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10 Description of the Related Art

Polyester and polyamide fabrics having various coatings to reduce
permeability are known. US Patent No. 5,897,929 describes a polyester or polyamide
fabric coated with a porosity blocking layer of polyamide material. US Patent No.
5,110,666 describes a fabric substrate which is coated with a polycarbonate-polyether

15 polyurethane which provides certain permeability, flexibility, toughness and other
properties. US Patent No. 5,076,975 describes a molding operation for forming an
elastomer-coated fabric having a defined shape. US Patent No. 5,763,330 describes a
method for extrusion coating a polyethylene resin onto a nylon fabric.

As used herein, “air bag” means inflatable passive safety restraints for

20  automobiles and many other fohns of transportation, including military and aviation
applications. Air bags are one form of inflatable passive safety restraint device which
are now standard in automotive use. Air bags in automobiles must satisfy demanding
requirements. Specifically, these requirements include the ability to inflate fully and
deflate in milliseconds, or remain partially inflated for several seconds, while fully

25  absorbing passenger impact and providing subsequent pneumatic dampening after
impact. The strong and lightweight fabrics used in air bag construction must be
relatively airtight, foldable into compact configurations and be resistant to abrasion.
Multiple air bag configurations in use include air bags for the front seating area, for
side impact protection, for rear seat use, for use in headliner area inflatable curtains,

30  and for use in inflatable seat belts.

The woven fabrics from which air bags are traditionally manufactured may be
coated with elastic materials (notably silicone rubber) to manage the air permeability
of the fabric. Sticking or blocking of rubber coated fabrics after long term storage in
a folded configuration is one of the well known deficiencies of such coated fabrics.

35  Where silicone is applied to the air bag fabric, the application rate of the silicone



fabric coated with a porosity blocking | ayer of polyanide material. US
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occupants. As a consequence, such air bag fabric may need to be covered

wi th a non- vierdency tavreklsat i ves to coatings have been sought over the past
few years. Heat shrinking fabrics are one alternative. Cal endering the
fabric is another alternative. However, these alternatives involve further
process steps and nore conpl ILE S T A2 discloses a fabric/film

| ami nate for use mepﬂakénthﬁgﬁionmide%ﬁﬁkewydfpﬁ L GHaQarhibhB® fbAG Hale @

pol yet her bl ock am de, pol yurethanes and _nodified polyolefins. Lam nates
made with fiROREESSSE 2 BERYRtaRbina PR eleranis idselly swited farginhias manfeqtiter t o
silicone coah@gkit@by, tHearhifhte USBoishated 4 aREb1RRMUifAbh BN RdhdRd k@iEs,0f reduced

increased foldability, and a reduced tendency to edge curl and develop wrinkles, while
at the same time exhibiting iow blocking (i.e., little or no self-sticking), desired low
 air impermeability, and good resistance to heat aging. This laminate comprises a
copolyetherester-based elastomeric film laminated to a manmade fiber substrate
fabric. The !amiﬁatcuhas a foldability of from about 5 to 80 Newtons measured
according to King stiffness test method ASTM D4032, a high nonblocking tendency,

" and low natural curvature.

An embodiment may relate to elastomeric films made from
copolyetheresters and copolyetherester blends. These films and the resins for
fabricating them are known and commercially available. Suitable
copolyetheresters and copolyetherester blends may be available from the E.1.

du Pont de Nemours and Company, Wilmington, Delaware, USA ("DuPont").
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pack vol unme, reduced wall stiffness and reduced frictional susceptibility-
However, there is still a need for fabric/filmlam natﬁgsséﬂ@mugegggu air

bags t hat provi de even |ower stiffness so as to be nore fo| dabl e wi thout
at the same tine”n Aspechof Hip pregentdpyentipnm JUgViges aR &N bagi SRRREISEH @ woul d

result in geeaedd MBH@%ar@rthwéPéc%lshagombﬁang HA fhstdmeti fmhnarhmatedThere is a
further need for fabric/filmlam nates use in air bags, .whj
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air bag conprised a lamnated fabric that . possesses unij
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particul ar ’eété\'quéé@sn?ﬁ@’dﬁgf@@ﬁ\tés?ér‘%ﬁnt@bgi%'réﬁbéé’ht@cp hedéria:0f reduced
stiffness, 1ncreased fold l1ty, and a réduced tendency to edge curl and
develop winkles, while at the sane tinme exhibiting | ow bl ocking (i.e.,
little or no self-sticking), desired | ow paiy inperneability, and good
resistance to heat aging. This l|aninate CH |r| ses a copol yet herester-based
elastoneric filmlamnated to a_neyagpde-Lfichersubstrate fabric. The

| am nate has a foldability of from abou;( 5 to 80 Newtons neasured
according to King stiffness test nethod "ASTM D4032, a hi gh nonbl ocki ng
tendency, and | ow natural curvature An enbodi nent may relate to

el astoneric filns et herest e ol yet herester bl ends.

These films and 3 esgglftﬁ a‘?S‘Sr “Pg%?’rl Eeé’{eseme({%et?'hggor@gﬁnom and comercially

avai l abl e. Suitable copolyetheresters and copol yetherester bl ends nay be

available fromthe E.-:E. du Pont de Nenmgurg and Conpany, W I m ngton,

Del anare, USA ("DuPont"). 2 13 Septenber 3pd§ An aspect of the present

invention provides an air bag conpromed-ofcreclamnated fabric, said

| am nated fabric conprising an el ast oner filmlamnated to manmade fi ber

substrate fabric, wherein the elastoneric filmis conprised of at |east
70% by weight of a copolyetherester having a multiplicity of recurring

-long-chain ester_dnits and short-chain ester units joined head-to-tail

t hrough ester ITh ages The | ong-.chain ester units being represented by
the formul az) 0 O3 1sla]_ch1alem1c(ai{e;n'(am)ng after the rernoval of terminal hydroxyl groups

from a poly(alkylene oxlde)glycol having a number average molecular weight
of about 400-4000;

b) R is a divalent radical remaining after removal of carboxy! groups from a
dicarboxylic acid having a molecular weight less than 300;

) D is a divalent radical remaining after removal of hydroxy! groups from a diol
having a molecular weight less than about 250;

wherein the copolyetherester contains about 25-80 weight_perceht short-chain,

and wherein the laminated fabric has a stiffness of from about 5 to 80 Newtons
measured according to test method ASTM D4032-94.

In another embodiment,an ethylene-based copo!ymer_ additive may also
be blended with the preferred copolyetheresters of the elastomeric film. This

ethylene-based copolymer additive



and the short-chain ester units are represented by the fornula: 00 .1111
-0D0 CRC wherein: a) Gis a divalent radical renmaini ngiagégtembbe2o®noval
of term nal hydroxyl groups from a poly(al kyl ene oxi de)glycol having a
nunber average nol ecul ar wei ght of about 400-4000; b) Ris a divalent
radi cal remai ning after renoval of carboxyl groups froma dicarboxylic
acid having a nol ecul ar weight | ess than 300; c¢c) Dis a divalent radical
remai ni ng after renoval of hydroxyl groups froma diol having a nolecul ar
wei ght | ess Lbg0,R00M i A%%iou sl 0126 20 paoli bY kelshs ket mornt ai ns about
25-80 wei ght ergent short-chain, and wherejn % ifaarj nated fabric has a
stiffness oprefardhly 4kl pescontbweiglndidis becpdond that biepdBEGF Y t 0 test net hod
ASTM D4032- | L Taly hq&E&)\Q ' tdadek RBAAS Gtbre Qi yikessaddi ti ve
may al so bgégegﬂlé%ggé\n&t% “the g‘?{exgg‘rr’proz%ﬂ%opol yet heresters of the

el ast oner i c stiaklyfilm Tt & lessishspbutible to dlosking Bihen Ysed in sigbag lppwats Matengls, onper
2004 may be prese I ehtnqabg- wei ght, and
nore pref efsgﬁ%?/e %ﬁxl%&i@%ﬁggg%e‘g{/dd%%ﬁﬁ%ﬁeI%%ﬁoﬁg%gBgﬂyﬁf _oundﬁt hat bl endi ng
certain et hydoansed@s€y cobonilicrasidsandi aptionatiy of eprotryarp &0flE88r results in a
nore stable and less sticky filmthat is |ess susceptible to bl ocking when
used in air bag lam nate materials. Suitaple ethyl ene-based copol yner
additives may be copol yners of ethylene and a, P- unsaturated C3-C8
carboxylic acid, and optionally of one or nore softening 3a 13 Septenber
2004 WO 01/68408 PCT/LJS01107909 conononers copol yneri zable with the

et hyl ene. The et hyl ene nononer nay be preferably present in an anount of
at | east 60 weight % relative to the weight of the polyner. The a,J
-unsaturated C3-C8 carboxylic acid :nmay be preferably present in an anount
of 5-15 weight % relative to the weight of the polyner. Acrylic and

met hacrylic acids nay be 5 preferred acid conononers The et hyl ene-based
copolynmer is optionally about 10 to 99.5% neutralized
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with nmetal ions selected fromgroups la, Ib, Ila, Illa, 1Va, VIb, and VIII
of the Periodic Table of Elenents such as sodi um pot agsssembeNZ004
calcium magnesium |ithium alum num nickel, and chrom um Such
neutralized ethylene acid copolyners 10 are known in the art as "iononers'.
| ononer s aowsk@sr net hods of manufacture are descri begtwusoldzodat ent No.

3,264,272. Typi utrald . | 11 be.fr 10-70% Preferably the
copol yner msg ogl%g% r ?)ﬁ)]%é%%rg&? fnlé%{%h,?lge e 7056 tgrgnte R FSF BRsByPreterably o
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t he copol ynmegei . ea506F etk ﬁﬁts &rﬁﬁg ; at e sel ected
fromthe groyeaoclonglﬁ]_g?Fﬁg 0 (rgret y? acnp’f}%%sg@n’ra]i?%cfg%éﬂnf ﬁ%ﬁégl utyl -,
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preferreg, alﬁ%(imo%ri?(ll%ta?tsas”%}{oﬁ . %&or&&’stz%lld'ﬂiei Al mamuEhiyLfiexy! -, and
2- met hoxyet hyl -acryl ates. The sort en ng CONoNGNer can arso-he an al kyl
vi nyl et her desdribed mdU$ PatenttNve 38648712. chpsally, negralifation will by from 10-708& y| - |

2- et hyl hexyl ; d, 2- met hoxyet hyl - vi,nyl, et her. The. preferred.. al kyl vinyl
ethers are nlzrgﬁrf?b 3’( th?/?oﬁgj e )é?avg%‘ﬂ“,ar?—o ‘é”%%f‘" a@?“ﬁfﬁg FssE F’o %Y ast omeri ¢
films typi cadrbupsiavaedbyntutclinsma withmggta dorfs selsatéd fran e group(ddnd@meg-of 0. 050

nm . Met hods_f.or king th fil ar |1 .knaown and 30 I hcl ude
ext rusi on andue%sPy %qu’l.ug"rﬁléiﬁtﬁﬁlw b%esfﬁﬁﬂge%ﬁ?%'bﬁe%\/ﬁoPﬂmmfec%%ﬁ% . The
fil ms cals benpr&iPaent Natdgd 0202 editchlichecblyindawratcd walefeyenoa t A pidi@redabr i ¢
substrate. Pr Ef r aglﬁé‘i’f’ t hed%_i;l m é/be (gi rectl %{ e>§§9r yded ontqg the fabric
substrate. ATVEISES P "Wi“%gg HEPAFYT FBHIIE SERVH RYFRI%f the fabric
substrate. 4thiylenBapd ENWeiphiH3en\WDniEIHa6GH0 BcidPEhérda0dit G372 theAny mannmade yarn
can be used in the S@PSt rate fabr ilC alt ho%ghgi)%?i ally the yamw | be of
pol yani de or‘“’%’t‘.ﬁL e ap roupg i the CopolAs ate gty WP "Be preferred. The
“decitex of the pGhysificting idaeihehyt ridybeapdlymdrized eith tletiyldhetbased40. The
fabrics _may be woven in manner_that vields |lqQw ajr rmeahility, or may
be trearB 1GPPEICE ST Y PR H T TS SR TGS B ocesses for
mechani cal | ywéight af th8 gogolyidrC Th@sdfiening comonomer can be an alkyl acrylate selected

from the group consisting of methyl acrylate, n-propyl-, iso-butyl-, n-butyl-, n-octyl-,

2-cthylhexyl-. and 2-methoxyethyl-acrylates. The preferred alkyl acrylates may be iso-

butyl-; n-butyl-, 2-ethylhexyl-, and 2-methoxyethyl-acrylates. The softening

25  comonomer can also be an alkyl vinyl ether selected from the group consisting of n-
butyl-, n-hexyi-, 2-ethylhexyl-, and 2-methoxyethyl-viny! ether. The preferred alkyl
vinyl ethers are n-butyl vinyl ether and n-hexyl vinyl ether.
The elastomeric films typically have a thickness ranging from 5 to
50 1 (0.005 — 0.050 mm). Methods for making these films are well known and
30  may include extrusion and casting. They may be made with or without a carrier. The
- films can be prefabricated or can be extruded directly onto the fabric substrate.
Preferably, the film may be directly extruded onto the fabric substrate. An elastomeric film
may be applied to each side of the fabric substrate.



described in US Patent Nos. 4,921,735, 4,977,016 and 5, 073,418. Typically,
the air perneability of air bag fabrics is |ess than 13 $éftempepBIo4squar e
deci meter per mnute wunder a test pressure differential of 500 pascal. Air
bag fabrics are often made from comercially avail abl e pol yam de yarns 10
such as yarmelestssh a 235 to 940 dtex and with 34 to 210pdrdsanents per yarn.

A 470 dtex polyamde varn used in woven.fabrics.for air S LS typically
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ggl %/am'?)ge yamruszﬁpbeioﬂpoxya@;aﬁ&p%l@are'{.ﬁ&lymﬁe @Bd’trétbwﬁcsinﬁybélﬂ?éfgnl?éb.'ty W(f\éen with
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usual | y wovemapbe kevet ine chamnathat hields 1€ ginpeardeabilitt, @l miapbk toptedtesducset  prior to

| am natiop. Scouring renmoves size. and spinning fini deposits, though 20

carefal | oho BB DEb S AL U Es O CS G R PP Bt b atftiar ot hi <

step unnece8salibed in US®asht 6k, 4 0DE7352097T.0 und 307841 8.1 Typagatly ale #nd sewn,

bonded, wel ded or ..VW¥&n toget her to talﬁﬁ,the formgf.a cl osed or

seni - ¢l osed BYPEEkfy&T L s legsdhana Oiterg Py 29U desimRer PET RS 25 Fi |l m

preparati on miden®tedtRestire AN G00PAB4II onal casting or extrusion
processes. Lami nation _The elastoneric filmcan be directly_|amnated onto

the fabric or an ‘fPresThbresars ofisn mede bpp) copayraidiyansilabicpobimidsonmsbet ween

the el aStl@n'eﬁdcﬁai%&ﬁﬁﬂﬂaiﬁobﬂ@&ﬂeﬁm&“ﬁﬁﬂf&tﬁﬂﬁﬂx‘ﬁén%tﬂeﬁyﬁﬂhﬁ_Si ves include
pol yur et hanes cgo yet herur et hanes, ethylene copolyners and silicones. A

suitabl e pol §{fdeneahesmidiimsn ysed inswayesifabriss ©rpir dagsiztypisally wenewitthe

tradenanme Li of @lo0yhms Pertil indRhwsh Add GBE A2BSLXEBOIAHIIE St GsddSnavai | abl e
from DuPont under "the tradenanme Bynel (r). AdhesiveS are’preferably applied

at a rate 5 Wovendphrisafnsair bagis picelly wevengvith 2 to30 yamy pyem tefactieveo 100 g/ nP.
They may be gl sRag6 ki A, he fabric substrate and the elastoneric film
by any conventional nethod. e adhesive may be coextruded onto the fabric
substrat&together with the elastoneric film The adhesive may be a heat
curing, noi sfyke (edbab tgretzj.rﬁﬁm% L.ng, solvent-based, or hot nelt adhesive,
or it may 5 take anot e? {NOWN rm of adhesive or binder, and it may be

single or Mudblie preparation
The fabric is usually woven or kaitted and then scoured and dried or heat set
prior to lamination. Scouring removes size and spinning finish deposits, though
20 careful choice of suitable adhesives or spinning finishes can render this step
unnecessary. If desired, the fabric may be multi-layered and sewn, bonded, welded or
woven fogether to take the form of a closed or semi-closed structure capable of

containing gas or other fluids.

25  Film preparation

Films are prepared by conventional casting or extrusion processes.

Lamination
The elastomeric film can be directly laminated onto the fabric or an adhesive
30 can be employed to enhance the bond between the elastomeric film and the fabric
substrate. Suitable adhesives include polyurethanes, polyetherurethanes, ethylene
copolymers and silicones. A suitable polyurethane adhesive is available from Henkel
under the tradename Liofol®. A suitable ethylene copolymer adhesive is available

from DuPont under the tradename Bynel®. Adhesives are preferably applied at a rate
5



conponent. In the case of nulti-conponent adhesives, the conponents which
nmust be brought together to effect curing may be coateth s@pampeeionsont o
the filmand textile substrate if desired in order to prolong working

life. Lam y be achieved in a variety of ways. %ﬁ?ﬁd y be
coat ed 10Rg(tralto t‘ﬂig byic or the filmor both using a Kni Oic/@(é?{rimalr or a

kni fe over roPfate {9 @ESSHBYWYQP@@%%'P%WFthFa"}"b*E)“eS“é’ﬁF%&r@éﬂ@Pr printed onto
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ot her device, and the resulti ng ate 1s al orminto a coherent
structure. An?e bre@&l% inpethecigredieg ﬁma}d@woathéwpb@tebemﬁ@thn@m agdteytler e an

adhesive is ugﬂ’g“étghf%g%}‘%?%?%ﬁ%q Eﬁ’@"?‘ﬁat mﬁggrthe el asto_rreri c film and the

fabric substrate Ic are typically bonded
t oget her to formEmnatmmnmmleadtlewsdneamwmf&dys.ehqﬂesiaemagbécnatndder to

cure the gghesiiytye dESE nchRYRYEH LEIRERR WP S AR 5 Bhg b 180 C

Curing takes place and Ti xes ONErT C nl and BFI€%%t oget her
at the el evat emlaltemaumj]y meyrbes}m}uder pdﬂp@lmnﬂﬂhefubi-ib noappliusinganyithovex pansi on

behavi or and Stlff racteristics hef m an strate fabric
can cause thepﬁogeﬁs na e ceuar beswew{l&? oﬁbﬁll'oa‘{‘fss{’n'\ﬂ#g%“géaﬁ one side
of the fabri cbé disdoatimivas mdon@mhhasumfﬁathmrsaengh UTidasmpaaithee of deadixsivehe
curvature cayses f he | am.n nkl e whi ch makes conpact. fol di ng and
packi ng of an®dl eb‘gﬁceﬁ%ﬂlga@f%efﬁ(ég% é&’rﬁeﬂ%f?gal’ﬁgf’vmé@f Y‘fqoﬁlﬂ’[n%)% ‘3\#‘1 ®nkl es in the
| ani nat e ab soadhasiee kheredGadiofadv.ant age of reducing bonding between the film

and fabric | ayers t he | am pate rvat yr the | anj nate can.be
m ni ni zed by tar efff?f'bwgiaeﬁl'c 'f‘°’t‘?féh%?ﬁ?ﬁ“{fs§’8?a‘:\ﬂctsﬁb5§a‘ﬁ qxhealaapms%st rate

fabric. Lam nmazeuroughtuammmdqgemmsmppﬁai WRIhgHabR 6f defigs & rolfld, | mwith a
[ sim]ar to, the coeff|C|ent of

coefficient of ther X sion tha
t her mal ex pangrleﬁ’ﬂre °'$‘§E d&"‘c“i\/f“?#th? st lfipmlagynate s alqwadita fm gfe 3 e
|l ayers form n@h&eﬁ&nsemteemneeéa%mﬁb&&&é@ﬂh&ﬁ@ﬂeﬂf&%&&mw t he

| am nate, _and the vgge of rooomtenperature (or closer to roomterrperature)
c

adhesi ve &lire proc¥age agaghesivels uprd|tp entigngedhe bondbspaesy theslagiemeng ity ed
| ami nate. G v thé ABri€ QibSk4ta Y filAf anll Sib3Pate fbAb bleQyHLilg hbAded t@stHeh@ Mai N

structural el ?og rtlltxe lgr];nngtrt]a a?lsgme elgvated tem
perature in order to cure the adhesive. These

elevated temperatures may be as high as 180 °C. Curing takes place and fixes the
elastomeric film and the fabric together at the elevated curing temperature. Upon

25  cooling, the thermal expansion behavior and stiffness characteristics of the film and
substrate fabric can cause the laminate to curve and wrinkle, especially when only one
side of the fabric is laminated. Such curvature is undesirable because the curvature
causes the laminate to wrinkle which makes compact folding and packing of an air
bag made of the laminate very difficult. Wrinkles in the laminate also have the

30  disadvantage of reducing bonding between the film and fabric layers of the laminate.

Curvature of the laminate can be minimized by careful choice of the film used

with a particular substrate fabric. Laminate curvature can be minimized by selecting a

film with a coefficient of thermal expansion that is similar to the coefficient of

thermal expansion of the fabric. Minimization of the stiffness of the layers forming

6



the tensil e nodulus and the coefficient of thermal expansion for the fabric
are of main 5 concern. For the preferred nylon fabrics,13 8§&ptb@Bsi dgpgmodul us
and the coefficient of thermal expansion are about one GPa at |ow strain
and about - 0-6 per C respectively. In view of tqﬁi‘ﬁl ties of
nyl on fabri%%?lﬂfsfw%_has been found that curvature and win .951}%’9’2@61

| ani nate can B lieiagecaditie uepaioomgenmparatinn(erpjaser tairedi tempertuedef f i ci ent  of
thermal expangigyaBtte Brob@Y daft 8RS hélp FPLM Y Sulhtufe of Rl lidhihAES&lven 10 The
copol yetherester-based filns used in the 'am nates of the present 1nvention
have a | ow c8wfcpnsiiabof usingtafalricesubsisete-ns Heampin stptctara slemept ofian pisdag.r esi dual
stress after QRal.iEHbi bl | i - :

copol yet her est er-rgfaseg I{]?ﬁaﬁg@%ef%g{ ieeg_poaftﬁe?]lﬁ? %aﬁ%ﬁﬂg&it&vﬂt@%&ng@ g&?r"ﬁdul us
that is |e8s pensem. For the pretrored aylen fabkics theltensilompdulug and shaiwefficgntigfimonst r at e
the relalive lfifSodiiby &eUbduole EBEaNEPLA bid dibde 1AM PGlpo¢mde with the
copol yetherester til'm described above, nunerical cal cul’'at1i dns ~were

per f or med t hatespactvklet Intviiew of theske prdpetiias oforylonffalirivs, it leasibeat foundGhatvat ur e of

| am nat es can L ct-ed. usi I i gal 1,nation t heor as, descri bed

in SSW Tsai C‘%sﬁ{?%g& g’kﬁﬂfn 0rf g%ﬁ@? ’iﬁg?\a“tcb% rifiél?r?rago‘%y?steieec aefr?li(')“a ge,r'wn'Fé'chnom C

Publ i shi ng, 1B880cociffvéenteiithrainal exparisidniaad a &swilehsdletmddahis Giat, dow stiffrebg.ul at ed
ess. on t.he,structure

fromthe fegtive fhermal . 20 ment..and .t hermal . str 4

G von by: Tk o Th{sBolvoEE Rt vy ARG RN JmGHER o R rEat BLerbREh e pact  ve
t her mal nonentow ddeffivient dfthermhal Sdphssin, thdt kaultsAh Issiksiduilpirsss kftadaty t he
princi pal material _propert es in the ane of the lamnate and z the

t hi ckness. Th& & ﬁ‘ga‘%ﬁip"a%gg%g?’f'%“d’we g‘#fé’pﬁﬁﬁthﬂf‘ﬁt?ﬁ‘\aseddﬂﬁﬁgw atrix:
Ex By S Ox Qfilfwith aBow tenSRomddiios @sat BesApbne b prodich e wiinkled lamadtani cal

| i near strain given b 7 13 Septenber 2004 WO 01/ 68408 PCT/ USOL/ 07909
ey = ayAT Wiere ae'f‘é’r eﬁgd(‘?ﬂ’@f’ﬁa&tgﬁfek’é‘?’e leRe phryrvagrp i fhe fhri g“éach | ayer and

AT is theist enpeiatd made with the tQRORIRALERIM ddrDedasbvaHunffital chb@gtiont ed
curvature was cal CH" ategd for thr e?_ hygot hetical |am nates conPr I sed
were performed that predict the hkely behavior of the laminate. Curvature o
laminates can be predicted using classical lamination theory, as described in S.W.
Tsai & Hahn, “An Introduction to Composite Materials,” Technomic Publishing,
1980. The curvature of the resultant laminate is calculated from the effective thermal

20 moment and thermal stress on the structure given by:
M= Queyz dz and Ny= Qqeydz
Where M denotes the effective thermal moment, N the thermal stress, the

25 subscripts x and y the principal material property axes in the plane of the

laminate and z the thickness. The terms Q,, are defined by the mechanical

property matrix:
£y gy £
Ox Qx Qxy
Oy = Qux Qyy
O Qs
30 And ey is the micro mechanical linear strain given by
7



5 of a fabric lamnated on one side with a film In each instance, the
fabric was the nylon 66 fabric designated as Fabric B i{g EBgiefbarphems
descri bed below and the film had a thickness of 50 m croneter (0.050 m).
In Case A @l idsgsB Was |amnated with a filmof the co ster

bl end of Exarrp{ (fsa according to the process of Exanple p@"}!&&'ﬁﬁw B,
Fabric B was | ani nfate®®hith a Dartek(r) polyamde film 10 accordi ng to t he
process of Exanpl ewhbre |1§‘th€%§<§ff&ent%@§l‘éhﬁal@>cﬂ¥ﬁ§oﬁ@f@aaﬁfa?é;a.im B@i@tbef' l m

Myl ar(r) polyester filmaccord qﬁgtot e process of e C.

cal cul ated radii temperatutegdifierenagdetaveas cureindambientas e ACopoI yet her ester

Bl end13. 7 neters Case BDartek(r) polyam del2.1 cm Case CMl ar(r)

pol yest er 5. 2 cm Thrediged purvaluegiss calpdated fos threstolpgGetinal laminates poraprised i I m i s
far Superior b fbifc lafin:aftilont Ye LTk Hith O DB Ridfccl 1 cbRBWASHE Wi LN Lhe

copol yetherester blend filmshould have [ittle overall curvature conpared
with the ot heRylemgo fahris fepiamated Fhigebrig B in shectathplios descritfed belewand thedidmof t he

i nvention exhi by ickhis b03d rg\e@dﬁg:ter @Bﬁrﬂﬁl efn' Cshtsé ﬁSFab?leng#:léexﬁlB?lﬁét rength,

extension at break, energy absor pt| on capab ty, tear s g scrub
resi stance, awiesifigm of e ckpdyettierssten bland d)@mamplel lta)accﬁmmgtorthéxageﬁss dhe 20

| am nat ed fab igk to itself
(bl ock) and |tﬁk£nedxﬁ %%%%Bgﬁrgngér&ﬂagz%ﬁ F;}{? es%ﬁog% "ﬁa fi er per
squar e ded? neterdperto thenmoessmf@enmplalbehthee éIsEahrie Boiwdsflanipated whthaf 500

7 aot pr essut £ o8 pblYBlegudysoisBhe Rithe BRUTS BrnbRIITE, She Pl oo v

inthe air bagdmbfd;dmatummrmsdﬂlmntl nues to d| spl ay t hese 25
characteristics after both heat aging (typically after 14 days at 105 to
125 C) and conifiased h€apolmtittrdsienBtintly c\i8l7megemwsual |y over a range

i ncl udi ng, but cursio tg 105 C, -40 C and 85 C at 95%
RE. 8 13 Septean%trseiiogl?;‘%%‘@oﬁ%%?ﬂ@% PCTI 82011/%7909 Test Methods Stiffness
of | am nate nat élsals Wohr@pakested accor dihgnt o ASTM D4032-94, with fabric
stiffness neasurenents reported in units of Newmons. This test nethod is

al so know as the King Stiffness Test. 5 Blocking (self sticking) was tested
according to | SO 5Bié8aase piajle (remuihie/wpelytthereerbldid BiNn 25Q7 Siperigettdid Wi t h

Cpeti mon - Lanm et ARt e B g oG R RTRISS el Ll - PO

have little overall curvature compared with the other two laminates.

The laminated fabric of the air bag of the invention exhibits the following.
characteristics: appropriate strength, extension at break, energy absorption capability,
tear strength, scrub resistance, adhesion, packability and flexibility for air bags. The

20 laminated fabric in the air bag of the invention does not stick to itself (block) and it
exhibits an air permeability of less than 1 liter per square decimeter per minute under
a test pressure differential of 500 pascal, and even less than 0.1 liter per square
decimeter per minute under a test pressure differential of 500 pascal. Moreover, the
laminated fabric in the air bag of the invention continues to display these

25  characteristics after both heat aging (typically after 14 days at 105 to 125 °C) and
combined heat and humidity cycling usually over a range including, but not limited
1o, excursions to 105 °C, -40 °C and 85 °C at 95% RH.



wei ght, and al umi num di vi der pl ates separated each speci nen from one
another. The weight applied a pressure of about 0.2 Nevg gspteRbecrdbat o al
speci nens. Each was 10 conditioned for 168 hours at 105 C and then tested
with a hangigg,eesght of 50 grans for 60 seconds. The tﬂéﬁsﬁﬂ& gepar ation
of a speci rre#frggli tc.lself was recorded. |Imedi ate separation 01? each

speci men frontf S rated as a pass. Separation tinmes greater than' 60
seconds were rat ediidBesslf BeKede matelily dhsineastfed heustdad 10 ASTMIDIAD3BS4,can be

determ ned by direct asurenent. 15 Coated. | agnnate fabrics tend to roll
into a tube V\)Hglhkﬂgﬂf f“ﬁ’&ﬁ’ﬂ%’ﬁ’é%‘i“%%retgﬂn 1P ugits °af$ﬁ"1t°é’ée, Eigéﬁﬁb‘@F‘;Pq? wher e
the fabric i salenafoechs @t KidgStifings Sesile. The di aneter of such a tube is a
rating of the natyral .curvature the |lam nate tends to assume. The wi dth of
the lamnate is milesngdselirieting W tHed 5ForoRe 0SS B ATEEN reipete
surface are WQSWEI&%MNV%E@Mfﬂ&iﬁcaﬁoﬁéﬂh%ﬂ{rﬁﬁﬂ(ﬁfﬂr radi us of
curvature may, be 20 determ ned (the radius curvature i s one-half of the

measured di an@PERiesamplespgiecut. FouT tpscigren syrRiet e pieRarPhdpdaced BndsF 2 | ess

curvature. EXAYBLESA afddindR lalvaek EﬁgeE §<%'afa?eﬂ N PedinBFlfrbm oRE b NOnd he

| am nates of the examples: 25 Fabric was prepared fromnyl on 66

continuous f YaaApPliedgipresssnpesbout haigwianer gairtp albppegidiengclichenest ot al  yarn

fineness, yral dogfitdYeaFor & HREA AVRP @&E%&&&md wiliRheind b;_@-r%mfgowas woven in
g i

a symmetrical weave, scoured and not heat set. The Weavi tensity was

57 warp yar nseryes for A8 pecarrds. The limeforysgparatiopef 2 pecimen i Hsslfevss  to 22/ cm by
22/ cm). 30 Fgbrdr§edB Ifﬂﬁégig{%% £fdn o e:}cngp?%?f% PO s r;!ggtpgys'a?ma@&. except

that the yam was a Typ cont i nuous anent nyl on al so from
DuPont, with Seperatigielimeseexeatesttlzan 6pzpohiinwere sated 484blockedB was woven and

scoured |ike Fabri ' ' i . er inch by
49 wel I s per inch @?@F@?‘r\ggeﬁ%%csr%t ) %H%% d§g%?§ﬁn%%¥b)g%beﬁpﬂ%6%ﬁ' 68208

PCT/ USQOl / 37 9 (9pateddigninate Gabvas tepd tyratl dto f tubemdiek [efihio thamséless onndlast ri al

pol yester yar T from DyPont . having. a.total degitex of
280 This poraqet e i YRl bl SRR s ol e nd bl o550 4

honopol yner . thexos acatBgwéthe netush camsusdoulamchatel terde thabume Thearidthivfid a

pol ymer . thabis : . da
167 emy B i SRk el e e Foke R Blant Miefacy 11 1

prepared by measmgd.t Fromghis measurement a tube diameter or radius of curvature may be

20  determined (the radius curvature is one-half of the measured diameter). A larger

radius of curvature 1s indicative of less curvature.

EXAMPLES
The following fabrics were used in producing the laminates of the examples:

25 Fabric A was prepared from nylon 66 continuous filament light denier
industrial yam of 350 decitex total yarn fineness, called Type 769 and available from
DuPont. The yamn was woven in a symmetrical weave, scoured and not heat set. The
weaving intensity was 57 warp yarns per inch and 57 weft yarns per inch (equivalent
to 22/cm by 22/cm).

30 Fabric B was prepared in the same manner as Fabric A, except that the yarn
was a Type 749 continuous filament nylon 66 yarn, also from DuPont, with 470
decitex total yarn fineness. Fabric B was woven and scoured like Fabric A and had a

weaving intensity of 49 warps per inch by 49 wefis per inch (19/cm by 19/cm).



polymers and a stabilizer in a twin screw continuous m xer extruder. The
ingredients 10 were as follows in weight% 63% of a coppbyebhecester
el astonmer containing 60 weight percent of 1,4 butylene terephthalate and
40 wei ght of poly(tetranethyl ene ether) glycol | ate. The
nmol ecul ar &glsg tiogf t he pol y(tetranethyl ene ether) gl ycoﬁ;&r\f\ﬁsg%—g 5; 15 30%
of a copol yet her estabrc ] wastpsrpared diom alight denig dndustrighnolysstecyam, Tope 48 4
butyl ene tere B . . j hal ate, 39
wei ght per ce%?tjgﬁrg%%?(tetra%?m gﬁgﬁg%cﬁ%%fﬂgﬁycofsﬂogégﬁﬂt a c{%lste, and 11
wei ght per cenbased oppyqtndencdereptihdlaekoreqpebmer.gFabrigIC Wasopdven andsceured he
nol ecul ar wei . -y . ; 20 6%
by wei ght of glggFea?hglfihﬁ‘gh Bgééﬁaﬁ%%@%@r&gggﬁaﬁ%@?%%n %l.ﬁ}b%%&%bﬂgél ght
percent of 5 et GPfcanky ¥/n)11 wei ght percent of nmeth acrylic acid where about
75% of the carboxylic acid groups in the copolyner are neutralized by
sodiumions; and | % of 4,4'-bis(a, a-dinethyl)di phenylam ne. The fil m was
prepared by a conventional extrusion @,{agjg,?esls The filmhad a 25 thickness
of 0.8 ml (0.020 mm). The fabric was about” 20 cmw de and the fil mwas
al so about 20 cm rdsampladdritatiac davgsllesingted witha Spa pegarey bpmndigtyreehe fil m
to the fabri | S ur et hane .adhesi ve plied to the
fabric at a b oslflggémglg ﬁ%abqgéepﬁle@g@%cgn %’dyor!r!ﬁ o lﬁgx%d\éf'i @%M%Tﬁ‘gf’ﬁ%
adhesi ve &hd were af fdllowsereeipiteéssed t oget her with enough force to forma
coherent lamnate. 30 In Exanple ib, Fabric A was lamnated with a film of
DARTEK(r) 101; a @Bheofraxopelyethéresterabastofet contlining é®weight feroemobaont, 0.8 mi |
I

0. 020 i i h . t 20 i d d, t fi
S so_abour 20" eSS el 4R ANELA e e Bib Aoty Mo B | T
PCTI US01/ 0790t erephthaipte e Thaveo kecydaepeigle df thy pbly(teirangetiiyhanefetbehglyaok e f abric

substrate usié':g,a spray urethane adhesive applied to the fabric at a basis
wei ght of less™than 30 g/n2. The fabric with the adhesive and the film

were pressged toget i th ugh force to form coherent laminate. 5 In
Bl e 1. Fapy 100 hebPoiHRH e R ERe! ol iy RN o T U AR )
pol yest er, O.btlylenel tergphtid e wdight béercak nfk4 biitylene Doptohdate, Bhevefghbr i ¢ was

about 20 cm wi de e filmwas alsq about cm wi.de. . Handmade, sanpl es

were prepared W@?‘gg’ﬁ h'l?tﬁtgm?ﬁgdﬂel e )og?)fcﬁgtefeggt%%&‘tesﬁ'\glsﬁ r“éefé“? PEF°h spray

ur et hane adhgsilx(etramethylene ether) glycol isophthalate. The molecular weight of the
poly(tetramethylene ether) glycol was 975;

20 6% by weight of an ethylene-based copolymer additive containing 89 weight
percent of ethylene and 11 weight percent of methacrylic acid where about 75% of the

carboxylic acid groups in the copolymer are neutralized by sodium ions; and
1% of 4,4"-bis{a,a-dimethyl)diphenylamine.

The film was prepared by a conven.tional extrusion process. The film had a
25  thickness of 0.8 mil (0.020 mm). The fabric was about 20 cm wide and the film was
also about 20 cm wide. Handmade samples were prepared by bonding the film to the
fabric substrate using a spray urethane adhesive applied to the fabric at a basis weight
of less than 30 g/m®. The fabric with the adhesive and the film were pressed together

with enough force to form a coherent laminate,

30 In Example 1b, Fabric A was laminated with a film of DARTEK® 101; a
thermoformable cast film of nylon 66 from DuPont, 0.8 mil (0.020 mm) in thickness.

The fabric was about 20 cm wide and the film was also about 20 cm wide. Handmade

10



applied to the fabric at a basis weight of |ess than 30 g/n2. The fabric
with the 10 adhesive and the filmwere pressed toget her13/\43§ﬂﬂe@.|fggug1jo4f orce
to forma coherent |amnate. Exanple 2 In Exanple 2a, Fabric B was

| ami nat ed \dbydhe fil mof Exanple | a according 15 to gos of
Example la. In Exarrple 2b, Fabric B was lamnated with tl{f’tﬁfsla mof Exampl e
I b accordi ng S¥% les presreprerageddydonging s tdm 1o the fabric,sabsieie usisg appBY i ¢ B was

| ami nat ed Wi t et ddhbsieQh Iﬁsaameqaﬂrfe a@EB&‘iéj&/élght off Rsd #ign ﬂrgﬁxesa"h@f Exanpl e
1 c. 20 Exanple .3 I n Exanp ? 3a, Fabric mnated wih the film of
Exanpl e | a a@bdf Withfhe af“af:St"ﬁénfbﬁhséié'ssve@rpr@é@ﬂmg@hqravlthlenomafmﬁéo%bn Fabric
C was | am nat gghnMehfatiigief 1 | m of Exanple | b according 25 to the process of
Exanple Ib. In Exanple 3c, Fabric C was |anminated with the filmof Exanple
Ic according to tmgxmﬁlsae%svamcmmnﬁndté‘dwmhsmlhetnt)ﬂﬁﬁﬁopﬁaﬁp&@f t he

fabrics of Exanples 1 and 3 and t unl am nat ed Fabrics A, B and C

wer e rreasured"&k‘f‘é’@%@riﬁgn‘i@%%wm%miﬁ frogm BPuBens. 'rrb?)@bltl@daﬂ oTabl e L These
data show thaﬁo&h{wde%@mem%sﬁgamg&k 2(5@19%&@ I‘fhwdl%a@é%n le%«%r ess_ stiff

than any corresponding | am nat ed rics of es 1 , 3. This
result is 1l H@asélﬂzyém@ng Q@dﬂmmI#@@%tmmgeﬁpr@ywman@aqmwed
Control Fabri 2 est of the
controls and @gnt rtlbt%’:tfg tzmi% fﬁg@%g%ﬁ%fs}?#g?%“@%}aﬁg ggsthmlehe | am nat es
made wi t h10 nyddbesi@Gnditherhlm weré pressed bigetharoditicapoply frdede Esmercohérintanpl es | a
and I'b) were . sianificantly less stiff than the other |am nates, including
the nyl on fabrlcs [anminated 5 with the polyanide film (Exanples 2a and 2b)
and the nylon fabrics lamnated to the polyester film (Exanples 3a and
3b). Reduced fabric stiffness contributes to a superior ease of fabric
fol ding such that when the |anm nate iExamgle@ in air bag nmodul es, smaller
package vol e caf, ReAaRae bl 7 0. Alnb® WRERL ki eelhiie ] Amaakes of
exanples | a, 2a, an a Was neasur ed each case i (f

squar e 1015ded0ﬁ3tpe¢ce§ﬁerfﬁxammbéaunder a test pressure differential of 500
pascal .

In Example 2b, Fabric B was laminated with the film of Example 1b according
to the process of Example 1b. ;

In Example 2c, Fabric B was laminated with the film of Example 1¢ according
to the process of Example lc.
20
Exa.mple 3
In Example 3a, Fabric C was laminated with the film of Example 1a according

to the process of Example 1a.

In Example 3b, Fabric C was laminated with the film of Example 1b according

25  to the process of Example 1b.

- In Example 3c, Fabric C was laminated with the film of Example 1c according

to the process of Example lc.

The stiffness of all of the fabrics of Examples 1, 2 and 3 and the unlaminated
30  Fabrics A, B and C were measured according to ASTM D4032-94, and are reported in
Table 1. These data show that all unlaminated control Fabrics A, B and C are less

stiff than any corresponding laminated fabrics of Examples 1, 2, and 3. This result is

11



Table 1. Gas barrier Stiffness Exanpl eSubstrate fabriclam nation
film(Newtons) ave. of 5 nmeasurenents Control AFabric ANph8dptémbeprdapl
BFabri c Bnone5.83 Control Crabric Cnhonel3. 50 Exanple | a.Fabric

Apol yet her §sd 6liss0s88 bl end film Examle | b. Fabric B"14. 1153%{3&51; g 1 c. Fabric
C'19.22 Exanp e 2a. Fabric ADARTEK 101 10.57 film Examle bric B"19.69

Exanpl e 2c. FaBhegtedGanteshFabrig L, he 488 diex pplvpster Aic Aresthe shiffested tcanpl e
3b. Fabri ¢ B" 2dontiélsEnd Bauebuds & aaking tl@ﬁos@&lﬂmhﬁe 1ﬁhtésmaﬁe%lﬂ”pl €,

fabric/filmlam nates of nylon fabrics |lamnated with f|

copol yet her es®Epn ¢ Wilya fjm Ef(‘%iﬁ'?ﬂeé capofstheresistst(Exampies ks apd Rbh\ger6| n Exarrpl e

4a, the fabri gy et ﬁﬂft‘ﬁ@n @,elatﬂemamefsuhaﬂagg thla-'ngﬂ&hf il ﬁﬁmakéadustr' al
yarn of 470 decitex ota \fy & fi neness and avail able from

20 DuPont . 5 Theith Hinpalyamids\dm Wi%@e@%)@aﬂm Jfabgics lnmivhatediid theot  heat
set. The weavpg) siephﬁl@?xta}ﬁpl’é@% ! ReREBLBAY st e BAdibpes Wef t yams per

I nch (equival en to 20.1/cm by 20.5/cm. abric was amnated wth a
film nade fr ofHPEHQ case Ofﬁabseéwlémewchmmwh@imaat@& wpalinggdeag oipdoes,

smaller package volmmne can be achieved. The air permeability of the laminates of

examples 1a, 2a, and 3a was measured and in each case was 0 liter per square

10 decimeter per minute under a test pressure differential of 500 pascal.

Table 1.

Example ‘ Substrate fabric Gas barrier Stiffness

lamination film | (Newtons) ave. of 5

measurements
Control A Fabric A None 4.43
Control B Fabric B none 5.83
Control C Fabric C none 13.50
Example la. Fabric A polyetherester 7.88
‘ blend film

Example 1b. Fabric B " 14.61
Example lc. Fabric C " 19.22
Example 2a. Fabric A DARTEK 101 10.57

film
Example 2b, Fabric B “ 19.69
Example 2c. Fabric C N 21.27
Example 3a. Fabric A MYLAR film 14.43
Example 3b. Fabric B * 21.24
Example 3c. Fabnic C * 23.82

15 Example 4

- In this example, fabric/film laminates of nylon fabrics laminated with films of
the copolyetherester blend of Example 1 were tested for blocking.
In Example 4a, the fabric was a nylon 66 continuous filament light denier
industrial yarn of 470 decitex total yarn fineness, called Type 749 and available from
20 DuPont. The yarn was woven in a symmetrical weave, scoured and not heat set. The
weaving intensity was 51 warp yamns per inch and 52 weft yams per inch (equivalent

to 20.1/em by 20.5/cm). The fabric was laminated with a film made from the
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stabilized copol yetherester blend of Exanple la. The filmhad a thickness
of 0.8 ml (0.020 nm). In Exanple 4b, the nylon 66 fab13gepembsppmie 4a
was |lamnated with a film made fromthe stabilized copol yet herester bl end
of Exanpl e yoawesdfe filmhad a 5 thi ckness of 0 6-0. 65 ngdpdds by 0. 016
mm) . Two specinens of the | am nate of a and two specinens of the
| ami nate of EXaMpted cﬁbOIWélFeéeSE"éQFE‘HO?%‘r““’theo‘ékFhaﬁhﬁbﬁﬁhﬁﬁn%séof @&@ymil

5978: 1990(E) (old2oMukN 25978) with the nodifications described above. The
results are sunmarized in Table 2. The data in Table 2 show that flexible

filmlaninates of mlmamméaatth@ﬁyloﬂ 5d<ﬁbﬂ@oﬁmnb&ma%®asmﬁﬁteaﬁxmhﬁﬁ la and
I b, do not bl ock, lves. This is quit

surprising beE‘éﬁlsté‘mF F}E’xsfabfhzf"f SPPPWC‘PF‘FW%’ I’Il‘é!‘dt?§ angleaﬁemecﬁlmrhaém bilized
el ements i#5 tRKRQLYIBE-OW3IRN(CEARD.018 mithpr ate to the surface where they
cause adhesion. 15 Table 2. Exanpl eda*4b* Lam nated with an airlLam nated
with an air per nmeab¥? sregmsas ofi ths laminate of Exarnpis 4n and twp spegimensiof el m of  0.°020
mm t hi cknes s Ol RiindbfGLempIIab hiFkie s PR a &c&qmgfto ﬁdﬂ%ﬁ%ggﬁzased on co

of etheresters Result - Specinmen 1D d not ockDi not Bl ock
Speci men 2Di d@mﬁmpwﬁmh H@tmtﬂnikekomﬂwbmom Reeppsuits g7 gymmatizedd t he

sanpl es were ﬁ%ﬁletz' %@qa&.%ﬂb@@z thﬁat@ex%% ; ,.,,@?gﬁﬁ&%&,n,oﬂ @ gram
hangi ng wei ght for seconds. Sept e An air bag
conpri sedl®f @eﬂaarrwaiwc@f@xatam tﬁanddbcﬂdr@hblndt,ed th@mhrmt@tmkml sing an

el astoneric f t wherein, the
el astoneric f?‘%%%"?e@cg%%d%“ﬁ% %?Qﬂ?g%aﬁge%%lg&qgé f\{A/e%lgg ‘Isa‘lﬂwcg‘e to

copol yet her estiexibilizedictegentsimihepplyner whichfend souigritnty thoswgfacdahae dsyer units
and short- chgjn a8tef, units joined head-to-tail through ester Ii nkages

sai d Iong chain ester units being represented by the formula: 0 0 1111.

15 Table 2.

Example 4a* 4b*
Laminated with an air Laminated with an air
permeability barrier film of permeability barrier film of
0.020 mm thickness 0.015-0.016 mm thickness -
Based on copolyetheresters based on copolyetheresters

Result — Specimen 1 Did not Block Did not Block

Result — Specimen 2 Did not Block Did not Block

*ISO 5978 (DIN EN 25978) method the samples were conditioned for 168 hours @
105°C and tested with a 50 gram hanging weight for 60 seconds.
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(1) 10 and said short-chain ester units being represented by the fornmula: O
0 --0DG 11 (1 CRC (II).. wherein: a) Gis a dival ent13 sgste®der 209481 ni ng
after the renoval of term nal hydroxyl 15 groups from a pol y(al kyl ene

oxi de) gl ycol h&LiAlMS nunber average nol ecular wei ght of about 400-4000;
b) Ris a divalent radical renaining after rempval.of carboxyl groups from
a di carboxylic acid Ihafm% %mmtsggafa lﬂmuﬁted fabsi6, saftdBmifitkd Gabsld 'S A

di val ent radic hydroxyl groups from--a di ol

20 having a rmlaéc ar meagﬁ?;"%gégh? tﬁ‘giﬁmma Wﬁl@feubstnateefabnc _
copol yet herester cowhas ﬂﬁthalé Jt.-chaipn ester . -
units, and wherein the el am ngﬁ?fgg%]ﬁggﬁn%% P??Q @228éfb3?‘i"%‘ tefout 5 to
80 Newt ons 5 nmeeenelysthesestas having atmouitiplidityrof réaeitySEN-RAAR 25,24 anﬁ shd &e air

bag of claiml relnthe el.as On‘erltﬁTmeIS conpri se 90%

by wei ght of C%hﬁo é?w%%dhes terfail ough syerdinka s, aa:dlongifafaﬁi Estdrimits

el astoneric fitem &;egérﬁ(gd - 20 -weight percent of an
et hyl ene- based cog;;o yner %3@#&3@“‘314 AVENDED SHEET 13 Sept enber 2004 4.

The air bag of claim3, wherein the elastoneric filmcontains about 4 - 12
wei ght percent of- an et hyl ene-based copol yner additive. 5. The air bag of
claim3 wherein said ethyl ene-based copol yner Qaddli ti ve conprises 5 at

| east 60 wei ght percent of ethyl ene nononer, @&nd{about 5 to about 15 wei ght
percent of an al pha, beta-unsat ur at ed—@gg§8-—CaRhgoxylic acid nononer, where
about 10 to 99.5% of the car boxylic acid gr&ips In the copolyner are
neutralized with nmetal ions selected fromt group of sodium potassium
zinc, cal 8dum nmagnesium lithium alum num nickel, and chroni um

and said short-chain ester units being represented ny the formula:

00
Il
—~—0DO——CRC ——
(D).
wherem

a) G isa dwa]ent radlca] remalmng after the removal of temnnal hydroxyl

15 . groups from a poly(alkylene oxide)glycol havmg a number average molecular
- weight of about 400-4000;

b) Ris adivalent radical remammg after removal of carboxyl groups from a
dicarboxylic ac1d havmg a molecular weight less than 300;
.¢) Disadivalent rachcal remaining after removal of hydroxyl groups from a dlol
20 . having a molecular weight less than about 250;

. wherein the copolyetherester contains-about 25-80 weight percent short-chain

ester units, and

wherein the lammatcd fabric has a stlfﬁless of from about 5 to 80 Newtons.
measured according to test method ASTM D4032-94.,

25 - 2. The air bag of claith 1, wherein the elastomeric film is comprised of at least
90% by weight of copolyethercster. ‘ |

3. The air bag of claim 1, wherein the elastomeric film contains about 0.2 - 20
weight percent of an ethylene-based copolymer additive,

14
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10 6. The air bag of claim5 wherein about 10 to 99. 5% of the carboxylic
acid groups in the copol ymer are neutralized with rreta13$@m§m§@,lmu4ed from
the group of sodium potassium and lithium 7. The air bag of claim5b
wherein the ethyl ene-based copol yner additive- includes one or nore

sof t eni ng conononers cdp&h&yalabagabélﬁnw, tﬁhe}éiﬁﬂpetgm{t c[]ﬁln?%ﬁlo r, sal d
sof t eni ng conononer, R ng present in an amount of |ess an

cent relative to CTEat oban ethyl cae-hysed nepdipmerhddithel ymer. 8. The alr bag

of claim1l wherein the manmade fiber substrate fabric is conprised of at

| east 85% by wei ght of S.n¥heoair bag ofrobaim Pwherdingarl dthfiask-6s L‘Zﬂd&rﬁ %l n
t he substratefa_?# conpri ses polyamde 20 yarn with a de X r Y& r om

110 to 940. 10 SRS bag of claim | further conprising an adhesive for
| am nating the el aSt%%dWﬁ&tﬁr&Hﬁffeﬁ&leﬂe 11, The a| r bag of claim
s8¢

10 wherein the adhesive is fro

pol yet her uret hane, et @Dutrﬁetocabpml lﬁrmxght p@fb@nﬁdﬂahcagll!i}@ tazéxléﬁn-alt%ﬁ'%ga(;é bag

of claim1l wherei elrlﬁ ranat ed fabric does not bag of
claim1 wherein the OF% é’&o’\"%ﬂ‘ﬁh%@%ﬂhl‘ém9$§?&ﬁabﬁ tarboxylic abRISHospaR 1

liter per square theeedpdBnf a te ssu di fferenti al
of 500 pascal. 14. The air bag o E%PE'F% 8‘??—3‘7 ?‘Ft‘?‘{é @6{3%8@@!’@58@3;@; is
a copol yet her est @Pmﬂmbimdalcﬂﬁ: wmmsuﬁiﬁﬁ aluminum, nickel, and chromium.

10 6. The air bag of claim 5 wherein about 10to 99.5% of the carboxylic acid

groups in the copolymer are neutralized with metal ions selected from the group of
sodium, potassium, and hthzum .

7. The air bag of claim 5 wherem the ethylene—based copolymer addltlve
includes one or more softening comonomers copolymcnzab!e with the ethylene
~ 15 comonomer said soﬂemng comonomer being present in an amount of less than 25

' welght per cent relative to the wei ight of the ethylene-based copolymer.
8. Thc air bag of claim I wherein the manmade fiber substrate fabric is

comprised of at least 85% by weight of nylon polymer.

9.. The air bag of claim 8 wherein the substrate fabric comprises polyamide
20  yarn with a decitex range from 110 to 940,

10. The air bag of claim 1 further comprising an adheswe for laminating the
elastomeric film to the fabric.

11. The air bag of claim 10 wherein the adhesive is from the group of
polyurethane polyetherurethanc ethylene copolymers, and snhcones

25 12. The a1r-bag of cla:m 1 wherein the laminated fabric does not block.

13. The air bag of claim 1 wherein the laminated fabric has an a;ir

permeability of less than 1 liter per square decnncter per minute under a test pressurc
. differential of 500 pascal.

‘ 14. The air bag of claim 1, wherein the copolyetherester is a eopolyethercster
30 blend. ' o |
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