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On flexiBle structures, attachnent fittings and the like are normally 16

just se di | d utton on a shirt. Sonetime the 17
reinforc mn@%émﬁgﬁFm%vgﬁ@@h sides to add support. 18

However, gsuch fittings stitched or bonded in such a manner tend to "rip" 19
away fromthe structure when under high tension |oads, again nuch |like a 20
but ton_r i6ppi hieldof therlpwertiathi rt . For exanple in U. S. Patent No. 4,125,233,
21 "Tethered Aerodynam c Balloon Wth Integral Fins" by J. A Wnker
et.al. 2 an attachment fitting is disclosed in the formof a | oop with
end portigons 23 THéqnd@ﬁhdrpreldtes . ther figld of fexiblefstiuchirbs and, inThe end
portions are "criss- crossed” with reinforci g&lstrl ps baonded

t her eovep. UP@'CPWéﬁta NBS'QQL‘PT argattaghme fitting:for sueh slyetEPSanT &t el
Bal | onety s bY a¥a chtnemt' ity is particularly useful on pressurized structures such a

11  lighter-than-air vehicles and inflatable boats.
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13  Description of Related Art

14

15 On flexible structures, attachment fittings and the like are normally

16  just sewn directly thereon much like a button on a shirt. Sometime the

17  reinforcements are sewn or bonded on both sides to add support.

18  However, such fittings stitched or bonded in such a manner tend to "rip"
19  away from the structure when under high tension loads, again much like a
20  button ripping off from a shirt. For example in U.S. Patent No. 4,125,233,
21  "Tethered Aerodynamic Balioon With Integral Fins" by J. A. Winker, et.al.
22  an attachment fitting is disclosed in the form of a loop with end portions
23  bonded to the outer surface of a balloon. The end portions are "criss-

24  crossed" with reinforcing strips bonded thereover. U.S. Patent No.

25 3,108,765, "Balloon Having an External Ballonet" by V. H. Stone

26 discloses a somewhat similar design. In addition, the V. H. Stone

27  attachment fitting incorporates a load distributing fitting in the end of loop
28  with the sides of the loop reinforced and joined together. Because the

29  fitting is subject to cyclic tension loads there is aiways the tendency to

30 Peel away the reinforcements. Thus it is important to distribute such

31 tension loads into the main structure. Additionally, if the flexible structure
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the fiygst Walof e stiBiotary. SSedohd fléxibie embérgears Donded ovbethesuct ure is not
sealed; thus it is unusable in a 15 pressurized structure. As used in the

t oy bdlY 0o gndportions afithe fitsd flexible-megmber. This design better distributes
12 the tension load from the loop to the flexible structure, via shear load {
13  through the bond between the end portions of the first 'ﬂéiible members.
14  However, the hole in the structure is not éea!ed; thus it is unusable in a
15  pressurized structure. As used in the toy balloon, itis attached to an un-
16  pressurized cap at the top thereof. However, others have modified the K.
17  D. Skaggs design by extending the second flexible member to completely
18 cover the first flexible member so that the attachment fitting can be used
19  on pressurized structures. However, these designs do not provide for

20 optimizing the distribution of loads into the structure eliminating or
21  reducing local stress concentrations. Furthemiore,' if the flexible structure
22 is aninflatable boat or the gas bag of a Iighter-than4air VGhicle, failure of
23 the joint should not cause a leak therein.

24
25 Thus it is a primary object of the subject invention to provide an
- 26  attachment fitting for a flexible structure. '
27 | |
28 It is another primary object of the subject invention to provide an

29  attachment fitting for a flexible structure wherein stress loads are
30 distributed into the structure, eliminating local stress concentrations.
31



16 pressurized cap at the top thereof. However, others have nodified the

K. 17 D.wGkseme2 desi gn by extending the second fl exi bl e pefpsssdsis:
conpletely 18 cover the first flexi blg menber so that the attachnent
fitting can be usgd 1 Hoyever, these designs
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Furthernore, if the flexible Structure is an i nflatabl e boat or the
gas bag o3 a lighter-than-air vehicle, failure of 23 the joint should not

cause a | eak ' us it is a primary object of the
subj ect iﬁveé%mgvpﬁé\ﬁ%&wﬁy"@ﬁ attachnment fitting for a flexible
structures 27 28 It is another primary object of the subject

invention to provide an 29 attachment fitting for a flexible structure
wherei n séress | obae investion is anatiachmentditting fo5 usaconsa flexible-wall of ani nat i ng
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structur es' 3 p%ssibﬁi%%@r(esg:ingyge& l'g\a{gls\quo%\lrigping the structure at the ends of
10 the slot, stress concentration reducing cutouts are included on either end
11 thereof; preferably, these stress concentration reducing cutouts are

12  circular shaped. A first flexible member is included having a center

13  portion foided over on its self forming a loop extending from a first side of
14 the wall through the slot and out from the second side. The first flexible
15 member further includes fan shaped outer portions on each end of the

16  center portion bonded to the inner surface of the wall of the structure

17  adjacent to the siot. |

18

19 The first flexible member further includes a plurality unidirectional
20 reinforcing filaments in a matrix material with the filaments being paraliel
21 to each other in the center portion and fanning or spreading uniformly in
22  each of the outer portions. The filamentary material could be any high

23 strength filamentary material such as KEVLAR™, or DACRON™, with are
24  available from the I. E. du Pont de Nemours and Company, Wilmington,
25 Delaware. VECTRAN™ filamentary material manutactured by Hoechst-
26  Celanses, Somerville, New Jersey, as well as graphite and fiberglass can
27 alsobe used. A wide variety of resins can be used as the matrix materiai,
28  for example, urethane thermoplastic. In a lighter-than-air gas bag made
29  up of various layers of VECTRAN™ and KEVLAR™ using a urethane

30 resin matrix material, the first flexible member could made from

31  KEVLAR™ filamentary material with a similar urethane resin matrix
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d‘;?l_‘ﬁ%ﬁﬁiéﬂ strictre’it is
without causing a leak in the structure. Thus the fitting should be

designed to have the loop or center portion fail prior to failure of the bond
betweeh the fan shaped outer portions, that is, before, the bond between

the outer portions and flexible structure. The use of the fan shaped outer

portions which better distributes the tension load into the flexible structure

helps to insure that this réquii'ement met. The fans shaped outer
portions also better absorb "off axis" loads.

A second flexible member having a periphery extending about the

slot and the outer portions of the first flexible memper is bonded theréc_wer

and to the adjacent surface of the flexible wall of the structure. This
second flexible member serves a dual Ppurpose. The first is to provide
additional strength to the attachment fitting by reinforcing the attachment
of the first flexible member to the wall of the structure. Secondly, if the
structure is pressurized, such as the gas bag of a Iight_ef-than-air vehicle
or an inflatable boat or raft, it acts as a seal preventing gas from leaking
through the slot. Material used in the second ﬂeXible_ member must be
compatible with and bondable to the structure and first flexible member.

avai lable fromthe |I. E.

UQ.
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12 The novel features which are believed to be char-acteristic of the

13  invention, both as to its organization and method of operation, together
14  with further objects and advantages thereof, will be better understood
15  from the following description in connection with the accompanying

16  drawings in which the presently preferred embodiment of the invention is
17  illustrated by way of example. It is to be expressly understood, however,
18 that the drawings are for purposes of illustration and description only and
19  are not intended as a definition of the limits of the invention.

20

21  BRIEF DESCRIPTION OF THE DRAWINGS

22 |

23 Figure 1 is perspective view of a lighter-than-air vehicle.

24

25 Figure 2 is patrtial perspective view of the vehicle gas bag

26 illustrating the attachment fitting.

27

28 Figure 3 is a cross-sectional view of the attachment fitting shown in

29  Figure 2 taken along the line 3-3.
30



22 A second fl exi bl e nmenber having a periphery extendi ng about the
23 slot and the outer portions of the first flexible nenber is bonded
t her eov¥098/28%02 and to the adjacent surface of the flexPEK@SKS610f t he
structure. This 25 second flexibl e grenber serves a dual purpose. The

first ijs to pr Q?“[‘ W itting by
rei nforC| ng th?{%?tszfgﬁnf%or# b%@fﬁﬁ{é{(ﬁ!ﬂ% h}%(él%g??% er f)hét he wal | of
the st I2UCt oenterﬁettlondhtpaldomlittst@ngthedlsmmmem(ﬁﬁlamuam matariafuch as the
gas bag IJght er-than-air vehicle 29 or an.inflatable boat or raft,
It act asﬂ'é? €8 preventing gas fromleaking 30 . through the slot.

Materi gl used in the second flexible nenber nust be 31 conpatible with
and bondable to the structure and first flexible member. WO 95/ 26902
PCT/ US®5/ 03161 Figure 5 is a pantiakisniew ghthecattachment fiiting:shoven indigumehl e to have

aportlon f. f r in proximty
to the secg @hgﬁ%%ﬁf%i@“v&gﬁfé’?%ﬁ?@% eégcgn Jldéynecfjtoget her .
This can beherintatiation bfa nfetal inaanmﬂtwewmwuewup si des toget her.

Rei nforcing nenbers (either ridged 5 or flexible) can be positioned over

the joifned portions of the sides of the 6 Joop to add strength.

of 1 he oop. 1 o RATECS & Gatlis sl BE R Sndhingif iting ST Fiuiel 2 @ el .

a net ao shf Hlustratinga eadtei' Iddp partion as farawad withoutireinforcemedts of a clevi s

attached tq a, cabl e su nDor ne. Alternately, a 10 hol | ow
shaft Idan ins |§t"?‘é8 ?BP E‘HB %i“ﬁ'ggh‘qrﬁ’gd carry pi ny 11 |

12

13 DESCRIPTION OF THE PREFERRED EMBODIMENT

14

15 lllustrated in Figure 1 is a non-ridged lighter-than-air vehicle,

16  generally indicated by numeral 10. The vehicle 10 includes a flexible gas
17  bag 12 having a gondola 14 suspended from the bottom thereof and

18 thrust producing assemblies 16 attached to the gdnddla_. The vehicle

19 further includes a plurality of fins 17 mounted on the rear thereof

20 supported by bracing wires 18. The vehicle 10 is shown docked on a

21  platform 18, secured thereto at its nose to a tower 20 and by a plurality of
22  mooring lines 22 along its length directly to the platform. These mooring
23  lines 22, as well as the 'braci'ng wires 18 are attached dlrectty to the gas
24  bag by the subject attachment fittings, indicated by numeral 24. itis

25  important to note that the example application is for purposes of

26 illustration only and the attachment fitting can be used on any flexible wall
27  structure; however, it is most useful on pressurized fiexible structures,

28  such as the gas bag illustrated above.

29

30 Referring now to figures 2 and 3, it can be seen that the wall 30 of
31 the gas bag 12 has an inner side 32 and outer side 34 with a slot 36

-~
r



12 The novel features which are believed to be characteristic of the
13 inventW@A324982 h as to its organi zation and method of OPET/HE95H3161
tegether 14 with further objects and gdvantages thereof, wll be better
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I fath I W 22 23
F: grgnuf'z 2 ‘llts S%c*di%i?ﬂe\%ﬁuﬁ%@\%ﬁ&?esgﬁﬁﬁter t tggg%lt@:hiajﬁe. 2 d;
Figure 2 5s mfrwstabumgstmstl]?ads ovena wida arsay c A firstflaxible imamber 40,
| | ustrat tt t fit '
cr oss- sech ot aisasgne PRiney alterifonlintures o gepter Berforia neyr ¢ 2 ¢ aken

al ong thegl i igmiof a I88p havihg sides 42EhBHHQB4 THe fobﬁ'&xtéﬂ&%?&u&hﬂef' rst
flexible menber prior to fofrmng the center portion into’a |oop

i | | ust rat8ng slets36ifremrthe mnarrsm 32 uandmﬁd yherauteriside 4. Thedlirsti n. 4

9 flexible member 40 also includes fan shaped outer portions 44A and 44B

10  on either end thereof that are bonded to the inner side 32 of the wall 30

11  adjacent to the slot 36.

12

13 Figure 4 is a view of the first flexible member 40 prior to the forming

14 of the center portion 42 into a loop. The member 40 is made of strands of

15  unidirectional filamentary material 48 embedded in a flexible resin matrix

16 material 49. The filamentary material 48 is closely packed in the center

17  portion 42 (indicated by numeral 48A) and uniformly spread out into the

18 fan shaped outer portions 44A and 44B (indicated by numeral 48B). The

19 filamentary material can be selected from any of the high strength |

20  structural fibers, such as KEVLAR™, DACRON™, VECTRAN™ graphite,

21 fibergfass , 6tc. The member 40 can also be made in any number of

22  ways. For example, the filamentary material could be laid up in a mold

23 having the shape of the member with a plurality of pins equally spaced

24  about the peripheral ends of the fan shaped end portions. The

25  filamentary material could be laid up in the mold with the ends tied off in

26  tension about the pins. The unidirectional filamentary material could

27  incorporated hamess weaving to maintain filtament spacing. Thereafter a

28  resin could be injected into the mold. A suitable resin is thermoplastic

29  urethane. This would allow bonding to the inner side 32 of the wall 30 by

30 the application of pressure and heat; however, any resin selected must

31 be bondable to the wall.
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Fi gure 5is a partial is. view of the attachnent fitting shown in
6 3, illustrating the addition of reinforcenents to the sides of

WOR536%2 the installation of a netal attachnment PCUBS9SM3161 n t he

9 Figure 6 is a partig is view of the attachnent fitting
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23 lines 22, as:well as the bracing-wires 18 are attached directly

gasthesend gfatgetwoqms Imo?%ealsms?@l?mm  Additiegally thecsides ed by
24 I
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aHMdbbeudéritenMrher&bf the: sides anddo securevthe ,membenssmrsts useful on
I zed flexible siruct ﬁ 2f8 such as the gas bag illustrated
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29 Braper positionat the o figures 2 and 3, it can be seen that
| 30 of

Note that in this particular versioh of the aitachment fitting 24 the
tension load, indicated by numeral 57, is always in a predominately
downward position. Thus the major portion of the tension load 57
induced into the first flexible member will be absorbed by the outer portion
44B. Therefore, it is proportionally larger than side portion 44A; the
actual size, of course, being dependent on tﬁe adtuél tension load. The
fan shape, with the filamentary material evenly distributed therein,
provides for the distribution of the load into the wall 30 of the gas bag 12
and can even distribute "off axis"® loads. Note also that tension loads are
primarily distributed from the first flexible 40 member to the wall 30 in
shear along the bond line therebetween. There is very little tendency to
“rip* along the slot 36. Of course, if the tenéion load is predominately
perpendicular to the struciure, the outer portions 44A and 448 would be
equal in size. In such pressurized structures, it is always important to
design the attachment fitting such that the loop fails in tension, rather
than in a shear failure along the bond between 'the outer portions and the
structure, thus insuring that a !aak path is not generated upon failure.

L)



31 the gas bag 12 has an inner side 32 and outer side 34 with an el ongated
7.1 sl oW®®26%2endi ng t heret hrough. The slot 36 has Ci r creTws9sos160Ut S 38A
and 2 38B at either end thereof that gct as rip "stoppers". By having
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i ncl udes3a c@i glpcang meﬂﬂﬁ" gtalied in e end of the *%PR §JpPered onyoRe des 42A and
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Fgure 71 G i Bhelfl, 4641 a SCEBRER rodlieirinahap ¢ he Torm no 15

of the center Into a | oop. menber 40 1's nade of strands of
16 uni 8li r eapplicationg.i | anentary material 48 enbedded in a flexible resin
matrix 1 material 49. The filanmentary material 48 is closely packed in
the center 18 portion 42 (indicated by nunmeral 48A) and uniformy spread

out intpgthe 19 Wrﬁlétﬁ@mﬂ@#?\%ﬁ@éhtd&&ﬁbéd%tﬁﬁdfeﬂé&étdwl cated by
nuneral 48B). The 20 i lamentary material can be selected fromany of the

hi gh st}EngtRartiquiar gmbgdmrm it sheidd be undarsteed thal thexembadimeptisoN err ],
VECTRAN 277 | @éiPllibtfative as there are numerous variations and modifications

13  which may be made by those skilled in the art. Thus, the invention is to

14  be construed as being limited only by the spirit and scope of the

15 appended claims.

16

17 INDUSTRIAL APPLICABILITY

is

19 The invention has appiicability to the aircraft industry and also to

20  any industry that manufactures flexible structures.



22 fiberglass, etc. The nmenber 40 can al so be made in any nunber of 23
ways. For exanple, the filanentary material could be laid up in a nold 24
havi ng We952683e of the nenber with a plurality of pinsPEFEPIAB81I&6haced 25 +
about the peripheral ends of the fan shaped end portions. The 2 6

fllarrentar#%ml could be laid uﬂ) in the nold with the ends tied off in
tensio the pins. The unidirectional filanmentary material could 2
8 i ncorporated harness weaving to maintain filament spacing. Thereafter a-
29 resin could be injected into the nold. A suitable resinis

t her nodl asfi ¢ #n attachment fitingifor sseonithe flexible walhof agtructuréfori nner si de 32
of the_wall

PCT/ US%5/ O§‘1W'§'¥qate"s'og?ﬁégﬁ%n%ﬁewppﬁmﬁ gures 2 and 3, a second

fl exi blze rrerrberaga“hqhgwa"mmgtmgfe -the first flexible nenber 40 and
extends about the erlp ery 3 52 thereof and the slot 36 and i s bonded to

the inder side exible membeuhaving a center portion:teldadiinthalffommiagnenber

Pber 20”2380 prBing3fim & R8¢ st Bt the il Bodkh SRS AR, 1177 hg” e
| oop far rrEﬁothheesebondBWe‘, and oﬁibrcfanshaped poﬂnonsloneehcﬂlendmﬁwd on menber 54
nmount ed t herein. evis 56 is attac the end of .the nmooring |ine

22 (al do sG@"tPTBBWQ"BO"dRHdPtﬂ?Q)ﬂ@F F&det‘?‘éh%)”éﬁé)fﬂ'e stiucturgadiacentor ¢ he | oop
ar e | olghedy] GaRIAY sl g a5l thePibg) oRiFSE i aifoverrent of

t he si es an o secur e rtgper posi |on at the
end t her eofeinfofeing filaments in a matrix material with the fllame_n_ts being parallel

10 to each other in the center portion and fanning out from each other in {
11  each of said outer portions; and '

12 a second flexible member having a periphery extending about said

13  slot and said outer portions of said first flexible member, said second

14 flexible member bonded to said outer portions of said first flexible

15  member and to the first side of the flexible wall of the' structure extending

16 about the periphery of said outer portions of said first flexible member.

1 2. The attachment fitting as set forth in Claim 1 further comprising
stress concentration reducing cutouts on either end of said slot and said
3  second flexible member extends beyond and about said cutouts.

3.  The attachment fitting as set forth in Claim 2 wherein said stress
concentration reducing cutouts are circular shaped.

S
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13 Note that in this particular version of the attachnent fitting 24
the 14 twes9sa9toad, i ndi cated by nuneral i s always ipgTRIspE/@dem nately
15 downwar d positi on. Thus the major ortl on of the ten3| on | oad 57 16

i nduced into t fl exi lerre t he outer

portion 17 444B Irsﬁ%‘frﬁ?%m “fnqgsﬁ?gﬂ t'" é’é? ReMRIN®de portion

44A, the jl8 oﬂfdr#'éf'thé'lé’dbeﬂbn@ﬁbrfﬁﬁn a%lmgnwmﬁ?%thmséé&daéﬂéla' tension
lload. The 19 fan shape, filamentary naterial evenly distributed

t herei n, 30 ofma)wawt@mrdrthemeoamicaftbetl@qma@nomdtog@tber nto the wall 30 of
the gas bag 12 21  and can even distribute "off axis" |oads. Note al so
that tension | oads are 22 primarily distributed fromthe first flexible
40 nmenbery t o 8 he Twa attachmentlitting aéleetrfoﬂhm@lanhm vbeekih i reinfolvingbet ween.
There is very little tendency to 24 e% gthe slot 36. O course,
if the téhsi Members afél?iﬂéﬁégﬁﬂﬂtl@ﬂ?dmmmﬁé?ﬁ idegjof saldJoPPe structure,
the outer portions 44A and 44B woul d be 26 equal in size. In such
pressurized structures, it is always inportant to 27 design the attachment
fitting sucheét hatm&maciweritdnﬂm as\setforth imClaim S whefdin salthn i n a shear
failure al onge e bond b t ween feg( outer portions and the 29 structure,

thus ins®in '“QW%’H ersArg t t generated upon failure. 30 VO
95/ 26902 PCT/ US95/ 03161 9 1
Figure 5 illustrates the addition of reinforcing menmbers 60 to the 2

st it ched 1t og@ herTheoattachmentdittingias setfarth dnpiaim 6 whemin adoad that a 3
reinforci 29 r&esrtﬂ:butmgzm'er?ﬁ)tezri%sI r%gun@dtur\]?hee Un—;(?lne& Bgrtlo%% sa?d fo%B?r ed on one

A



4 end. This shape aids in distributing the tension |oad. Additionally, in
5 Fi gur ewb o490 i s shown a center portion wth an un-j opeEdsss@disiand no
Q reinforcing nmenber therein to illustrate that the sides of the |oop
need not 7 be joi,n t oget her, nor is'ﬁ reinforcing nmenber required in
many 8  appli c;gr-iof)ng_g 0 VWhi | € °t he inver?’ on has been descri bed
with reference to a 11 particul ar enbodi nent, it‘jhould be u st ood
that the enbodinent is 12 nmerely illustrative as tlhere areghunerous
variations and nodifications 13 which may be made by thogg~skilled in the
art. Thus, the invention is to 14 be construi@as e hg limted only by
the spirit and scope of the 15 appended cl ai ns. \1§ \ | NDUSTRI AL

APPLI CABI LI TY 18 19 The inventilfgh has appl ] olfe aircraft

i NS
<ijb-

\0
i ndustry and also to 20 any industryf that nppeaFasy 7N exi bl e
structures. 10 “CPALMS 1 -~ An-extackaEnt fittN1g fo) suppel8ing a
t ensi on | oad aﬁplied t exible 27 ueF a structure, e text bl e~val |
bei ng pressurized<roma first side= t he ﬂnsioq Lgad>qppl i ed form
i | p wald ] Bf

the second side, said fitting eon S
the structure; -- /

e v

—

20




5 a first flexible nmenber having a center portion folded in half
form ng 6wognksyep extending fromthe first side of the walcrnisbs/asagh sai d
slot and out 7 fromthe second side, and outer fan shaped portions on
each end of said 8 center portion béhded to the first side of the wall of
the structure adjacent 9 to said slot, said first flexible nmenber
conprising a plurality unidirectional 10 reinforcing filanments in a

mat ri x nateriff'witg'th filaments being parallel 11 to each other in the
center portioh ahd™anifng out fromeach other in 12 each of said outer

portions; and 13 a second fl exi bl e nenber conpletely covering said
outer portions 14 of said f™exi bl e menber and said slot in the
wal |, said second flexible 1 menber havi ng a peri pher ndi ng about

said slot and said outer 16 JYportions of said firsigsPt e (menber, said

second flexible menber 17  bgnded to ‘@ﬁw“ﬁm‘:“f???tions of syid first
\\ e flexible wall\ of the

.
structure extending aggyv“““f“Tfriphery of \_said outer porttons of said
‘\

flexible member and to the first 485 de u\\
(3
first flexible npakas”Such that said slot is'Wi sealed off befween the

first and geess® sides of the wall_ang-sqid fillfist 21 _flexiblefmenber is
reinforcedJ1 2. o=t Th inyCaml
conprising:\2 \Q‘ongated; and 3 sai d
center portiyyn of (said fir hagt a wdth 4 1\ generally
equal to sail width of _sa oy - N h# attachnment ¥ittAng as set

forth in dajm 2
cutouts on e\\her

s
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3 second fl exi bl e nmenber extends beyond and about said cutouts. 1 4.
The attacwosseédoztti ng as set forth in Caim3 wherein saPdIAsY5H85612
concentration reducing cutouts are circular shaped. 1 5. The attachnent
fitting as set forth in daiml, or 2,3/8r 3, or 42 wherein a portion of
the | oop extending froma point in proximty to the 3 second side of the
wall toward the free end of the | oop are joined 4 together. 1 6. The
attachnment fitt38g—eas _saN\Forth-39¢C aim5 wherein reinforcing 2 menber s
are joined to said joi ng§Aportions of the sides of said loop. 1 7. The
attachnment fitting as se{\Aorth in Caim6 wherein said | N*=Br ci ng
menbers are flexible. 1 Q The attachnment fitting aEJt &rtgin Claim
7 wherein a | oad é) di stuting megtﬁr is mounted in the un-joined
portion of said 15 o ‘»‘ ,
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