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(57) Abstract

The invention is a material suitable for use as the wall of a pressurized container such as the gas bag of 2 lighter-than-air vehicle. In
detail, the invention includes a first flexible ply (64) having filamentary material comprising unidirectional filamentary material at 0 and 90
degrees to each other. A second flexible layer (70) is included having unidirectional filamentary material at 0 and 90 degrees to each other
and at 45 degrees to the filamentary material of the first ply (64). The strain value at failure for the filamentary material of the second ply
(70) is greater than the 0 and 90 degree filamentary material of the first layer (64). The first and second plies (64, 70) are bonded together
by a resin. Preferably, an additional film (79) of gas impermeable material and an ultraviolet radiation resistant material (80) are bonded
to the first two plies (64, 70). '
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+ nus 45 degrees (bias plies) for the shear |oads. However, this
approach 2 did not always result in an optiml strength design for the

strengthv&(g L&?g 3 to carry the shear |oading was typi cabiriisodiasas | ess
thanthecggl Ity of the 4 bias plies. Using the same material for both
the axial tension |loads as well 5 as .the bias (shear) | oads often

resulted in a weight penalty. 6 7 ' Some nodem desi gns use a woven

pol yester fiber f : gqumes axial | oad
carrying mfbﬁﬂétgﬁﬂﬁﬁﬁ'%waw%mpﬁ% eﬁébgérr;)éeﬁ@i’ous ﬁ Hel i um such
as a polzyester terepht hal ate that 10 serves.as the gas barrier is also

carries “sone shear |oad.. A th{Ei cal 11 pol yester terephthalate is sold by
DuPont undeBAOKGRQUNDNORTHEINMENTION \Wwyven pol yester fiber such as

DACRON[err] has a very large strain to 13 failure value, about 20 percent.
However,4in large non-rigid airships, the 14 strength requirenments have

dictated theg- Wvehtibhgh strength materials 15 such as a liquid
crystal dsl he?:r'r%i?foggiﬁec (meft spun) .pol yester polyarylate fiber, 16 for
exanpl e ¢ECTRAN err] manufactured by Hoechat Cel anese, Germany to 17

(a0l vent718"  sputhe IvsRnsUrrapaipBeriol B bkl gl Addin: |
s 19 RNy AGLIERYoDeDHEIANSY. fidlbIBVesmpbsite mAEETAIBN The ImateriakBEBAR] e ]
s direct application to inflatable structures such as the gas bag for lighter-
10 than-air vehicles.
11 : .
12 Description of Related Art
13 ' : . . . ’ ' .
14 In Iarge. non-rigid lighter-than-air vehicles, the material used for the
15 gas. bag must meet a large number design requirements such as high
16  strength, provide tear resistance, act as a gas barrier, not be subject to
17  degradation by the environment including ultra violet radiation due to
18 - exposure to sunlight. Thus such a material winds up being a multi-layer
19 laminate combining materials with diverse properties. The primary axial
20 loads on any portion of the wall of the gas bag are at 0 degrees to the
21 longitudinal axis of the gas bag and at 90 degrees thereto (circumferential).
22  Thus most laminates include woven filamentary material with the
23 filamentary material orientated at the 0 and 80 degree angles. Additionally,
24 to camy shear loads, filamentary material is sometimes included with
25  orientations at plus or minus 45 degrees to those carrying the axial loads.
26 _ o
27 | in early designs, where stress levels were low, several layers of
28 wm)en- cotton cloth impregnated with rubber to provide the gas seal were
29  often used. Later, artificial fibers such as RAYON™ or DACRON* were
30  used, manufactured by the E. |. duPont de Nemours & Company
31 | (hereinafter referred to as "DuPont’). The layers of cotton cloth were at 0
32  and 90 degrees (axial..or strength plies) for the tension ioads and plus and
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Some modern designs use a woven polyester fiber such as
DACRON™ for the 0 and 90 degrees axial load carrying material. ‘A film of
material that is impervious to Helium such as a polyester terephthalate that
serves as the gas barrier is also carries some shear load. A typical
polyester terephthalate is sold by DuPont under the trade name MYLAR™,

Woven polyester fiber such as DACRON™ has a very large strain to

failure value, about 20 percent. However, in large non-rigid airships, the

strength requirements have dictated the use of very high strength materials
such as a liquid crystal thermotropic (mel_t spun) polyester polyarylate fiber,
for example VECTRAN™ manufactured by Hoechat Celanese, Germany to
carry the axial loads. Another high strength material is a lyotropic (soivent

e of sueh
nposite

spun) aromatic polyaramide fiber, such as- KEVLAR™, which is | |

manufactured by DuPont. However, both VECTRAN™ and KEVLAR™
have a very small value of strain to failure value, on the order of 4 percent.

If the bias layers where made of the same. material, biaxial Ioading inthe 0
and 90 degree fibers will transfer significant load to the 45 degree bias
layers. - Hequmng these layers to work as hard as the 0 and 90° plies,
introduces a potential failure mode, or a weakening of the system. In fact
having a bias layer with higher elongation than the 0 and 90 degree
(strength fibers) preciudes premature failure in the bias ply at ultimate load
in the strength fibers.

Some of the prior art teaches away from the use of such a concept,
for example, German Patent No. DE 3702936 "Fiber Composite Material-
With high Tensﬂe And High Modulus Fiber In different Orientations by S.
Roth, et al. Roth et al. teaches the use of fibers with high strength and
elongation at 0 and 90 degrees in conjunction with 45 degree fibers that

]



2 stain value at failure of the plus or mnus 45 degree fibers is |less
than the 0 3 and 90 fibers. 45 In U S. Patent No. 4,770,918

" Di agr amwsé/idsesluci ng Sound” by A. 6  Hayashi a fl-exi bl e pdTAso50838r
_produci ng sound is disclosed having at |east 7 one layer of a first woven
fabric having a | ow el ongation and at lgeast two 8 | ayers of a second
woven fabric having a high elongation. The first and 9 second fabrics are .

di sposed i nhgygly ﬁigﬁ e mbddlis foreussinnigit RerRYkits 'sirBiBtures.eTpls Bdier  at

bet ween 10 and 80 degrees whereby an el ongation of the 11 di aphragmin

t he directi stainvaluecatiailyrs afthe plusrorrminusAS degree fibereisdesy thapthe A2 to the
el ongati on of glﬁ'di aphragmin a direction inclined at a 45 degree 13 angle
rel ative t o NISHIRRLEL i on of the warps of the first fabric. This allows for

14 ease pof tuning of the diaphragm This invention, of course, would
produce 15 an inefficient pressurized structure. 16 17 - Ot her
pat ent s of gener dh U.i8. &atent Np.e4,&70,998t "Eliagnag Gor BradusinghSousd" byAoperti es

5. 160, 260 - HAYBENLR AarBIk flgpraehior PerbE sab fistosrpiual sufpest %
Penet rat] on JRgsihgbPBf 8 firfwbverf fatiity R&Vihg £ lowrlelonghtiSr aneat leg8ntio ner Wth
g layers of a second woven fabric having a high elongation. The first and

"9 second fabrics are disposed in such a fashion that the warps thereof cross
10 each other at between 10 and 80 degrees whereby an elongation of the
11 diaphragm in the direction of the warps of the first fabric is generally equal

12 to the elongation of the diaphragm in a direction inclined at a 45 degree
13 angle relative to the direction of the warps of the first fabric. This allows for .
14  ease of tuning of the diaphragm. This invention, of course, would produce
15  an inefficient pressurized structure.
16
17 "~ Other patents of general interest wherein materials of different
18 properties are combined into a single flexible structure are U. S. Patent
19 Nos. 5,189,280 "Three Dimensional Fiber Structures Having Improved
20 Penetration Resistance" by G. A. Harpell, et al., 4,871,598 "Container With
21 Flexible Wails" by E. Potente, et al. and 5,215,795 "Shock-Absorbing Air
22  Bag"by M. Matsumoto, et al.
23
24 Thus it is primary object of the invention to provide a laminate
25  material suitable for the wall of flexible pressurized containers.
26 | | o _
27 " It is a another primary object of the invention to provide a laminate

.28 material suitable for the wall of a flexible pressurized containers wherein
29  bias shear load carrying plies have a greater strain to failure value than the
30  axial tension load carrying plies.
31
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l.am n eri al suitable for the flexible wall pressurlzed
s‘"&ﬂéﬂ‘ﬁ?tgaa%%'ma'egraded by 3 ultra violet radiation.

It is a still further object of the invention to provide a laminate

material suitable for the wall of fiexible pressunzed containers that are

suitable for containing Helium gas.

It is another object of the invention to provide a laminate material
suitable for the wall of flexible pressurized containers that can easily be
seamed together.

SUMMARY OF THE INVENTION

The invention is a material suitable for use as the wall of a
pressurized container such as the gas bag of a lighter-than-air vehicle. In
detail, the invention includes a first fiexible layer comprising: unidirectional
filamentary material at 0 and 90 degrees to each other. The filamentary
material of the first layer can be separate unidirectional plies at 0 and 90
degrees or woven or weaved cloth. A second flexible layer is included
having_unidirecfional filamentary material at 0 and 90 degrees to each other

and at 45 degrees to the filamentary material of the first layer. The

flamentary material of the second layer can also consist of separate
unidirectional plies at 0 and 90 degrees or woven or weaved cloth. In

addition, the filamentary material in both layers can be in the form of single

strands or yams. Also, either or both layers can be divided into a number
of thinner layers and mixed together in any fashion.

Critical to the invention is that the strain value at failure for the
filamentary material of the second layer must be greater than the 0 and 90
degree filamentary material of the first layer. The first and second layers
are bonded together by a resin. The first andsiecond plies can also be

L



4 5 It is a still further object of the invention to provide a
| am nate 6 material suitable for the wall of flexible pressurized

cont ai Nnewp deidkesdr © 7  Suitable for containing Hel i um gaspcfuSesiesiss It
i‘'s anot her obj ect of the invention to provide a |lam nate material 10

suitable for the wall of flexible presgurized containers that can easily be
11  seaned together. 12 13 ~ SUWARY OF THE | NVENTION 14 15

The inventi moéﬁ & BftcRed %géﬂ'ietrashhﬁ SO Witheat %ﬁetrﬁgln“@d ladef additiénal

pressurized c alner such as the gas bag of ‘a lighter-than-air vehicle. In
17 degai |stréd‘gih1 rP/refarably, amadnhmmahflim of a dascimperndainiematerngrand ng

uni di recti onal nt ar at 0 0, degr es to each ot her.
The fil énen@'&ﬂl’fal‘!}o'et Fﬁ{f %V?%Te%?ta? a qaé?rq g?’é‘?e%é*hﬁg

unidiregtional plies at 0 and 90 20 degrees or woven or: vveaved cloth. A
second flexible layer is included 21 havi ng uni di rectional filanentary
materiak at 0 anmhémamgrfemresovﬂmfhanelhaﬁeved to chel charatleristigr ebthe o t he

i amantsar ym@%ﬂﬁ&'\ %lotl? as tg its organlzatlcyn and meeihod of operation, together with
7 further objects and advantages thereof, will be better understood from the

g following description 'in connection with the accompanying drawings in

9  which the presently preferred embodiments of the invéntion are illustrated

10 by way of examples. It is to be expressly understood, however, that the

11 drawings are for purposes of illustration and description only and are not

12 intended as a definition of the limits of the invention.

13 : . .
14 BRIEF DESCRIPTION OF THE DRAWINGS

15

16 Figure | is a perspective view of a iighter-than-air vehicle.

17 .

18 ~ Figure 2 is a perspective view of a portion of the wall of the gas bag

19 made of flexible fabric laminate illustrating the main axis of filamentary
20 material alignment.
21 Figure 3 is a partial perspective view of a portion of the fabric
22 laminate wherein the first and second layers are woven materials.
23 _ .
24 _. ‘Figure 4 is a partial side view of a second embodiment of the fabric
25 laminate wherein the filamentary material making up both the first and
26 . second layers are unidirectional plies that are stitched together. |
27 _ ' _

. 28 Figure 5 view of a third embodiment of the i..ic laminate
29  perpendicular thereto wherein the filamentary material making up both the
30 firstand second layers are unidirectional plies that are knitted together.

31



23 filamentary material of the second | ayer can al so consist of separate
24 unidirectional plies at 0 and 90 degrees or woven or weaved cloth. In

25 awo vé/mges t he filamentary material in both |ayers can be in the form
of single 26 strands or yams. Al so, either or both | ayBF¥USEMOEE di vi ded

i nto a nunber 27 of thinner layers and m xed together in any fashion. 28
29 Critical to the invention8s that the strain value at failure

. for the 30  fi aryaq ' fa.the secand | ayer st be greater than
t he Oqand 90 3ﬁ§“‘§§g,'?é%5'5%"§é¥é§t m%ythwﬂte@%%qqmem of therfabse laraipate The first
and seconifiustrgieddn Figure®,e bonded together by a resin. The first and second

plies can also be WO 96/ 10666 _ | :
- PCT/ U395/ 05383 5 1 knitted or stitched together with or without the resin

| mpr feabl ¢ mak GG 18 3tOERR dhridg FiSSGendit.cltha and, A0 degree ber mat o a
are bendeds eduhbtiorl of the ratie df i€ sfrainfrate at failure of the 0 and 90 degree
' 6 fiber to the plus or minus 45 degree fiber. B
¢  DESCRIPTION OF THE PREFERRED EMBODIMENT
9 | :
10 lllustrated in Figure 1 is a perspective view of a lighter-than-air
11 vehicle, generally designated by numeral 10. The vehicle 10 includes a
12 gas bag 12 having a longitudinal axis 13A, lateral axis 138 and a vertical
13 axis 13C. A gondola 14 is suspended from the gas bag and which .
14  incorporates a plurality of propulsion systémé 16-mounte'd thereon. As the -
15 vehicle increases in size, large stress levels are introduced into the gas bag
16  12. Additionally, the gas bag 12 must be: impervious to Helium gas; not be
17 effected by the environment (including ultra-violet rédiation); capable of
18 being seamed; and be damage tolerant. - Meeting all these requirements
19  requires a iaminated multi-layer flexible cloth made of a different rhaterials
20  having specific mechanical properties. '
21 '
22  In Figure 2, a portion of the flexible wall 20 is illustrated having an
23 inside surface 22 and outside surface 24 and is composed of multiple
24  layers of filamentary material in a manner to be subseqijently discussed.
25  The main axial loads are introduced along the -0 degree axis, aligned with
26 the longitudinal axis 13A, and indicated by numeral 26, and 90 degrees
27 thereto indicated by numeral 28. Thus the main load carrying filamentary
.- 28 material is aligned with these axis. Shear loads are carried by filamentary
29  material aligned with the plus and minus 45 degree directions indicated by
30 numerals 30 and 32. The angle of 45 degrees can be adjusted based
31 upon the detail requirements of the specific application. |
32



5 _ The novel features which are believed to be characteristic of the
6 invention, both as to its organization and nmethod of operation,

t oget herwy*nog“ further objects and advant ages thereof, wetrisdsmsisstter
understood fromthe 8 follow ng description in connection with the
acconpanying drawings in 9 which the presently preferred enbodi ments of

t he |nv?ant|03 are illustrated 100 by way of exanples. It is to be
expressly under st . ho Bhitle é)ﬁb Doy ' se:
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15 16 Figure | is a pe ti i | i - 1- al '
1718 3 o ;mvgmmvfmuédﬁiift%iéﬁrabé%aib%%dﬁéo Begsher oG SAREVRLI T of
e gas bag o . . : ) : :
axis of %il M%?st@?‘”ﬁﬁ%ﬁéﬁe%mgﬁﬁgﬁ g% @ poly Iﬁ—jl géd?gh%hi?sé rrgl "
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the first and second | ayers are woven, nat iq_ls.
6 (melt spun) polyester polyarylate fiber (\?EC FiANﬁ“%. A lyotropic (solvent

7 spun) aromatic polyaramide fiber (KEVLAR™) is also suitable. A second -

s layer of resin 44, separates the first layer 42 from a second layer 46 of

s  woven filamentary material with individual strands at plus or minus 45
10 degrees. A third layer of resin separates the second layer 46 from a film of
11 material that is substantially imperious to Helium gas such as polyester
12 terephthalate (MYLAFiTM ) Finally a fourth layer of resin is use to bond an

-- 13 outer layer of a material that is resistant to degradation by ultra violet ‘

14 radiation and also provides protection from wind erosion and the like. Such
15 a material is a polyvinyl fluoride fiber, which is sold under the trade name
16 TEDLAR™ by DuPont. As illustrated in Figure 3, the material is illustrated
17 inits "lay up form". An altemative to MYLAR™ or TEDLAR™ is to increase
18 the resin content of the laminate so as to impregnate the fibers creating a
19  gas impermeabie layer.
20 o
21 The critical factor in the selection of materials for the gas bag wall
22 20, besides being chemically compatible, is that the strain (iric_h per inch) at
23 failure of the second layer of filamentary material be greater than the strain
24  at failure for the first layer. This will insure that the strains introduced by the
25 0 and 90 degrees axial loads into layer 42 do not create failures when
26 transferred into the layer 46. . Furthemmore, havihg a high strain rate
27 material' for the second layer 46 is very desirable in that it reduces the
28 possibility of local stress concentrations

29 _
30 In Figure 4 a second embodiment of the subject material is
11 illustrated and indicated generally by numeral 60. Starting from the bottom

32 up, the material comprises a first layer of resin 61; a first layer 62 having a



24 "~ Figure 4 is a partial side view of a second enbodi ment of the
fabric 25 |amnate wherein the filanmentary nmaterial naking up both the

first awo9g@osssecond | ayers are unidirectional plies that e stitched.
together. 27 28 - Figure 5 view of a third enbodi rre"ﬁf‘r"z‘ﬁss'f’ﬁéiifabri c
| am nate 29 perpendicul ar thereto V\,h%rei n the filamentary material making

up both the 30 first and'second layers are unidirectional plies that are
pCri Ukos, SA8l3SHonaF Hametten MRl 64.aL.0 earpes Apf 4 Rly 688t @%nbodi ment
! ! e s 1, g it sl g 371,
of thg rg?é éﬁ B&’%‘iﬁdggﬁe&ﬁ?ﬁ%ﬁéeapw By 4 at minug-ésmagneéaomegome 6 fiber
to the plpies¥2,84) 92 4nd 78HrE StitdHaR together, with the stitches indicated by'
5 numeral 78. A Helium gas barrier layer of material such as MYLAR™
6 layer 79 is bonded there over by the resin layer 76 and a final layer 80 a
7 ultra violet radiation resistant material such as of TEDLAR™ is bonded by
8 means of a resin layer 82. As in the first embodiment illustrated in Figure 3,
9  when the individual layers are bonded together, the first and second layers,
10 62 and 70, respectively, become encapsulated in a flexible resin matrix. It
11 should be noted that the woven or weaved first and  second layers of
12  material 42 and 46, respectively illustrated in Figure 3 could aiso be
13 stitched together. : S - : .
14 . _
15 " In Figures 5 and 6 a third embodiment is illustrated, generally
16 indicated numeral 90 wherein the first and second layers 62 and 70 shown
17 in Figure 4 are knitted together as indicated by numeral 92, The remainder
18 of the material 90 would be similar to Figure 4. Again, it should be noted
19  that the woven or weaved first and sécdnd layers of material 42 and 46,
20  respectively illustrated in Figure'3 could also be knitted together to improve

21 strength.
22 _ : .
23 As previously mentioned it is critical to the invention that the strain |

24  value at failure for the ﬁlaméntary material in the second plus or minus 45
25 layer must be greater than _the 0 and 90 degree filameritary material for the
26  first layer. Figuré 7 demonstrates the importance of this feature. The
27 - strength of the material under both uniaxial and biaxial loading conditions is
- 28 shown with a series of different strain values for -the. biaxial--material. The
29 biaxial material strain to failure is divided by the Oand 90 degree material
30 _ strain to failure to produce a strain ratio. If the ratio i.s less than one the
;1 plus or minus 45 degree bias layer will fail first, a ratio greater than one



7 8 DESCRI PTI ON OF THE PREFERRED EMBODI MENT 9 10 Illustrated in
Figure 1 is a perspective view of a |lighter-than-air 11 vehi cl e, _
general |y designated by nurneral 10. The vehicle 10 incl udepcgntssossggs bag
-¥2 havi ngv@%¢ tudinal axis 13A, lateral axis 13B and a vertical 13
axis 13C. A gondola 14 is suspended fromthe gas bag and which 14
incorporates a plurality of propul sion %ystems 16 nounted thereon. As the

15 hicle i [ [ I ' swi nto the -
gas bag 16 means faribianet 8 psres BELwL i Thst. e SR pBhaperIsy 7 2 110

gas; not be 17, . d by the environnent (including ultra-violet
radi ati of); réglﬂéﬂ?&B\Z&JgB bei ng seaned; and be damage tol erant. Meeting

all these requirenments 19 requires a lamnated nulti-layer flexible cloth
made of a different materials 20 . havjng. [ ihCal ties.
21 22 4 | 'Whileyihe invergiopJ1as Bﬁeraqusﬂgsé)tﬁb{f{)f%%@q%@ipﬂ |'ust r at ed
having an 23 _inside supf Sioviddhat Whé ambddiments ase menplysed of .
mul ti pl e524 eF%’@FEe ’ [tiﬁﬁéﬁpg%%négt erial in a manper to bl’{@_‘%vbsequent |y
di scusseq. 2fpusirdie A8 therexaral nurnarbusavariations anet BWPAficagNE NEVEN MY ee

th

mis A 2" be made by those skilled in the art. Thus, the invention is to be construed

g8 asbeing limited only by the spirit and scope of the appended claims.

9
10 INDUSTRIAL APPLICABILITY

11 ' .
12 . The invention has applicability to the composites industry and also

13 to the aircraft industry.



26 "the longitudinal axis 13A, and indicated by nuneral 26, and 90 degrees [
27 thereto indicated by nunmeral 28. Thus the main | oad carrying
filameYQP¢10686 rmaterial is aligned with these axis. ghoads are
carried by filanentary 29 material aligned with the plggIr o TR 45
degree directions indicated by 30 punerals 30 and 32:

degrees can be adjusted based 31  upon the detall requh%%ggnts of the

specific QuUAIMSation. 32 WD 96/ 10666 asBeenRe laced

PCT/ US95/ 05383 7 1 - “Referring to Flgure3theflex

made of (starting from2 .nterior surface 22) a first I 40
of woven yarn with i nd| Vi dual

ts??;néi g?ngegﬁdﬂ@%néi{é’?éedsrg%fgep&qmﬁmﬁwmﬂﬂsm% and subsequent |ayers
of resin are, ariast ahbmrstaﬂ%mqggépa&ﬁgpgpﬁe %fé"é‘ﬁﬂé‘ hla er 42t|:pgﬁ§ie of

a high strength yam such as |iquid” cryst
pol yedt ermﬁtﬁf af// QQ@egreevmmmpmeﬂ ). Alyotropic (solvent 7  spun)
is also suitable. A second

aromagic pol yaéta%ggt "ol sbdS J‘ A&xnﬂle layer comprising  unidirectional

5 leamentary material at 0 and 90 degrees to each other and at 45 degrees
6  to and having a strain value at failure greater than sald 0and 90 degree
7 filamentary material of said at least one first layer;and '
8 said at least one first and second layers joined together.

1 2. The material as set forth in Clalm 1 wherein sald at least one first
2 and second layers are joined together.

1 8. The material as set forth in Claim 2 wherein said at |east one first
2 and second layer are joined together by bonding

1 4, The material as set forth in Claim 2 whereln said 0 and 90 degree
2 fllamentary material of said at least one first layer are woven together.

1 5. The matenal as set forth in Claim 4 wherein sald 0 and 90 degree
2 filamentary material of said at least one second layer are woven together.

1 6. The material as set forth in Claim 5 wherein said unidirectional
2 = filamentary material of said at least one first and second Iayers are in the
3 form of yams. o

1 7. The material as set forth in Claim wherein said at Ieast one first layer
2 is selected from the group consisting of liquid crystal thermotroplc (melt
3 spun) polyester polyarylate and lyotropic (solvent spun) aromatic
4 - polyaramide fibers.

CET HAS BEE
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8 | ayer of resrm first layer 42 froma second | ayer 46
of 9 woven fil ampg @,{eymmeeﬁk acedi t h i ndi vidual strands at plus or mninus
45 10 § Shses A t resin separates the secopgriRygsssgs from
afilmo rrater\ bstantially inperious to Helium gas such
as pol yester ter e (Nh(LAR) inally a fourth layer of resinis
(l;se tg bond gn 13 outer Iayer of a ma erial that is resistant to
egradati on_ by u wieteid! 'ﬁﬁi tion
fromw Ad ePosi okﬁéma%ﬂéﬁs%éfoguchbﬁhpﬁa rrat'fe‘rs?a m?@éa |’§§/ﬁ'§':

fluoridg fi BpsaidwBbend iayesis alpulyestertiber.t r ade name 16 TEDLAR[ err] by
DuPont. As illustrated in Figure 3, the material is illustrated 17 inits

tlhay up forn. An a]Icternatlve to MYLAR or TEDLAR[err] is to increase 18
e resin cgntentyo t f r r eat
19" ' gad i mder moaBialgi BE R i, % R of 4, BPg) Py &r 7y Cat I ng @

sel ecti gn ofy PivABIEH Baidait 164 opedirstand\eédoritlaye@(arelknittetitogbthieng
chenmically conpatible, is that the strain (inch per inch) at 23 failure

of the second |ayer of filamentary material be greater than the strain 24

at failure for t fi.r . e

i nt roduced B§ reﬁﬁ é"%[%%%@%?%g?@x?a ddﬁ&rrﬁ Eﬁlszbfarélg do not .
create f2""' | o Bswibrein sHid at tefa%ﬂéﬁelﬂrstfénurﬁeaohbeayetsare éﬁtcheﬁmmgétbem)r e,
having a high strain rate

1 11. The material as set forth in Claims 1, or 2, or 3, or 4, or 5, or 6, or 7,
2 or 8 further comprising a flexible gas impermeable sheet of material
"3 bonded to said at least one first and second layers.

Lo12 The material as set forth in claims 11 wherein said gas impermeable
2  sheet is a polyester terephthalate.

4 13. The material as set forth in Claim 10 further comprising a sheet of
s ultra violet radiation protection sheet of material bonded to said at ieast one
e first and second layers. '

8 14. The material as set forth in Claim 13 wherein said sheet of ultra
s  violet radiation protection material is polyvinyl fluoride.
10 _
11 15. A material for a pressurized container comprising:
12 - a first flexible cloth comprising yams of filamentary material weaved
13 togetherin a 90 degree pattem; |
14 a second flexible cloth comprising yems of filamentary material at a
.15 . plus and minus 45 degrees to and having a strain value at failure greater
16  than said 0 and 90 degree filamentary material of said first cloth; and
17 - said first and second cloths bonded together by a resin matrix.
18 16. The material as set forth in Claim 15 wherein ‘a film of gas

19 impermeable material on the opposrte side of said first ﬂexlhle cloth

THIS SHEET HAS B
REPLAcm
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27 material for the second layer 46 is very desirable in that it reduces .

the 28 possibility of local stress concentrations 29 3 0 In Figure
4 a secwologideesli nent of the subject material is 31 ill d
i ndi cated.generally by nuneral 60. Starting fromthe bottgﬁ@gLﬁgﬁ%? t'he .

material conprises a first |ayer of rffin 61; a first layer 62 having a
WD 96/ 10666 PCT/ US95/ 05383 8 1

uni directigpal 1 bl Pk ' n 66 at 90
2" Cedreedla Jne Bl bs Sl inhokir e rgrdif S S5 ot B8 e Tal
ply 3 2 72uRta-vibles radiatibroresistantntiateriabisdbuhdedyovés said filimaus 45 degrees. The

four 4 plies 62, 64, 72 and 74 are stitched together, with the stitches
i ndi catded by 5 nuneral 78. A Heliumgas barrier layer of material such

final fayedBho o Méfiral 3s sou Rt FEGHRA 5, 2 36, BY JrVnelh Par ¥, 2,707 °
TEDLAR[ser r hnd sebend cidtiya® knitteditogetiiera resin | ayer 82. As in the_ first '

enbodi ment illustrated in Figure 3,
6

7 19.  The material as set forth in Claim, or 15, or 18, or 17, wherein said
g first and second cloths are stitched together.

This Sheet Has Been.Re{ilaced B

|
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- —————

9  when the individual LAYeLSe rLeabonded toget her, the first and second

|
| C
rggf;s, 10 62 an ely, becone encapsulated in a flexible
mMad gr10b ( ot ed 1Ehat the woven or weBCBYSI53E3 and

el and 46, respectjvely illustrated in

%611
second | ayers or 12

Figure 3 could also be 13 stitchgd Ve
- : oS NDEDOCLAEMS. 14 15 In Fi
aﬂd 6 a third embodiment is illustrated, generally 16 indicatedlgﬂagfaﬁ 90
erein the first and second | ayers 62 and 70 shown 17 are

kni tted tog@}é&g&vé}ﬁ bly NgheC 2 ehnbyi onaleBuxieag n Thhugusral %élet]o;lzlggu{@fs?t he

material 90,MQihsh RQasmdTitl, a8, #o Fj Gud, 45 aushilh, anend %&rbsﬂﬁ\éln%l@éﬂ 19
4

ﬁgggez'{]?v\é\?vei I ?)r_ ?B@r\%dlfddr;stemridi@c&mﬂnﬂ dyehanged (P39S 2 and 46, 20
| mprovel21 AT gl;b{ﬁta‘fgfikgg%&ir 6t % igeléﬁra_k&@ clbﬁtdﬁmieﬂ editogeehtel t o

. : : _ previ ous nmentioned it i iti
to the pnvesmprisibpat the strain 24  val ue at fa?lure for thgtf;faﬁ;ktgfsl

material in th ; :
0 and 9% degre:atfsﬁ'FQ'&dOHL USirRE flleRUS1eAdayer chayeising smigtregtieradr than the

anentary nateril i )
Semonst ot ok ans 57 T8 TLEFRHS oo Saktror, v e
mat eri al i aXi : . (strength ol -the
5 under QPtIQaé‘tf“oﬂélé?dcoameﬂaxab(leallayGa(gpmi@éﬁgj,qn,:v.g,:,.gecitépnal
' 6 filamentary material at O and 90 degrees to each other and at 45
7  degrees to and having a strain value at failure greater than said
8 0 and 90 degree filamentary material of said at least ome first layer;
9 and

10 gaid at least one first aﬁd second layers joined together.

3. The material as set forth in Claim 1 wherein said at least omne

2 first and second layer are joined together by bonding.

4. ° The material as set forth in Claim 1 wherein said 0 and 90 degree
filamentary material of said at least one first layer -are woven

together.

5. The material aé set forth in Claim 4 wherein said 0 and 90 degree
filamentary material of said at least ome second layer are woven

together.

6. The material as set forth in Claim 5 wherein said unidirectional
2  filamentary material of said at least one first and second layers

are in the form of yarms.

7. The material as set forth in Claim 6 wherein said at least one
first layer is selected from the group consisting of liquid crystal

oW N -

.thermotropic (melt spun) polyester polyarylate and lyotroﬁic (solvent

spun) aromatic polyaramide fibers.

THIS SHEET HAS BEEN
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' |
t h ThisSheet grent strain values for the biaxia
ﬁgterfgf)mT\#e 29 “II‘I iﬁm'ﬁ rial strain to fail uredl s divi 1(::IedI ﬁyr;[]:ao
2510665 ra
Cand 9Wal na ralntofallureto produce _a s r
Ifnthe ratio is less than one the 31, plus or mnus 45 § é%-%?%?s | ayer.
will fail first, a ratio greater tha one WD 96/ 10666

PCT/ US958.0538% @aflerialeanset hm@nmﬁe@&ﬁ@%ﬁ&%ﬁyﬂm"‘%l fa first. The

<y

a}fé( i nvention

t s obvj ous
ﬁg\seggeﬁgg%ﬁ fgg JigYVﬁEZCJn e a?é’ﬁgeist & Bolygster fither5 enbodi mant s, it should

be understood that the enbodinents are rrerely 6 |7I I u;trat hvebssthggge are
ar it gifd.cati h ma e nmade
glﬁmmgg? \r1 t'lf‘lﬁeé gﬁ&i%gasm %eéof}g{'/en | oanml g ée oftstMudel & &s bei ng

li mi ed Bnly BySrHeretn rslat’-daﬁmls%@penoffitrhe aqdpsadxﬁd Ldy@irBBared 10
| NDUSTRIkALt WP kb SAREE] TY |

10. The material as set forth in Claim 1, or 3, or 4, or 5, or 6,
2 or 7, or 8 wherein said at least one first and second layers are
3 stitched together.

11, The'material as set forth in Claims 1, or 3; or 4, or 5, or 6,
.or 7, or 8 further comprising a flexible gas impermeable sheet of

material bonded to said at least one first and second layers. -

1. 12. The material as set forth in Claim 11 wherein said gas impermeable ’
2 sheet is a polyester terephthalate.

13. The material as set forth in Claim 10 further comprising a sheet
of ultra violet radiation protection material bonded to said at least

one first or second layers.

1 14. The material as set forth in Claim 13 wherein said sheet of
2  ultra violet radiation Protection material is polyvinyl fluoride.

15. A material for a wall of a pressurized container, the material
comprising: '

a first flexible cloth’ comprising yarns of filamentary material
weaved together in a 90 degree pattern; .

a second flexible cloth comprising yarns of filamentary material
at a plus and minus 45 degrees to and having a strain value of failure
greater than said 0 and 90 degree filamentary material of said first
cloth; and

W 00 N W e

said first and second cloths completely bonded together by a resin

p—
o

matrix.

16. The material'as set forth in Claim 15 wherein a film of gas
,impermeable material is bonded on the opposite side of said first
3 flexible cloth to which the second flexible cloth is bon

THIS SHEETAF::@% BEEN
| AMENDE -~ REPL
| AN A I!II FI0 SHEET AR oew | .




11 12 The invention has applicability to the conposites industry
and also 13 to the aircraft industry. 10 CLAIMS 1 1. A material for
a wal I qfod¢msgssuri zed container, said material 2  conpPCITURYS0J83

at least one first flexible layer conprising unidirectional filanmentary 4
material at. 0 and 90 degrees to each other; 5 at | east one second
flexible layer conprising unidirectional filanmentary 6 material at 0 and
90 degrees to each other and at 45 deg&ges to and having a 7 strain val ue
~at failure greater than said 0 and 90 ‘dégree filamentary material of 8
said at |east one first layer; and 9 - . said at |east one first and
second | ayer conpletely over laid sugh that 10 said at | east on second

| ayer is only on one side of said figst layer, said at |east 11 one first
and second | ayers conpl etely joi ned wu’&

/

FIG




1 2. The material as set forth in Caim1l1l wherein said at |east one
first and 2 second | ayer are joined together by bonding. 1 3. The
material as set forth in Claim2 wherein said 0 and 90 deg

filament Q6666 al of said at |east one first layer are \&A’o%?’e‘%’?’%séﬁ her. 1
4. The material as set forth in Caim3 wherein said 0 and 90 degree 2
filamentary material of said at | east one second | ayer are woven together.
1 5. The material as set forth iz&aim4 wherein said unidirectional 2
filamentary material of said at |eas e first and second |l ayers are in
the form3 of yans. 11 1 6. ppherial as set forth in daimb5
wherein said ast e first l|ayer / ¢l ected fromthe group

consi sting OP-I[AGEi'd ystal therno e spun) 3 pol yest er

pol yaryl ate and | yotropic (solve f7ar omat N\c pol yaram de fibers. 1

7. The materi & set fort' g whereiln said filamentary materi al
of 2 said second i =2 ;

set forth in Caim1l, oL A2

22



2 wherein said at |least one first and second | ayers are knitted together.
1 9. The material as set forth in Caiml1, or 2, or 3, or 4, or 5, or
6, or 7, 2 wherein said at |east one first and second | titched
t oget her WOI96/10666  The material as set forth in d ains 1a%§frgsﬁgo§ss§ or 4,
or 5, or 6, or 7, 2 further conprising a flexible gas inperneabl e sheet

of material bonded to one 3 outer surface of said at |east one first and
second | ayers. 1 11. The material 3¢%Set forth in dains 10 wherein said
gas inperneable 2 sheet is a polyester terephthalate. 1 12. The
material as set forth in daim9 further conprising a sheet of ultra 2
violet radiation protection sheet of material bonded to one outer -surface
of said 3 at | east one first and second |ayers. 1 13. The nmaterial as
set forth in Claim12 wherein said sheet of ultra violet 2 radiation
protection material is polyvinyl fluoride. 12 1 14. A material for a
wal | of a pressurized container, the material conprising: 2 a first
flexible cloth conprising yans of filamentary materi al weaved




3 together in a 90 degree pattern; 4 a second flexible cloth
conprising yans of filanentary nmaterial at a 5 pl us and m nus 45 degrees
to and having a strain value at failure greater than 6 FOTIUSHsH638390
degree f?‘ﬁ%‘gﬂ ry material of said first cloth; and 7 . said first
and second cloths over laid and conpl etely bonded together 8 by a resin
matrix. 1 15. The nmaterial as set forth in daim14 wherein a film of
gas inperneable 2 material is bonded A the opposite to one outer surface
of side of said first 3 flexible cloth to which the second flexible cloth
I's bonded. 1 16. The material as set forth in claim115 wherein a cloth
of a ultra-violet 2 radi ation resistant material is bonded over said
film 1 17. The material as set forth in Caim114, or 15, or 16,
wherein said fir fc; an@~second cl oths are knj@&tmd together. 1 18.

The material as set!¥orth~n Caim 14 or 15, 76, \vher ei gai d first 2

and second cloths are stitched together i
_ &




Freceived by the International Bureau on 7 August 1995 (07.08.1995);
original clainms 1, 3, 4, 7, 9-13, 15 and 16 anended; original claim?2
cancel | egig JsRGBdeNI N0 cl ai ms unchanged (2 pages)] 1 1. pergéRisas for a
wal | of a pressurized container, said material 2 conprising: 3 at

| east one first flexible layer conprising unidirectional 4 filamentary
material at 0 and 90 degrees to each other; 5 at | east one second
flexible layer conprising unidirectio 6 filamentary material at 0 and 90
degrees to each other and at 45 7 degg s to and having a strain val ue at
failure greater than said 8 0 and 90 degree filamentary material of said at
| east one first layer; 9 and 10 said at |east one first and second

| ayers joined together. 1 3. The material as set forthin Caiml
wherein said at |least one 2 first and second | ayer are joined together by
bonding. 1 4. WFU7 te;?al as set forth in Caim21 wherein said 0 and 90
degree 2 filanmenta cgﬁat rial of said at |east one first |ayer are woven 3
together. 1 5. The material as set forth in Caim4 wherein said 0 and

d
90 degree —8— UNJAXIAL STRENGTH
—x— BIAXIAL STRENGTH
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. k
2 filamentary material of said at |east one seco,:cii"'l/u r.are woﬁr}§3
together. 1 6. The material as set forth in Cla ﬁﬁa relelwa(EdSSG
unidirectional 2 filamentary material of said at |east one first and second
llayers 3 are in the formof yarns. 1 7. The material as set forth in
Caim6 wherein said at |east one 2 first layer is.selected fromthe grou
consisting of liquid crystal 3 t hermott®pic (melt spun) pol yester ° P

pol yaryl at yotropi c (solvent 4
THI S SHEET%ﬂnBéEEN pV\D (96/ 10666 spun) aromatic pol yaram de fibers.

SP;JI'I'GU]CSIS);SQ?T‘E\::?; >1/421 . The materl al as se.t forth 'i n Caim4 wherein
9. The ndveri & gte?@ﬁ ﬁ; %\hWalls ﬁﬁ%g?i%d’ e%()rritilnégp@?kﬁsmaterihl ber. 1
7, or %m@oﬁﬁhsﬁ@ d at least one fir st and second | ayer; ar eor o2 o
3 at least one first flexible layer comprising unidirectional filamentary

material at 0 and 90 degrees to each other;

at least one second flexible layer comprising unidirectional filamentary
material at 0 and 90 degrees to each other and at 45 degrees to and having a
strain value at failure greater than said 0 and 90 degree filamentary material of
said at least one first layer; and

said at least one first and second layer completely over laid such that

© 00 N o g M~

10  said at least on second layer is only on one side of said first layer, said at least

11  one first and second layers completely joined together. o,

2. The material as set forth in Claim 1 wherein said at least one first and

2  second I'ayer are joined together by bonding.

i 3 The- material as set forth in Claim 2 wherein said 0 and 90 degree

2 filamentary material of said at least one first layer are woven together.

4, The material as set forth in Claim 3 wherein said 0 and 90 degree

2 filamentary material of said at least one second layer are woven together.

5. The material as set forth in Claim 4 wherein said unidirectional
filamentary material of said at least one first and second layers are in the form

of yams.
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3 knitted together. 1 10. The material as squTo/rlflh |9n5 ap 1)80? 3,
or 4, or 5 or 6, 2 or 7, or 8 wherein said at IeEPEA figr econd
liayers are 3 stitched together. 1 11. The nmateri IPQ§ se]tgﬁ%ﬁlp?glzn
Cains 1, or 3, or 4, or 5 or 6, 2 or 7, or 8 further conprising a .
fl exi bl e gas inperneabl e sheet of 3 material bonded to said at |east one

first and second layers. 1 12. The _Mterial as set forth in Caimill
wher ei n1sai@ gasTheymaterizd s sepforthsindelaim s5 wherein seic-at leasteone first layer 1

of ul 114 vbelslrfiofbe e corsrty o Enndfoafitiedt Bk UAT,
t : : , :
one Tirg! PoipetarbiyanyRteand yorrbic (sEventBir) stbmatic polyatarnide fiberél ai m 13

_ _ ultra violet radiation protection material is
pol yvinyl fluoride. 1 A material for a wall of a pressurized

15.
Compri 8T ny rar natte Mafersl e 550 Wit & Clim 5 whersinysfg iArientanf a3
ﬁg: tere{ 2 5 said secordl RYEFBG poigEdtet fibé oth conprising yarns of filamentary

o~

£. The material as set forth in Claim 1, or 2, or 3, or 4, or 5, or 6, or 7,

—r

2 wherein said at least one first and second layers are knitted together.

1 & The material as set forth in Claim 1, or 2, or 3, or 4, or 5, or 6, or 7,
2  wherein said at least one first and second layers are stitched together.

1 10. The material as set forth in Claims 1, or 2, or 3, or 4, or 5, or 6, or 7,
2  further comprising a flexible gas impermeable sheet of material bonded to one
3  outer surface of said at least one first and second layers.. '

11. The material as set forth in Claims 10 wherein said gas imperméable

2  sheetis a polyester terephthalate.

12.  The material as set forth in Claim 9 further comprising a sheet of ultra
2 violet radiation protection sheet of material bonded to one outer surface of said
at least one first and second layers.

13.  The material as set forth in Claim 12 wherein said sheet of ultra violet
2  radiation protection material is polyvinyl fluoride.

LT T ——

This is the replacement sheet’
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6 at a pl us and m nus 45 degrees to and having a styprg val u f failure 7
greater than said 0 and 90 degree filanentary mterm/dﬂgsaﬁoé)%ass

Gl oth; and 9 said first and second cloths conpl etely bonded together
by a resin 10 matrix. 1 16. The material as set forth in Caim15 wherein
a filmof gas 2 inpernmeable material is_bonded on the opposite side of said
first 3 flexible cloth to which the setdnd flexible cloth is bonded. *CL M
S* 1 14. A material for a wall of a pressurized container, the material comprising:

a first flexible cloth comprising yams of filamentary material weaved
together in a 90 degree pattemn;.

- a second flexible cloth comprising yams of filamentary material at a
plus and minus 45 degrees to and having a strain value ét failure greater than
said 0 and 90 degree filamentary material of said first cloth; and

said first and second cloths over laid and completely bonded together

0o N OO O b~ O DN

by a resin matrix.

15. The material as set forth in Claim 14 wherein a film of gas impermeable
2  material is bonded on the opposite to one outer surface of side of said first
' flexible cloth to which the second flexible cloth is bonded.

16. The material as set forth in claim 15 wherein a cloth of a ultra-violet
2 radiation resistant material is bonded over said film.

17. The material as set forth in Claim 14, or 15, or 16, wherein said first

2  and second cloths are knitted together.

18. The material as set forth in Claim, 14 or 15, or 16, wherein said first
~ 2 and second cloths are stitched together. '
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