envel ope as claiped_ in claim1, wherein said envel ope
o hoel ped. SBSPREREREFapobeing) APRARY) Fooraih SACHAG: BRALEGRICEnvel ope

is a cobra pad égfg Qggélggd: and said heel ped having | eg segnents.

- 18. An envelope as claimed in claim 17, wherein said
-(:} coupling agent is an elastomeric material and semi-

| ) permeable to oxygen.

19. An envelope as claimed in claim 1, wherein said

gas includes a supergas.

20. An envelope as claimed in claim 1, wherein said

elastomeric material includes a polyurethane elastomer.

21. An envelope as claimed in claim 1, wherein the
envelope includes an outer surface, said outer surface

including a cloth material bonded thereto.

22. An envelope as claimed in claim 1, wherein said

. gas is a nitrogen containing gas.

23. An envelope as claimed in claim 1, wherein said

envelope is full length insole for use in footwear.

A
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26. An envelope as clained in claiim25 wherein one | eg segnent is |onger *
than the other |eg segment. 27. An envelope as claingd in claim26, whereins
said | eg segnments are spaced and separate from each other. 28. An envel ope ~
as claimed in claim27, wherein a gas inflated chanber is |ocated between ¥
said legs. 29. An envelope as clainedglp claim1, wherein said envelope

i ncl udes at |east two chanbers. 30. Af envel ope as clained in cIaim:&LC)-
wherein said chanbers are interconnected. 31. An envelope as clainmed in
claim 29, wherein said chanbers are | ocated one above the other. 32. An
envel ope as clained in claim29, wherein one of said chanbers is

pressurized to a pressure different fromthe other chanber. 33. An envel ope
as clainmed in cRéi.mhn, envelope @se cwimedesin edadol Jar ovheregiimmeaidel ati on.
34. An envel ope as clainmed in claim1l1l, wherein said fabric material is a
doubl e neegh¥epgpPerigcRcherdi Pefaterial. 35. An envelope as clainmed in
claim1, wherein said flexible neans are drop threads conprised of about 50
to 1,000 strands per square inch of fabric and wherein the bul k density of

Lhe drop i eads. | Sy ohig oI5 %00 % HLAPY /WA dddgments

envelope is a cobra pad type heel ped, and said heel ped
having leg segments. :
26. An envelope as claimed in claim 25, wherein one _ -/

leg segment is longer than the other leg segment.

27. An envelope as claimed in claim 26, wherein said

leg segments are spaced and separate from each other.

28. An.ehvélope as claimed in claim 27, wherein a

gas inflated chamber is located between said legs.

29. An envelope as claimed in claim 1, whetéin said ;\J

enveiope includes at ieast two chambers.

30. An envelope as claimed in claim 29, wherein said

chambers are interconnected.

31. An.envelope as claimed in claim 29, wherein said

chambers are located one above the other.

AR AR



36. An envel ope as clainmed in cl.aiml1, wherein said envelope is in the
configuration of an insol'e having a substantially uniformthickness, and
sai d envel ope being free of inconpressible areas throughout the | oad
béaring portions of the said insole. 37. Aqagnuelope as claimed in claim
36, erein said -99- insole is contoured to the shape of the pl anar

| oad{pdaring surface of the foot. 38. An envelope as clained in claiml,
wherein said fabric layers are in spaced predeterm ned contoured relation
to each other. 39. An envelope as clainmed in claim1, wherein said envel ope
i ncludes an inflated section free of fabric material. 40. An envel ope as
claimed in claimi1, viferdm epielane dapelaireddin alairaRd, orhexdintoneal |y
def ormabl e gas pressure energy accumul ator section along a periphery
thereof. 41. An%n#@iG Chadbers ey pressuriged $Qa ressune dhkferent

fl exi bl e foam erial at |least in contact with at |east a portion of said

envel ope. 42. AFTOR &M OtRer |ShamRPL . claim 1, wherein said fabric

i ncludes sewn flex lines. 43. An envelope as claimed in claim1, further

33. An envelope as ciaimed in claim 1, wherein the
surfaces thereof are in planar relation.
( ) 34. An envelope as claimed in claim 1, wherein said
fabric material is a double needle bar Raschel knit

material.

35. An envelope as claiméd in claim 1, wherein said
flexible means are drop threads comprised of about 50 to
1,000 strands per square inch 6f 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.

— ' 36. An envelope as claimed in claim 1, wherein said
envelope is in the configuration of an insole'having a
substantially uniform thickness, and said envelope being
free of incompressible areas throughout the load bearing

portions of the said insole.

37. An envelope as claimed in claim 36, wherein said

oo+ ¢ L M s o«



i ncluding a studded noderator in wiich the studs or ribs«11111111 111111
1111111111121111 contact at |east a portion of the“envel ope. 44. An

envel ope as clainmed in claim1l, wherein said flexible neans are drop

t hreads arranged perpendicular to the fabric |ayers. 45. An envel ope as
claimed in claiml, wherein said flex§be nmeans are drop threads arranged
at an angular orientation with respect to said fabric | ayers. 46. An '
envel ope as clained in claim1, wherein said envelope is forned of film
material. 47. An envelope as clained in claim1l, wherein said envelope is a
pre-formed aeeleopts contoured to the shape of the planar locad

‘bearing surface of the foot.

38. An envelope as claimed in claim 1, wherein said
fabric layers are in spaced predetermined contoured

relation to each other.

39. An envelope as claimed in claim 1, wherein said -‘;?'
o/

envelope includes an inflated section free of fabric

material.

40. An envelope as claimed in claim 1, wherein said
envelope includes at least one elastically deformable gas
pressure energy accumulator section along a periphery

thereof.

41. An envelope as claimed in claim 1, further
including a flexible foam material at least in contact | '\_)

with at least a portion of said envelope.

42. An envelope as claimed in claim 1, wherein said

fabric includes sewn flex lines.

43, An envelope as claimed in claim 1, further

including a studded moderator in which the studs or ribs

* < L ] s *
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contact at least a portion of the envelope.

44. An envelope as claimed in claim 1, wherein said
flexible means are drop threads arranged perpendicular to

the fabric layers.

45. An envelope as claimed in claim 1, wherein said
flexible means are drop threads arranged at an angular

orientation with respect to said fabric layers.

46. An envelope as claimed in claim 1, wherein said

envelope is formed of film material.

47. An envelope as claimed in claim 1, wherein said

envelope is a pre-formed envelope.
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