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LOAD CARRYI NG CUSHI ONI NG DEVI CE W TH | MPROVED BARRI ER MATER! AZ FOR CONTROL
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i ng devi ces and nbgs

5 AT A
whi ch-utilizes an inprov Fhak €F Aatoln@ | ' I [ ontrols
i sl on o nitrogenaﬁ% RTALCFORRCONTROY o bk riRioN b os whi | e
permtting controlled diffusion of other gases contained in air. This
application is an inprovenent of ny earlier 10 United States Patents,
including U S. Patent 4,183,156, U. S. 4,287,250, and U S. 4,340,626. U.S.
Pat &nf ' 156 descri bes a cushioning device for ar- ticles of footwear

conprising a el astomerThé présestvehedrt €68 PEVALes PEST E628! HebP Rl g SEE4 K on-

\

and which is permanently 15 i nflated and pressurized duri ng manuf act ure.
Patent ' 250 is iy deyeiresalandnthorep|paa ilculeitsr Hoy/RAS iafproveld Ama thgod-
ucts, -i.e. shock absorbers, packaging |liners, helnets, door and w ndow

seal s, athlseti cusitionimg deydices whiehs artdll izes anedimprovedd darg.ieet matéhese
earlier products utilize ther- 20 nopl astic elastoneric films with the
descri bed physird@l whimdr siedechidediye danftiratled ddififhisionelofi miiltxogen gades,

I .e. "supergases" as therein described, to achieve |long-term pressurization
at relatively mhjiehhprealudes the ddififysion schiswpergasiess whidenpeximiyting
permanent inflation for the use- 2- ful life of the products nmakes use
of the novel prEREEPIdredyidifiusdon dfpiothexs dases: iceatainedetiai rixn ny
prior U S.

W This application is an improvement of my earlier
10 United States Patents, including U.S. Patent 4,183,156, U.S.

4,287,250, and U.S. 4,340,626.

U.S. Patent 'l156 describes a cushioning device for ar-
ticles of footwear comprising a elastomeric film envelope
enclosure, preferably heat-sealed, and which is permanently

15 inflated and pressurized during manufacture. Patent '250 is
more general and applies to other types of cushioning prod-
ucts, i.e. shock absorbers, packaging liners, helmets, door
and window seals, athletic mats, mattresses, personal pro;
tective-padding; etc. These earlier products utilize ther-

20 mopléstic elastomeric films with the described physical
properties and are inflaﬁed with novel infiatent gases, i.e.
"supergases" as therein described, to achieve long-term
pressurization at relatively high pressures. The method of

achieving this essentially permanent inflation for the use-



Patent '626. Some form of permanent inflation and the technique 5
therefor are inportant with respect to conmercial acceptance of inflated
-oduct or air cushion elenments to be used in footwear. For exanple: (1)
| valving systens | eak to sone degree even when new and to a nuch greater
degree when dirty. Due to the small 10~ vdlune of the inflated part, ev
m nut e | eaks cause an un- acceptabl e -3- loss in pressure and a
concurrent | oss of cushioning, resiliency and support. (2) Proper

hi oni i t pat, t he_ai hi i nf d duct maintaip a
airly prock b bLES o ohpe dPrEbie£8 walte hee o b BRver BrO0kRErPh avrbw
ds of t i red Th i ecal ly i ti d

WIT ot t bt {RE Rl cRBREFGY: Factetor 1 Bes B0 S kARRCAR Y P R0 oS-
i nflation QHEe.gﬁéhin t he device. 10 (4) The cost of the air cushion
or the proggé? Wth a Valving systemtends to be expensive. Not only is

there the cost of the valve, but the user nust be provided with a punp and
a pressure gage, both of which may be costly. (5) The air cushion or

inflated device Maype rRadl lOf Peemahent iBrfﬂ%%‘iHnZ%da%gdac'&@ﬁﬂq‘He .
destroyed by the user. (6) Inproper pressurization or under pressurization
may re§ult tRetOf&F Yat® iMGorE&At with respect to commercial acceptance

of inflated product or air cushion elements to be used in

footwear. For example}

(1) All valving systems leak to some degree even when new
and to a much greater degree when dirty. Due to the small
10 volume of the inflated part, even minute leaks cause an un-

acceptable



(7) The punp and pressure gage may not be available to the user when
needed... 20 . (8) In cushion devices having snmall vol unes, such as
cushisoni‘ng el enents for footwear, the votude-is so snmall and the pressure
is so high that the process of taking a pressure reading with a typi cal
Bourden tube pressure gage WIIl drop the pressure between 2 and 5 pounds.

Thus, the user nust Jearn 25  to over inflate hy 2 to 5 pognds before
taking a readi rPSSTHiTs REGSIWTe, and & FoRETente 1oss,of sushippingounger
chi | dren. -4- éﬁ Efforts, to nake a gas barrier envel ope conprised of a
mul t ™1 ayered ¢ AR FHRRE g sone sort of barrier |ayer within

TG SR B B B e RS BB o
LS Lo anl i 45l IR PRANS, PR BEAELbTI 1pvel
el astoneri ¢’ enyed Gpe Jdi 4y 9155 111Q . CERLinA nS R Feld ?:_Qukﬁﬁ of"¥RkCabsired

characteri3tics, i.e., good prodessabi’l ity, good heaf-sealing properties,
superior fatigyseddifiiyid,ance under repeated application of conparatively
hi gh cyclical l"'oads, as well as appropriate properties of tensile strength,
puncture resi st@)Cehd eiferstisc@neradly dmpattiienty andeedlienblegakéSthe
practical considerations took precedence over the barrier properties
(resistance to madessatyditiimesican troublld o maiptadn) the pireper! dnflatiea
necessary to inflate with

pressure within the device.

\ 10 (4) The cost of the air cushion or the product with a valving
system tends to be expensive. Not only is there the cost of
the valve, but the user must be provided with a pump and a
pressure gage, both of which may be costly.
(5) The air cushion or inflated device may be easily over

1 pressurized and damaged or destroyed by the user.

15 _
(6) Improper pressurization or under pressurization may result
in injury to the user.
: (7) The pump and pressure gage may not be available to the
user when needed.
p:
20 (8) In cushion devices having small volumes, such as

cushioning elements for footwear, the volume is so small and
the pressure is so high that the process of taking‘a pressure
reading with é typical Bourden tube pressure gage will drop
the pressure between 2 and 5 pounds. Thus, the user must learn
25 to over inflate by 2 to 5 pounds before taking a reading. This

can be a tricky procedure, especially for younger children.



supergas(es) and use diffusion punping by air to help maintain the internal
pressure within design limts. Good barrier materials would have been
desirabl e for nmintaining inflatant Zp‘pngssure, but they are necessarily -
.crystalline in structure and thus have very poor and unacceptabl e physi cal
properties, especially as regards heat-sealability, fatigue resistance

elasticity. Therefore, they could not be used for these 25 appl i cations.
In other wor@y, g2#erels themaReSadghst badeiep bAGelspectblprotelapki 87 film
materials was the fact that -5- relatively large nol ecul ar di aneter |

inflatant gawultislafedead Fdlmupangaich eoRpriBifigebmeusogtastt barhbkaltant
and the filmmaterials were those which would retain the supergases but

permit diffoayer e«ithin kthe sandwichr idvardéablygfadl bechusSe ofas t hose
present in air whose conposition is nitrogen (78%, oxygen (20.9%, carbon
di oxi de (0. del¥Wminatjon @djacent Zodthecweltdwengssor fnecanregibnuef high
krypt on, xenon, hydrogen, nethane and nitrous oxi de) which collectively
make abofilezurgds s£r@ss-nillion of environnental air. 10
62

Di ffuslon punpin%‘is described.in ny earlier U S Patent ' ? as follows. A
pair of el ast oneMigh devigesor dtadse 1BREEtANg, EosugLHILEYSIAB, at

ater i nfl aBUBRAREn BeCquSe 5O Bake. A, PERGE10ALcJong5tarh, BEBRPE] 2BRosour o

above atmosphSH:i%n, 1t ¥3% NecddRatySEoCGtE1i08'8 ¥Ro¥mbBYadeic

| 'elastomeric'envelope £film possessing certain specified )

10 physical charactéristics, i.e., good procéssahility,_good "~
heat-sealing properties, superior fatigue resistance under
repeated application of comparatively high Cyciical loads, as

'well as appropriate properties of tensile strength, puncture
resistance, teat-strength, and elasticity. Because ﬁhese

15 pracﬁical considerations took precedence over the barrier

| properties (resistahce'to outward diffusion of inflation

gases) of the film, it was necgssary to inflate with
supergas(es) and use diffusion punping by air to he}p maintain
the internal pressure within design limits. Good barrier \)

20 materials would have been desirable for maintaining inflatant
pressure, but they are necessarily crystalline in structure
and thus have very poor and unécceptable physical properties,
especially as regards heat-sealability, fatigue resistance and
elasticity. Therefore, they could not be used for these

25 applicatiohs. in other words, one of the considerations in the

selection of barrier film materials was the fact that



diffusion rates through the perneable sheets to the exterior of the

chanber (s), the nitrogen, oxygen, and argon of the surrounding air having
relatively hlgh di ffusion rates through-the-sheets into the chanbers,.
prodUC|ng an increase in the 20 total pressure (potential energy Ievel)
in ‘he chanbers, resulting fromdiffusion punping, which is the addition of
the partial pressures of the n|trogen oxygen, and argon of the air to the

G £ st o ponpiTeEey FYELE e WEGelIas QaRORENiRe18Rant, qasas PHER s
t he'\gas COWO”‘;&;& SAlpér: aéé(}y Chérﬂ?ioned @:efg%@ e3P8s EHE ?nf%aﬁaﬂgr hgd fhe

time invol ved ore a s state I nter pressure I's ‘achi eve

exanpl e, oxygene{p® mdtét{d 1 arerd ithddie w1l QRR1EAFREA1AVLRK! ¥upé§§‘é‘§é.¥
in a mtter of weeks. The effect is to increase the internal pressuré by

about 2.5 psi. Kuerpéhieitakif foidis oflidnadder #eledulbrdiibneterngasésdesuch
envel ope and the effect is gradually to increase the pressure by an

i ncrenent of alwsittlidsepresém cin aixr whosed compestitibnclist nitrogeac¢78yy,
to the el &stomeric nature of the filmand that is tensile relaxation 10

or what is sonsaxygen céR0 .4k )c, aaxrbor dimcidenl( 0i.033&)5cargopr ¢0s884%)aands
about a 20% i ncrease in the volune of the envel ope over its original
configuration Hdieretherigasss stnaan cheligm, akicypton, axanenedhytmeqﬁm

effect is that over a period of tinme, the internal pressure increases

about 14 15  FREhanR) ank RAHNAHS Sxide) @M@bﬁeléesﬁréVP}Ycﬁahge‘épb?bWt 30

parts per million of environmental air.
~ 10 Diffusion pumping is described in my earlier U.S. Patent
: ’626 as follows. A pair of elastomeric, selectively permeable
sheets are sealed together at desired intervals along weld
lines to form one or more chambers which are later inflated
with a gas, or a mixture of gases, to a prescribed pressure
1s above atmospheric. The gas or gases selected have very low
diffusion rates through the permeable sheets to the exterior
of the chamber(s), the nitrogen, oxygen, and argon of the’
surrounding air having relatively high diffusion rates through
(U the sheets into the chambers, producing an increase in the
20 total pressure (potential energy level) in the chambers,
resulting from diffusion pumping, which is the addition of the
partial pressures of the nitrogen, oxygen, and argon of the
.air to the partial pressure of the gaé or gases in the
chambers.
' Since diffusion pumping with supergas as the inflatant

25
' relies on the diffusion of the gas components of air into the



expandi ng. As a practical matter, these changes in geonetry have been
conpensated for by controlled manufacturing techni ques to provide, an
effective product. Nonethel ess, the change in geonetry has handi capped t he-
design of inflated 20" products whoseggeonetry must be cl osely
controlled. Having in mnd that the object was to provide an inflated o/

broduct whi cgrPeoKpdedtRertsson pEPLoal B2 26thb! Bivd ybd DOERE 2dEilApeS

mentioned in the earlier enti patents, over I1nflation tended t

produce a haggaeodnernal Breblaredi s abhoevedh rsr | ki1 oN SRyGaIALa) e
|

for later increase in 25 internal pressure resulted in product

"bottom out" giffésest intot BRE afvedope fathepNquitkly N CUSESELY NiWr£fdtter
over a period of nonths was a consideration which resulted ininitially

filling the efiveeegs.Wrhé effectuis ©b inprease the imntermabrpiessurerbyi de
a product which was not over inflated, 5  thus initially providing the
desi r ed: cushaboutedlh5 Pais Ovedrnthe hexbvmenths; mitregencgas|wikl giifdyse
.due to tensile relaxation. The need to mi x predetern ned quantities of
supergas andinte theoenvelepepandi ﬂbetﬁéfeﬁghi%ngr%@ﬂalbhd'w incxeans ithe e
t he manuf acturing process. 1 The acconpli shed objectives of ny

0
prior diffusPERSEURSi BY aBRchRereRenkhael: abeutel3pPRhd perfect an

exceptionally durable, reliable, fatigue, resistant. and ]on i fe means of
extracting the paFPPRP ?e§sﬁ?€°§ﬁef"§ge‘?ﬁ: Yhic“n ?5?%miﬁ%geé"%o%rﬁéﬁ ng

the anbi ent giQStgggr é na u%&_% n¥ﬁ£tf£fﬁsand that is tensile relaxation

10 or what is sometimes called éreép; The gradual increase in -;J
pressure causes about é 20% inérease in the volume of the
envelope over its original configuration before a steady state
configuration is achieﬁed. The het'effect is that over a
period of time, the internal pressure.increases by about 14
15 psi and the volume of the envelope geometry.qhanges by
expanding. As a practiéai.matter. these changes in geometry
have been_cdmpensated for by conﬁrolle& manufacturing
techniques to provide an effective p:oduct,.Noneth;less, the
change in geometry has.handicapped the design of inflated ,
20 products whose geometry must be Closely controlled. et
Having in mind that the object was to provide an inflated
product which providéd a cushion feel, in addition to the
other advantages mentioned in.the earlier identified patents,
ovér inflation tended to produce a.hard product rather than a
cushion. Under inflation to compensate for later increase in

25 _ _
internal pressure resulted in product which wou;d *bottom out"



15 potential energy to performuseful work in various products. Wile
di f fusi on punpi ng using supergases and el astoneric non-crystalline film
material has operated satisfactorily, ap ynproved product is desirable. For
exanple, many mllions of pairs of footwear have been sold in the 20.

Uni ked States and throughout the world over the past ten years under the
trademark "AlR SCLE" and ot her trademarks by N ke Shoe Conpany. These
products of Ni keather thamaact as armishiomnc fhveddncreaseh ipnpressucecover a
the: previously identified patents and are generally regarded as pren um
quaN~ty foot weapepiod of eanths mas fmansideratiopawhich zesulsed d8rvice

i fe conponent which offers practical advantages_ over .conpetitive - 8-

f oot wear produc%@%t#%%1¥a#4liiﬂqaﬂh?fQRﬂﬁ¥£R°<§%§§e§,qiﬁﬁggﬁiﬂﬁ gupeygas pnd

ture, is believed to be |ess than 0.001 = there,]
For i nprovenent 34F. FRCOFIRT iR IRFscht A FOG MHEh, ag, BOE  GRF; spelEed.

e orveon 1 PEASR: EntElnTh il R EE b BAASHC R e
pol ycar bonat e né?gf [ ﬁﬁgu ’g'dn.lirj#%ea% efs élac‘&@'c‘)'{% gs%%c??hltohgalsa t:abg\i/'éreage
| ndustry or SARAR) gL, £V SHerd fbd N Pradfichiiied Gkhtithes of

difficulty with polycarbonate and simlar totally | nperneable plastics is

the relatively Lguefghs taka £ trnraer' &d prcliildd tme ushibar Feell Behded
wel ds. For exanple, Wwhen an inflated and

to complicate the manufacturing process.
K/ 10 The acéomplished objectives of hy prior diffusion pumping
technology was to develop and perfect an exceptionally
durable, reliable, fatigue resistant and long life means of
extracting the partial pressure energy of the inflatant gases
comprising the ambient air, and to use or convert this
15 potential energy to pefform useful work in various products.
While diffusion pumping using supergases and elastomeric
non-crystalline film material has operated
satisfactoril;, an improved p:oduct is desirable. For example,
many millions of pairs of footwear have been sold in the
20 United States and throughout the world over the past ten years
under the trademark "AIR SOLE" and other trademarks by Nike
Shoe Company. These products of Nike Shoe Company are made in
accordance with one or more of the previously identified
' patents and ire generally regarded as premium quality footwear
having the benefits of a gas filled, long service life |

25
component which offers practical advantages over competitive



15 pressurized product of these materials is subjected to severe
flexural fatigue, the part would fail after a few m nutes or hours of use.
In order to seal such materials, it is generally necessary to heat the
facing plastics to the nelting point to bring about sonme flow. The result
is that it is difficult, if 20 not- i&possi ble with these material s,
hold a predeterm ned geonetry and to obtain tight and good wel ds by heat
fusi on. Thesootateay ProduetsnoiTheo failurenatatec fyon @idy cgasesyl inctagin
be R-F wel ded successfully. If highly fatigue resistant and readily C
wel dabl.e anadwmistertial punwdiuxiel,c isndelieyed tebbe dlesst thani 0.080erial s e
used, and the pressurizing gas is air or other gases. such as nitrogen or
-9- carbon @excent .oEven;se,othedeodsoroosn fom %movmem Apf theer ant
gases, the latter would diffuse rapidly through these materials. This

pr obl em was SRERRELY, aonaercial yersiens) ofy e dnventirnsc ofnghenabgve of
"supergas(es)" wth el ast,orrericd%larrier materials with the benefits of

reverses dif Qm:ﬂff a(?)()"_d'éﬂ- % *gas fromanbient air into the
ol uire. g1 ové hof ThdShAMEe KBEVALIR SRS ARteh S FerERIPoFAReE B
el G E R g
pL?r;ihlngno; O%'} d:f'lsr&%g%that%tg%q‘li#éénﬁgggg%g&h%gﬁgpééggﬁgggé?%l \?gri ation
(increase) gylydhrbonate materials used in the plastic bottles of the f
10 beverage industry. or SARAN or PVAC or . e
polyethyleneterephthalate (PET). The difficulty with
polycarbonate and similar totally impeneeable plastics is the
relatively low fatigue resistance and the difficulty in
forming R-F welds. For example, when an inflated and
15 pressurized product of these materials is subjected to severe
flexural fatigue, the part would fail after a few minutes or
hours of use. In order to seal such materials, it is generally
necessary to heat the facing plastics to the melting point to
bring about some flow. The result is that it is difficult, if
20 not impossible with these materials, to hold a predetermined
geometry and to obtain tight and good welds by heat fusion.
These materials are not polar in nature and 'they generally
cannot be R-F welded successfully.
If nighly fatigue resistant and readily weldable and heat
25 . sealable and vulcanizable elastomeric ma_teriale are used, and
" the pressurizing gas is air or other gases such az nitrogen or



the beginning life of the product. This and other problens are solved by
the present invention. Therefore, it is an pbject of this invention to
provide an inflated cushioning device having |onger service life at the
desi gned i nternal pressure and which can be accurately controlled both in

t erys/ of steady state internal pressure and geonetry. The present invention

Is a load cartylfg, g&’?oﬂ@ésé‘fi%zﬁg%x? Pi QOGN SR VESEYEREDEAS] NBredn Seal ed

envel ope having at |east one ch or med - 10 by at |east spaced wall

portions of arfilybikee Ngises pl eneal detid Mibhke avtenial rapiavyptRsbigh
pol & and el astonefic and being a partially crystalline filmmaterial which

permts the dihdssimard PEiEs hr onebs Opr B VR 'wa $ as6ll eed ebppehdephagornitial ly
pressurized to a predeterm ned pressure by at |east a captive gas with
respect to whighfaeionfphmpingecteohnigqaé anfsthe aséaofi tsupergeshes)"”

di ffusion of the captive gas therethrough; said filmmaterial being able to
retain sai d capthvelgssoher iai pdnr hes anatterials withcbhe benefitsyof
pressurized and to pernmt diffusion therethrough of a nobile gas, and the

i nternal presseversé §ifflusior| ofecospgan and nikregenhgapafrrhl apbéestres

of the nobile and captive gases. Typically, the barrier nmaterials uigble I n
accordance wi ahrt intoj thenPaBh. ar BVeF ed cPBLYA t PEr FHBE astRere Vs 3RRPFE

and polar in nature and processable to form
P perfect comgensation for tLe volume growth of the part that

resulted from the tensile relaxation properties of the

iyf elastomeric barrier material. However, if the part was to
be pressurized to a relatively low inflation pressure, as is
the case with "fashion footwear" as contrasted to "service
footwear" the diffusion pumping of ambient air resulted in
an unacceptably large pressure variation (increase) during
the beginning life of the product. This and other problems

are solved by the present invention.

Therefore, it is an object of this ihvention to
provide an inflated cushioning device having longer service
life at thé designed internal pressure and which can be
accurateiy controlled both in terms of steady state internal

pressure and geometry.

The present invention is a load carrying gas

pressurized cushioning device comprising:

a sealed envelope having at least one chamber formed
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products of the various geonetries to bejgiscussed. The barrier nmaterials
of the present invention should contain the captive gas w thin the envel ope
for a relatlvely | ong period of useful life, e.g. ears or nore. For
exampl e ovdY &% 9&& yedrls qu#é-%é?fom %iﬂé&l ikfomaterdador e thap
about 20% of the I ni, |nflated ressure. Effectively this_neans at
products infl at edSPHh t?éi“ylﬁbeaméggﬁa 1sP§ﬂ§9pP@§§GFS'oP°¥6rtBn§2 psi g

: fﬂguljgr::e%?]n fBressurel%& &%rq‘a{ég%qzﬁ‘%%qqut r‘%’TGYaﬁtFO?éE’s}P ;A:d;t [ onf I %P
ffective AH HAHREENAY G uin S iidedh o i a1y O
achi eved by i Osgigﬂgﬁ?%Yoég ba1§' $higiaFEpopraLky-LaRETEAT 1S O (he

ability of the barri teri cycllca | oadi ng

w t hout fai {?ﬁ¥ﬁ€ I e of between about
5mlsto aébout % édﬁgén%ﬁn%{g’li a{}gqvﬁ ct;] Aapgagir:flgtga??%graphl cin
nature tenGitdf ddhgRss s whldh 4 i ¥idinfNoike M4 ki) tdea sharg iger quali -

10 ties are generally quite good. Another inportant quality of the barrier

filmmaterivdredSed RS rdtdBe ldIFE Uy ie o dite it e | QS tHeaRahddugh;
techni ques used in high volunme pro- duction. Anong these techni ques known

in the art are bl eaidofilmgnatertali beingl dbhg, tel rehatnssabd, captiven
nol ding, 15 rotary nolding, transfer nolding and pressure fornmng to
nention onlgas fewaintein Eaddess geal tleasta paotiallypresswlizedave

essentially filmproperties and whose
and to permit diffusion therethrough of a mobile gas- and i;J

the internal pressure of said envelope being the sum

of the partial pressures of the mobile and captive gases.

Typically, the barrier materials usable in accordance
with this invention are preferably thermoplastic,
elastomeric and polar in nature and processable.éb form
products of the variouslgeometries to be discussed. The
barrier materials of the present inﬁehtion should contain
the captive gas within the envelope for a relatively long
period of useful life, e.g. two years or more. For example
over a period of two years, the envelope should not lose
more than about 20% of the initial inflated gas pressure.
Effectively this means that products inflated initially to a
'steady state pressure of 20 to 22 psig should retain

pressure in the range of about 16 to 18 psig.

Additionally, the barrier'material should be flexible,



cross-sectional dinensions can be varied in various portions of the product

but which are overall essentially filmlike 20 I n character. In addition
to.the above qualltles whi ch are |nportant-|h1the effective use of the
barrier material which forns an envel ope, there is the all inportant

quality of conttt3Etvehy rirftoand Gempliantasand tﬁh@l}g}]#ehéafﬁllgu%mesm-
retention of 25 cap ases t hin the envelo e. By the present inven-

t t only % ?fb‘f i}%\&’ﬁ qd/et doxm effective) geals
n:?Poggg ggg Y SHé iﬁb ive u to the | cgd nat ure Qf the

bar N-ér. The prlxﬁa PED %31 %@ C’Wﬁst ‘f’t?s'e§yrpé'|°ét]11\7ela>¢hle"ed
ui ckly throu r nd t ther ases esent .i.n air exce

ﬁl t roggn Thegt[;br%rﬁa ﬁeé u%ﬁ%c{}fo#)) %]\fﬁd'f $ aelrl r’rdf@fq éla"?tor"s

which nitro- Vo ¢4 ,

envel ope ney gga}e'hla% aﬁ@ C&PI a edb%q?ttlt‘nesr Sftlglgg ggslaolr g X tgngf hlgh
nitrogen gas a Mifed 18 @Jw&?oﬁﬁé 11"&1@' aé eé:l.al]c e)r 1%d t‘ﬁ ange of

nitrogen or a 1 ntxture of ritrogen and one or T 6 Super gases,

incre- nment of fIGEUHICNIMELIE betdit dlitut & qsr%aams%ysfoamﬁs. '
di ffusion of principally oxygen gas into the envel ope since the captive gas

i s essential | y Filininisky ia i HERIE -areO sﬂalidgrfa‘iﬁh'cV@.W nd3RHe! £ehn@d ?1'&1:
i ncrease in pressure 15 of not greater than about 2.5 psi over the initial

inflation pressu posubgefdtigue regigitaincs) ynmdsﬁ@m theUbRraiewt Guaf it-he
envel ope of between 1 to 5% depending on the initial
10 ties are generally quite good.  Another important quality of
A the barrier film material is that it must be processable
into various shapes by technigues used in high volume pro-
duction. Among these techniques known in the art are blow
molding, injection molding, slush casting, vacuum molding,
15 rotary molding, transfer molding and pressure forming to
mention only a few. These processes result in a product
whose walls have essentially film properties and whose
cross-sectional dimensions can be varied in various portions
of the product but which are overall essentially film like

in character.

In addition to the above qualities which are important
in the effective use of the barrier material which forms an
enﬁelope, there is the all important quality of controlled
diffusion of-mobile gases through the film and retention of

25 captive gases within the envelope. By the present inven-

tion, not only are the supergases usable as captive gases,



pressure. If air is used as the inflatant gas, oxygen tends to 20 diffuse
out of the envelope while the nitrogen is retained as the captive gas. In
this instance, the diffusion of oxy- gema bpt-of the envel ope and the ’ :
retention of the captive gas results in a decrease of the steady state , |
pressure ovdmut heltrogemigasnfisatalso & essptrive Fagas e tie | inipmdvest |V

25 tially with air to a pressure of 26 psig, the pressure drop - 13 -
will be abowmatansief itheortdarrier balBhe primapymokd lergas isiraxygeroxygen
gas on each side of the barrier envel ope wall. The drop in pressure alsj

tends to achhih aiffudes nedanivaly aquickly i throwghh thes heamnr itex + eandd |

rel axation or creep in that creep is reduced or elimnated because there is
no further i%he Qiher gasaseMresenestiralr |exgept Miktyogen .t affhe pragti-
practice of the present invention to provide a barrjer material which has
ef fec- tbvel§RY r@ffs%re Afe RAROWHAERA A R3TIeS MAteE iR 1Bpr G trRy but
whi ch has the added guali t%qo,f beij nsq a bar r'bgg, to nitro- gen gas. As

al ready not €FP F3811% RTINS 95 | L LA 2™ ext ruded conbi nati ons

of plastic materials which also operate as barriers tooxygen tend to be
essentially crystal- line in nature and tend to |lack the fatigue resistance

subj ect to relat| vy FRARBLSE! Ehe) Eystebl' el HRLSRERIE A L LaeRogs o
tinme. Barrigf; ypteid gl P b N 6 dRd dP i od¥PR's and one or
more supergases or with air, If filled with nit’rdgen or a )
10. mixture of nitrogen and one or more supe;'gases; the incre- ~
ment of pressure increase is that due to the relatively
rapid diffusion of principally'oxygen gas into the envelope
since the captive gas is essentially retained in the enve-
lope. This effectively amounts to an ihcfease in pressure
15 . of not greater than about 2.5 psi over the initial inflation
pressure and results in a relatively modést volume growth of

the envelope of between 1 to 5%, depending on the initial

pressure.

If air is used as the inflatant gas, oxygen tends to
20 diffuse out of the-enﬁelope while the nitrogen is retained
as the captive gas. 1In this instance, the diffusion of oxy-
gen out of the envelope and the retentioh of the captive gas
results in a decrease of the steady state ptéssuie over the
initial inflation pressure. For exampe, if inflated ini-

25 tially with air to a pressure of 26 péig, the preséure drop



ties and the other needed qualities in accordance with this 20 I nvention
are those which are basically elastoneric and po- lar in nature and which
have the properties of being conpar- ativel ¥3ftexi bl e and have high fatigue

i Thusi on of rYiFDGER SRUENA PALS Chicrrletete aLARCE Ehermarbial BEse-
Theoe o ystal | Llige el by 880 Ble 05! ARRR! SEa2Ne Ol S 2BVer opvaiat af| Foe
o e e ook - oonfh ok T L LR GO B0 NE o Sy "
o 3PP 498y AEAR) SARACTLHIER SRRSO B o
resilient Eushlé%m gggeﬁ%g %i%%é%égésé%ﬂgér%éﬁ éfén%g%%\e (Caicnr\?/%deope
having at |eas{gORg ERPFREF iﬁﬁﬁ@gs@yiﬂliﬁf@fﬁafS?%fé%&fﬂ' portions of a

filmlike material; said filmlike nateria el n stic and. el astoneric
and being of a partially crystalline material which permts the diffusion
t her et hrough of oxygen; initially pressurizing said envelope to a
predeterm ned pressule Hy ahusednipoxtant Gasthet practieet ofFOthBi phesant

filmlike material acts as a barrier to

invention to provide a barrier material which has effec-
tively the same desirable qualities as previously described,

W, 10 but which has the added quality of being a barrier to nitro-
gen gas. As already noted, plastic materials or laminated
or co-extruded combinations of plastic materials.which also
operate as barriers to oxygen tend to be essentially crystal-
line in nature and tend to lack the fatigue resistance

15 needed for products contemplated by this invention and which

are subject to relatively high cyclic loads for compara-

tively long periods of time.

Barrier materials having the desired barrier proper-
ties and the other needed qualities in accordance with this
20 inventipn are those which are basically elastomeric and po-
lar in nature and which have the properties of being compar-
atively flexible and have high fatigue resistance while also
having sufficient crystalline qualities to prevent diffusion
of nitrogen gas and the supergases through the envelope.

25 These crystalline qualities may be imparted any one of sev-



w e = - ¢ e
retard diffusion of the said one gas therethrough; said filmmaterial being
characterized by the ability to retain said one gas to maintain said device
at least partially pressurized and to perpdt-diffusion therethrough of a
mobi | e gas; sealing said envel ope to.contain said one gas; and exposing,
sai d seal ed erak| wapsti oinchuding aa rmechanide) anyystaidhide Ay ier v G o/
anbient air-diffuses into said sealed envel ope such that the interna
pressure of malecehar| oppstallire shaxrnier Heo pinttitait pries dirffusiforsaifd one
gas and the nobile gas. The present invention further provides a | oad \‘)
carryi ng gastipe ceaptivedgasesi and nevwrrak sughnfiiln anpd otheat ey pesy@fope
having at |east one chanber formed by at |east spaced wall portions of a
filmlike nebdkenialgawiill|be, degerikedrinidetaily a conposite
crystalline-anorphous-el astoneric barrier material; said envel ope being
initially pressurized to a predeterm ned pressure by at | east one gas with
respect to which said filmlike material acts _as a barrier to retard
di ffusiop of a captﬁtvé'fgﬁ‘]%eraé’ﬁ%r&&&h:thé&i §hei PReRENL, LAVepEiQg has
characterized by havi hard crystall.ine seqments or, el ements within said

FRL| advantages of

el astoneric TaY : 29%° ¢ Yeihcthe (R0 iakh APGiBHRS ARYRMYS &
characteristggcs of g3 Srggiéﬁ-giy.

The present invention also provides a method of
producing a load carrying gas pressurized and resilient Q.)
cushioning device comprising the steps of:

providing an envelope having at least one chamber
formed by at least spaced wall portions of a film like
material;

said film like material being plastic_and.
elastomeric and being of a partially crystalline material
which permits the diffusion therethrough of oxygen; |

initially pressufizing said envelope to a
predetermined pressure by at least a one gas with respect U
to which said film like material acts as a ba:rier to
retard diffusion of the said one gas therethrough;

said film material being characterized by the.
ability to retain said one gas to maintain said device ét
least partiaily pressurized and to permit diffusion.
therethrough of a mobile gas;

sealing said envelope to.contain said_one gas; and

exposing said sealed envelope to ambient air



material by the ability to retain said at | east one gas and to nmaintain
said device at least partially pressurized and to permt diffusion

t heret hrough of a nobile gas; and the int al pressure of said envel ope
being the sumof the partial pressures of said at |east one and said
captite gases. Figure 1 is a plan view of an inflated heel-ped in
accordance with the present invention for use, for exanple, in an article

of footwear awherebgr ROMabiNE gas' Ynt dhlidNamdiken® @ rTa3/? rdkE" i@l £Nbedded
in the parent elastoneric filmof the enclosure envelope; Figure 2 is a

pl ahXi ew of dedidceeailrid anvetopkasueh Ehatr @hk Huwterinalspraisistget b use of
a nore closely spaced scrimcrystalline material; Figure 3 is a plan view
of a device sieaifaenveltpet isf thé suhi gfir ¢h2 paritial pressowee olfosaliy
spaced scrimcrystalline material; Figure 4 is a plan view schematic

di agram of a ongsgasl and theemdablilieegast.eri al enbedded in the parent

envel ope film 15 Figure 4Ais a view in section taken along the
line 4A-4A of Figure 4; Figure 5 is a plan view of a crystalline
thread-1ike material_w th closer, spacing between the threads enbedded in
the parent envel ope The Rresgnt inventiqnp Lupther prewifes adQabn t aken

al ong the line 5A-5A . . . . < .
carrying gas pressurized cushioning device comprising:

a sealed envelope having at least one chamber
formed by at least spaced wall portions of a film like
- . material;
said film like material being a composite
crystalline-amorphous-elastomeric barrier material;
said envelope being initially pressurized to a
predetermined pressure by at least one gas with respect
to which said film like material acts as a barrier to
retard diffusion.of-a céptive gas therethrough:
said film material being characterized by having
hard crystalline segments or elements within said
W elastomeric material so as to enhance the éctivated
diffusion barrier characteristics of said barfier
material by the ability to retain said at least one gas
and to maintain said device at least partially
pressurized and to permit diffusion therethrough of a
mobile ‘gas; and |
the internal pressure of said envelope being the
sum of the partial pressures of said at least 6ne and

said captive gases.



of Figure 5; Figures 6A and 6B are sectional views illustrating an early,
and unsuccessful, attenpt to lamnate a barrier filmto an elastoneric film
for a pressurized cushioning devi ce; Figure 7 is a diagrammtic plan

vi ew showi ng another form of the present invention incorporating a :
particulate crystalline material within the parent elastoneric material;\J/
Figure 7A is a sectional view taken qhgng the line 7A-7A 5 of Figure 7:
Figure 8 is a plan view of a vacuum fofrnmed or bl ow nol ded or %lush cast

heel ped in accordance with the present invention illustrating the product;
as it is renoved fromthe nmold; 10 Figure 8A is a sectional vi ew t akens’
al ong the line 8A EAguref Lgiscacplangview sef jan aintlated dieali-ped deen al ong
the line 8B-8B of Figure 8; Figure 8Cis a sectional view taken along the
i ne 8C 8C 153°°eFng§ar with the present sinventien rfor usecformexampley dng

the Iine 8D 8D of Figure 8: Figure 8E is, a side view as seen along the |ine
8E- 8E of Fi guPB 3;55%!3 ° f°'¢€‘§%¢’é and ;incorperating & anystadddne aenix|

ped, o FLOUT ek BEARLmRERRAAE PR 15 R Tl SR it TP
5 the enclosure envelope:; '
. Figure 2 is a plan view of device similar to that of
Figure 1 but illustrating the use of a more closely spaced
' scrim crystalline material; | o
Figure 3 is a plan view of a device similar to that of |
10 Figure 2 with an even more closely spaced scrim crystalline
material;
Figure 4 is a ﬁlan view schematic diagram of a
crystalliné thread-like material embedded in the parent
envelope film; |

'Figure 4A is a view in section taken along the line 4A-4A

15
of Figure 4;

Figure 5 is a plan view of a crystalline thread-like
material with closer spacing between the threads embedded in \/
the parent envelope film; | | |

20 Figure SA is a viéw in section taken along the line 5aA-sA

of Figure 5; _
Figures 6A and 6B are sectional views illustrating an
early,'and unéuccessful, attempt to laminate g'barrier £film to

an elastomeric film for a pressurized cushioning device;



Figure 9B is a sectional view taken along the line 9B-9B. 25 of Figure 9;
Figure 9C is a sectional view taken along the line 9¢c-9C of Figure 9:

Figure 9D is a view fromthe end as s along the line 9D-9D of Figure 9:
5 . ° Figure 10 is a plan view of 'a 'heel ped simlar to that of Figure
9, bur Illustrating a third filmadded during heat sealing to forma

I - d; Fi | ' Vi | . J | 10A- 1
of Foure 10: 100 Fidte 458 e Lk agagils T VS arbiusnd Apeelier forn
t hat” of Fi ' ﬁgg?d | el t -
pr?téhjto :‘lgggle gg\rl\{l"ltrxrgtéfr]e ea jéﬂe‘g | nig&‘ ﬁ'gﬁ% aaeg’eatczﬁiona alQ:\(jeldew t aken

al ong the line éé-fsdsifmé ﬂé@é&f lljv]'giélﬁn the faﬁ*é}w %1%%%6@:3-&%9::&9‘1%'1 i

view taken along the Iine 11B B of Figure Figure I Cis an enlarge

fragnentary sectionapighre 7 £s RPrddctidHal RAL el AKENY alldnids ithl AdnieN 7a-7A
Figure IlA: Figure I[IDis a viewfromthe end as seen along the Iine 20

|1 D-11D of _ Fi gupe Rigufeonse 12 is a plan view of a full length ped in

accor dance® wi t h the present invention illustrating the product as it is

removed from the nol Migure 8 cid 22\ plam vt icha vaonum fiormed axg blow molded
12A- 25 12A of figure 12;
' or slush cast heel ped in accordance with the present
" invention illustrating the product as it is_removed from the
mold; | |
W 10 Figure 8A is a sectional view taken along the line 8A-8A
of figure 8; _
Figure 8B is a sectional view taken along the line 8B-8B
of Figure 8;
Figure 8C is a sectional view taken along the line 8C-8C

of Figure 8:

15
Figure 8D is a view from the end as seen along the line
8D~-8D of Figure 8:
Figure 8E is a side view as seen along the line 8E-8E of
. Figure 8;
—
20 Figure 9 is a plan view of the completed heel ped of

Figure 8 after heat sealing and trimming have been completed:;
Figure 9A is a sectional view taken along the line 9A-9A
of figure 9;
Figure 9B is a sectional view taken along the line 9B-9B.

25 of Figure 9;



- 19 - Figure 12B is a sectional view taken along the line 12B- 12B of
Figure 12; Figure 12C is a sectional view taken along the line 12CG 12C of
Figure 12: 5 Figure 12D |%5a sectional view taken along the line.-
12B- 12D of Figure 12: Figure 12E is”d view as seen fromthe left of Figure
12; Figure 13 is a plan view of the conpl eted fuII | engt h ped of Figure
after heat sealing and trinmm ng have been 10 onpl eted; Figure 13Ais a
sectional view t dkiguee A imea|sertignl Miﬂe‘bftakquraal% theyurine A¢-9Q1
pl an view of product in accordance with this invention which may be
fabricated QL iFiPIXe o} or bl ow 15 nDIdlng, for example, and in mhléhJ

the nol d has bee d|f| 0 assj s enov, he part fronlt ndrel
Figure 14Ais a gv#%v@t'éi@ﬁ Pt ?169'7 RS Been jé"e_L4

Fioure 14; AL %é’?@*ﬁ FEw from the end as. éQinlﬁifinSOt h.e nlﬁg T4 14c
Flouwrena 25 P IdAd & Shal WILEThAr Bed ity KO oilE Be
may be made Pyl 6§t iR OilfﬁMé@iﬁarwﬁﬂﬁfcﬁmrméﬁ tcﬂu:tzmé heat
sealing to form a tri-part ped;

Figure 10A is a sectional view taken along the line 10A-
10A of Figure 10;

Figure 11 is a plan view of a heel ped similar to that.ofiu)

10
Figure 8 with an added tensile element assembled to the ped
prior to final perimeter heat sealing:
Figure 11A is a sectional view taken along the line 11aA-
11A of figure 11; )
15 Figure 11B is a sectional view taken alorig the line 11B-
11B of Figure 11;
Figure 11C is an enlarged fragmentary sectional view of a
portion of the assembly illustrated in Figure 1l1A:
Figure 11D is a view from ﬁhe end as seen along the line U
20  11D-11D of Figure 11:

Figure 12 is a plan view of a full length ped in
accordance with the present invention'illustrating the product
as it is femoved from the mold:

Figure 12A is a sectional view taken along the line 12a-

25 12A of figure 12;



-20 invention and in which there is a variable thickness between the heel
portion and the forefoot portion and incorporating a sloping transition
section in the shank area; Figure 13A 1igs - sectional view taken along the

line 15A° 5 15A of figure 15; Figure 15B is a sectional view taken
al dug/ the line 15B- 15B of Figure 15; Figure 15C is a sectional view taken
along the Iine 15C 15C of Figure 15: 10 Figure 15D is a side view

as seen along the |i fdguse- 18D 36 & gectioBalFvjewctaRensalonyathei kinef128-
another formof a full sized ped-in accordance with the present invention
andwhi ch may bézﬁopﬁeaiﬂyrelgawnnldlng or vacuum forming or slush casting
and 15 I ncorporating a hi h heel portlon and side indentations for

| ateral bendi ng erxFBEPFPy cF%ﬁu?eSEGK‘Pga& viev saken,along ke binmgl2c-
the line 16A- 18A of f| ure 1g Figure 16B is a sectional view taken al ong
the line 168 262C 98gF F“F?g te 16 Figure 16C is a sectional view taken

aforg the ime 190 1agugh ARG d0eeBkinL ORul cRERCHONE ol TS -
as seen al ong t&snleeF1§§}&6§§?f Fi gure 16;
Figure 12E is a view as seen from the left of Figure 12;
Figure 13 is a plan view of the completed full length ped
of Figure 12 after heat sealing and trimming have been
\/ 10 completed;
Figufe 13A is a sectional view taken along the line 13A-
13A of figure 13;
Figure 14 is a plan view of product in accordance with
this invention which may be fabricated by inﬁection or blow
15 molding, for example, and in which the mold has been modified
to assist removal of the part from the mandrel:;
Figure 14A is a sectional view taken along the line l4A-
14A of figure 14; |
.Figure 14B is a sectional view taken along the line 14B-
20 14B of Figure 14;
Figure 14C is a view from the end as seen along the line
14C-14C of Figure 14:
Figure 14D is a side view as seen along the line 14D~-14D
of Figure 14;
25 Figure 15 is a plan view of a full length ped which may

be made by injection or blow melding in accordance with this



-21- Figure 16F is a view in perspective of the side indentations present
for lateral flexibility; Figure 17 is a graph illustrating the pressure
trend over time in the case of the prior diffusion punping technique; 5
.Figure 18 is a graph illustrating the pressure trend over tine in the céiﬁ
of diffusion punping in accordance with this invention: Figure 19 is a
graph in which the graphs of Figar@8 £7 and 18 have been superinposed for
conpari son: e 20.,is a_graph of the pressure trend over tine

of diffusi onigaﬂﬁmgni ;‘nggg& YRACE Jhexe: iBsai NasAabde Fhigknessnberwgen
gee 1% o0t YEathdeXBERI0RS o5 TG eBiateil Sorbihs ad-TherprEqtias o
an'i mprovea BAPPERR PERetf1ob 3RsR1oR AR, rnenBbSRRaRAEn | o wni ch the
5315 a viewsim FaPUrs #ER 38 BSCHCEnRT WBVCLERRASLohs TE' LEve, ToR) S

i mbedded in §8 a gl §ghmterial; Figure 24 is an enlarged di agranmatic
sectiosal vi%m?o?kagigggroged barrier filmin accordance with this

i nvention containbmggigghbsaae ehsecedbhad bﬁbboﬂhﬁaheifén&ﬁéﬂ@“llhé 15B-

elastoneric film an Figure 25 is an enl arged di agrammati c

sectional vigsBobfarigeeo1sd pressurized device in accordance with this

Figure 15C is a sectional view taken along the line 15C-

15C of Figure 15: c
o/

10 Figure 15D is a side view as seen along the line 15D-15D
of Figure 15;

Fiéure 16 is a plan view of another form of a full sized
ped in accordance.with the present invention and which may be
formed by blow molding or vacuum forming or s}ush casting and

15 incorporating a high'heel portion and side indentations for
lateral bending flexibility:;:

Figure 16A is a segtional view taken aiong the line 16A-
16A of figure 16; _

Figure'isn is a éectional view taken along the line 16B- v

20 16B ot-?igure-lss .
fiéure 16C is a sectional view fakeﬂ along the line 16C-
16C of Figure 16: | |

'Figﬁre 16D is a sectional view taken aiong the line 16D~
16D of Figure 16; |

25 Figﬁre 16E is a side view as séen along-the line 16E-16E
of Figure 16:; | o |



-22- invention in which t-h'é'.'barrier filmmterial is forned of a

conposite crystalline-anorphous-elastoneric barrier material . Referring to
the drawi ngs which illustrate preferrfg forms of the present invention,
except as noted, Figure 1 illustrates“an inflated heel ped 10 in accordance

wi t\o_t hi's invention. -As shown, the heel ped is in the formof an seal ed
envel ope containing an inflatant captive gas. The term'pad" for the
purposes of - this i /Rigurieo16Fs isela vdewadna pe¥rspeicdvec afr ghegsédehi oni ng
devj ce positioned in the héel or forefoot ions of footwear. The
envslope wal | iindenhatdenst present Sorf |1Iart\em8-e|f|1&mi\hlilléﬁmer mts diffusion
through the filmof the nobile gas(es) but which effectivel reven

di ffusion of the cdpgure g}a dssp gpr,qpm,ig.lp_gtra]tg.m tﬁ‘ﬁepé'ﬁ\éaﬁf@dtﬁﬁmil gyer

qualities are provided by a crystalline barrj.er erl al i rrbe 8" n.the
parent pol ar, tdmestigindhe % Orfeths PrCT cdfilflf PuRping, #‘ﬁ'ée'

pressure containin envel The int pressure L.de 4°
few psigsto as nuc %Pegﬁa 3’ rﬁﬂ'luftﬁ@ lnﬁe é &i Fﬁkg g¥e{1

or partly encgnsul a.te |nt %5 ; ol fg@{:ﬁ/eg 13
or cenented |37t0 %I"Jbe cl%ls% %%&ﬁ%& q‘g’\ﬁa |#E§Bg§gﬂhener or
fully or partlg | ated into the mdsole or outsole of an article of
footwear. OF course,  as is known in the footwear art, other |ocations and

di sposition of the PedAAePlia GtaPHIin which .the graphs of Figures 17

and 18 have been superimposed for comparison:

N 10 Figure 20 is a graph of the pressure trend over time of
diffusion pumping in accordance with this invention in which
nitrogen gas is captive and oxygen gas is mobile;

_ Figure 21 is a graph which superimposes data from Figure
26 aﬁd a portion of the data from Figures 17 and 18;

15 _.}igure 22 is an enlarged diagrammatic sectional view of
an improved barrier film in accordance with this invention in
which the crystaliine material is bonded securely to the
elastomeric materiai:

- ~ Figure 23 is a view similar to Figure 22 in which the

= 20 crystalline mater1a1 is imbedded in the elastomeric material;

Figure 24 is an enlarged diagrammatic sectional view of
an improved barrier film in accordance with this invention
containing small and thin walled hoilow spheres within the
elastomeric film; and

25 Figure 25 is an enlarged diagrammatié sectional view of

an improved pressuriied device in accordance with this



el ements of footwear may be used. - - 23 - A substantial nunber of heel
peds, virtually mllions of pairs, having the geonet r"y\il lustrated in

Figure 1 have been used commerci al B¢ and have been nade’in accordarice wi rf™
the prior patents identified. These prior peds, however, were_ 5 : )

fabr | cat ed i Bng sHAOYnELATLATRHEC Ul 1M bl 4101 23028420000 iyeu

for air gases, e captlive gas was one Or nDre supergases. ypl-ca

the materi absp¥Bsshe far trg’ IV ¢ e .prjar devices,~
supergas i nfl gtygd pr g%%xggailiﬁgleuggeng S‘Io)?/l%r ?ﬁ%%ﬁ:eoqeﬁé& (ﬁ%&lrnﬁﬁ erials, °
pol yester lgaekastqners, fluoroel astomers, polyvinyl chloride el astomers\g

and the |ike. Polyurethane elastonmer materials were preferred as the E h
comercial material because of the superior heat sealing properties, good
flexural fatigueRefenrkng to $he Anavings Wich Bnstrate prefearednsi|e

and tear strength, and 15 gooad ,abr asi,on resi stance. O course these

proper 6i es 4P&MS Sf e Aresent; JOVeRLiRNg 4XSRE A% Nahedy Figurenl
t i tion. Oh terials includ | hy| jerepht.hal at

Ol yool  (PETIpuszatas A8 dnfloed neel Red 3 rin aqaprdadea vafh,hls

terial of ,th 2 i nfL at ts, of t. i t. the, .
envel ope nmdBveatin- e ahovm tha, Bl Fad 5e dn 'dFe Fasm o pncbefbes
i talli terial . ' Diph s t fluid
o oasee. ashYsTame FngAniigR B THAEHHE My S Omhy Yebfd | 1) 0
materi al, regadd gur Ghel YRepedes2ofMNiY iGvdntd@mdrsiidegineal hecii vel y

bl ocks a | arge portion of _ _ _
10 load carrying cushioning device positioned in the heel or

forefoot regions of footwear. The envelope vili is ~
formed of a barrier fila material which per;iti
difftusion through.thc £ilm of thq'hobilc qas(ei) but which .
effectively prevents diffusion of the captive gas(es). In thi;:
15 form, the enhanced barrier qualities are'provided'by a
crystalline barrier haterial imbedded in the p;r;ht polar,
elastomeric and_therhoplastic tiin nétériai forming the
presQure contaihinq envelbpe. The internél préssuie may vary

widely from a fev psig to as much as 30 or ilorc psig. This

*0 heel ped may either be fully or partly éhcgpsulated into a \
toane.d_'sockl_iner of an article of footwear, or ceﬂmented inte
place within a preformed cavity within a éock_linér or be fully
or partly en_capsuiated' into the n.idsolo, or outsoie of an article

s of fnotwear. Of course, a®' is known in thé footwear art, other

locations and disposition of the ped and other cushion

elements of footwear may be used.



t he fl ow passages through which the inflatant gas nust diffuse - 24 - as
it mgrates outwardlLy through the film Typical highly crystalline nmateria
whi ch may be used are polyester materig4s. nylon materials, polypropylene
materi al s, graphite, glass, Kevlar, netals and virtually any crystalline
matierial. 5 _-Materials of these types cone in many forns which can be
utilized in:the products of this invention: thread-|like, fibers, fi nts,
Ly b f I8

chopped fibers, scrAnSuRA§aREdAdsnugber PEohRe) BPLBy | BiFERR Bs pf
| at el et talli terials, [ t f i,tted : d

e e I, Fibkb! ek ASHIETS Ao beun

whi sk , etc. O terli whi b d ' Lt

Slothe 111 amentest FREBREFLALI 258, fBYe BophiBofar in BRGErakTcH dPEh tne

whi sk ;o onetalld [ | ) |

Alumi numi nyl oR*aPEoERvarEe, 1AREIEI88, (AhRLE, pr iR’ pEUETRGUSLEE, Ghre

Whi sker s. Var%g%%:&%%%hal@ﬁ@hngtiboil%ngtgﬁﬁggﬁ,Hﬁidriﬁlthﬁiéﬂralefnot act

er, plate e

filaments,3 po ets, cloth, ads and m cro-spheres and the |ike.

Such materials .3 @ WaldrikRoWar! aikhgakes)f ahacens! asptivei gausway bne erher
applications. It is to be noted, however, that the use of the crystalline

20 material s goreN@Gupetgake.PTyPiEA1Dy kA matertalBowhionnhaynbe used for
accordance with the present invention since many of the useable materials

and the form oftHeh@nvellopeibt thenpriappdevicesy supergbst infbatednproducts,
strength. The heel peds 12 and 14 of Figures 2 and 3 are simlar to 25
the heel ped ofindlmded poiyurethanet elastoment naterials, polyester
U 10 elastomers, fluorocelastomers, polyvinyl chloride elastomers,
and the like. Polyurethane elastomer materials were preferred
as the commercial material because of the superior heat
sealing properties, good flexural fatigue strength, a suitable
modulus of elasticity, good tensile and tear strength, and
15 goo&lébrasion resistance. Of course these properties are also
preé;ht in the improved barrier materials of the present
invention. Other materials include polyethylene terephthalate
glycol (PET 9), Dacron 56 and the like.
In contrast to the envelope material of the supergas
20 inflated p?oducts of the prior art, the envelope material of
the present invention includes a considerable amount of .
crystalline material and has considerable lower permeability'
to fluids and gases as cémpared to the prior art envelope
materials. The crystalline material, regardless of type and
manner'df incorporation, effectively blocks a large portion of

25.
the flow passages through which the inflatant gas must diffuse



e e
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successively nore barrier crystalline material. The effect of -25-
spacing of the barrier materials is shown nore clearly in Figures 4, 4A and
5 and 5A where a thread-like barrier 15 is diagrammatical |y shown i nbedded
wi thin the parent thernoplastic elastoneric film17.” As shown,- the material
15 is disposed between the opposing surfaces 19 and 20 of the firlm By tRig
arr angenent ast i¢ sudrades autyardly ptivrqugndtReitfilny Typigal Sighlyer
material and may thus be readily heat sealed by R-F welding and the like to
form a seal sdystedldpe matemial Hykbeh | may bRrvsed ane R9lyesker present on.
10 the surface, there would be sone difficult%éin seal i ng the envel ope/~_

if fornmed ofagesiddfod MHQN materials: POLRESPYIens MAtRARIALS hgraphiled,
s R SRSV PIE TN EMETET S NG S
NG of MRESTIALS: S haRs dEreet crebe; 1 ohane st wiEh S 1 15T
boomet Uy cattitipest i MRERFaadtrs Fr 1RSSRV £ aeRERIRE

20 the type.of Jbargi rial. ep;f et ' ct.gihe rate
of diffusi o&%ﬁ’lﬁﬁﬁ)'ng{i_ o"ré]?énsgt aﬁ’é%'?‘g‘gﬁifgtésig%sn' m%ﬁ@%?ﬁ%%%ﬁh %‘E aphi t e

Scrins thana&f}l%oe‘gﬁ? Eﬁfgﬁ u dc&gréfc'ﬁp@&i&tm_ggm-

: TULST S
Fi gures 4, It 1s beneficial to have the crystalline nmateria

close to t heQuussifies sWdrrsudf tibés§ bt "knbtted passvsh paiirBidonNeovén M
10 cloth, lock sﬁitched matériéls, expandable fabrics, whiskers, etc. _
] _ _ . , W

Other material which may be used arez.amorphgus gréphite cloth, filament o
whiskers; mica; Aramid or Kevlaf cloth, filaments or whiskers:
metallic cloth, filaments or whiskers, fo: example steel or
aluminum; nyloh or.polyester or glass'dr PET cloth, filaments
15 or whiskers. Various ﬁétals ﬁnd.ﬁeta; ailoys may be used in
the form of filaments, powder, piatelets, élb:ﬁ; beads and
micro-spheres and the like. Such ﬁatetials are wéll-known to
the reinforced-plastics industry for éthe: applications. It is
to be noted, however, that the.usg of the crystalline
20 materials is not for thé primary purpose of reinforceqent in \J
| ac;ordéncg with the present invention #ince many qt the
useable materials and the form of:the_materialé_do not
appreciably contribute to £ilm s;renéth; |
The heel pedé 12 and 14 of Figures 2 and 3 are similar to
25 the heel ped of Figure 1 except thaf each containg

successively more ba::ier crystalliﬁe material. The effect of



25 surfaces so as to have as large a portion as possible of- 26-

el astoneric material on the surface so as to achieve the best possible
heat -seal joint or weld between the sheets of filmlIt is understood that
the crystalline fibers may protrude_pggtLally fromonly one surface thus
providi ng essentially a two-sided film™ In that case, sealing nust be

bet ween the one side of the surfaces fromwhich the fibers do not extend.

It is preferredPacing ffithe harrienmateriads ds shown ROTS,ClEArlYadd, | al

GRSRLING tdsb) Apbin adroipn fiipie
T, o SARRE AT hh B

order that 15 &W?ﬁ\#‘%%f? n#?éf%?%’:}t%m @t?a’t ﬁérehﬁgl\ioilt anltask%p#a{'rgét |1c'r)’n
of the two typegg oéi%gééfé?‘ihgbé?r&é:eopﬁgﬁ?sﬁgﬁé@ 19 AnACSY oFlihe i N

t he devel dBprent “program 'S 1 nventl at case, an attenpt was

made to incorpopgig ChyStids i Ardiigdidiit TAHY istir¥atidd) dree pliaeipaiyC and

materi al using ¢o- 20 extrusionS or co-lamnation of the two types of
plastics. Fi gurggtfhefplpdFentiéfdsEindt® ndtarFiaiekind Aay thlust bes readily
invention, illustrate The unfortunate result of such an approach. A portion

of the pressurigea® Sésbaed by (ReRvelding dEnad tthe Udike o iforar a sealed
elastoneric film25 and

envelope. If the thread-like barrier material was present on
o 10 the surface, there would be some difficulty in sealing the

envelope if formed of preformed sheet.

The barrier matefial of Figure 5 has closer spacing of
the fibers 15 in the film 17 and thus more flow-blockage (70
percen? crystalline) as compared to barrier material of Figure
15 4 (55.§ercent crystalline fibers). Therefore the rate of

diffusion and diffusion pumping of the mobile gas would be
lower in the Figure 5 embodiment than in the Figure 4 form.
The diameter of the fibers and the crbss-section geometry can
also be changed to adjust the rate of diffusion. In addition,
20 the type of barrier material chosen for the design can effect
the rate of diffusion pumping. For instance, diffusion would
be lower with graphite scrims than polyester scrims. As can be
seen in the cross-sections of Figures 4, 4A, 5 aqd 5a, it is
beneficial to have the cfystélline material close to the
a5 oﬁtside surface of the film, but located beneath the film
surfaces so as to have as large a portion as possible of



25 = were blocked by the outer layer 26 of barrier film Pressure against

the outer layer 26 caused the two |ayers to separate, - 27- conponent $~Qf
air diffuse into the envel ope. Thus, a novel feature of this inventionis .
that the conposite material of the @8velope is a sem -perneabl e menbrane to
the gases in air other than nitrogen and is therefore not a conplete gaé.d

R i AR RARRS9S, 1, LB, bRl Tk Bl TEb+Fe S, prar
ncrease O SHASAIRESSUL] Yoo SSPGRL fetliehthp bnbBEA bR LIE

par amunt | MR gGaqeBEoba LHaTkgAEr 28RS 1HAOKBLLL 00D BRECLIRecATe

phenonenon ol reverse usi on of oxy gas 1 nto e enve e W occur.

Al'so a m xt UpRr@fialll & Bhly éne BGrfaek ehiECPreedPRgUEssEhtiN
applications?ﬁfﬁ gdd?{?gﬁ, 100&)0P airbggn behugeg?sln ?ﬁ?s 15 caégpr§ S

necessary tOﬂHGJQiabHnylﬂL-thfthhe.bb§e¢e§éﬁﬁih§ iist Pbét betweeAstHécond
oxygen3r1the devi ce exceeds 2.5 psia to offset the increnent of the

difference, sigecdfuthel sarfatebcfronnwhiichatheafipersi b npotsextendl It
oxygen within the enclosure and 2.5 psia. 20 There are many
advant ages i isc preferivedg inhaccardantedwithsthispinpention thatathd
el astoneric devices such as conponents for footwear, shock-absorbers,
cushi oni ng ebaxavier metepislabengnensidedpping.putheseryshaliine matarialc
protective gear/padding, mlitary boots, etc. One advantage is,
should be completely imbedded in the film. This eliminates the
10 need to assure that the proper surface of the film materials W
are in facing contact when forming envelopes initially from
sheet materials. |
It is also important to have the elastomeric material
surround the crystalline material sufficiently in order that
15 the two be intimately'connected_thereby_avoiding separation of
the two types of material in service. Such separation did
occur early in the development program for this invention. In
that case, an attempt was made to incorporate crystalline
barrier materials with the elastomeric material using co- U
20 extrusions or co-lamination of the two types of plastics.
Figures 6A and 6B, which do not represent forms of this
invention, illustrate the unfortunate result of such an
approach. A portion of the pressurizing gases diffused
outwardly through the inner layer of elastomeric film 25 and
25 ‘were blocked by the outer layer 26 of barrier film. Pressure

against the outer layer 26 caused the two layers to separate,



25 the ability to maintain the product at design inflated pressure for

| onger periads of tinme than woul d ot herw se be - 28 - as seen in Figure
6B with'the result that the barrier |ayer ballooned, as seen at 28,
outwardly thereby failing either by bursting or by formng a |arge
anedsysm Therefore, it became necess y 1o | nprove.the approach by
subnergi ng or inbedding the crystalline material intimately into the parent

oTergng o no ! ; ! o
o o Y Rpneblbhtd) by FigcalEnEs bRl LA BMIOAEL o I ilyer
extrdi ng the tlpaagapbasti €hIBt Bhveht fo Oid Ha il COMEISE 1Y Hntdfial of

strands 10 per inch in each direction) nylon nesh, basically an open

type of nesh. ThRer eavelspeeis &UséRi J9@EmedFVE \ifénbidive S WHE gises in air
el asticity of the scrimwas too high relative to that of the parent

material, i.e., otherpthahi sitrogentamd ciedthereféremdtica sxonpletidigas
resulted in some winkling and distorting of the conposite filmduring

heat - seal ighg anbarrikent i The prad¢ticalYiadvantages issthatdher maxionm
concentrations within the inflated envel ope and reduced the flexural

fatigue life of vohumptiric #ndidimensionakschange rin the tproduaet is petween 3%
stressed areas, i.e., near the heat-seal ed wel dnents. 20 For )

i nfl at ed cushi oAngr ¥ubecayse nkhe | BARinum ingreaseam change, ddb REGRSULS (With

the present invention, it is ipporiant, that 1) the physical properties of
the crystalline*PFBEFE tRsHRR| &F*V@odicﬂ{%aﬁg'él%é)%hﬁl}%l RATRiAL

stress-
pressure of oxygen.

~ 10 If cost is of paramount impoftance, the ihflatant gas can
be 100% hitrogen and the same phenomenon of reverse diffusion
of oxygen gas into the envelope will occur. Also a mixture of
nitrogen plus 2.5'psia of oxygen can be useful in some
applications. In addition, 100% of air can be used. In this
15 case it is necessary to initially over-inflate the device if

' the partial'pressure of oxygen in the device exceeds 2.5 psia
to offset the increment of the difference, a pressure loss of
between the actual partial pressure of'oxygen within the
W, enclosure and 2.5 psia. | '

20 There are many advantages in controliing the rate of
diffusibn pumping in inflated elastomeric devices such as
components for footwear, shock-absorbers, cushioning elements
for packéging and shipping purpéées, helmets, athletic
protective gear/padding, military booﬁs, etc. One advantage is
25 the ability to maintain the prédu;t at design inflated
| preésure for longer peridds of time than would otherwise be



strain relationship and yield stress), 2) the‘'geonetry and 25 density of
the crystalline el enents thensel ves, 3) the arrangenent (spacing and
orientation) of the fibers within th _ - 29 - elastoneric material, 'be
such that at the design internal pre §ure 1evels (stress levels) the .
crystalline elenents at the highest stress regions will have been stresdad

PO o e e O U S A ST s o
[ ' 20% ' o
R i L T
e ! o 2obar e SO od T LAY @lpel 7o L, 2 cushon
ool 1 catur e Pk pRGEs, |1kt Boonkd Sl e AL MG

~tighter weave of smaller df aneter and w deni‘er rs.

desi gn_pr essgiakmé & of NEnBEAR1 AG ItIRE oy S¥atl B Vst doSlC Ol ritetm, Y
arounddthe 15  weldnents) vyielded and sorie permanent set resulted. This

particul ar pintiicthécparent élesteserid dyem! crasitially airscrdniargdy | ong
period of tinme (nore than about ten years) and has not | ost any neasurable

pressure. Thimbeddgdcincurethane matexiall Jarsin commérotakl ys ep MP+1790c AE
cushi on was excellent 20 and wi t hout objectionable distortions of the
envel ope. Fiygnethaneh(¥BR2a396 hef Uniroydl ; [Enquledmntextmudinorthien which the
el astoneric material 30 includes a multiplicity of individual crystalline
el enents 32 thermeplastiocimatertadkiento a 10 x 10 course woven (10 strands

10 per inch in each dirgcticn) nylon_mésh, basically an open type{_)
of mesh. The results were quite good. However, the modulus of .
elasticity of the scrim was too high relative to that of the
parent material, i.e., the plastic film stretched more than

the scrim. This resulted in some wrinkling and distorting of

1s tye composite film during heat-sealing and inflation. Such
distortions resulted in stress concentrations within the
inflated envelope and reduced the flexural fatigué life of the
part. Fatigue ruptures occurred in the most highly stressed
areas, i.e., near the heat-sealed wéldments.

o

20 For inflated cushion products using cloth, scrims or
meshes in accordance with the present invention, it is
important that 1) the physical properties of the crystalline
fibers (especially modulus of elasticity, slépe of the stress-
strain relationship and yield étress), 2)'the'geometry'and

25 density pf the crystalline elements themselves, 3) the
arrangement (spacing and orientation) of the fibers within the



essentially uniformy dispersed throughout the host el astoner. 25 In this
enbodi nent the small planer platelets are mxed with the elastoneric

~pol yner ‘and extruded or blown with theg.polyner -30- into sheets of film
These sheets are in the thickness rangg ~005 to .050 inches. During this
prodest the platelets 32 align parall el mnth the surface of filmas seen in

Fi gure 7B, ther%@isﬁ%ﬁ@riéfﬂ5€é¥f51 fﬁénbﬁehatﬁﬁﬁrb€rtﬁér N{nternal
The various techniques for inbed |ng a crystalline element into the parent

filminclude: lpresguwd Devele psteessnBeeels) €REOcRySE€41TINd dRsSientd at
coat\ﬂ@ cloth made fromcrystalline fibers wwth the parent materi al

(normal |y both theéchighestostress Begionsngillchaveybeen aétrdesadimaytord | m
10 with various forns of barrier material (i.e. flakes, thread- like

fi bers, choppedthelier yieldi paint, Sucheyteidingc(beypond cthie mlastic dange)g
the mxture into a filmor sheet and 4) either intimately bl ending or

co- polynerszlngrpﬂés@rabnbaerandp@Vgnsroumthhehboedqsthw¢ughpuﬁuthezsncxnaﬁng
of these 15 procedures have already been di scussed, others will be

di scussed bel owenvelppe; ﬁﬁotbaninélat:ﬁdsppedwtt oaemmﬁm Rtk fhe
limts for the aggllcatloni of controlled diff SIOnd%f | nfl ated devices .i.n
accordance wi t htiReTS 8Bl iﬂ%eﬁ??%ﬂ?eéonV? pEReield,Pqint. (None ffy the

Lo practical copigeLst i BALXIAL dReLlESL BRIk ER SELIE pdfrdve 20
diffusion on the.oneAQ@gg @Hg é&:f#CPeBEVSfS@ious1y referred to, a cushion
U 10 product was developed and successfully tested and incorporated
some of the design features mentioned. In this instance, the
crystalline mesh was a tighter weave of smaller diameter and
low denier fibers. When inflated to design pressure some of
the mesh (adjacent to highly stressed regions around the
15 weldments) yielded and some permanent set resulted. This
particular product retained the desired air pressure for an
extrenmely loqg period of time (more than about ten years) and
has not lost any measurable pressure. The fatigue resistance
was good and the inflated shape of the cushion was excellent
20 and without objectionable distortions of the envelope.

Figure 7 shows another form of the present inventioh in
which the elastomeric material 30 includes a multiplicity of
individual crystalline elements 32 in the form of platelets
essentially uniformly dispersed throughout the host elastomer.
In this embodiment the small planer platelets are mixed with

25
the elastomeric polymer and extruded or blown with the polymer



properties as fatigue resistance, manufacturing 25 processability, and
heat -seal ability on the other hand. Because of the necessity for .achieving
such a conprom se, it -31- .is probably not practical to have such a high
concentration of crystalline mat&rit81 5 so as to forma 100% barrier agai nst
diffusion of all gases. The major exception is oxygen. O her gases,

i ncl udi ng niimtoyeherts wfe filper These sheetisc are iaf thet thitknepssvreanged
fromdiffusing through the encl osure envel ope of the inflated devices, and
still maint ai00S ke oHSEniinghes .o Puird ngatthjge processathecpiateietssd2cs of;
the barrier envelope material. The fact that o§ygen can di ffuse through™he
envel ope i s aldgmparaldedowith the surfacer oft filmjasi sagncianfigureués,
benefit. This is_an inportant, ,novel concept for this invention. For

exanpl e, t h&EhKreRY: Maxs, effectivaly) tarming ﬁikPﬁFéeraﬁFPPSQEﬁnﬁnd/or.

B e et

ndded to t nelpmant (RELERY Fheght Tadg 3r0ARKe] 18 SREELE 1y, BYTEREeRe

tcﬁgt ai ned Wilydy i€ o e'aol%riw E:Pr et e§§| EPE'E%gt BEotAl ﬁLdBLg%Hr e of
product ‘rises. The 20" “partial pressuré of oxyden rn the anbrlent

P e R et e Ld patercatha nsstndpyohoth, 147
cause a naxigTdes lay@ icdated)SU9 @IRihgOthé Polyhdr o¥Cthe parent film
10 with various forms of barrier material (i.e. flakes, thread- \;)
like fibers, chopped fibers, whiskers, platelets, etc.) and
extruding or blowing the mixture into a film or sheet and 4)
either intimately blending or co-polymerizing the elastomeric
polymer with the crystalline material. Some of ﬁhese
15 procedures have already been discussed, others will be
discussed below.
It is important at this point to explore the préctical
limits for the applications of controlled diffusion.for
inflated devices in accordance with the present invention.

20 With products of this type and for practical commercial ~/
utility it is important and essential to have an appropriate
and optimized balance between: 1) The minimum rate of
activated diffusion on the one hand and 2) such physical
properties as fatigue resistance, manufacturing |

25 processability, and heat-sealability on the other hand.

Because of the necessity for achieving such a compromise, it



arise in pressure is useful in offsetting the substantial 25 tensile
rel axation of the envelope (with resultant increase in the internal volune
of , the -encl osure) where all of the gas . -32- possible. As an exanple,
nmost presently made inflated footwear 3domponents, which are sold throughout
the\world, are nade from ester-base pol yurethane fil mbecause it has | ower
perneabi l ity wishprebably fhot sprscphcal heo haversuchs el highy wondentsatiion o
and thus has a acceptably long service life in footwear, However,
ester-based fibryhtallhnedbaterialsgsotamtite tfory daloAk banien againat,
affacted by noisture (hydrolysis instability) than the ether-based
counterpart. | difﬁgségnreﬁta{bmesal'm@rm r fexReRtEion s xidelr Qrherst
noi sture is 10 achi eved by encapsul ating the inflated cqggoqgﬂ} in a foamed
oI,

mi dsol e. This Op&e8yi dnciddingnitregen And the FuRergas Beie it

[ fati l'if f th Lt t, tends t { f of th

bonet oi als cusAEERFRAVENH BREYERERS: brompt fhiieng Uireddh Y et dstie 07
d tly adds to 15 _,t i ght . ' ' |1

roporty t5 tnensaipps, of; Phe "heTaesn A0FIEP00 Y ofPH ML S |1 10

B Lo SRR . g ! !
orobl em i 5 | ar SEPYRELRR, RIRELEE FafRave Fablfedse SUAKALAAAINS he
i mproved barr'iar%QBFe%Pbgﬁgﬁﬁeﬁ*eérfslEh'S invention is the

"col d-cracki ng™ pro rior art supergas inflated products when

exposed to | ow envi pRaMRRLR! th@EPEkPERCEan! dDEFO¥e atlrdugl) tingreme Yope nids
to develop fatigue cracks in the elastoneric filmand -

10 not a problem, and is, in fact, a desirable and unique
~ benefit. This is an important, novel concept for this
invention. For example, the product can be inflated with a
mixture of nitrogen and/or supergas or air. After inflation
with nitrogen and/or supergas, the oxygen of the ambient
15 environment can diffuse into the envelopé through the
mechanism of diffusion pumping. Thus, the partial pressure of
oxygen is added to the partial pressures of nitrogen and/or
supergas already contained within the envelope, with the
result that the total pressure of the product rises. The
_ o0 bpartial pressure of oxygen in the ambient atmosphere is about
2.5 psia (out of a total pressure'at sea level of 14.7 psia).
Thus, the reverse diffusion of oxygen gas into the envelope
will cause a maximum rise in pressure about of 2.5 psia. Such
a rise in pressure is usefui in offsetting the substantial
tensile relaxation of the envelope (with resultant increase in

25
the internal volume of the enclosure) where all of the gas



becone flat. Special filmmterials my be devel oped to reduce 25 t he

col d-cracki ng problem However, these filmmaterials nore suitable for cold
tenperature tend to becone nore perneable to -33- the pressurized gas at
roomtenperature. The perneability n%y be reduced, in accordance with this
isnvention, by incorporating crystélpiné conponents or nol ecul ar segnment & #0
the elastonmeric filmto restore the loss of perneability caused by
attenpting tPosgible. (A% anfexample, coest (presentlyrmadsi nflated| foptwear t
in greater gas perneabilit One of the practical advantages of controliiﬂg

per eab | CERESTES. VRLZRNbA e A FBSSIaAN HRR Farid ey made 2d
Lo retent| oregFerrhate pelviratians tiis hecknes | Rdas o wes derneab L ity
rmd:F ' ; ”gﬁi_ﬁfi ﬁér‘r’é’é’% f?#ﬁ#é??%%re _b%'? ﬁ%eﬁ%ﬁbﬁs}@ﬁ%ﬁ%&h%ﬁ Pﬁgﬂf’w
G crb S it Ered e £ 85O0 LS AU o B LD UF Snan,
Ponpear S ouaYEE, | foter Bisdd tifn Ti's he FlsadPiitHdd GO ML Mmay be

enl arge t0 am@éRMEte CAdFEFsély a fPetCed by o LaEerai ilydfd)ets fi | M5 or

those of higher 20 nmodul us.” This increased growth, tensile relaxation or
creep, provi{igstabPl DEYY  tNdW SEhgcotiRérybased ddodntérpdty IietiNe crrenwt ch

changes over tinme. By adding a crystalline material to the filmmaterial,
t he nmodul us cémmérsiali formsof nfoetwealr Arprotection against moisture is
10 achieved by encapsulating thé inflated componént in a foamed KJ
midsole. This operation is costly and the foam of the midsoier
while it increasgs'fatigue life of the céiiposite product,
tends to detract from the beneficial chshioning and eﬁergy
return prcpérties of the inflated producﬁ and greatly adds to
15 the weight.of the shoe. By impérting a crystaliine property to
the barrier film, e.g., the ether-based £ilm, the latter may
be used in footwear'having long service life aﬁd the moisture
degradation problem is largely eliminated.
Another examp;e of the édvantages of the improved barrieg\)
5p  film material of this invention is the ncold-cracking®
problem. The prior art supergas inflated products when exposed
to low eﬁvironmental temperatures of below about ;o degrees F
tend to develop fatigue craéks in the elastomeric film and
becomé flat. Speciél film materials may be developed to reduce
the cold-cracking problem. However, these film materials more

25
suitable for cold temperature tend to become more permeable to



al so the flow of the captive gas is reduced and the product is 25 abl e
to maintain .inflatant pressure with a conparatively snall - 34 - change
in.confirguration without the need to over inflate the product. On the other
hand, there are certain types of prodycgts, such a tensile-type units, see
Fi gives 11, 11 A and 11B of the 5 ‘agglrcation previously identified,
which tend to over inflate in the first 3 to 6 nonths of inflation,since

the nature of t4he PReSSWrized, Famat Froon temperatyne. The,pargeabilisy mA¥
o oduels do. |+ 1Re draduRadn 1 arqondanse ot this Lvpnbies Bl non
Chuse product s FSOEPaiR 6, SiRtiII Y, cEfipRentE, a7 B0IssULAF, sEpBAAts to
Cryetal e o/, Ahadtdid (2 lef1xP B reR TR R Ho3d 83 Bhrmbdpinity 15

crystal line nolecular segnents “ar n or

used to formt |ﬁ§%§i ﬁ?ﬁaﬁ oo rediice THRERT eSB! be
used and Pi ght tl:\T‘Qel ght Qﬁ esémeix ensi \’}"'ed envel ope%?ﬁﬁégrl an g§3$§§g§¥g
The foll owi ng 1Y GHIKIHAPF d18d> FERNILAINS giidatre Jascpeeheanlsepli ve

gases that effectively act "as supergases in accordance with this invention.

20 One cubi ¢ dritoPftHEn pravetizial adivatitag@sy ofN¢ontrdtlings F.
LBS/[err] DOLLARS OF VAPOR PER OR GAS
LB permeability and diffusion pumping relates to matching the

tensile relaxation properties of the product with the changes
\/;. 10 in pressure due to retention of the captive gas and diffusion
of the mobile gas. For example, in some prdducts it is
desirable to use a film either with a lower modulus of
elasticity or thinner gage to provide a softer feel to the
cushioning device. With lower gage or lower modulus, there is
15 a greater tendency for the captive gas to diffuse through the
film. To compensate for such loss,.the device may be over-
inflated slightly. However, due to the thinness or modulus of
the film, the envelope tends to enlarge to a greater extent
than would be the case with thicker films or those of higher
20 modulus. This increased growth, tensile relaxation or creep,
provides a product whose geometry is not quite that desired or
which changes over time. By adding a crystalline material to
the film material, the modulus of elasticity is increased and
also the flow of the captive gas is reduced and the product is

25 ablé to maintain inflatant pressure with a comparatively small '



AT 25 PSI G AND 70 DEGREES F. 25 Hexafl uor oet hane 1. 00:

S7. 19 (Supergas) - 35- SquurQe&quuoride 1 05 .
$5.90. (Supergas) Nitrogen _ 0.19 .~ $0.09
Air 0. 20, ' zero Al though not

cl assed ascbapgegapesonfiguxagion wigboutathehneed dirdvier tins liatle dhehewe
because, fromthe standpoints of availability, cost and weight they are
excel | ent preducknt 10 candidates. In order fully to utilize these -
gases, upwards of 70 percent by weight of the envelope filmpmay be

Crystalline. TheB, thRGCHBREHDEDApEReRE ARe: FOFTLAIN ¢ YRS A% BERNGE Soo™~

reduced proportionall However , I s understood .that, the use of ver

smal | percEBFagEstGP?g19§F¥Pﬁ H@i#éveﬁﬁa F, res llﬂ A i1 af ¢
L SR A T
fsg?ste)e(lgt [ ?Fncggﬁ g%f?ﬁgga%\?e_rs d‘iﬂ‘%&’l?(foom &ﬁ?&)‘ﬁg‘r i \:‘ﬁf trﬁaep&aﬁﬂ‘:@t 17 ne, R
comos 1o MRPoPHAE kel HhakTenstes 1A vy, IV SlHehe ot Tl

or segment gnL81bPet Ns9Kcl’ thid® internal volume of the product cannot

change as other products do, the diffusion of air into the
10 elastomeric and non crystalline envelope causes over o
pressurization. While one could store these products for 3 to e
12 months to achieve a steady state inflation pressure, this
is not practical from a commercial view point. If crystalline
molecular segments are included in or added to the material
15 used to form the tensile type products, less expensive captive
gases may be ﬁs;d and light weight and less expensive envelope
materials may be used. The following table éompares two
supergases with less expensive captive gases that effectively
act as_Supergases in accordance with this invention.
20 one cubic foot of gas or vapor at 25 psig and 70 Aegrees /
F.
LBS/FT2 DOLLARS
OF VAPOR ’ PER
OR GAS LB

AT 25 PSIG
AND 70 DEGREES F.

25
Hexafluoroethane 1.00 ) - §7.19
(Supergas)



el ast®neric material as the matrix which binds together the 25
crystalline.elenment.s. The elastoneric material provides good fatigue

resi stance and the desired physical- @®perties of - 36 - nodul us of

el asticity, elongation, manufacturing processability and heat-sealability.
The\crystal |l i ne conponents provide the enhanced gas diffusion barrier. In
this way, the elastoneric properties of the conposite structure 5 . exi st

up to the boungyligirHesdarradrddast oneric s crystalline el enent $5Q090t he
structure. Thus, the crystalline materials do not haVE to bend and flex to
any st'gni fi cant(sig@ryasynd are not subject to fatigue stresses.

Heat -seal ability is acconplished within the elastoneric portion of the
conposite. 10 Nitrogem\ext, attention shdWdi® be directed to Fi gu$ds09
through - 16F which illustrate various inflated products in accordante
with thig invekimn. Figures 8 to 8E ill &{2®te a heel wedge 50 &&¥he
|atter 15 renoved froma nold in which the envelope 53 is initially formned.
The wedge 50 includes a curved rear wall 54 integrally fornmed with top and
bottomwal | s 56 and 57, the latter being thinner than the rear

LI for
added cushi oni ng andAkthouah maty classad A% SURATEASES H%é"ﬁ’o}ﬁ%%&ﬁ@&n‘hav‘

and rear walls are side walls 58 and 59, the latter includi porti.on 8a
and 59a whi ch Aeen radded tondhe FARLe Sreve DeRAURA. SR the Skandpoints”of

port one. by’ ¢ r AARIARLLIHN GREE S AT G 4D delignty dnkiardty
thinner igan pocratr{é)ﬂfaéessa. aﬂ\d 051'9 er %Hy) o Jmfzeearth‘@el ggéeiss, upwards of
~ 70 percent by weight of the envelope film may be crystalline.
Thus, the weight of parent thermoplastic material would be
.reduced proportionally. However, it is_understood that the use
of very small percentages of crystalline material are

15 included within the scope of this invention, so as to control
' the diffusion of both oxygen and nitrogen gas as both are
mobile gases. Addition of crystalline materials to the costly
elastomeric materials can produce a composite material with
substantial cost savings over using 100% elastomeric

] 20 polyurethane, for example.

A good way to visualize some of the above concepts of
using a composite material comprising both elastomeric and
crystalline components or segments is to think of the |
elastomeric material as the matrix which binds together the
25 crystalline elements. The elastomeric material provideé good
| fatigue resistance and the desired physical properties of



slightly angled along its outer peripheral surface 54a for 25 strength
and rear foot support and stability. Visibility of the cushioning product
is also an inportant marketing _-§g- consideration. As renmoved fromthe
mol d, the front end 62 of the wedge’?s open. It is understood that the

mat eri al of'enveI?Pe contains both elastoneric and crystalline material S\/

as descri bedmosiulus of elpgticdty,yelongatdiosy, manufactawdag n Figures 9 to

9D, the envel ope 50 is.qrocessed tao form myl tiple chanbers, filled with a
captive gas RPCESHAPILIILY ?é'gngﬁeﬁ%ﬁ ofhe crystatddne 61-66 -

crtend bet v bR ke e Bl o n® iy FARGIS Pl G200TS
ore, o7 e DU ol 413 ool o0 e iBatdinagnL clagter s

is knognei N hast hpb ['R'°\|/:v t{@' %%agii%g&?}:‘&% d15%t @nﬁnﬁagﬁstiaaliﬁe

desira (as wth 0 to el mnate € “separ.

R F.wel ding ghiementdy of thaCseridtared Mhuaaviche %ﬁ&%ﬂ&ﬁi&%&?@%ﬁﬁ §§

nol d nove inwardly during the nn!ding_procedure to formthe webs _
the envel ope ngat have tb' BEnAPANd ifleX ¢S adly Hi@lxﬁltala:w&l asgléaw afd are
i's

shaped and pressed together while the 20 envel ope materi a

sem - nol t en, notssabject £bi Carighee stiressessecleatisealabilielyyigr tacky

i nner el astoneric surfaces are held in contact, under pressure, until the

mat eri al s f ugccomplisbed withipr thedelastbmeriicr portioacet the pomposttey
10 Next, attention should be directed to Figures 8 through . .
16F which illustrate various inflated products in accordance ™
with this invention. Figures 8 to 8E illustrate a heel wedge
50 as the latter is removed from a mold-in'which the envelope
53 is initially formed. The wedge 50 includes a curved rear

15 wall 54 integrally formed with top and bottom walls 56 and 57,

| the latter being thinner than the rear wall foélédded

cushioning and flexibility. Integrally formed with the top,
bottom and rear walls are side walls 58 and 59, the latter
‘including portions 58a and 59a.which are thicker than the top.

20 and bottom walls. As illustrated, the thicker portions of thegu)
"envelope are joined to the thinner portions by transition
sections. Portions 58b and 59b of the side walls are thinner
than portions 58a and 59a. As shown, thé'rear wall S4 is
slightly angled‘along its outer peripheral'surfgce 54a for

25 strength and rear foot support and stability..visibility of

the cushioning product is also an important marketing



described R F. welding step. It has been found that the 25 reliability
of these welds can be substantially inproved if the surfaces to be joined
are prined, as by injecting a - -38- "coupling agent” such as Dow Silane X
16106 as a vapor, into the pressurizing gas used in the bl ow nol di ng
prodeUre. Further, for certain very-séVere fatigue applications, a

| 2?882335 4 o ordShelddnatighy s EelNE Aod BT o3 ?@fc'?ﬁ-e 1) 8ot
nd bt 11 ons 72 agE e e one] fa dGibedbd YR GRF b 06 7

and tions 72a an r'i nmed. ni I on not s

attached to ch 185 fé’éJl%ﬁﬁs?‘tﬂ&Eh %astdﬁéﬂtﬁeﬁg’t&ﬁ%m%iﬁ materials,

descri bed, and then seal e as I's known int t. "The chanbers may
all be in flui dagod@sek-DsddoNn W th each other to provide an inflated
cushi oned heel wedge for use in footwear. However, the chanbers may al so be

i ndependept chanber stn PERS héxE espéfatidn £ EXTustested cinl Figureava@l o bD,
the next Pew nonths after initial inflation, oxygen gas wll diffuse from

envi ronnent al atheienveldpe S50 sl procéspsd tto | forme anel tiplepchamber(ss) fligtled
about 2.5 psi. The initial pressure level will be largely determ ned by the
cushi oni ng | evevitiesareaptiveigas |and seaked stAsiSeen ain Figure 9 ansu9d,othe
bet ween 20 and 30 psig is satisfactory. In sonme instances, it may b

e
desirabl e to i nthambersi61=66 yextend petiesn %he aide waldssand ane: joined to

steady state pressure being about 2.5 psj over the .initial ressure.
Y P chambers 67%and 68 (seep% gure 9C) which exté%d Qiong the side

W, 10 walls. The various champers are formed by R-F welding to
provide webs 70 between.the adjacent chambers. It is
understood, however, that other forms of heat sealing may be
used, as is known in the art. R-F welding is preferred.

Also, in some cases, it is desirable (as with "blow
15 molding") to eliminate the separate R.F.welding step. This is
accdmplished by having the side sections of the mold move

inwardly during the molding procedure to form the webs 70.

Thus, the envelope'material from opposite sides of the

cushioning device is shaped and pressed together while the

20 envelope material is semi-molten, viscous or sticky. The

clean, semi-molten, sticky or tacky inner elastomeric surfaces

are held in contact, under pressure, until the materials fuse
and cool. This procedure therefore replaces the previously
described R.F. welding step. It has been found that the
reliability of these welds can be substantially improved if

25 :
the surfaces to be joined are primed, as by injecting a



One of the inportant advantages of this invention is 25 apparent from
the device of Figure 9. As noted, there is no substantial expansion of the
envel ope over the period of -39- diffusion punping. The overall  ° )
di mensi ons of the envel ope renmai n.wgghin about 3 to 5% of the original

di mensi ons. Thus, the shape and geonetry of the part remain fairly conseht
- over the peri 8gouplingnagent!l asuchsastPew Silanegk 16IGGAHLR Yapomurigite
and through the useful life of the product. Figures 10 and QA illustrate a
variation of the REessSWE4gingogasrused in therblow melding procedunad
essentially of three parts, the third part 78 being a film material of e

tyge desc[]i beﬁ“ﬁgaeﬁhi tar; §eﬁtﬁ-"sgamds?ﬁﬁ?rfTW$f‘Hw%i°%eé s 79

80 T . ml . 8 . | S1Te

Sgsmonedelb%ts'ﬁreengégh: : Sﬁ%ﬂéf@@%ﬂﬂ@ bY 29eSPHA, R R anthning
: ot ! | 3

5 are on thePRUGERaRSr b onEeRke) § Fefantd Y leddeedic Ing urkbi it Bt

| ower part. T§s£$ﬁbiagé§€iéﬁggﬁepgfial chanber and all the chanbers are

i nt erconnect e ar-formof the invention also indicates the

relatively conpl exeRgrpge _deﬂaogy%fs& hRip 'Wdélé’édfﬁ@éidﬁi & delh 13 Frtce
with this invention. In making the part just described, I't Is necessary 20
either to preEﬁ&mﬂhSn&’e{:dftﬁ&ﬁs_ $2a and &b odiFle Srimndd S A aHA 1At fiows hi on,
or to introduce a release agent in the appropriate locations so that only

two of the thtepeshaetssibvh,|map beostt@thed to chamber 66 for inflation

10 with a captive gas, as dgscribed,:and then sealed off, as is Q_)
known in the art. The chambers may all be in fluid N
communication with each other to.provide an inflated cushioned
heel wedge for use in footwear..ﬁowever, the chambers may also:
be independent chambers, pressurized at-differént pressure

15 levels. In the next few months after initial ;ntlation, oxygen
gas will diffuse from environmental air into the sealed
envelope to incteasc the pressu:e(s) by about 2.5 psi. The
initial pressure level will be iargely determined by the
cushioning level desired. typically a final steady state

20 pressure of between 20 and 30 psig is satisfactory. In some
instances, it may be desirable ﬁo inflate_initiglly to a
greater or lesser pressure, the final steadj state pressure
being about 2.5 psi over the initial pressure.

One of the important advantages of this invention is

25 apparent from the device of Figure 9. As nqted,_there is no
substantial expansion of the envelope over the period of



Figure 11 through 11D illustrate a tensile type of heel 25 wedge 90 which
contains a single chanber but which incorporates a tensile elenent .92. The
advant ages of this type -40- of product are described in detail in the
prior application referred to above. In addition to those advantages, the
tensi)e type product of this inventiop9okfers advantages over and above the
prior tensile type product. The tensile elenent, 92 may be of nylon or

pol yest er havi rélﬁf'ﬁ-'fﬂ%!‘ ByRP g orithe ipverdl haltinansinns ¢f fthe, enviediope
filaments 96 extendjng

t the t . R tati) f abrj, t t b
used-dre three BeRRER W ’gq’rgle%&“&?\t,\& ﬁepqr&e)s n, a‘i’J‘IF’Ye gﬁcﬁ%&ﬁq&"@gﬁ%‘“& '
R Toved bar 1 cHiesRape) S g etmetRE ST e HRrh At 21y, Sondthi ayer
94 d 95 fi t t,he | f t
ond 00 13 coa JHhESEriSa BF FO0m i ORE YR#Blesdl, AR ¥ Pusitn 1 07
whi ch b . L iy | LNt ai th
T on) dhd pobrpihd Pafia TENFORE knd s AP J frd” TG proqiel 2 1 11
or cont oured el at | Opy kg g i USSR PHBN ke SRR AETSId 1285 heel

|

t hrough the envel ope t ncrease the internal pressure by about 2.5 psi,

but the top andybdgésnassttfbédNbn Ntk Alelwedge 078 Olg efbrmbide ewbentiagddy of
whi ch the 20 tenSile product of this invention has over that previously
described is thehréécpatterttivé tieiwvd | parte z&deing iz timaaterdal cf dhe
The di nensional tolerances of the part are very stable and the product is
not over infl attype described and which is heat sealed to portions of the

N\ 10 sheets 79 and 80. The third or intermediate sheet 78 of
elastomeric material is positioned between barrier members 79
and 80 of the previously formed part prior to welding. In this
form, some of the welds 81, 81la, 82,'83, 84 and 85 are on the
upper portion, while other welds 81, 86, 87, 88 are on the

' 15 lowef part. There is also a peripheral chamber and all the
chambers are interconnected. This particular form of the
invention also indicates the relatively complex parts and
products that may be fabricated in accordance with this

- invention. In making the part ﬁust described, it is necessary
20 either_to preform the welds 81a, 82, 83, 84 and 85 in a
sequential fashion, or to introduce a release agent in the
appropriate locations so that only two of the three sheets
will join together:
Figure 11 through 11D illustrate a tensile type of heel
o5  wedge 90 which contains a single chamber but which

ihcorporates a tensile element .92. The advantages of this type



This product is unique fromthe other products described 25 in that it

achi eves 100% pneumati ¢ support w thout detraction - 41 - J of |
- non-supporting wel dnments joining together the upper and |ower -barrier -
surfaces in the |oad supporting areps. The inflated size, shape, and’

geonetry of this tensile product is Very precisely controlled, and it \J/
cannot grow r eIl YAr=\Y e rized

unusual |y h'iég#;l pl[};oedsus%tr ?g:éi&gs.&% tig?% aplgli é.'}x %;e\ﬂwég%st @ig‘iqﬁ’k‘ggf‘on
punpi ng i s FEddd P UBRd ET gaaf' S S Yav ef able t
be adapted easily into %g%éspcetgd 'tt}rérf' "Zy%jé‘ﬁ{ orratqua?rlattr?%dt Shgng

procedures. tEisi¥OtPe iproduct JF Lhi% invdrtidd BERId QuVaf¥ages over

manuf act uri ng environnments nmuch better than was possible with thé prior art

products. Furidebove thdipricttemsiliodytie priodutt.l TheDtensitedtlefignt! ed
| evel and degree of cushioning, conpliance and resiliency throughout its

si gni figant |92 ederiedf ifylicner polyesterchaviny @hEipstoandssecondt
products. Steady state internal pressure is reached within a few nonths and
at a |l evel whinflade poaxhitore 93,095 enidh ttensidia ifilamentsu9s, extending
supergas or nitrogen is used as the initial inflatant captive gas. If air
is uséd as thetwesn ithe itwa.aRepresgntatiye fiahrigs-sbatemaynbe usedrape as
earlier discussed._ The inportant fact is that the product does not

si gni fi cant IShRafidensiconddralosk Stifich o yovam oradeublennegdierbar
steady stat ‘izaisrghle ! ik%r}. rpFi":SéSal\erc si.n'l‘%er %Iu teirveeln\<reir_<]:%ret .9t8i g\%'y be of any of
10 ‘the improved barrier materials herein described and the spaced U
surfaée portions 94 and 95 are affixed to the top and bottom
.wall of the envelope. The front end 99 is sealed and the
envelope is initially i-nfl.ated with a captive gas which.may be
any of those mentioned. The tensile elements 92 maintain the
15 top and bottom walls of the inflated product in essentially
parallel or ¢ontoured relation. During diffusion pumping,
oxygen gas diffuses through the .e_nvelope to increase the
internal pressure by about 2.5 psi, but the top and bottom
walls remain parallel or contoured. The advantage which the o
20 tensile product of this invention has over that previously ~
déscribed is that the effect of tensile relaxation is largely
controlled. The dimensional tolerances of the part are very
stable and the product is not over inflated.

This product is unique from the other products described

25 in that it achieves 100% pneumatic support without detraction



The latter is inportant in the manufacture of footwear on a 25

commerci al basis and through the use of autonmated equi pnent. -42-
Figures '12 through 12E illustrate a full length and inflated sol e el ement
100 in-accordance with this invention4the latter is renoved fromthe nold.
The %ear wall 102 is curved and slanted, as already described and somewhat

t hi cker than the top and bottomwalls 103 and 105. Portions of the side
wal |'s 106 and 87 naMmRYRRArting weldments, Jodiningetogrkher theoupaen and

i 0 of “the. MeMeh BALaR, SAnEATem ST e JARA BUPPPERLBISERSBNG ot or
Ind the entl 1o st r ol dhelased, shd,f fhipk? Cand GebnRiky COE Hhfs  eRRELe

Lo al Fow wit naPReuch: W vy Bbd&t sy BnErbitels BA0. 1 BURASE bod 6F7
138 P11 bt rat e THATES, eAgrAEchRtLy WRn uhigh PRopRRL1xE, o0 SHhotafty Mign

a'plurality of p3pacRFdd)alN@.S 1bd teP200! pdiBY RiRbwise)!¥nefqieessidd.
The front end i's also peripherally sealed and parts 115a and 115b are 20

trimed away t @uiipitigld s? pravidedy’ controddedInehentihdghedsprbdact nisi al |y
inflated with a captive gas, as described and the fill section is seal ed.
Wien assenbl ed therefenscable ko bel adaptedceasidy dntophight spéedcttuberkey”
to be seen through the side wall, i.e., a visible inflated cushion.
automated manufacturing procedures. The product is also able
N\ 10 - to withstand extreme manufacturing environments much better
than was possible with the prior art products. Furthermore,
this tensile product retains the precise and desired level and
degree of cushioning, compliance and resiliency'throughodt its
significantly extended lifetime, as compared with the prior
15 art products.

Steady state internal pressure is reached within a few
months and at a level which is about 2.5 psi over the initial
pressure, assuming supergas or nitrogen is used as the initial
inflatant captive gas. If air is used as the initial inflatant

20 ‘gas, the pressure tends to drop, as earlier discussed. The
important fact is that the product does not significantly
change configuration or dimension and reaches the desired
steady state inflation pressure in a rélatively short tinme.

The latter is important in the manufacture of footwear on a

25 commercial basis and through the use of automated equipment.



25 It is understood that these devices may be conpartnentilized in
any desired arrangenent, with each -43- separate chanber pressurlzed at
the sane or at any different desired pressurized pressure |evel.

Conversely, sone or all of the chagbers may be jOIned by narrow sonic
venturi or simlar flowrestricting passages. Fi gures- 14 thréudh

I nj ecti on or b iﬁm%"ge Féﬁ%”%“ﬁm"“ ke ”'“%%n%‘md of
(seo i gur o Singabad shLcf)emeik "B DO dcbnstinet HHH Pl 3 ”@e' :
b7 oduct ”vafé?g”%?%# hf%“?éré’é# T G r’laaét Sﬁ%’iﬁﬂ” 1
roduct 19 | GHFEFACnd pHERELScad ladul ek Y U Aomellay eH1NNR
thi ckest porghgR n drbéthf‘% el 52 dldP and Nfog h'mbﬂée'dlgth'%e

f or ef o®t portlon 135 atter being Interconnect by a sloping transition

section 137.gj8e wanQUfodrm NUE? 2 Féhg | the i i -sectiion Arie ehdlckeraHEhans
138 with the webs 139 which extend transversely and 20 communi cat e whi ch

peri pheral cthebeopwddd portidr, ds weas it Ritvunte L ZAF Moredviergt ¢he side
product in accordance with this invention which may be forned by bl ow

nol di ng or byaYhcportiomnlio9 orecthe gireside df dthe fuotatia thfickerd thamctthe
materials. Bl ow nol ding, however, is the preferred technique.
side wall portion 110 on the outer side of the foot, as seen
10 in Figure 12C. The front end 112 is qpen and the entire Q;)
structure is essentially planer, as contrasted to being
tapered. The open end 112 as shown in Figqure 12E is bell-
mouthed in shape to allow withdrawal of a mandrel if injection
molding is used. Hdwever, if the part is blow molded, this
15 would not be required. -

Figures 13 and 13A illustrate the finishing operations
which include hgat sealing to form a plurality of spaced
chambers 113 separated by a plurality of wvebs 114. The front
end is also peripherally sealed and parts 115a and 115b are
20 trimme§ away to provide a rounded front end. The envelope is
then initially inflated with a captive gas, as described and
the £fill section is sealed. When assembled to footwear, the
full sole element may permit the chambers to be seen through
the side wall, i.e., a visible inflated cushion.

It is understood that these devices may be

25
compartmentilized in any desired arrangement, with each



25 The filmthickness of this formof the invention regardl ess of how

formed, |ike the thinnest filmthickness of the other -44 - forms, may
be from5 mls to 50 ails, but filmthicknesses in the range of 20 to 25
mls are preferred. The full length inflated sole 150 i ncludes both

genardl Iy transverse chanbers 151 and general ly | ongitudi nal chanbers 153

i n the heel portion 155. The heel portion is thicker than the forefoot
portion 156, theséparaie tchamberripmpgminizedoata thapsane oraati anyndifferent
158., As al ready described thé various chanbers are separated by wel d bands
160.°+n sorme caskesinrdd pegssuxizedpremsunecleviels| Conyersedyqt BORe o52allpof
see Figure 16D. The general transverse orientation of the welds and .
chanbers in the the exs)inAy thehdeined, bymagrom: 8RS ﬁ’?“\%ﬁé&e8§ gimilar
heel portion does not requjre the same type of flexibility. To pronote

f or ef oot and Iat%%QH-??%Sﬁiﬁﬂ#ﬂ%upﬂﬁﬁ§99€ére si dewal | flex notches 165

i acent 19 each ot heRiareR oih Chastmth A th d Ty kel &) £d 1, BERECPrffige 125
Cr 08 SeCt1 o0 Rty et "Gy WY SUkEly ShiuReer U, BHOG Worbkey. 1o
rpr oved barri erSPRYEh e BESRIC T e iR AP . UR BigReeIOC ekl
FRsEs e Orec B Onbl 5 o4 RS TIRT Dt e 9109w Tace
Figure 14A) and the sole has a tapered configuration. The sag
— 10 portion moves out of the way to permit extraction of the
mandrel. The product, after initial formation, is then
processed to provide a a cushioninq device as illustrated in
Figures 15 through 15D.
The finished product is inflated and includes a variable
15 thickness profile, the thickest portion 130 being in the heel
section, the thinnest being the forefoot portion 135, the
latter being interconnect by a slbping transition section 137.
The various drawings also illustrate a plurality of chambers
138 with the webs 139 which extend transversely and
20  communicate which peripheral cbahbers_l&O and 141.
| Figures 16 through 16F illustrate a product in accordance
with this invention which may be formed by blow molding or by
vacuum forming techniques or from separately formed sheet
maferials. Blow molding, however, is the preferred technique.
25 The film thickness of this form of the invention regardless of
how formed, like the thinnest f£ilm thickness of the other



25 chanbers are all interconnected. -45- While the various forns

Il lustrated show i nterconmuni cati ng chanbers with essentially free fl ow of
t he captive gas and the nobile gas between the chanbers, it is understood
that the various conpartnents nay be partially 5 connected with
flowrestricted passages, or the-pugaduct may be fornmed of chanbers whi Cle
are fully independent of other chanbers, inflated to different pressure

| evel s and iffmRed®ay,dq ron famids &0 ls ndut fidmshigknessese in
tensile prodyct of Figure 11. 10 The various products describe

t hese fi guré%r’@%%&n@@ 9 35 RdP Areprefieryest articles of footwed,

primarily athleti g a l,ei,sure shoes. .In sugh anpl i.cati o ese infl ated
products may be s e &Ineé@\;r?:;alsc’gief %oeﬁf'cé‘ﬁgﬁ&i ﬁ’@%?% genf)ralaiy
conpl etely l.ared.i 5 i I ,dsole f en ul_at ed
onl'y on the YA Lrahdes® 151, W BentaTyiTP ongd T RhRR R
surfaces for : o] 3 C lsat.ed O
portioh to alss?ﬁgﬁpw&nwit%qisgs?a }‘zf)meﬂ’?’?&si% aﬁgd%gﬁ%ego:ég%mand
bott om portiygs fyjle ot ildi 1%, TleCtwd) portiiohas bedh m&w’ %
marketing reasons, 5) sa ag iten1(4?§but exgbsing only sgfgcte pgﬁ?ions
of the sidexaerdi tiainsitioreBedtIdn188.0As" 32 reaidyPdekceived &ngo! ded
"Foot bed", 7) used with no encapsul ati on foam what soever. In addition to
the additi orva¥icus/ Shanbets #lecSeParatedi bydbweld ®ands A0QMTH some
crystalline properties nmay be inparted by
cases, the weld sections are relatively short sections 162,
10 see Figure 16D. The general transverse orientation of the o
. welds and chambers in the forefoot region tends to promote
flexibility whereas the heel portion does not require the same
type of flexibility. To promote forefoot and lateral
_flexibility, there are sidewall flex notches 165 provided in
‘15 the form of truncatéd apertures with the small diameter ends
adjacent to each other as shown. Both of the above measures
decrease the cross-section moment of inertia of the mid-sole
to cause the shoe to flex easily during the toe-off phase of
running. ' o
g | W,
20 Like the other forms of this invention, the inflated
product is made of an envelope which is an improved barrier
for captive gases and a perméable barrier for the mobile gases
mentioned. As in the other forms, there is a peripheral
chamber on the medial and lateral side and the various

,5 ~ Chambers are all interconnected.



ot her techniques. one is to lamnate different materials -46- together,
but this nmust be done carefully to prevent del am nation of* the conponents.
For- exanpl e, |am nated products have been used in the packaging industry to
prevent, passage of oxygen gas into a seal ed package. These packaging - 5

| ani hates are general |y not satisfactof§ for the present invention since

t he conposites have poor heat seal qualities or rapidly fail due to

cracking caused by fahidiee theadiaxgoush€ormsc didusitraitedashower at ed
satisfactorily was the co- lamnation of polyvinyl vinylidene chloride
copoﬁyﬁer and a imtercammunicatiing chambleirisnwithe essentiiallyufireenflow of the
fabricated fromsuch material had acceptable barrier properties, but the
conposi t e del anigaptive gas and che aoblilegasd betweenc thehghamberys, it is

i nt er medi at e bondi ng agent such as silicone QL6106 or - PAPI 50 is used, the
proper time-tenpfidangtoad thatothe yapiouss coppartaents: may beepankiaddyon
process, results could be inproved. Such  tine and tenperature control

i nvol ved the usEVMeLtReh( %!%Trﬁlsgé,ct@@um&aﬂeﬁh grcthe prequchhpay be
can [1eeze he Gahald e Tahale 128! i YIS, naRpthont lnf GEhbR ©
par et 1 a5t Ol DUAEYUR D SRR LR RS Ral, ERPOLE RS insraped
e hoc, S S T hitg LSS BRIt CHE EREOTE"
bl endi ng or co- &Qlda{fcrﬁ' zdpq.-i%eoquqnt
- 10 The various products desc:ibed in these figures are
designed to be-used as midsoles of articles of footwear,
primarily athletic and leisure shoes. In such an application
these inflated products may be used in any one of several
different embodiments: 1) combletely encapsulated in a
15 . éuitable midsole foam, 2) encapsulated only on the top portion
of the unit to fill-in and smooth-out the uneven surfaces for
added'comfgrt under the foot, 3) enéapsulated on the bottom
portion to assist attachmeht of the outsole, 4) encapsulated
W on the top ah& bottom portions but exposing the perimeter
20 sides for cosmetic and marketing reasons, 5) same as item (4)
but exposing only selected portions of the sides of the unit,
6) encapsulated on the top portion by a molded "Footbed®, 7)
used with no'encapsulation foam whatsoever.
In addition to the addition of crystalline materials to a
25 host elastomer, crystalline properties may be imparted by

other techniques. One is to laminate different materials



el astoneric polymer with highly crystalline polyners as -47-

pol yet hyl ene terephthal ate (PET), acrylic copolyners, polyvinylidene

~chl oride copol yners, polyester copolyner elastoners, ultra thin [iquid )
crystal densely packed fibrous nol ecul ar chai ns, pol yurethane-nyl on Bl ends
and other 5 pol yur et hane bl ends, 4for exanpl e. Qther approaches invol ¥g/

the use of : ¢¥gedHEYeBAE tRUsOhASE beCa8nkh gger kCk, on to an
ultra-thin flgﬁible | ayer ofspolyethylengétgggggghg?afg ?gé¥%?bin

conbi nati onqerhlinaBPbiueet BRECCcEmPOhEfeS. f Fbi BRhAplal 5 1afinakkltra-thin
liquid crystal polymer layer(s) within the elastoneric matrix, consisti

of densely predadtéi havasbaehecusedr inhehé_sFaanagli.hg RAdustry Yot Prevent
uret hanes;. elastoneric and crystalline alloys; glass filled thernoplastic
ur et hanes spa$sage" 8faekpgénngasr intBASFs€aled; packaggl aThesel padkayihg
rei nforced thernopl astic urethanes; copol yesters of the hard crystalline
segmentss of laménabesasrecgeneyalliyhnotssahiistactovyl fori thel presents;
thernopl astic el astoners having appropriate proportions of soft rubbery
conponent s invenkipPnasinae the efampogitesyhavespaprobeaghseatnauatitiesuch
20  as (1) thernpgplastic co olgners oi oléethers and ister suah as

P8 dingq

aIternating°5I§§R1ﬁ yyfail du sBPt crask censad, bycfatigue,lop
ol assy SryoLal | B SYoBRLTEh1SROUED! Snel 213 WAE ERactar sy om, Foesco-
Ler T 25t SuPRLEFhE B8 ShATHEAR) Sy AhEHEnd cRTor 10k 83851 Fber ana
10 urethane elastomer film. The_ip:lated cushions fabricated fromg-J
such material had acceptable barrier properties, but the '
composite delaminated under pféséure. It:was discovered that
if an intermediate bonding'ageht such as_silicdne. Q16106 or
PAPI 50 is used, the propér tiﬁe-temperature relationship was
15 observed during the lamination éfécess, results could be
improved. Such time and temperature control inQalved the use
of a heated platen press, coupled with a cold press which can
freeze the dif:e:ent materia;s tégether ﬁnder pressure.
In addition to the methods de#crihed for increasing the
20 crystalline content of the §arent eiastomeric film by mixing -
in discfetg pieces of particulate crystalline material or by
joining_thg elastomeric material to sﬁructurél elenents of
crystalline material,_there_are:othef approaches. One
approach,.mentioned_;bove, is on ﬁhe molécula# scale. This

25 approach involves blending or cofpolymerizing the pareht
_elastomeric polymer with highly crystalline polymers as



polypropoxylene chl ori nated pol yet hyl ene (crystalline) and - 48-
et hyl ene vinyl acetate copolyner (EVA) (rubbery); chlorobutyl rubber
(rubbery) and pol ypropyl ene (crystalline); copolynmers of polyethers and

am nes;. pol yurethane hyper blends such pol yur et hanes and nyl ons; styrene
bl oc opolynmers in 5 conbi nati on W different elastomeric

m d- segnent s, such as (1 polybutadlenes (2) polyisopropenes, (3) ethylene
but adi enes, (4) RRI¥R raphthalates( t:orﬂm IdeRedYmerse: her

I I I Kev| I t I I f
tnﬁ'ée%?l gu;ntcygde 1po i/esteis :Féy% ee\lé;ﬂar acr%'lofcpqriaxeeél a s né ons o
wool and nlxture ereof addl 1,0 anoa{ r.0 r achleV| an
i nproved barrier® m T s&%%?ﬁﬂﬁé ?aﬂ]ﬁ?% b(;pus
vacuum net al | i zi o] fi..a thi one or
bot h surfaces ofllp éﬁ%téﬁ%ﬁéj §°31¥8‘Iﬁe & W on tb%'#alal%qtg\? needs
to be only_a fe Rolsl ess in order to be
effective. °The n%¥%*&fex){ﬁ§ é on Q?ﬁﬂﬁﬁFﬂe outer or inner surface of
the film wth the i rgeﬁf& G VIV tafe Wl O tva‘é?ﬂ‘mb%e ‘11:%9 a

asto ric s

| am nat e between two eets. ‘Good bonds may be 20 achieve

bet ween mating ﬁéémﬁiéﬁ | et %wlﬂ?ﬂiwtﬂlﬁ@é W(ﬁwﬁrpﬁﬂm%a.n
ot her than R F. ondlng techniques. Early in the devel opnent of this

i nvention, bl endel esilsle Ay &t prl yatintldnd teraphthadte|{PET)jatiey i al s
for controlling diffusion of an inflated product. These attenpts 25 to

i npart crystal | iconbination edtilnra [pfodiyirethere: elastomer f£ilm material;
N\ 10 ultra-thin liquid crystal polymer layer(s) within the
elastomeric matrix, consisting of densely packed fibrous
molecular chains; acrylic polymers with urethanes; elastomeric
and crysﬁalline alloys:; glass filled thermoplastic urethanes
such as "Elastollon" from BASF Corp.:; fiberglass filled or
15 . reinforced thermoplastic urethanes; copolyesters of the hard
crystalline segments of thermoplastic polyurethanes and
thermoplastic elastomers; thermoplastic elastomers having
appropriate proportions of soft rubbery components in
W | combination with hard glassy crystallographic materials such
20 as (1) thermoplastic copolymers of polyethers and esters such
" as alternating block polymers of_soft-rubbery polymer segments
with hard glassy crystalline PET polymer segments, (2) styrene
(crystalline)/butadiene (rubbery)/styrene (crystalline) block
polymers; thermoplastic polyolefin'elastomers, including
25 blends of ethylene-propylene rubber with crystalline
polypropoxylene; chlorinated polyethylene (crystalline) and



entirely successful in that the resultant products did not - 49- possess
sonme of the properties deened inportant to the practice of the inventiopw
For exanple, blends of polyvinyl chloride and el astomneric urethane produced
fils that had good dielectric pr opeﬁ}i_es for RRF welding and good fatigue.5
resi stance. The diffusion rates of e gases was | ower than that of

uret hane alone. The difficulty was.tensile relaxation or creep in that the
inflated pretimgilens vihy) adetldte Gopsliyned ZEVA)DfrubbRisy) ;e cNlbrobutyl
eventual | y explode. This was especially true in warmclinmtes. 10

Pol yet hyl enerubker dribbary) tand ol ypropylene qcrystaliline)ut copolytmed a
| ubri cant when bl ended with pol yurethane.. Slip planes existed between the
pol yet hyl en@fapbliyetherss ande aninesst (polyurethanen hyperhdlendss such as
insufficient cross- |inking between the crystalline and el astoneric
conponent s. pryurethanesuiand aydions wetynenshhladk: coped ymerssdin/e

el ongation due to tensile relaxation.. Later tests indicated that at |east
10% criss- | iGaukihatdem sitdhs fif farantc elastoneri mid-segments,o such ak
material s useable in inflated cushion ere diffusion punpi i S inportant
to maintain {refiybutadienes,, () Yg;%r?pﬁ‘?q?ov‘:’avﬁ %é‘%hi ch may

be used in gacgordance with this . nvention. Paolyurethane_ha rQved f o be an
excel l ent t Féitrﬁ%%'c (Eélqa ne ﬁz]%yfl&nel%gq iﬁfn#@%sdp% rﬁ’ﬁ i ons of
inflated pr n I d- . j k e 25
during the ﬁ%‘éﬁ:tcﬁme nr&yelgé:r%s%g%‘r%gre %l‘l%rle%?il dﬁgear?\@é% éﬁ*yﬁt' ‘i'a%%, %rgﬁry'
acrylic materials, nylons of the various types, polypropylene,

10 polyesters of all types, cotton, wool and mixtures thereof. o/

In addition, another approach for achieving an improved
barrier enclosure for control of diffusion pumping is the use
of vacuum metallizing or vacuum deposition of ﬁ thin metallic
layer on one or both surfaces of the elastomeric element. Such

15 a metallic layer needs to be.ohly a few millionths of an inch
in thickness in order to be effective. The metal deposit may
be on either the outer or inner surface of the film, with the
inner surface being preferred. Also, it can be used as a
laminate between two.elastbmeric sheets. Good bonds may be W
20 achieved between mating elastomeric.layers using conventional
bonding processes, other than R.F. bonding techniques..

Early in the development of this invention, blends were
compounded of crystalline and elastomeric materials for
controlling diffusion.ot an inflated product. These attempts

25 to impart crystallinity by molecular blending were not '

entirely successful in that the resultant products did not



choi ce for blending or copolynerizing"ﬁﬁth'a crystal l'i ne - 50 - polyner
as PET The .physical properties of this polyurethane are as foll ows:

Dur onet er,
7000 to 10, 000

80A to | COA Tensile Strength, psi
5 El ongati on at brea 350 Modul us of

El asticity at 100% el ongation (psi) ~ 2000 to 3000 Tear
strength (I bs per inch)2 500 Taber gbrasion

4 10 D el ectRA%Sef% SNy of the prop

o Ao dRRATtADt 5 the

i.st Excel l.ent 1. ber, ASTM.D- 1044 CS17 \Weel .. .10Q0 | oad
Cosoeyeres. £ PadTls e REIRR N oL Ualls kb, BE B,

5000~¢ycl es.
15 alternati

p:)l ar or CI’ yst a?%%%t%ﬁ%%%% Q%eegcﬁgﬁg%@@& g&l’%%r %&%&’s hryé} IyO\éd
ormal servi oo TSRA Ll SECHREA AR MRty Hh Sodd MBI 7

pol yner chgi_ ni oﬁf‘;@‘{ &0 The 4 oD Kl éi‘)'t‘ﬂegtqﬂesaﬁﬂsx'flwlﬁtmth%n

4- and 2,

ne di 1 socyanate, chal n-extended wth butane diol. Wen

heated, the harghfe@Eiretiide albidle THE alifidulayhas ltendild eeleneitdon
the segnents reharden and |ink the soft segnents to give a solid-state

structure sim|l

oF dredpdnytatsttie inflated products would gradually grow in
size under pressure and eventually explode. This was |
especially true in warm climates.

Polyethylene was considered to be a good barrier material
but it acted as a lubricant when blended with polyu:ethane.
Slip planes existed. between the polyethylene and the
elastomeric urethane. Apparently there was insufficient cross-
linking between the crystalline and elastomeric components.
The result, again, was uncontrolled and excessive elongation
due to tensile relaxation. Later tests indicated that at least
10% cross-linking was necessary to prevent these problems and
to provide materials useable in inflated cushions where
diffusion pdmping is important to maintain pressure. Thus, new

materials are now available which may be used in accorgance

- with this invention.

N 10
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Polyurethane has proved to be an excellent thermoplastic
elastomerié film for use in hundreds of millions of inflated
products manufactured and sold world-wide by Nike Shoe Company
during fhe last ten years. Therefore, it is an excellent

choice for blending or copolymerizing with a crystalline



-51- rubber. Because these polynmers do not retain phase separation or
structure in the nelt, they are easily processed. Because the soft

el astonmer segnents are polar, they are quite readily heat-seal abl e,
especially with RF dielectric heat2&ealing. 5 - Their superior fleéxural

fatigue properties hav eep denpnstrated in tens of thousands of several/
tests with B&Bypﬁfbﬁﬁ gﬁ%m g gﬂ&?'ﬁﬂi REPReFREdegsofcthigspplyusethane

mllions of s f letic and |l eisure shoes. In order to retain the
above state&ggsgén?P&ﬁBH§Chanical 10 properties and manufacturing \~)

advantageszpwgbhgtggducing t he perneabiIi?éﬁgggtg595iln1to supergas and

nitrogen, I S necessary to blend the po ot her pol ar pol yners.

of particuI?%ngqigrgigggﬁghblgggs W th pogésahgbeggcﬁﬁgephthalate (PET)

pol yester. 'S a con safi ®n pol ymer madé by r g 15 di et hyl

terephéhalakgowbhhighhxteggeg ycol . Biaxially ggbented PET filmfinds w de
application. OnMng to extrenely | ow noi sture absorption of PET, nechani cal

properties moQulust o2l EYastatiegt 8¢ Pgogum dity. Greater inpact resistance
is available with new toughened grades of PET. These material s’ 20 are

based on PEglehgatdenr (psiyys. Reinforced266d €6/ 3088s are al so avail able
and useful. Another thernoplastic elastoner parent material that can be
bl ended or copol ynerized with crystalline elenents is "HYTREL" (trade nane
of the Du Pont Conpany); Hytrel can alsg 25 ° be processed by conventi onal
t her nopl ast Tearestrength. (Toscper 1ncht$ationsSOOSsess the requisite
physi cal properties of :

Taber abrasionl ' 4

10 Dielectric heat seal Excéllént ~

Flexural fatigue resistance Excellent

1. Taber ASTM D-1044 CS17 Wheel, 1000 grams load, 5000 cycles.

2. ASTM D-1044

Polyurethane is a thermoplastic eléstomer with
15 alternating block copolymers having segments (20%) of a hard,
| hith} polar or érystalline material 1inked by Seqments (80%)

of amorphous eiastomeric materials (polyesfers or polyethers)
which are rubber-like at normal service temperatures. The hard v/
and soft segments alternate along the polymer chain. The hard

20 blocks typically consist of a mixture of 2, 4- and 2, 6-
toluene diisocyanate, chain-extended with butane diol. When
heated, the hard segments melt and the material becomes fluid.
When cooled, the segments reharden and link ﬁhe soft segments

to give a solid-state structure similar to thermoplastic



-52- nelt-point,

t-ensil e strength, elongation, fl exural modul us, fatigue

resi stance and tear strength. Hytrel has 40 to 80 percent hard segnents and
60.-to 20 percent soft segnents. Although hydrolytic instability can be a
problemit can be 5 reduced to acceptable | evels through the addition of
Stiboxol . The harder Hytrel fornulations have excellent |ow gas diffusion
rates but are too stiff for air-cushi applications. The softer

fornul ati ons (4Piblséw: cBecavset thesélypobymefs6dd oo xeetdin) phase gapdration
flexural properties but 10 | ack | ow perneability properties. Using the
appredches out | onestiucture fpptheamélt, they are easily iprocessed.biBecause
or copolynerizing with crystalline polyners. Still another good

t her nopl asti ¢ pthersofitit elastoner "segquentsaxe rpelkaranthey ane qudte;readily
Corp.). Riteflex 540 15 and Tieflex 547, with durﬁneters of 40D and ,47D

are typi cal

neeareealable, cesperial by siltdh R

jheat-sealdng.

| di d ext ' 30 ;
e ol o exweﬁé;fg”@ggg;gggg% ssﬁ%mﬁ@%ﬁe?ﬂs#%i’ﬁfﬁe P8 and are

crystallide.
in the 380-420
this invention

Sggr ee ‘?egg ' Be’??le‘”t’ hﬁ%ﬁiﬁh?‘g g§€-§?%e %’t O%tgl ons

di d i h
uch materal s #%b?ﬁﬂééﬁéééﬁuﬁéﬂéé” LN 2#%’*% URCE S FUN LR
ei ther thernopl 2841 fof §§t ngn%lfC a ended’%lﬁdsqn applies to

such material s

the nore highly crysta I|ne e enent s

r copol yneri zed

with the parent pol yfRrof@er to retain the above stated essential mechanical

~ 10
15
20
25

properties and manufacturing advantages,lvhile reducing the
permeability of the film to supergas and nitrogen, it is
necessary to blend the polymers with other polar polymers. Of
particular interest are blends with polyethylene terephthalate
(PET) polyester. It is a condensation polymer made by reacting
dimethyl terephthalate with ethylene glycol. Biaxially
oriented PET film finds wide application. Owing to extremely
low moisture absorpfion of PET, mechanical properties are
virtualiy unaffected by humidity. Greater impact resistance is
available with new toughened grades of PET. These materials
are baéed on PET/elastomer alloys. Reinforced PET polymers are
also available and useful.

Another thermoplastic elastomer parent material that can
be blended or copolymerized with crystalline elements is

"HYTREL" (trade name of the Du Pont Company). Hytrel can also

- be processed by conventional thermoplastic techniques. Several

formulations possess the requisite physical properties of



- 53 - achieve desired control of rates of diffusion punping and
perneability. To understand better the differences between the present

i nvention and the prior diffusion punping technique and the 5 i
advant ages of the present invention, reference is made to Figures 17-19.
Curve A of Figure 17 illustrates<ti® pressure trend with tine that woul dh/

take pl ace i 1 L Z Ly L ' i sSeal lyoRe Ich has
a constant vo eajr:rlte t eé'e%eel#%gieéna ?ﬁﬁ"doeeﬁonr%%lsﬁqﬁeﬁhe?&&%& \%{ﬁ Y8
inflated at 1 | 4 & ' Gt 1@1,&@ c ant
parti al press%%igvﬁh#%jfgh!e&gﬁeeﬁ%? és{zfan, t’%’e | nterlngagg?ggg'&?e%%t \J
continues to péfCentiNdrd!sbimenes Ma %' 24 fepéﬁeﬁk Qo seghignts, hi S

pressure rise is due to theé diffusion punping of nitrogen gas, ‘curve C of

Figure 17 andaDtheuglyiydifolyths instaei ity ddifibd id) probliemd T2 Hant be

environmental air. Curve Ais the sumof curves C and D added to the
initial 20 psredudédiitoracceptalls clévwsldthirough Ahd-addition of Stidoxol.
nont hs, enough nitrogen gas will have diffused into the envelope to create
a partial prctherhardemiHyteelh fomsnulatiinms Have psicelliendnilow, galse parti al
pressure of oxygen gas will be 3.1 psi. The sum of these two pressures
added to the d¥ffugion rrates ibuk iare goestiff Fow aig~gushion of curve A
after 6 nonths. Curve, A of Figure 17 is, however, an idealized case which

25  provi dePRPHFARIINS The RQLEAT Koraplatipna {4900 shoxer duometsirupi ng
techni que Vm%?yttz?elf‘ tfo%é -Ofgczy re":?asmpqeasn al:\)r'e %%O%Ct_fliaéxuzal properties but
10 lack lowfpermgability properties. Using the approaches Q_).
outlined in this application, this can be rectified by
blending or copolymerizing with crystalline polymers.
Still another good'thérméplastic_parent material is
"RITEFLEX" (tradg name of the Cellangge Corp.). Riteflex 540
15 and_Tieflex-547, with durometers of 460 and 47D_are typical
éandidates which can be processed in conventional injection
molding.and extrusion equipment. The materials are 30 to 40
percent crystalline. Melt temperatures are somewhat lower than
the Hygrels, gnd are in the 380-420 degrees F ranée. i
20 It should be understood that this invention is not ~
limited to the thgrmoplastic elastomer formulations discussed |
in this application as parent'envelope materials, but includes
such materials in the genefal sense. The thermoplastic
materials can be either thermoplastic or thermoset. The same
25  generalization applies to the mo:é highly crystalline elements

which are blended or copolymerized with_the parent polymer to



-54- case of diffusion punping of an inflated lLoad carrying device is
illustrated.in curve B of Figure 17. The latter curve is identical to curve
A of Figure 9 of the '626 patent and Figure 13 of the 250 patent which is
the case of an actual AIR SOLE 5 usi ng pol yurethane film and pressurized
wi t R_F 116 supergas. |In conparing thesideal i zed curve A with the actual
device, curve B, it is seen that the pressure in curve B is considerably

| ower than the achkeve atesirad cOntroksefiratisd foff diffusiovupumpingnsante

rel axation of the film or 10 stretching thereof, and the outward

di f fugi on | oss permealibktyhe supergas. As seen, curve B rises quite

qui ckly as the oxygen and nitrogen gas are diffusion punged i nwardly durin

the first 4 to 6 norXhungderskand kptter gkhe diffarencess G&F&Fna§9PnP£§sen%
vent | on.  our AAvaRten and, e ok P LR, FERRI0R, CP6hDIRYEc SRA the
"vent | orb ( conAHANAH ST, RhE reseht e . AXsReEa" Ts nble’ Bo°

G £7usi on punpeidiRde chir 0 e P St BT Y Radbsrratitel tndprossure
Do e, o Ch SR Sofu 13 MR WBEl | (i YAl Ui in 18A2TRAH Ndmiting

curves G and H curves It I's seen‘that wth the inprove

o RS SRUEE M adaAiN SRSl et o g volamgane
partial pressurénvéldpé 'eieer IFE dée®Mot Btirdtdh) and which is inflated at
N\ 10 20 psi with a supergas (Freon 116) which has a constant
partial pressure within the envelope. As seen, the internal
pressure continues to rise until stabilized at a pressure
level of 34.7 psig. This pressure rise is due to the diffusion
pumping of nitrogen gas, curve C of Figure 17 and of oxygen
15 gas, curve D of that figure, from ambient environmental air.
Curve A is the sum of curves C and D added to the initial 20
psi inflation as represented by curve A. For example, after 6
months, enough nitrogen gas will have diffused into the
envelope to create a partial pressure of nitrogen gas of 10.8
20 psi. Likewise, the partial pressure of oxygen gas will be 3.1
psi. The sum of these two pressures added to the initial
pressurization éives the 33.9 psig value of curve A éfter 6
months.
Curve A of Figure 17 is, however, an idealized case which

25 provides a convenient manner of describing the prior diffusion

pumping technique when related -to curves C and D. An actual



-55 - while that of oxygen is 2.9 psi. Oxygen diffusion punps nore rapidly
than nitrogen. These partial pressures when added to the 20 psi initial
inflation pressure give the total pressure of 26 psi of curve E. 5 . .
Again, it is seen.that curve F which is the actual data for a |l oad carrying
device of the present invention is bgwer in pressure than the idealized\J
curve E. However, the difference between. the actual and idealized curves

i n accor danceade ot [diF funidn ipimping %%Sahh%fd%adoioE&gH&ergn T8bvike
because the inproved barrier filmmterial of this invention re u%es o

further the ne niAllustdated dinveutvd B oFi Pigakesuper ¥R Bﬂﬂt&f‘ecﬁﬁéoi@ad
filmmterial of this invention has reduced tensile relaxation. The result

is that the iidenttizalydocnrve y ofufigure acodr thece626t batént and cpidere
15 remains relatively constant over tinme. The differences between curves
E and F is pli3nef [thed @500 padenit! vhichaist the casehoffahnadtealisRIR oSCLEf
supergas pressure is very slight over the long term Figure 19 superinposes
t he dat@ froWsdngupedyurethanes fida andapressurized| withofh 21¢/supergas: o

14 years to illustrate the_inproved pressure nai ntenance in accordance with
this inventi ¢t GOPRATHDG ithe gé@?éiﬂeénﬁuFYeiﬁ withcthetagtuahddeyiaeure of

curve B starts to fall,.rather drastically after the first 4 nt hs, durin
which time tEYS &y i¥ dsééf‘ugfﬁ %b&gﬁrﬁﬁ#g@r gﬂi ev’i"ﬂu%nf%,the r api q

diffusion puggilg Qr21¥953wa2% Bk’ 28" 148873264 6488, Tl plsilid the
difference is due to tensile felaxation of the film, or
10 stretching thereof, and the outward diffusion loss of some of “/
the sﬁpergié; As seen, curve B rises quite:quickly as the
oxygen and nitrogen gas are difquion3pumped inwardly during
the first 4 to 6 months of inflation.
Figure 18 présents data, again as pressure trend versus
15 time for products in accordance with this invention. Curves E,
F, G, and H cqrrespond respectively to curves A, B, C, and D
of Figure 17. Curve E is an idealized case in accordance with
this invention (constant volume and constant supergas internal
partial pressure). Curve G is nitrogen gas partial pressure O
20 which has diffusion pumped into the device while curve H is
the oxygen gas partial pressure which has been diffusion
pumped into the device. In comparing curves G and H with
curves C and D, it is seen that with the improVed barrier film
in accordance with this invention, inwarad diffusion of.oxygen
25 and nitrogeh gas occurs more slowly. For example, after 6

months the partial pressure of nitrogen gas is only 3.1 psi



-56- enclosure. As tinme passes, the pressure continues to fall, so that
after 2 1/2 years, the pressure has decreased back to [err] 20 psi initial
inflation pressure. After 4 years, the pressure-has dropped to 17 psig and
continues to fall. By contrast, curve F, representing the present

i nvention, never experiences a drop 1rPdressure, but in fact exhibits a
~continued gradugihiiéetidt me%s%emats' 2 lohpshr.e nl @YeEesDoR p@mPs more
steady state constant val ue of psig after about "7 years. Data from
curves B and F fedpidiy aHaminitiodemid These patialdpiessares ouliencadded to
tabitdt ed to show nore effectively the advantages of the present invention,
as follows: Tinethe 20 @givddnmitial inflavion pressure ggetzzﬁu tota) pressure

(psi | mprovenent 1 year 22.8 15% 2
years 21.0 of 26 psPaflcurve E. 29% 15 3 years 18. 2

27.3 50% 5 years 14.5 27.5 90% 7 years
12.0 5 27. 7 Again, it isisesnTithas curyei Fdwbich iscthepae rdata

| ong term 20 pressuri zation that can be obtained in accordance with this
i nvention. Long forr m tloead cayryiing deyigeofn¢henpyeseptninventionsis ( Lover
using F 116, air,Z and nitrogen gas, as shQwn in the graphs. Acceptable

pressurizati on tierpressure;thad the ddealized curve E.| Heuewsbe the.

SUPergases, Of | 1% S eteen tri 2etual i’ Welihed’ Subed’ 109"
accordance with this invention is less than data of Figqure 17.

U 19 This is because the improved barrier film material of this
invention reduces further the normally slow outward diffusion
of supergas and the improved film material of this invention
has reduced tensile relaxation. The result is that the
inflated volume of products in accordance with this invention

remains relatively constant over time. The differences between

s
curves E and F is primarily due to tensile relaxation of the
£ilm because loss of supergas pressure is very slight over the
long term.
| Figure 19 superimposes the data from Figures 17 and 18
~ 20 and expands the scale from 2 1/2 years to 14 years to

illusfrate the improved pressure maintenance in accordance
with this invention. In comparing curve B and F, it is seen
that the pressure of curve B starts to fall rather drastically
after the first 4 months, during which time the pressure had
actually risen quite rapidly due to the rapid diffusion

AR
Ul

pumping of oxygen and nitrogen gases (curves C and _D) into the _



-57- Curve F of Figure 19 represents the case of the inproved barrier
material of this invention where oxygen gas is.the nobile gas, reaching a
full partial pressure of 3.1 psi in one year, and nitrogen is the ‘ _
sem -nobi | e gas, reaching a full 1lsg psi partial pressure in 12 years. As

I ndicated fromcurve F, it is possible to obtain very |long term pernmanen

i nflation w thi nvel. ' dance with this invention, ver,
one possi bl eé%i;%%%t a‘géeqpf;‘“% R%?gggé' prat RFLFHER LY "S"i“ﬁit%:?%\fla s‘?_/\
coupl e of yegk: ' ) S sl ( | ) n_the ;
initial infl at?%n“&%‘gs’urljz %ﬁ#g?%gﬁee %b‘?u g‘%#ei’ ¥/ "uerﬁ%%?ﬁi rﬁ#‘g‘?i%‘?\h%-/h
a mxture ofa@i s?nﬁﬂmgﬁﬁ 3 | | F h

super gases, i.e‘?, one that di Jfﬂ%’é@nglrpéeéﬂ%élglyé% ?gaéegrréa'n}%fﬁlgérsrse%e
sol ution in 1es lrbpped VEd Fﬂ:(éi?wand ¢oWeIHUY td Sedilitial Iy to inflate
with 100% nitrogen gas. Curve of Figure 20 represents the pressure-time
relatlgpshlp for By darkirdst ) ewrwe 0P Cfeprdsentlinfg ithe Prddent) invéntion,
pressurized with 100% nitrogen gas. Curve | shows the reverse diffusion of
the partial mewes expertidicestbidropxinmprassurd), but M fdut axlivits a
while curve J is the partial pressure of nitrogen gas within the enclosure.
Curve K is t¢pntined gradual Irisel in pressureamtilhdhe grugsury deofells of
curve Kis only 10%of the initial inflation pressure, which is quite
accept abl e. WEFE0 ihSteady stakeeanatant valae 91128 psdgpiafiteds aboute| W
the 20 psi- initial inflation‘fressure until about 5 1/2 years have el apsed.

This is conHRRSd Daka | fxan FWARs & And F for the actual two load
carrying devices can be tabulated to show more effectively the \J

10
' advantages of the present invention, as follows:
Time Curve B Curve F Percent
(psi) (psi - Improvement
l year  22.8 26.2 15%
15 2 years 21.0 27.1 29%
3 years 18.2 27.3 50%
5 years  14.5 0 27.8 | 90%
7 years 12.0 27.7 130%
These data indicate the improvement in long term _
pressu:ization'that can'be-éhtained in accordance with this ~

20
'~ invention. Long term tests confirm the new and unique long

~ term results using F 116, air and nitrogen gas, as shown in
the graphs. Acceptable pressurization therefore can be
achieved with lesser, less expensive supergases, or in the

25 limiting case, inflation with air or nitrogen..



- 58 - permanent inflation and is achieved by inflating with an avail abl e,

| nexpensi ve -and harml ess gas, nitrogen gas. Figure 21 is a conposite of the
three types of diffusion punping already described in the prior graphs.
Curve Bis the 5 prior diffusion.pggpLng with a supergas. Curve F is

di f f"#<i on punping in accordance with this invention, using supergas and

mobi | e oxygen and capukvé P bEOFSGuP@SEs réPrySelits Stid cadd B £ rfé"iéggfoved
but initial inflation is at .20 psig using pure nitrogen gas in place

supgrgas. 10  barrieki gatepid? b8 enDd ZAvéhtish Méred ahfytn Jdd/Cig!rage i N
accortance with this invention in order to understand better the diffusion
phenonena descr mbbdlel gasj oreacRingtdefglyspattial presaunie of H/DWsi in one
enl arged about 1000 times and are securely bonded to the el astoneric

mat eri al of theyeap,oandlhitrogenrisrthaysemi+mobike fgasy irdaching e, fulkie
crystalline material may be crystalline mesh or fibrous fabric material
bonded segurel yl4e6t peicpastbadrpressucei th 12 ysazsihahs vindiratedifxon gurve

nol ecul ar attachnment. The small arrows illustrate the flow (activated
di ffusi on) of tFe Alfiatpessible torebtain verycleng &emm pemmanentbingkation
air .through the harrie material. Ip activated diffusion, the inf]atant

gases first conMdkBdNoAN: ABVELPRE iRAGEREAIACE Helhh it #qqqﬂtqqﬂﬁyﬂowever,
M grate {0 oo e bk ikl 8 S Sali S0 P BE Al ORRONS 7 pus
O e 72, BRARk KB A BE el LUK do PR MR Pl '

U 10 higher) than the initial inflation pressure. This can be
mitigated by initial inflation with a mixture of air and
supergas, or by inflating with one of the lesser supergases,
i.e., one that diffuses more rapidly.

A better and preferred solution in accordance with this
15 invention, is initially to inflate with 100% nitrogen gas.
Curve K of Figure 20 represents the pressure~time relationship
for a prodﬁct in accordance with.this invention initially
pressurized with 100% nitrogen gas. Curve I shows the reverse
diftusion of the partial pressure of the mobile oxygen gas
20 into the enclosure while curve J is the partial pressure of
nitrogén gas within the enclosure. Curve K is the sum of
curves I and J. As is seen, the pressure "overshot" of curve X
is only 10% of the initial inflation pressure, which is quite
acceptable. Also, the initial pressure does not start dropping
below the 20 psi initial inflation pressure until about S5 1/2

25
years have elapsed. This is considered excellent long-term



-59- inflatant nmediumthrough the barrier envel ope and the inward reverse
diffusion of air. This is illustrated diagrammtically by the bent, arrows
i mpi ngi ng on the surfaces of the 'Crﬁét alline material, thereby deflecting
the flow around the 5 crystalli el enents, and subsequently crowdi ng

or squeezing_the f| i t.hin.the ro t ' ti ons/
of the oryel patmandht fnirdal ich® I [ £ SR2E0EE BP AT AR R

th h th t | C s i.a)s j ' ial. 10
TR b EVRTINEY,C iR 1 LR RatRfed 044 y S Macddin THSL &0 1D

Cross-section is qﬁgﬁye?g_lb%s]st he &;,M’%@ug Ngf "B &' ¢t ee WY ISdE of rdiSfus i’
of in -

essentially zero f atant nmedium This, conbined with the fact

that the ela g aT¥eddy?ldetir D5ed VihSther prson ataplmo Clrve i Brig cthe
supergas 15 I ff'usion, results in a very effective nmechanismfor control

of diffusi on prisy UL ££us idh punpingweithca sopergasci Gurenmd simidiffusion

i nfl atfon pressures, over a substantially greater tinme period thereby

provi ding a ipiglpinPriny atcvrdangervithpthiscinventions Ms$ing ssypergrs nand
Figure 23 is simlar to that of 20 Figure 22 except that the crystalline
el ements are mobile oxyaeidand rcaptkiee asitregen gases: Lurvetiels tthe $RMGg
securely attached thereto, as in Figure 22, through the use of appropriate
bondi ng or casplduxyeric ek émiimlddihélﬁﬁrﬁmhﬁu?%,2?)r%’s‘5‘i|r‘és’a"§)1£ RYIR

whi ch is needed to achieve a 25 good nechani cal or chem cal bond. If a
good bond i s midiregen SAS imPlage ¥ $8BerAAR: gure 23, voids exist around
t he

10 Figures 22 through 24 illustrate various structures in o
accordance with this invention in order to understand better =
the diffusion phendmena_descrihed. In figure 22, the
crystalline elements angghown;enlarged about 1000 times and

are securely bonded to thé elastoméric material of the improve
15 barrier layer. In the form iliustr?ted, the crystalline
material may be crystalline mesh or fibrous fabric material
bonded securely to the elastomeric'maﬁerial as by adhesive,
mechanical or molecular attachmeht. The small arrows
illustrate the flow (activated diffusion) of the inflatant
20 medium or reverse diffusion of a@bient air through the barrie\_)
material. In activated diffusion, the inflatant gases first
condense on the outer surfaces of the barrier film, then
migrate throuéh the film in the liquid state, to emerge on the
opposite side of the film and then re-evaporate as a gas. As

25 indicéted in Figure 22, the crystalline elements effectively

' form a blockage or flow restriction to the movement of the



-60- crystalline elements or structure. These voids are illustrated in
Figure 23 as concentric rings or spaces around the idealized crystalline

el enents illustrated for purposes of explanation. The arrows, which

i ndi caté the novenent of the 5 inflatant nedium are shown to nove into

t he_voi ds and sel ectively transport very easily and quickly. through the

path of |east rgafesheant meebamdthyoudgle thedsariber | emgeloperand tife tinward
arrows, as conpared to Figure 22, are neant to indicate conparative ease of
transport of theevetbet dbffusionnosi abrioThisciiscklilustwated) diagrammatically
constricting flow at the narrow passages between adjacent portions of the
crystal | i ne nat byi 8he bent, arrows impinging on thedsurfaces f fthe i ve

conposite structure for control of diffusion punping to achieve a good, bond
bet ween t he eIasrystal&inerhateaﬁﬂlth§he¥9§Ya$¢2E%°éaﬁiw?Qﬁ éioqué%und the
el ements. This is also inportant in achievin accegiable

feriral satt usemeatgenonssrened, hed SRERRIAEH ol B o F ppesios
spheri cal m'ycr otheadiow gﬁ“%‘iﬂdﬁ%d?ﬁﬁﬁ?@r Ea?ﬁﬂﬁ?ﬁ\?#%%%?ﬁ)g% %&rtions
Thanthooe w i n o Ehe, rruptalishe " ipBuRte) "FE he, PAf1 LM 1R Eititfues
e bt ko mpUs, kh2BABR! tng' ot AbtBRERIC AL LFLALY ShEmidYe CTPOR | ©

is 25 about ' | unted and distorted arrows indicate the
fl ow i npi ngi ng %%9F%§9%3PF§§St§ Q? e beads and thus being

U 10 In the form illustrated in Figure 22, a large portion of
the barrier film cross-section is occupied by the crystalline
material, which permits essentially zero flow of inflatant
medium. This, combined-with'the fact that the elastomeric
'material basically is a reasonably good barrier to supergas
15 diffusion,.results in a very effective mechanism for control
of diffusion pumping, so as to achieve much more precise and
stable inflation pressures, over a substantially greater time
period thereby providing a much improved and superior product.
The form illustrated in Figure 23 is similar to that of
N 20 Figure 22 except that the crystalline elements arelmerely
imbedded in the elastomeric material, rather than being
' secureiy'attached thereto, as in Figure 22, through the use of
appropriate bonding or coupling procedures including
temperature, pressure and time which is needed to achieve a
good mechanical or chemical bond. If a good bond is not

25
achieved, as illustrated in Figure 23, voids exist around the



-61- deflected around the beads into the flow restricting passages between
adj acent beads. It is understood that the crystalline beads can al so be of
a larger size, solid rather than hollow, and nade fromcrystalline naterial .
ot her than glass. 5 Referring to Figure 25, the latter illustrates
one formof the invention in which ag I nproved barrier film200 is used o/
formthe envel ope to be pressurized. Ph=this form the barrier filmis in

the formof ZeEtNIine @leierits P stRICYNYE- IRl Wids hale iidlusirated
in which the host 10 - nmaterial 202 is an anorphous el astoneric material’
whose cryst alin Rilgurien@3ease tdncentr i admgse oxf spacesc apcund ithe segrren&d{
or elenents 203 which may be highly distorted, elongated or flattened out.
These hard cridead izede csygtalilsine edlementss illastratedaifor purpesesy of
di stri buted t hroughout 15 the host material. This may be achi eved by
appropri ate @xplanation.nFheh@npovs,i Whigh dnddcate \the moyement afhth@ues.
The distortion may be achieved by stretchin orﬁ'c’ig(r{:pressi ng ,the materi al

[

whil e the crydifdiatante mediug,are,shopn. tq gyt thec Vords, and esses
e Lot R, SRR o S el SIS TSR P
crystalline S YuddoWadl Rapls WP 53, GAIBAEL W Lot Bhun ps
oot ool Y S & Hiurs B2, e ek P U
comparative ease of transport of the inflgtant medium with
10 reduced croﬁding and constricting flow at_the narrow passages \)
betweeh adjaceht portions of the crystalliné material. Thus,
it is important in producing aﬁ effective composite structure
for control of diffusion pumpin§ to achievé a gécd bond
between the elastomer material and the crystalline material or
15 elements. This is also important in éénieving acceptable, long
term flexurai fatigué strength and life. |
The form illustrated in Figure 24 includes crystalline
elements in the form of thin walled, hollow giass spherical
micro-beads with random diameters rénqipq from.so to 200 U
20 microns or more. Beads with such various diameters are more
cost effective than those with uniforﬁ diameters, although the
latter may be used. As in Figures 22 and 23, the transport of
inflatant medium through the composite improved barrier
materi&l is shown by arrows. The enl@:gement of this view is
about 100,000 times. The blunted and distorfed arrows indicate

25
the flow impinging on the surface of the beads and thus being
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-62- In this form the barrier material is perneable to nobile gases,
sem -perneabl e to select captive gases and essentiall inperneable to
supergases. The scale illustrated is that which woul d be seen under an
el egtron microscope. Again the 5 - = &rows indicate the flow of the

mobiN-¢ gas throug%q; ;bﬁail’l er film In this formthe host materi al
conmpri sed of soft9 Around, the beads, é@%§%|q)@‘t Festryctingi passages

apparent to t hosdaRIgerAe m""qqs@“ar heads;o T 1o, % GAKGE Shatnebe] FTEREALhine

may used in a,mndf varleay Oﬁ‘@ %?UCHSF altgggga h@'gfsc%bg gﬂagaﬁgllow

f ocussed on f oot 9&&c '
t b d ts f thI t wJhli t t

| ndust 11 8 ”‘%t oA imady ol stvs¥atise” paterTan diner tRAB GkfRe70

seat cushi in gI O‘i?éte%rigsrggtt%tr‘ tge ’ ?ﬁl‘ﬁ 3%'& froril(iﬂgﬁ‘at% ”QRXVS orm

aircraft, pace vehi cl'es trial sea tresses

pi | I ows; packagi '}?%W ntilon 3 %1%'3@2#:0 %‘é%rti.)éﬁe?nﬁaf'é'b eﬁs ysed

and handl e grips enni s racquets power saws;

mounted or shock ¢§ of{al thed Privedopef t\babbo’;'&efsmzeﬂld 2R tRist POrAres
devices or uses which are apparent to those skilled in the art who are

fam liar with enasgrfde Filmndsaif eher Furacofr @ ¢onposdtan ?&m&x{é& and
resilient devices, as will be apparent fromthe above detail ed 25

di scl osure. anorphous-elastomeric barrier material in which the host
Y 10 material 202 is an amorphous elastomeric material whose

crystallinity increased by the presence of hard crystalline
segments or elements 20) which may be highly distorted,
elongated or flattened out. These hard crystalline segments
or elements are preferably uhitornly distributed thrquhout
iS the host material. This may be achieved by appropriate cross-
linking and grafting or other polymerization techniques. The
distortion may be achieved by stretching or compressing the
material while the crystals are in formation. The distortign
effectively stresses the crystal structure of the elements 203
N 20 in the host material with the result that there is an increase

in the cohesive energy density and the crystalline elenments

are far more effective as crystalline diffusion barrier
elements than those which have not been distorted. Side
204 is the interior wall of the envelope and side 205 is

25 the exterior side or ambient air side of the envelope.



CLAI MS: - 63 - 1. Aload carrying gas pressurized

cushi oni ng device conprising: a seal ed envel ope having at | east one chanber
formed by at |east spaced wall portions of a filmlike material; said film.
| i ke material being plastic, polar and el astoneric, and being of a
partially crystalline material whi6®@ permts the diffusion therethrough\oy

; d I d I ped
Bﬁégi_ﬂrlesﬁ'y at ) odB IR, Aepl 3&5 5?%2&%%?% i REEAFABIF) R peptre
her ot hr ough S0R% PRpi-FeraBabieled Qe1aht! PReiyh Gefds il feSantiat,

TR nta N Sal dyfathRGpile kASheR %gfa's@'sl y &aa%gsueﬁwed- :eargsttﬂa f usi on

t her et hrough o he internal pressure of said envel ope

bei ng the SUWhﬁEhth%u&ﬁrbbabeBHE%ﬁahﬁsaﬂfelEétEBh'htc?Bgcéﬁél'Vﬂqﬂﬂﬁesthg
A device as clainmed in Caim1, wherein said captive gas i S nitrogen gas.

3. A devi ce arorisaiingd cateClehiemelowder ¢he fobileagasvehgeaghnthadparpier
| east one supergas. - 64- 11111111111111111111111111111
film. In this form the host material comprised of soft
elastomeric segments or regions while the crystalline
segements or regions are of a hard crystalline material.
As should now be appareﬁt to those skilled in the art,

10 the pfoduéts of this invention ﬁay be used in a wide variety ()
of produéts, although the description has focussed on foot
wear. ror'example, the proddcts ih accordance with this
invention may be used in helmets for athletic, military,
construction, industrial, motorcycle, bicycle, or other

15 helmetéé_in saddles and seat cushions: in gloves or protective
gear; in seals for doors, windows, aircraft,.space vehicles,
industrial and oil field seals; matﬁresses and pillows;
packaging pfoducts: flotafion devices of various types:;
handles and handle grips for tenhis racquets, jack hammers, :

20 power saws; shock mounted or shock producing devices of ~
various types; and ény of the various devices or uses which

are apparent to those skilled in the art who are familiar with

energy absorbin§ and energy return deviceé and cushioning and

resilient devices, as will be apparent from the above detailed

25 disclosure.



4. A'device as clainmed in Claim1, wherein said crystalllne properties are

provided by a crystalline ma- terial contained mﬁthln_§§LQ_LLLHLLLke~————
material. 5. A device as clained in daim4, wherein said 5 cr m‘g

material is a fibrous material. 6. A dév e"as cl ai ned U“\mm\\[n
saﬂd,trystaléhgigggferiaI Is a crystalline platelet mat
as clained i 1, wherein said filmlike material i3 ah é]astonerlc

pol yur et hane poly- 10 ner. 8. A device as clained in daim1l, wherein the
cushioning device is a conponent of footwear. 9. A device as clained in

Cl aiun 8 wherein sai el c%:llnqlg? %}%S)é‘"%esd;ﬁ%d ﬁugﬁ%%g g:'éshlom.ng 10. A

device as cl ai ned |n d ai evice 1s a ful
l'ength sol e gRYRRRERbm };SlﬁgdeV|ce as clainmed in Caim8, wherein said
cushi oning device is oF a length less than the length of the footwear. 20

12. A device as cl a maled Gra»emdbe \M@Bmigw aa:alléa@tyml chasberterial is a
hi ghly crystalline scrim - 65 S * 13. A device

as claimed i fofmeldnb§y, athdeaist sgadedusbuanpbgtdenscefl fif lmehikepartly
f oam encapsul ated. 14. A device as clainmed in daim1, wherein said seal ed
envel ope i s materedadfy at | east two sheets of film5 mat eri al .

said film like material being plastic, polar and
elastomeric, and being of a partially crystalline
material which permits the diffusion therethrougp of
oxygen; |

said'envelope being iﬁitially pressurized to a
predetermined pressure by at least a captive gas
with respect to which said film like material acts as a
barrier to retard diffusion of the captive gas
therethrough;

said film material being able to retain said
captive gas to maintain said device at least partially
pressurized and to permit diffusion therethrough of a
\_ mobile gas; and

the internal pressure of said envelope being the

sum of the partial pressures of the mobile and captive

gases.

2. A device as claimed in Claim 1, wherein said

captive gas is nitrogen gas.

3. A device as claimed in Claim 1, wherein said

captive gas includes at least one supergas.



Total o metal alloy in a form Z‘eﬂect“‘éﬁr e'r Smsﬁ"hg mmmmsf of
zglaninéZVIEgmger lg!atelets S Slﬁnd ey SphFTﬁﬁ; ggterla{ i S
| ock stitched rr;t gl’l a?gfyl g %«?w é«? ﬁ%’ clq' ré% g'h(\l(tiy %’ﬁrf "\Aﬁér‘é’i n sai.

seal ed envebgpgcaf £AUPARee pL1 s UL LY BLaSEOAOLE Ve aPELRY glaTOerS

envel ope isfgpmpseaneala&alw BhihV8ai8l £6 8113 REChELeEJATDEr S. 19, A W,

device as claimed rn aim1l erein the internal pressure of said
envel ope i s above atnospheric 20 pressure. 20. A device as clained in
Claim 1, wherein said envel ope includes at |east one peripheral seam -

66 - 1111111151141 8bbhtkl bbl Bhhinbdl il c1A1¢PW,Conegethnaisard in O aim
1, wherein said crystalline properties are provided by a crystalline ma-

terial gj oi nefly$talliheamateptatuisasefPbroasdmatepiabte- rial. 5

22. A device as clained in Caim?21l, in which said crystalline material is
a thin netal layer. 23. A device as clained in Claim4, wherein said
crystalline material is a crystalline polyneric material. 24. A device as
clalned in Claim$6. wAedeviceaiag claimed in Claim 4, wherein said

crystalline material is a crystalllne platelet material.

7. A device as claimed in Claim 1, wherein said </
film like material is an elastomeric polyurethane poly-

10 mer.

8. A device as claimed in Claim 1, wherein the

cushioning device is a component of footwear.

9. A device as claimed in Claim 8 wherein said

cushioning device is a heel ped.

15 10. A device as claimed in Claim 8, wherein said

cushioning device is a full length sole component.

11. A device as claimed in Claim 8, wherein said
cushioning device is of a length less than the length of

the footwear.

20 12. A device as claimed in Claim 4, wherein said

crystalline material is a highly crystalline scrim.



10 fi I.m‘.I i ke material is-a mixture of polyneric matlmllmﬂ“ilw“m Il‘nne of
which is a crystalline material. 25. A devége-as cl ai

wherein said crystalline properties are provided by -a

pol yet hyl enet er epht hdi3at e Apfeprimel asratlaxdiimed id5Claim 8, ﬁﬁereAndsaude as
claiped in Caiml, wherein the filmlike material is conposed at least in
part of a ther%ﬁhagwegeﬂag%@ﬁe;s at. lpagtyvpartly foamnencapsqlatedd,
wherein said filmlike material is conposed at least in part of a 20
thernopl astic pol yester elastoner. 28. A device as clained in Caiml.
whéerein said nobile qas |ncludes at | east one gas conponent of air other
than nitrogen gas. device as claimed in| Claim 1 gherelggsalﬂ

device as clained,i Clal o wherein éh ca as |ncludes air

nitrogen or suﬁs?bﬁg Sﬂﬂefhg nbBi FErHE c?gdt§aﬁ yHER:. s@ﬁﬁt%\ﬂ%vfbkmas
clainmed iLn d aj 1 mh rein the 5 captive gas is nitrogen and the nobile
gas i ncPudes B8y° * 31. A nethod of producing a |oad carrying gas
pressurized and reS|I|ent cushi oni ng device conprising the steps of: 10
provi di ng an envel ope having at |east one chanber fornmed by at |east spaced

wal I portions of a fhlsh | hKge¥BLe' a3 claimed in Claim 1, wherein said
crystalline material is a metal or metal alloy in a form
selected from the group consisting of filaments, powder,

platelets, cloth, beads and micro-spheres.

10 16. A device as claimed in Claim 4, wherein said

crystalline material is lock stitched material.

17. A device és claimed in Claim 1, wherein said
sealed envelope is composed of a plurality of separately

sealed chambers.

15 18. A device as claimed in Claim 1, wherein said
Y, sealed envelope is composed of at least two intercon-

nected chambers.

19. A device as claimed in Claim 1, wherein the
internal pressure of said envelope is above atmospheric

20 pressure.

20. A device as claimed in Claim 1, wherein said

envelope includes at least one peripheral seam.



said filmlike material being plastic and el ast om| “mg jllli“ﬂ[ a '
15 which ®ermits t y A et hr'ough
d, -~ :

partially crystalline materi al
of oxygen; initialli pressurizing said envel ope to a predeter- mne

pressure
mat eri al

by at |ea$
acts as a barrier to retard diffusion_of the said one ga

S

a Bndeyisenashclaiped; ino Chaiian lsawbereim spid U

t her et hr oughSrpdtalline properties are;prPuidedi by anerystalling Mt he
abil- ity to retajn,said one gas.,to i ntain said device_at,] east
38 Bt tul

pressurized BfEE
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sheet like material.

hod as clained in Caim31 wherein said 10 envel ope is fornmed by
any one or a conbination of bl ow nolding, injection nolding, slush
casting, vacuum fops:, A device as claimed in Claim 4, wherein said

crystalline material is a crystalline polymeric material.

24. A device as claimed in Claim 1, wherein saiad

film like material is a mixture of polymeric materials at

least one of which is a crystalline material.

25. A device as claimed in Claim 1, wherein said

crystalline properties are provided by a

polyethyleneterephthalate polymeric material.

26. A device as claimed in Claim 1, wherein the

film like material is composed at least in part of a

thermoplastic elastomer.

27. A device as claimed in Claim 1, wherein said

film like material is composed at least in part of a

thermoplastic polyester elastomer.

28. A device as claimed in Claim 1, wherein said

mobile gas includes at least one ga§ cdmpdnent.of air

other than nitrogen gas.
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initi ressurizing includes ™ pressurizing to an“intern press
above at nosphegeq . pressure. 43. A method as clained in Caim31, mhereln
said gas diffusion properties of a partly crystalline material 15 are
provided by a crystalline material contained within said filmlike-
mat eri al .
31. A method of producing a load carrying gas

pressurized and resilient cushioning device comprising

\ the steps of:

10 providing an envelope having at least one chamber
formed by at least spaced wall portions of a film like
material; |

said film like material being plastic and
elastomeric and being of a partially crystalline material

15 which permits the diffusion therethrough of oxygen;

| initially pressurizing said envelope to a predeter-
mined pressuré by at least a one gas with respect to
which said film like material acts as a barrier to retard
diffusiqn of the said one gas therethrough;

20 said film material being characterized by the abil-
ity to retain said one gas to maintain said device at
least pertially pressurized and to permit diffusion
therethrough of a mobile gas;

sealing said envelope to contain said one gas; and

25 exposing said sealed envelope to ambient air

whereby a mobile gas in said ambient air diffuses into

said sealed envelope such that the internal pressure of
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terial joined to at | east one surface of the filmmate- 15 rial. 51. A
method as claimed in aim50, in which said crystalline nmaterial is a thin
metal layer. 52. A36et hadmesholaasedlanmedaim §laiwholei whesedncegial | i ne
materidal is a crystalline polyneric material. 20 53. A nmethod as
clainmed in Gee ngdd, isversapesgasl. filmlike material is a mxture of
polynmeric materials at

34. A method as claimed in Claim 31 wherein said

envelope is provided from flat sheet like material. *uJ

35. A method as claimed in Claim 31 wherein said
10 envelope is formed by any one or a combination of blow-
molding, injection molding, slush casting, vacuum form-

ing, roto molding, transfer molding and pressure forming.

36. A method as claimed in Claim 31 wherein said

envelope is formed of a thermoplastic material.

15 37. A method as claimed in Claim 31, wherein said

envelope is formed of a thermoset material.

38. A method as claimed in Claim 31, wherein said
envelope is formed by welding at least a portion of the
walls thereof together, and

20 | wherein the inner surfaces of the walls are treated

with a priming agent prior to said welding.
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envel ope having at |east one chanber fornmed by at |east spaced wall

portions of a filmlike material; said filmlike material being a conposite
crystal | i ne-anor phous-el astonmeric barrier material; said envel ope being
initially pressurized40o aApmetied@ras nellapmedsineChbyimt 31 pawhePdtn gdsidv t h
respect to which said filmlike material acts as a barrier to retard

di ffusi on of a moiptlecams indheids aighleast dorie |Igasratamparierdiciofy air
characterized by having hard crystalline segnents or elenents within said

el ast oneri ¢ nmatether thamnitragemgas s he activated diffusion barrier
characteristics of said barrier material by the ability to retain said at

| east one gas and to nmaintain said device at |east partially pressurized

and to permt diffusion therethrough of_a, nobile gas; and ) ‘
41, A method as claimed in Claim 31, wherein said

one gas is a captive gas which includes air or nitrogen
or supergas or mixtures thereof and wherein said mobile

gas is oxygen.

o
10 42. A method as claimed in Claim 31, wherein the
step of initially pressurizing includes pressurizing to
an internal pressure above atmospheric pressure.
43. A method as claimed in Claim 31, wherein said
gas diffusion properties of a partly crystalline material
15 are provided by a crystalline material contained within
said film like material.
-/

44. A method as claimed in Claim 43, wherein said

crystalline material is a fibrous material.

45. A method as claimed in Claim 44, wherein said

20 fibrous material is a locked stitch material.

46. A method as claimed in Claim 43, wherein said

crystalline material is a crystalline platelet material.
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segnents or elenents are distorted so as to, enhance the activated diffusign
characteristics oft’sai  Pgthed amihaimedsin Claim 4%8.th¥qldhoﬁacla$ryw

gas pressurised, cushioning de-_vi.ce subhstanti all .herei nhefore descri bed
with refer-c@ﬁééa#glﬁﬁdmﬁge§ﬁﬁﬁn1?natﬁéggggbﬁﬁyﬁéPﬁglaﬁaﬁFﬁdgf 59. A net hod
of producing a load carrying gas pressurised and resilient cushioning w,

device substantially 10 as hereinbefore described with reference to the

acconpa- nying drgy Nd% method as claimed in Claim 43, wherein said
crystalline material is a metal or metal alloy in a form
5 selected from the group consisting of filaments, powder,

platelets, cloth, beads and micro-spheres.

49. A method as claimed in Claim 31, wherein said

step of providing an envelope includes formation of a

plurality of separate chambers in said envelope; and /

10 pressurizing each of said chambers and thereafter

sealing the same.

50. A method as claimed in Claim 31, wherein said
crystalline properties are provided by a crystalline ma-
terial joined to at least one surface of the film mate-

51. A method as claimed in Claim 50, in which said \;)

crystalline material is a thin metal layer.

52. A method as claimed in Claim 50, wherein said

crystalline material is a crystalline polymeric material.

20 53. A method as claimed in Claim 31, wherein said
film like material is a mixture.of polymeric materials at

least one of which is a crystalline material.
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S4. A method as claimed in Claim 31, wherein said

crystalline propérties are provided by a

polyethyleneterephthalate polymeric material.

55. A method as claimed in Claim 31, wherein said

film like material is a polyurethane material.

56. A load carrying gas pressurized cushioning
device comprising:

a sealed envelope having at least one chamber
formed by at least spaced wall portioﬁs of a film like
material;

said film like material being a composite
crystalline-amorphous-elastomeric barrier material;

said envelopé being initially pressurized to a
predetermined pressure by at least one gas with respect
to which said film like material acts as a barrier to
retard diffusion of a captive gas therethrough:

said film material being characterized by having
hard crystalline segments or elements within said
elastomeric material so as to enhance the activated
diffusion barrier characteristics of said barrier
~material by the abilit§ to retain said at least one gas
and to maintain said device at least partially
pressurized and to permit diffusion therethrough of a
mobile gas; and

the internal pressure of said envelope being the
sum of the partial pressureé of said at least one and

said captive gases.
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57. A device as claimed in Claim 56, wherein said
hard crystalline segments or elements are distorted so as
to enhance the activated diffusion characteristics of

said barrier material.

58. A load carrying gas pressurised cushioning de-
vice substantially as hereinbefore described with refer-

ence to and as shown in the accompanying drawings.

59. A method of producing a load carrying gas
pressurised and resilient cushioning device substantially
as hereinbefore described with reference to the accompa-
nying drawings.
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