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2. The Background Art.
The pursuit of structurally efficient structures in the civil, mechanical,

aerospace and sports arenas is an ongoing quest. An efficient truss structure is

one that has a high strength to weight ratio and/or a high stiffness to weight ratio.
15 An efficient truss structure can also be described as one that is relatively

inexpensive, easy to fabricate and assemble, and does not waste material.

Trusses are typically stationary, fully constrained structures designed to
support loads. They consist of straight members connected at joints at the end of
each member. The members are two-force members with forces directed along

20 the member. Two-force members can only produce axial forces such as tension
and compression forces in the member. Trusses are often used in the construction
of bridges and buildings. Trusses are designed to carry loads which act in the
plane of the truss. Therefore, trusses are often treated, and analyzed, as two-
dimensional structures. The simplest two-dimensional truss consists of three

25 members joined at their ends to form a triangle. By consecutively adding two
members to the simple structure and a new joint, larger structures may be
obtained.

The simplest three-dimensional truss consists of six members joined at
their ends to form a tetrahedron. By consecutively adding three members to the

30 tetrahedron and a new joint, larger structures may be obtained. This three
dimensional structure is known as a space truss.

Frames, as opposed to trusses, are also typically stationary, fully

constrained structures, but have at least one multi-force member with a force that




SL, TJ, TM TR, TT, TZ, UA, UG US, UZ, VN, YU, ZA, Zw. (84) Desigbataaber 2004
States (regional): AR PO patent (GH, GVM KE, LS, MN M, SD, SL, SZ, TZ,

UG ZW, Eurasian patent (AM AZ, BY, KG Kz, MD, RU, TJ, TM, European
patent (AT, CY, DE, DK, ES, FI, FR GB, &R IE {%&” . NL,

PT, SE, TR),“%@&B%;Batent (BF, BJ, CF, OG d, CM GA Gl\l!?(-’r ,LIJIGR%:NL, MR
NE, SN, TD, TGQ. [Continued on next page] (54) Title: 1SO TRUSS STRUCTURE
14 (57) Abstract: An iso-truss structure (X0) includes at |east two helical
conponents (30, 32) and at, |l east one rever.se heli s 34)
attached thereto #%HEW‘W&%W% Fhéﬁ?saa?‘%%uﬁlg#u%acﬁ Hé@?%glu&znd

reverse hel i cal commonanie R&phaTIakhiminalustast b asihintoiike inesgat e,

strai ght segnments (22) rigidly connected end to epd in %ﬂgel i an)dﬁwe ot
configuration for Admignat kepsh gnemultidpse BISEPE: Myme%g‘rf&ném PR CEBBut a
comon axis (14) ' ' H31EesChifl Shead B Beliling A6WWelBt ruct ure may
further include a%%g%dsg?m?nvéwr %S'?%d r{elsl cal com:)_onen%s (80, 92) and at

| east one roft ated revelsditiostlisgadturaioiepsrrdinve porm)linifsddnong @ t¥et at ed with
respect to the helical.and reverse. hell o 101 Hes #eSecond
square cross sect BRSF a?f'%lﬁse\s/\nre?%mrgeassﬂ)ﬂe‘%%o?%%E’e ?IIS’{%FB The siructure
maybe straight, cueptaaied tof fesitibbiding md nibes acaptinisd tBGsiDdesivheLinidegthpD
02/10535 A2 A , . . o .

CULETTLLEET L1111 Aesign qualysis 19 o dipensions simplifies e fsiemmAcess B 1981111111 1

Publ i shed: For t Waghint@loadifglePral@nRhdial ARDKRYE difficUltSecausf ofithet 0 t he
"@uid- wthout international search report and to be r'epa',ijggiquh d ance Notes

on Codes antPd Abbr diffieultydn sonspipusiizing gndealeulating dapsrdimeagian of that

report ning of ea [ I ks o : e 2004 VO
0] 20538 1° per oS IR reelife ikl ik SRR b faist R e 20D TN
1. The Field of t dempoteesrtré mow béngliidized ogaorel motecomplsy strediiiees general ly to
a three-dinensional structural nenber which is strong and |ight weight.
More particularly, the present invention relates to a structural nenber

having a plurality of helical cg ARYSOF THE INVENTION
15 It has been recognized that it would be advantageous to develop a

structural member with enhanced performance characteristics, such as strength,
reduced weight, etc.
The invention provides a three-dimensional structure or structural
member, including: 1) at least two, spaced apart, helical components, and 2} at
20 least one reverse helical component attached to the two helical components. The
helical and reverse helical components have a common longitudinal axis, but
opposing angular orientations about the axis. _
In addition, each helical and reverse helical component advantageously
includes at least four elongate, straight segments rigidly connected end-to-end in
25 a helical configuration forming a single, substantially complete rotation about the
axis. Thus, the helical and reverse helical components form a first square-shaped
cross section. In one aspect, the structure includes four helical components and
four reverse helical components.
In addition, the iso-truss structure can include 1) rotated helical
30 components, and 2) rotated reverse helical components, similar to, but rotated

with respect to, the helical and reverse helical components above. Thus, the



wr apped about an axis, each having straight segnents connected enddseceuidr 2004
in a helical configuration. 10 . 2. The Background Art The pursuit of
structurally efficient structures in the civil, mechanical, aerospace and
sports aren ' ongoi ng quest. An eff|C|ent truss str one
that has a ﬁﬁﬂkﬁgggength to weight ratio and/or a high st#&bﬁéqﬂ% 0 wei ght
ratio. 15 An efficient truss structure can also be described as one that is
relatively inexpensive, easy to fabricate ‘and assenbl e, and does not waste
material. Trusses are t 'c | | tatio fu rictures
desi gned to suppof§t® $€Eﬂég‘¥ﬁ V%Egﬁgﬁg?ﬂgéﬁg?Fgom%?ﬁ&gﬁ%%%?mg%ﬁﬁécted at
joints at the endspiyed 3G selRIHDRtatedNith RESEOED Sheofirst. Tmond Bapect; tipmtioetne Wi t h
forces directed along 20 the nenber. Two-force menbers caqwgnly produce

axi al forces suchllwéld@%mwt%hé@ﬁﬁpmméﬁnqmg’éﬁ CY§iRE er. Trusses
are often used in fu!ﬂgdfeﬂﬂsﬂ ﬁﬁdl%?sm@én@hbﬂ%ﬁpé’d%ﬁtsbw | dings. Trusses are

designed to carry whi c pl ane of the truss. Therefore,
trusses are Hften treaﬁ‘hﬁvarmndhéwdloymaebenbsntﬁwatﬁxm?éiﬂ podsingempal r es:

The sinpl est two-di maniq i onal ec{ Hmeco néen%tfgmp étq%tgﬁa%d\%%ﬁ{pé&énﬂm ned at

their ends to for ¥ Secut rve nmenbers to the
sinple structure aaahsam@gﬂtuﬂmarﬁr,axiaMcgmmﬁsma)tcmmlxaw}lelbtethe@msamdmed The

si npl est three- dlnen5|o onsi st.s X_menb their
ends to forma tet’#%’ﬁ@&l ﬁ“te at‘} H‘é@@?ﬂl‘fl\?@&? Zrhmeﬁépe[cﬁtﬂé %@%@?@ 0 the

30 tetrahedron ang;an&chfinBlies. Nia@Bden Fhund Chat iRk afRIpBEncaR bRIcRRE hasThi s t hr ee
di nensi onal structure Is known as a space truss., Franes, as opposed to

trusses, aré0also uﬂWﬁ@@deC@ﬁéﬂPﬂﬂ@ﬂ?&ﬂcﬁGlllqutef’éB??st rai ned structures, but

have at | east one nul t} ol Lt th@@@@ﬁhgaﬂzom WO
02/ 10535 2 PCT/ USOL12 g&ﬁ%mnot g Xegg 89%%?1‘&&1&1{1@1 er. Machines are

structures cont ai irtigr imohndegn endapldte attalbdat en dulsquiweltﬁlcfd cempanshts to #ieeh nodi f y
il 17 or ce. monbe el PORGRE ST OB gkt 2B A5 Y bbhcal ShfRagRIOZ A
but shear and bengiay®e &simée bf continuous strands of fiber, which may be wound around the
15 end plate. The end plate can include a perimeter with a plurality of indentations
to receive the strands of fiber. ‘

In accordance with another aspect of the present invention, the structure
can further include & connector member attached to the helical components and
segments to attach other objects to the helical components and segments. The

20 connector member can include a triangular cross-sectional shape extending
through triangular openings formed by the components.

In accordance with another aspect of the present invention, the helical and
reverse helical components may form an angle therebetween greater than
approximately 60 degrees. Tt has been found that such angles have unexpected

25 structural or performance characteristics. '

In accordance with another aspect of the present invention, the helical and
reverse helical members can be axially and/or laterally flexible, but torsionaily
stiff. The structure may bend between a first, straight position in which the axes
are substantially straight; and a second, arcuate position in which the axes are

30 substantially arcuate. In addition, the siructure may compress and/or expand



'5 Traditional structural designs have been Iimted to one or two- 30 December 2004
di nensi onal anal yses resisting a single |oad type. For exanple, |-beans are
optim zed to resist bending and tubes are optim zed to resist torsion.
Limting the design analysis to two dinensions sinplifie HQ g ign
process but“ﬁﬁﬁﬁ@??s conbi ned | oadi ng. Three-dinensionalﬁgf ﬁ? %ééis
difficult because of the 10 difficulty in conceptualizing and cal cul ating
t hree-di nensional |oads and structures. In*reality, many structures mnust
be able to resist nulti,ple | oadings. uters are now bej t%ﬁ% dto
model nore conpl elongtpidipallyy daeith W@W‘fﬁ?ﬁﬁﬁﬁl}e&’@tﬁ% l?L1%’alls é‘gn
recogni zed t hat i%s Renpgvant ageous to devel op a structural nenber

or

wi th enhanced per nCe characteristics, such as strength, reduced

wei ght, etc. The i nvenliasnordanse withgnetheriapnest ofithapreseatinyerdpp, the TRuey
structural nenber. in i,ng. R A66H 2R BRGdte 208! TiHa)
conponents, and 2)magtbe%%gglfa’g‘%g'ﬂtﬂezgjr?%%?%e\?/l%?é#%?| cal (‘ggrrp_onen? attached to
the two heligal cdrpoaatdssuctiicendydbincmbreaothplesshapsethheh sisgilaginggbnent s have

a comon | ongitudi pal axi s, but, oppaosi anaul ar. orjentations about the
axis. I'n additi on,sg‘é"ﬁ'&rﬁ’ %gmag§f3 b%f%ggl}l%\‘}z&scg‘q‘ﬁﬁF]i’pélggﬂoélg'rrponent
advant ageousl y i ncl udgpacaérdhifRd %ith fafdther@bogetithe predentingintios elynstttmre | gi dl y

connected end-to-end in 25 a helical configuration form nﬁ ft %’;ngl.e,
substanti al |y conplagtaper. othgisegnentarfeach helical eomponept faay seguenfily redyce a4

reverse helical Coumpanadleind Afhth bk flo sFUIAAENSHRR ffersCTRRS R eReliRE . | 1
one aspect, the s'?r [hgr m%eu &s four helical Qorrpedgngants and(i‘ﬁjf‘eoilij{l
reverse hel i&al ceoumpture may formmerd domplox shaperethispsingulasslingas aeureeandan
include 1) rotated helical 3 . 2) rotated reverse helical
conponents, siml g}ayt%gl,be%ﬁ mgegt%%{%ﬁﬁg%@ﬁa@égpect to, the helical and
reverse helical conponindcsordiioy evith tmiker atpeet Alhdpeesentinventi®n)4haid-029s10535 3

PCT/ USOL/ 23636 rotated heljcal,. a rotated reverse heljc conponents form
a second square- SHHEG MY §§tﬂ_¥€€?‘1@ﬂ‘,§s‘$’b§tQW%EWtWI}PgébnggFEP%HF%e first.
I n one aspect, thgmgduird GirtheLmay Bioltilides ol Bidyclé fhaésesirdiat iiaharkenpasnass,s and
four rotated reverse helical conponents, tor a total of sixteen helical

conp_onents.l% The®¥ari ous helical conponents intersect at external nodes
and i nternal A method for forming an iso-truss structure in accordance with the

present invention can include wrapping a fiber around a mandrel in order to
create the two helical components and the reverse helical component. A matrix
or resin can be added to the fiber and cured. The mandrel may be removed from
20 the structure,
The mandrel may include a plurality of heads disposed thereon to receive
and hold fiber. The mandrel may be a collapsible or dissolvable mandrel.
Additional features and advantages of the invention will be set forth in the
detailed description which follows, taken in conjunction with the accompanying
25 drawings, which together illustrate by way of example, the features of the

invention.



nodes. In one aspect, the conponents formeight internal and ei gh80Bxtcebral004
nodes. Longitudi nal or axial conponents may extend parallel to the axis and
intersect the internal and/or external nodes. In one aspect, the structure
includes eight external nodes. It has%een found that such an ei ght node
structure has 10 unexpected structural or performance characteristics. In
accor dafrc acedrdanceniitta apfiret asifect ieb the inyention; ihasatis erovidasea sitiugiiral rrecober,
further C{%mﬁh‘ﬂﬁf an end plate attached at an end of the helical conmponents
to attac the”’hel i cal conponents to another object. In one aspect, the

hel i cal conpeheheast tweyspaeed aparbdietital compprrduisadt havings of fiber, which may
be wound around thfa%@mﬂﬂﬁ’l IBﬁ%fu%ina-lr s end plate can include a perineter
with a plurality of indentations to receive the strands of fiber. In
accordance w th agbelsemmpnrngulasporieniation akamthe g @nfion, the structure can
further include a : t i nd
Seqmont's To attach o har. b aerenr, @R Pl My SRR BRPRIERI I &

The 20 connector fhe¥agkeordighrating feraunga sinplgngulstantiaiyeemplets otaiian agawibe
extendi ng through,triangul ar openings formed by the conponents. In
accordance with another aspect of the present invention, the helical and
reverse hel i bhlat deagiorenrevensg hetieah ecompenghle atirehed éo \ibe ratgleast: Byo hrkigal

appr oxi mat el Xorﬁ?oﬁ’é’rﬂé 8&%ing! t has been found that such angles have

unexpect ed 25 struct ur al or performance characteristics. In accordance with
anot her aspect of 1} Asommesdargiiudinahaxiswith thecatheast by helisal careranests. hel i cal
menbers can be axbggrl, ¥pPosHPand uddradrihiation Witk rddpRct Blthe b AbIRBPEAMporights! T -
The structure may bend between a first, straight position in which the axes
are substantiallyasdraight; and a second, arcuate position in which the
axes are 30 Subst%ggt ébétyfoaféuua%%e, $thhig Sebinghts ﬁg&ﬁ{%ﬁr&@c&é&@nmeﬁpm ess
and/ or expand 30 Decenper 2004 02/ 105357 PCT1 USO1123636 4

| ongi t udi nal | 'y. | heligel eanfiggeatien farmingsa ingleusbsianfiaky eprapieledplpfion sheutithes be
utilized as a spgiiag,genber. In accordance with another aspect of the
present invention, the structure may be arcuate, and the conponents may be
f or ned gbwhereinthahelical angxeverserhelical campenentsy bayg: coninveist sirandpney fibeli ANGor e

conpl ex,$BaReSHE Nalhcd Shd%elélse hé@sﬁrcoﬁipb t8" e SRELHIRY tPnRCLhGhersS 4t t €d
for certain applications. In accordance wth another aspect of the present
i nvent i versesti@gsiacationsr @y over-lapping the fibers of the helical and reverse helical

components.

In accordance with a second aspect of the invention, there is provided a structural member,
comprising:
a) at least two, spaced 'apart, helical components each having:
1) a common longitudinal axis,
2) a common angular orientation about the axis, and
3) at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially complete rotation about the
axis;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,

and



may taper. The segnents of each helical conponent may sequenti al | $0 begber 2004
in length along the axes such that the structural nenber tapers. Thus, the
tapering 10 structure may form nore conpl ex shapes than a singular, |inear
structure, and may be better suited ng certain applications. In

accordance wth another aspect of the present invention, the iso-truss
structure may be &bl leastifouneloppates sigaight segimentsyrigidiisonnented poghtsendiea

| So-truss - StTuCt Yofodh BhRBdRN ifhitd b SinoRs) slifiallafly EompbleBRaion BbbeH AL !

and marine structures, ormng an 1so-truss structure
i n accordance V\ntIaXIBhe present invention can include wapping a fiber

around a ma”@;‘ﬁ't' ééi t\% ac&%a%%-g ?%Fedtﬂé‘ﬁcét%n-lb%héﬁg tfagﬂg df@éﬂcﬁroﬁ’zﬂ%%

reverse helic resin can to the and
cured. The rraemheeil ttmﬂgp o Ieatrdwedreflmlntommonamés and (ait lgpst, orrméevmwr’r@hca#ay

i ncl ude a pl ‘dEﬁlhbﬁéfntC’é "P d| sposed thereon to receive and hold fiber.
The mandr el € a coll apsi [e or dissolvable mandrel. Additional
features and advar“h) agemnyin rotated lopgitudinghavisl | be set forth in the detail ed

description which, geth rﬁﬁ Rl ofint f?éHé’tFtﬁIt r@‘roﬂtécf‘iohafﬁﬁcﬁx@%g@aéﬁﬂ ng 25

drawi ngs, which to Sstrate by way o exanpl e eatures of the
i nvention. 30 Decéhbbleamllr A@ngaiea%tmfdaa\qz@@emamgl@lyfcpnmct%p@féto ond trha

i nvention, there 'hélh%l Bé{ﬁr[&%ﬁati%n%ﬁr}ﬁﬁ é'Eﬁ%;ﬁ?ﬁ%%rgl_allf%ﬂ?gbﬁéor%%gﬁﬁ)abéﬁt thgast

t wo, spaced apart Ical” conponent’s ea
| ongi t udi nal aX| srotat)ed@xmﬁrn@n angul ar orientati on about the axis, and 3)

at |east fouy cS?yf F&tét%b%@er%@%@éls %rh?é ek, EStt%daﬁd“i'ot'éfédeWﬁh' na

hel i cal confl ura ormng a single, | ete rotation
about the af@S@eC'fb)O the Iaéd@ast dwe h‘réélO@ir @@nmanésalan@cﬁfpléﬂ@n@ne aeveaghédaglicad t he
at least two he E onents, having: 1) a common | ongitudinal axis
with the at Iea t tV\’/O el cal conponents, 2) an opposi ng angul ar
orientation wth rggpednmps rolated QHMiﬂﬁiaﬂXlQ:mﬁde@rﬁts‘eaStdWQ rgjated Nekicadt
four el ongate, stg%ggﬁerﬁggrrents rigidly connected end to end in a

2) an opposing angular orientation with respect to the two rotated helical
components, and
3) at least four elongate, straight segments rigidly connected end to end in a helical

configuration forming a single, substantially complete rotation about the axis.

In accordance with a third aspect of the invention, there is provided a structural member,
comprising:
a) at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
2) a common angular orientation about the axis, and
3) at léast three elongate, straight segments rigidly connected end to end in a
helical configuration;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and
3) at least three elongate, straight segments rigidly connected end to end in a

helical configuration; and



helical configuration formng a single, substantially conplete roB@Decmber 2004
about the axis and c) wherein the helical and reverse helical conponents
have conti nuous strands of fiber; and wherein the helical and reverse
hel i cal conponents are attached to one“not her at intersecting |ocations

by over-lapping the fibers of the helical and reverse heli cal conponents

In accor dance) e # leag @ raversy belicabeomprenant asmindo? angle méthirgspachia Wedta

structural - TRAeRwo hGRERN HdMSsBredibr hSABD debesspaced apart, heli cal

conponents ea avi ng | ongi tudirnal axis, 2) a conmon angul ar
orientation about the axis, and 3) at |east four elongate, straight

segnent g, rcGérGéHcé:Rle%P? heﬁ%ekpo?% mo,eﬁt.onh%ére% §BNhe QUﬂésam@rgtrfueru?amg a

si ngl e, stantirally conp rotation about axi s; b) | east one
rever seﬂmb%’aqiorﬁl@ﬂﬁmlwnt attached to the at Ieast two heli cal

conponents, fazvauéasm% S R0 BB NG CERIBALNIE ELEh Walifly:t he at | east two

hel i cal conponents an opposing angular orientation with respect to the
two helical conpoﬂéﬁt@mm%[hbnwbiméﬁﬁer 2004 4b 3) at |east four elongate,

strai ght segnents ggogH,a{orp u%gtdﬁgn@g% bSoMsk hXs aanghel i cal configuration
formng a single, ubstantla y conplete rotation about the axis;

c) at
| east two, spaced 3 ghlegst ﬁh&%@’@ﬁg%lﬁt@fﬂhf sesrpeniengilly eanngetrd #nddo 5pdn a
rotated with respeGlatOnfidifath; | east two helical conponents and at | east
one reverse helical conponent, each having: 1) a comopn rota
| ongi t udi nal biatsleast) ore devarem hefieall camraneaht afiachad dsote @thl@aﬁfoivaq dwlical
| ongi t udi nal g@ﬁfp@nerﬁé‘%a@)n gat least four elongate, straight segnents rigidly
connected end to end in a~ helical configuration formng a single,
substantial |y conﬁ|)étcemrmra!pn@jwda"@éamsmg the gl Igagdwa xplical mpmenéf{ | east

one rotated rever 8 ;Qehh6dhg § W%tatn@h%ﬁlﬁh@?péc@tcﬁtﬂ@ M@h@ﬁ(ﬁ%ﬂc%b&hents

respect to the at Ieast tvvo he conponents and at | east one reverse
heli cal conponentndhavi ng:

3) at least three elongate, straight segments connected end to end in a helical
configuration; and
¢) the helical members being laterally flexible, and are bendable between:
1) a first, straight position in which the axes are substantially straight; and
2) a second, arcuate position in which the axes are substantially arcuate.

In accordance with a fifth aspect of the invention, there is provided an arcuate structural
member, comprising:
a) at least two, spaced apart, helical components each having:
1) a common arcuate axis,
2) a common angular orientation about the axis, and
3) at Iéast three elongate, straight segments rigidly connected end to end in a
helical configuration; and
b} at least one reverse helical component, attached to the at least two helical
components, having:
1) a common arcuate axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and
3) at least three elongate, straight segments rigidly connected end to end in a

helical configuration.



1) a common rotated |ongitudinal axis with the at | east two rotat 8dDeedmbeal004
conponents, 2) an opposing angular orientation with respect to the two
rotated helical conmponents, and 3) at |east four elongate, straight
segnents rigidly connected end to end i a helical confi guration formng a
single, substantially conplete rotation about the axis. In accordance with
a t hi r d lmspeatiande wite a sivibnadpent of ther ibvéntiopr tvareldel peovidledue tapesing rafivictural
conpri Sirﬁ@ﬁb«f})c&ﬁ rjis' t two, spaced apart, helical conponents each havi ng:
1) a conmon bngl?u Ihal axis, 2) a conmon angul ar orientation about the
axis, and 3) awat leaalstivo, spaced aphidiplicd coptoaeniateasiehavng:s rigi dly connect ed
end to end in a i LgusatLop;, b) at | east one reverse helical
conmponent, attachggatco%ﬂrwgpgflblﬁ}e%@b&g\b helical conponents, having: 1) a
common | ongi t udi n&) aseimingy angudrerigntatiemeboutdle Ags.iatdl conponents, 2) an
opposi ng angul ar .ofl i i I@@& i ,
and 3) at | east t%{)gg% oéﬁgéz%tge}?ﬁ{htté’gﬁ?g S% n%ﬁsg&mg%n?e%grﬁgg?%geﬁg to
end in a helical heliedlicgofigaration; ansthd 30 Decenber 2004 4c c) the at |east
one reverse hellcalConpoRANL, I NG, n%@gl%té%ég' tBeﬁT’n@eﬁlt a8t 16 Kdiical

| east two heli'cal conponents greater than egrees. In accordance with a
fourt h aspectcoofponémis iravingt i on, there is provide a flexible structural
menber, conpri sing; & & ; , i SReRent s each
having: 1) a com%tgr?ac%ogﬁgﬂ @gg'?lua %QF'E%@%g@gﬁtﬁg?%h%ﬁ?rﬁgri entation
about the axis, arlap)opaesingasgulagrieatalionnghirespest iaihghivo beligabaempeneditel| v
connected end to epd in a helical configuration; b) at |east one reverse
hel i cal conponent, attached to the at |east two helical conponents,

havi ng: 1) a commu at leagt theas elemgais straight Begments rigidbaeannegigdieadite gnd in a
conponents, 2) an h%ﬂ(%%hﬁ!ﬂgu?é}%‘r\! ar orientation with respect to the two

hel i cal conponents, o
c) the segments of each helical component sequentially reducing in length along the

axes such that the structural member tapers and;

d) wherein the helical and reverse helical components have continuous strands of
fiber; and wherein the helical and reverse helical components are attached to one
another at intersecting locations by over-lapping the fibers of the helical and reverse

helical components.

In accordance with a seventh aspect of the invention, there is provided a preform member,
comprising:

a) at least two, spaced apart, helical components each having:

at least three segments connected end to end in a helical configuration; and

b) at least one reverse helical component, attached to the at least two helical

components, having:

at least three segments connected end to end in a helical configuration; and

¢) the helical components including fiber and being flexible and coliapsible until

impregnated with a resin matrix.



and 3) at |least three elongate, straight segnments connected end t 60 Pagtnibar 2004
helical configuration; and c) the helical nenbers being laterally

flexi ble, and are bendabl e between: 1) a first, straight position in which
the axes are substantially straight; afif 2) a second, arcuate position in
whi ch the axes are substantially arcuate. In accordance with a fifth aspect
of the iImaenurdance wither eighth gspecti aldkke mweatian. tteee istpradded almethedfasforming a

conpri sis :rctu%) Fr[ble?ac%;nsptn Sgﬂcepgtgﬁ]mfapart hel i cal conmponents each havi ng:

1) a conmon ar cua n angul ar orientation about the axis,
and 3) at Ieaﬁprqvwwr@eamaodwte straight segnents rigidly connected end to

end in a heI d e S | ;
conponent, q'@ljﬁgglﬂg ?ﬁéﬁg{ eas {'@n dﬁ%llbcﬂﬁgr ?@%r%eﬁ%ﬁétts%aﬁlebrll’ cﬁgll:ehcﬂl a
common ar cuatcgnmﬂn@tw gachtchmpanente hgting ablehst fowwlomm reraight sggmeris, the
opposi hg ang NIy 2 al...co &gﬁ,ﬂ

and 3) at Iegg?é e{sﬁrt{évg Iré épe?%(g&;é'trﬁimﬁ@bs%g:ﬁe%%& Y@]&F{g{jlbglc%ﬁrg\e%? e end to
end in a helahgalr ogentatien @bouh thes@xibe @aabiermingoa sinple.nsukstantisdn comulatey a
sixth aspect gfudhghd Werg){lson there is provided a tapering structural
menber, conprising: u? t two, spaced apart, helical conponents each
havi ng: 1) &) eeapping & &by arg@nch&xa mandel ia)or@erd@@mﬁe ahlgastanegieveise deliea)
about the axi.g 3 t t nts |y
connect ed end tgél%h I)‘a\ﬁpiag %Séa#abﬁgerlffrlg%t[}??ftf\a'%ﬁ é%lgqﬁ‘s %gﬁgaétc%dggbﬁl
reverse hel i dugitedng@xisnwith &Btaéea@awbhelwel cermpansats, buls avepprasing angular
conponent s, n t t two
hel i cal conp%ﬁé’lﬁtg fsi’on %{] d%r oglln I[gé glﬁ%%tlg%?ﬁﬂr){tétae%{gﬂoémats %&rtgégg(%t to the
two heli cal dbﬁ@bn@aamtnx efberaand east three el ongate, straight segments

rigidly conngc&%gqngrﬁaqﬁ)gnd in a

—

In accordance with a ninth aspect of the invention, there is provided a utility pole, comprising:
a) an elongated member, vertically oriented, having a longitudinal axis and upper and
lower ends, and being formed of:

1) at least two, spaced apart, helical components each having:
i) a common angular orientation about the longitudinal axis, and
- i) at least four elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially complete
rotation about the axis; and
2) at least one reverse helical component, attached to the at least two helical
components, having:
i) an opposing angular orientation with respect to the two helical
components, and
ii) at least four elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially complete
rotation about the axis;
b) an end plate, attached to the lower end of the elongated member, configured to
attach the lower end of the elongated member to a support surface; and
c) an arm, attached to the elongated member near the upper end and extending
generally horizontally, configured to hold a utility line.



helical configuration; c) the segnents of each helical conponent 30 December 2004
sequentially reducing in length along the axes such that the structural
menber tapers and; d) wherein the helical and reverse helical conponents

have conti nuous strands of fiber; and erein the helical and reverse

hel i cal conmponents are attached to one another at intersecting |ocations

by over 4h appirdancehéthfd fepthsaspect dféhdimivertion, thete isevevided a highipoal, cedpfisitgnt s.

In accordanceé \%tena gpﬁ%‘fﬁéﬁ&@%&%%qﬂjn Hé%\,/\hg\}fs éi(]:e ’itu&ihglra%(:iaeﬁ'f %@rgﬁ@ a

preform rrenb apart
conmponent s emrmasrﬁgtd mngfemgedphr ee segnments connected end to end in a

hel i cal confi gurat1 Pleagtrh? bg%azé% g?ﬁtheﬂ% cBﬁl)? QS!:H ﬁé\}m .onponent ,

attached to the at eas one aV| ng: at |least three
segment s connect ed end ixacemaon @naulheonmtw@cﬂbﬁut}beénngdhdmalrﬁiﬂ%}an@ he

nel i cal _components | nchidi fise! KR reiAReiDSiahes SeaBhe dtidly BhhaRs) Bhe it i

inpregnated with a resifh matriXx ance wth a
ei ghth aspect of t he i iendrin iaohglicaheanéiguration érminada sings, lobstBatially momnigie a

structural menber, ”PSt‘aﬁérPQbéJS%cféﬁ@sanﬂf a) providing.a mandrel; b)

wr appi ng a fiber around the man I'fi‘Order to create at |east two helical
conponents, each &dapleasthenchigversg helical cgsponeilr ataahrg de de akleastityhihelical
segnents, the at Cb Eﬁer{t%alﬁﬂ ical conponents having a conmon | ongitudinal
axi s, a common angul arorientdiion about the axi s, and formng a single,
subst ant i al | y conpl et ei) pDtenposingadegHiart prerdatios:; Wdib1 RsRpfi wgthe M%éﬁellfﬁl*ound
the mandrel in order tQ,gE6atRs and | east one reverse helical conponent
having at least four elongate, stral ght segnents having a common

| ongi tudi nal axis withii} AEleast favsslongate, tegeiobhIsegapis Tedidly copRctedt ead to

O D o " BB Ao PR Rrtiioh SinosbaBHiaAl | oDl et

rotati on about the axis ing a matrix to the froer; and @) curing
the matrix. |n accordamnetetion albpud the axis aspect of the inventi on, there is

provi ded a Ut lahiohdiahee, afEARA! B! 1owd erRfoEhe Ui idRfed Ridhter R irEAlthY

oriented, having a longitudinal axis an upper | ower ends, and berl ng
f or med of attach the lower end of the elongated member to a support surface; and

c) a sign, coupled to the elongated member, including indicia.

In accordance with a eleventh aspect of the invention, there is provided a structural member,
comprising:
a) at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
2) a common angular orientation about the axis, and
3) four elongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the axis;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and
3) four elongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the axis

and;



1) at least two, spaced apart, helical conmponents each having: i) 3@Deember2004
angul ar orientation about the longitudinal axis, and ii) at |east four

el ongate, straight segnents rigidly connected end to end in a helical
configuration formng a single, substafiially conplete rotation about the
axis; and 2) at |east one reverse helical conponent, attached to the at

| east two helc) edereir ding bakoal snd raveérae heligal mmp&@sd'@var@mimowrst@ﬂﬂatqfon
Wi th respect he

ol ongat o ot fe a0 thRe b iace SAENA0EAL ol B8 Lonidorkhte S8l 1o ope
configurati onanoti)enafrugteasmtlng |Ica:at|@mﬁ)bst avertlapping denfilless ef thedielical @ndapweiset he
axis; b) an ﬁicatp[f. ﬁ Eﬁttg ached to the lower end of the el ongated nenber,
confi gured to Q | ower end of the elongated nenber to a support
surface; and c) an arm attached to the el ongated nenber near the upper end
and ext j I r i e.
30 Docerpar ST el asEad of o vERE, Hehete hi2vi0By 4 fuhire b

t here i sopposingled a sign post, conprising: a) an el ongated nenber,
vertically or : er and | ower ends,
and being for pTEQEEQtw% aeg?ggér?q%‘v{%éf%ﬁg g%ﬁéa%g??ﬁa hel'i cal conponents each
having: i) a conﬁ”bﬁcaﬂ‘@mr‘dﬂn@iﬂdéﬁiaxi$on about the |ongitudinal axis, and

i) at least four el opgdisy r?ufa?'oﬂ@ﬁtaﬁ(ﬁg %,&g dly connected end to end
in a helical conflguratlon? a single, stantlall conpl ete
rotation about th8)#xe slongate, zsrals $%Qnt%ﬁéldiye9@1ﬂ§éteﬁe¢ﬂ 9l encoimpd metital

attached to the akoﬁf\f'gi:%;uoh%rrﬁlﬁ% 'a%ﬂ”gl %Qﬁ@%ﬁﬂfxéompl@l’é foatiohJabBlt tﬂ@@%' ng

angul ar orientation respec e t wo I Ca nmponent s, and 1i ) at

| east four ebdijdeast ene ae\@me éﬂ@@@@érﬁomnqngnulagﬁaémm(é@ttb@l %n'&aﬁfotw%ﬁ‘éllqﬁh a

hel i cal conf bQMbgl?érﬁg HaQf 51 ng a single, substantially conplete rotation
about the axi g plate, attached to the | ower end of the el ongated

menber, confi gured) a@ommqnal@mmﬁ@al iyt the drleashdvehelicghewapanemser to a
support surface; 80ngn opposing angular orientation with respect to the two helical components,

and
3) five elongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the axis
and;
¢) wherein the helical and reverse helical components have continuous strands of
fiber; and wherein the helical and reverse helical components are attached directly to
one another at intersecting locations by over-lapping the fibers of the helical and

reverse helical components.



c) a sign, coupled to the el ongated nenber, including indicia. |n30December 2004
accordance with a eleventh aspect of the invention, there is provided a
structural nenber, conprising: a) at |east two, spaced apart, heli cal
conponents each having: 1) a conmon |ongitudinal axis, 2% a _common angul ar
orientati onW&B{IP53¥Fhe axis, and 3) four elongate, strai ghtCEEYIEHPE rigidly
connected end to end in a helical configuration formng a single,
substantially conplete rotati on about the axis; b) at | east one reverse
hel i cal conponent, attached_to the at : el nponent s,

havi ng: 1) a conmon | ongi t udBAE RIG AN G ':’“.‘ hel i cal
conponents, 2) an oppogj .Qi@ﬁﬁﬁtﬂp@éﬁvﬁﬂeﬁmmﬂmEﬂﬂmﬁ&smcordancebvi!:htWo
helical conponents, and 3) four elongate, straight segnents rigidly
connected end to éwegrésantdnveationgal configuration forming a single,

substant i al |y compl el egf0h3l ) o AOPUE G Ak ruchiilof 126, Rocenber 2004 4g c)
wherein the helical and réeverse helical conponents have conti nuous strands
of fiber; and wher ei NFIhé ihwepariid peraprativeview o thaddorteuss steusisofditsLar e
attached to one anoth t. intersectl I tl -1 apping the
fibers of the helical Eﬁ%?‘r‘ﬁ% é‘ewh%ﬁtﬁ%ﬁ'?‘g‘%r?p&gﬁgﬁ%? 'ﬁ’accor dance with a
twel fth aspect of the Fsesdstaf patthutp@spestiny dowdehsisstmssetructal of Eiber ,
conprising: a) at |east two, spaced apart, hel.ical. conponents each having:
1) a common | ongi teByWaE heligakcompynents o AETCSSRYBTEFYr i ent ati on about t he
axis, and 3) five el ongpy @.is $hdPbctiVe vRIOIBAbSer bdirls¥rtaireasdceckdand to end
in a helical configuration formng a single, substantially conplete

rotati on abblt thaviththespresephingntivnsast one reverse helical conponent,
attached to the at |ea Is q)sﬁgfug f1fgg. - 1) a conmon

| ongi tudi nal axis withﬁﬁqitg\q%ﬁﬁ?ée‘g%t@hﬁ% e |§a g%?rp@ﬁfgg%?’s, 2) an opposi ng
angul ar orientation wi FIG. 8dsgemi view dftles isovrussetiigute ofEpdnent s, and 3)

five el ongate, stral oht gegents o/ gLl XS QRGS b ShhubloRiirk 2 hel cal
structures in accordance with the present invention;
15 FIG. 10a is an end view of the iso-truss structure of FIG. 1;
FIG. 10b is a side view of the iso-truss structure of FIG. 1;
FIG. 10c is an end view of another iso-truss structure of FIG. 6;

FIG. 10d is a side view of another iso-truss structure of FIG. 6;
FIG. 10e is an end view of another iso-truss structure;
20 FIG. 10fis a side view of another iso-truss structure of FIG. 10¢;
FIG. 11a is an end view of a prior art iso-truss structure;
FIG. 11b ié a side view of the iso-truss structure of FIG. 11a;
FIG. 11c is an end view of a prior art iso-truss structure;
FIG. 11d is a side view of the iso-truss structure of FIG. 11c¢;
25 FIG. 11e is an end view of a prior art iso-truss structure;
FIG. 11fis a side view of the iso-truss structure of FIG. 11e;
FIG. 12a is a perspective view of an end plate in accordance with the
present invention;
FIG. 12b is an end view of the end plate of FIG. 10a;
30 FIG. 13 is an end view of an angled plate of the present invention;

FIG. 14a is a top view of another end plate;



configuration formng a single, substantially conplete rotation aboWecdntter 2004
axis and; c) wherein the helical and reverse helical conponents have
continuous strands of fiber; and wherein the helical and reverse helical
conponents are attached directly to one another at intersecting. locations

by over-|apPhYP¥He fibers of the helical and reverse heﬁ?'gg?“lg%%onents.

30 Decemnber 2004 WO 02/ 10535 5 PCT/LUS01/ 23636 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a perspective view of an®i so-truss structure in

accordance with the present .invention;, FILG .2 if a Sj Vi 8 _the

i so-truss structure of FEpG40isa gogsrseptiogal sideyiqapk esmdg %ﬁt@ﬁ *vi ew of
the iso-truss structurgi§f14Eida pattial cfokéectorabvidh ofihd cid Fie@T FI(RE4h;S0- LT USS
structure of FIG -1; FIGs. b5a %t are partial perspective views ‘of the

i so-truss structure of FEBRGS is & sidtvigivieg arnther ebd plaigimensardense yriththeprgscat ent
invention; FIG 6 . r tive Vi A ,E;Pother i so-truss structure in
accordance 10 w tlﬁ%tnﬁg?%e?%g‘gﬁ%dﬁlgov%ﬁé%ﬁ% G 7 is a side view of the

i so-truss stsucture of FHEGS ia topFic® ofthe endgplatenlFIG € of the iso-truss

structure of FIG 6; F ...9a and 9h. are graphs.denonstratin (f.or mance
of iso-truss structur «irg'iWaéscac@rs@ﬁ‘ﬁygWﬁ“?‘?faaﬁﬁgdﬁqnﬂgcé‘ﬁf*“}Eﬁ\‘/:%rﬁ?ﬂl%gmﬁw FIG
10a is an end Vi ewh@predchinkéiiohyy Uss structure of FIG 1; FIG 10b is a

side view of the iso-truss structure of FIG 1; FIG _10c is_ﬁ%n end vi ew of

anot her iso-truss strudfGrldbéaya tp wewen! themngd connsgliqnof F1G; 1a wWihaR 19U ot her
I SO-truss struct u'rsﬁ.u&g, FIG 6; FIG | Oe is an end view of another
i so-truss structure; ¢ FlG 1O is a side view of another iso-truss
structure ofl0FI G 1 OeFIG.HBGis a perspective view afiad end eonnestion inpceerdange Withs o- t r uss
structure; FIG 1 eb rl snﬁn%n% Vview of the iso-truss structure of FIG 1
la; FIG 1lc is a BRE™IEW o a prior art iso-truss structure; FIG 11d
is a side view of the FH&-18b issbosibmudéw ofthe énddo@nection ¢f FIGS51%av@th dnlisa i s an
end view of a prior art jso-truss structure;
truss structure;
FIG. 19a is a perspective view of an end connection in accordance with
15 the present invention;
FIG. 19b is a bottom view of the end connection of FIG. 19a with an iso-
truss structure;
FIG. 20a is a perspective view of an end connection in accordance with
the present invention with an iso-truss structure;
20 FIG. 20b is a side view of the end connection of FIG. 20a;
FIG. 21a is a perspective view of an end connection in accordance with
the present invention with an iso-truss structure;
FIG. 21b is a top view of the end connection of FIG. 21a;
FIG. 22a is a perspective view of an end connection in accordance with
25 the present invention;
FIG. 22b is a top view of the end connection of FIG. 22a;
FIG. 23 is a perspective view of a connection in accordance with the
present invention;
FIG. 24a is a perspective view of a connection in accordance with the

30 present invention;



FIG1 | f is a side view of the iso-truss structure of FIG 11 e30Bkéambtl22004
is a perspective view of an end plate in accordance with the present
invention; FIG 12b is an end view of the end plate of FIG 10a; 30 FIG 13
is an end view of an angled plate of the present invention; FIG 14a is a
top view of BB end plate; 30 December 2004 WO 021105BSVER#2380n / 23636

6 FIG 14b is a cross-sectional side view of the end plate of FIG 14a;

FIG 14c is a partial cross-sectional view & the end plate of FIG 1l4a;

FIG 15 is a side view other _.end plate in cordance w he present
i nvention secured to anﬁlbsg- 1?&?5“‘*3{]1?&6‘%?%?’8;‘“3’ [, CORREC gn\éhftlgipaﬁ ew of the
end plate of FIG Aatfachiltg Gwo ibd-Brusssuci@REspecti ve vi ew of an end connection
in accordance with thel__f&rg ent inventign; FIG 17b is a_top view of the
end connection of FIG “t7a®filt hPUFPSeUYR vigw eEanother ¢pupeptien impeadace yath i s a
perspective Vi ew ofheafts@ipghvemipaecti on i n accordance with the present
invention; FIG 18b is a bottomview of the end connection of FIG 18a with
an iso- truss struct ur FIGF3ds a pgspectvevipw of preatachneent mswber inancosduice

connection in accoggiRies Mk hvedkit e present invention; . FIG 19b is a
bottom vi ew of the en onnectvlgoﬁmbf FIG 19a with an iso- truss structure;

FIG 20a is a perspect iK@. 37 iewpetpativevicw odanestru@iiriduReaay Mans&mit h  t he
present invention yl\@ H)‘le apg'@é.truss structure; 20 FIG 20b is a side view
of the end connectTon of 20a; FIG 21 a is a perspective view of an

end connection in accoRiarase ivd gefispeétiive viFESERisoliAIE RhicRite With Bn BReficO- t I USS
structure; FbG 2153 'is a t&% view of the end connection of FIG 2la; FIG
22a is a pefipect iV Pasordancewith the nesemidetention i n accordance with 25 the

present i nvention; Fl Grg28b isa rdpRftivdvil Sind SfecPthefi PBFG 268" O FI G
FIG. 29 is a perspective view of the attachment member of FIG. 26;
FIG. 30 is a perspective view of an iso-truss structure with attachment
members supporting platforms;
15 FIG. 31 is a perspective view of an iso-truss structure with another
configuration of attachment members;
FIG. 32 is a side view of a flat member attached to an iso-truss structure
in accordance with the present invention;
FIG. 33 is a perspective view of flat members attached to an iso-truss
20 structure in accordance with the present invention;
FIG. 34a is a side view of a flat member attached to an iso-truss structure
-in accordance with the present invention;
FIG. 34b is an end view of the flat member of FIG. 34a;
FIG. 35 is an end view of an attachment of a flat member to an iso-truss
25 structure in accordance with the present invention;
FIG. 36 is an end view of an attachment of a flat member to an iso-truss
structure in accordance with the present invention;
FIG. 37a is a top view of an attachment to an iso-truss structure in

accordance with the present invention;

30 FIG. 370 is a perspective view of the attachment of FIG. 37a;



FIG 23 is a perspective view of a connection in accordance w th Bb®ecember 2004
"present invention; FIG 24a is a perspective view of a connection in
accordance with the 30 present invention; 30 Decenber 2004 WO 02/ 10535 7
PCT/ US01/ 23636 FIG 24b is a partial perspective view of the connection of
FIG 24a aM™%®APH two iso-truss structures; FIG 25a i sTalV/BeV&pdttive

vi ew of anot her connection in accordance wt the present invention; 5

FIG 26 is a perspective view of an attach t menber in accordance with

t he present invention; (1.5, a. perspect.ive view,of an iS0-1russ
structure with an attac]ﬁneb%n%azlzﬁg@ﬁé’fe%’o? a&?p@ngz’é?'&ﬁfsémﬁ%“f cffléﬁeaprffg?tspecti ve
view of - an i so-truswemionpicture with an-exterior 10 shell in accordance
with the present invené\;&n' FIG .28b is a perspectjve view of the exterior
shel| of FIG 28a; FI 12§3‘1‘§aéld§é’fe§‘b%f@{1? ¥ RHCENE P TRRTSIRC R RNt menber
of FIG 26; FIG plschfindenfi@hspective view of an iso-truss structure with
attachment nenbers supporting platforns; 15 FIG 31 is a perspective view
of an iso-tritss struct JHE: 31 e sidscigveef a faxibs iserimssisnctire oftheapsdsamint
menbers; FIG 32 i S j; LafiEyber attached to an iso-truss
structure in acco@é%ﬁlgggﬁva%ﬁ\tgﬁghg?ggse [ T nvention; FIG 33 is a
perspective view of fl| dGnlabies sidaviewcifeuartgleddso-inss struahws in &Qoidancd odithr e i n
accordance with t ipvention; FIG 34a is a side view of a flat
menber attached tgﬁ%ﬁlre?ezlg&t ?lhjsg)g’ structure in accordance with the present
invention; FIG 34b is FaG. 40bds ysidewiel dof Asotlidr atigletEisdatsstrulthfe in 83d8idaideG. 35
is an end view of an attachpnent of a flat nenber to an iso-truss 25
structure in-accor %‘ggpwwll’cvﬁ’émﬁiesent invention; FIG 36 is an end view
of an attachnment of a fF@I4ITEHERE vieW 2 clu¥Od 164D strdbukth Yb@rdaflcAGHPT dance

wth the present invention;,
the present invention;

FIG. 42 is a side view of a circular iso-truss structure in accordance with
the present invention;
15 FIG. 43 is a side view of a curved angular iso-truss structure in
accordance with the present invention;
FIG. 44 is a side view of another curved angular iso-truss structure in
accordance with the present invention;
FIG. 45 is a side view of another iso-truss structure in accordance with the
20 present invention;
FIG. 46 is a detailed perspective view of a braided sock in accordance
with the present invention;
FIG. 47 is a side view of an integral connector in accordance with the
present invention;
25 FIG. 48 is a side view of another integral connector in accordance with the
present invention; '
FIG. 49 is a side view of another integral connector in accordance with the
present invention; '
FIGs. 50 and 51 are side views of a union connector in accordance with

30 the present invention;



FIG 37a is a top view of an attachnent to an iso-truss structuresg December 2004
accordance with the present invention; 30 FIG 37b is a perspective view of
the attachnent of FIG 37a; 30 Decenber 2004 WO 02/10535 8 PCTI USOL/ 23636
FIG 38a is a side view of a tapering iso-truss structure of the present
i nvention; YPE&1%8}H is a side view of another tapering i soE¥YY234¢ ructure
of the present invention; 5 FIG 39 is a side view of a flexible iso-truss
structure of the present invention shown i? a curved confi guration; FIG
40a is a side view of led.jso-truss _structure in accordance with the
present invention; FI Gaﬁﬁ"gggls§ eQieyeoh AR EROWrcouRRSIoR &t acsprdpReg WiEdbe  yss
structure in accorglesatinvddlion, W th the present invention; FIG 41 is a side
vi ew of a curved iso-trl.iss structure in_accordance with the present
invention; FIG 42 is #1558 apdadyarsmidg viws ohip ke cperseior insascardange with e n
accordance W th theRfige&iHon! NVention; 15 FIG 43 is a side view of a
curved angul ar iso-truss structure in accordance with the present
invention; FPG 44 is &1Gi Heisvisily vishv efactdse connectorid asrogltnes witlsthe presas
structure in acco;lgeqﬁ?r?_ with the present invention; FIG 45 is a side view
r’u

of another iso-truss s cture in accordance with the 20 present

invention; FIG 46 is &I@eliGiskailepiwsqrasdther oniceior Bf acéorBirt GaH 1 etn
accordance w th t.he present invention; FIG 47 is a side view of an
i ntegral connect or™f"&cordance with the present invention; 25 FIG 48 is

a side view of another FiGS 8gkad S&80 8@Eitic xBloAEE PieWa BEShM Athknidafis iPT €sent
invention; FIG 49 is_a side view of another integral connector iIn

accor dance \M)t h t HEcordauge with thepressnt ipvention;
FIG. 59 is a side view of a sign utilizing an iso-truss structure in

accordance with the present invention;
FIG. 60 is a side view of another sign utilizing an iso-truss structure in
accordance with the present invention;
15 FIG. 61 is a side view of another sign utilizing an iso-truss structure in
accordance with the present invention;
FIGs. 62 and 63 are side views of utility poles utilizing an iso-truss
structure in accordance with the present invention;
FIG. 64 is a side view of a light pole utilizing an iso-truss structure in
20 accordance with the present invention;
FiGs. 65-74 are side views of bicycles with frames utilizing iso-truss
structures in accordance with the present invention;
FIG. 75 is an exploded view of a bicycle frame utilizing iso-truss
structures in accordance with the present invention;
25 FIG. 76 is a perspective view of the bicycle frame of FIG. 78;
FIG. 77 is a side view of a mandrel for forming an iso-truss structure in
accordance with the present invention;
FIG. 78 is a perspective view of a head for a mandrel for forming an iso-
truss structure in accordance with the present invention;
30 FIG.79is a j:erspective view of a collapsible mandre] for forming an iso-

truss structure in accordance with the present invention;



FI Gs. 50 and 51 are side views of a union connector in accordance 30icBembe 2004
the present invention; 30 Decenmber 2004 WD 02/ 10535 9 PCT/US01/23636 FI G
52 is a side view of an el bow connector in accordance with the present

i nvention; and 54 are side views of a tee connectqr in cor dance
with the pr e@#\]tog”‘l%nventi on; 5 FIG 55 is a side view of ﬁeE’FB%‘E%%Snnect or
in accordance with the present invention; FIG 56 is a side view of

anot her connector in accordance with the prdfent invention; FIGs. 57 and
58 are schematic expl Od%ﬂé"é(}em of ot hgié attachments in 10 accordance with
the present invention; 39 PUPPY Wegpaen jiiliging An isodiughstipeiurg injagngrdance

i SO-truss struct ur evilhrthe pesr fiaagonM t h the present invention;, FIG 60 is a
si de vi ew of anot her si utilizing an iso-truss structure in accordance
with the present invent ﬁ?r;gli%aW@e‘ﬁﬁfﬁ‘-bashetbﬁlbmlpwfeuﬁlizingandaoktamssi gn

utilizing an i So'tEmgiﬂwlﬂﬁlﬁ];mpﬂfeﬁ%reﬁ%ﬁ%%ﬁ%-t h the present invention;
uti 'ty poles ur

FIGS. 62 and 63 are side views o ilizing an iso-truss
structure in “accor danceFIf- 8 isdwidemios ef backpaek hiikviag 4 i6o-trfd sirfot@e & de Vi ew

of a light pole utjd.zi n bso-truss structure in 20 accordance with the
et 2 st

present invention; FI Ylews of bicycles with frames
utilizing iso-truss stFIk8Risepeispective PR la BoMiviith é:ﬁ_ﬁ‘st@fsﬁﬁﬁd}{udlfg}ﬁg%i on,

FIG 75 is an exploded view of. a bicycle frame utilizing iSo-truss
structures in accol{rggg%ﬁses%\%’ﬁelPﬁ‘écoﬁﬁé%eé’ﬁfhtﬁﬁP@FRmWFm@B; FIG 76 is a

perspective view of theFIGl 84islagide hdEorAfbritkCutilibfhig aﬁ'i&gﬂz st %i de vi ew of
a mandr el fthorn‘in an 1so-fruss structure in ~accordance WTH the
present inventi on:3gFréance giththepreseptipeantionne vi ew of a head for a mandrel

;‘ (r)“r/el;];)ir gin Ng an iso- truse. 8 i 4siy %wio?a@SﬁBfaﬂgx[}&gﬁl\l’giﬁgr}sg- S5 s in
' accordance with the present invention;

FIG. 86 is a side view of an oil platform utilizing iso-truss structures in
accordance with the present invention;

15 FIG. 87 is a cross-sectional end view of a submarine utilizing an iso-truss

structure in accordance with the present invention;
FIG. 88 is a perspective view of a missile or rocket utilizing an iso-truss
structure in accordance with the present invention;

FIG. 89a is a perspective view of an aircraft utilizing an iso-truss structure
20 In accordance with the present invention;

FIG. 89b is a cross-sectional end view of the aircraft of FIG. 89a;

FIG. 90 is a perspective view of a satellite utilizing an iso-truss structure
in accordance with the present invention;

FIG. 91 is a side view of a water tower utilizing iso-truss structures in
25 accordance with the present invention

FIG. 92 is a partial side view of a roof system utilizing iso-truss structares
in accordance with the present invention;

FIG. 93 is a broken away side view of a kayak utilizing iso-truss

structures in accordance with the present invention;

30 FIG. 94 is a partial broken away side view of a rocket utilizing iso-truss

structures in accordance with the present invention;




30 FIG 79 is a perspective view of a coll apsible mandrel for forapngcahber 2004
i so- truss structure in accordance with the present invention; 30 Decenber
2004 WO 02/10535 10 PCT/USO1123636 FIG 80 is a support menber utilizing
an iso-truss structure in accordance wth the present invention; FIG 81
is a side vAWPHPSE basketbal | support utilizing an iso-t FGEYSIIZPBEct ure in
accordance with the present invention; 5 FIG 82 is a side view of a
backpack utilizing an iso-truss structure i @l accordance with the present
invention; FIG 83 is a_perspective view of a boat with a mast or support
utilizing an iso-tr ussF&- PR &xapide vigy efaesridiiad seofintilizingiso-pusssavrtuteninent i on;
FIG 84-is a side Héc%ﬂaﬁéex@iﬂpﬁqégﬂ&n{‘ﬁ%dti% ng an iso-truss structure in 10
accordance with the present 1nvention; Fl 85 is a side view of an oil
platformutilizing iso-¥liGu86isstparizt sidedew of a ddvaxshdf ntilizing dHirtisatrpetaeent
invention; FIG 86,4 jde.vi.ew of an gj.l platformutilizing iso-truss
structures in accgfr 3%8%{0\811\,13? tlle%es VSR hyent i on; 15 FIG 87 is a
cross-sectiorfal end vi eNGODT i asideris dfa sHbdK dbeorbér viilizing RolthSducibdsyet ur e
in accordance with th res nh invention; FIG 88 is a perspective view of
a mssile or rockefe® ‘ieﬁ‘ﬁ’g‘ SPe$eRIYIHSY  structure in accordance with
the present invention; WG ﬁ%@idh&ie%d?%ff&ﬂﬁ?éjb&?uﬂ‘&ﬁﬁ[iﬁcf-nﬁ{&s%éu%ﬁnt
utilizing an iso-truss structure 20 in _accordance w t he present
i nvention; FIG 8greondancy withdhepreseptinentin;end view of the aircraft of FIG
89a; FIG 90 is a pers t e Of: t i iLizi N, SO-truss
structure in accqrdan?geﬁ%ﬁﬁa? gy\ép??{é%r@n?@vg%/‘léhﬁe%rgﬁ%s%lvasg%ﬁ%uiﬁélfl e view
of a water tBwer us¢-trissishyctienintapessdanse wille therpessentrinvedforaccor dance with the
side view qf .a.roof s mutilizing

present invention FIG P% io@sa P%r‘;.galo 8 %qsfte
i so-truss structures incacCar aancacthef Hseh s Wiiing saEys sEeturesig 93 i s
a broken away si dexcvirdacefvith theayalnt@hehiioti; Ng i so-truss structures in
accordance with the pr nt .j nvent.i.on,; ;
Pr &35! thianb are side \r}lew of impact barriers utilizing iso-truss structures
in accordance with the present invention:
15 FIGs. 102a and b are cross-sectional-end views of impact barriers utilizing
iso-truss structures in accordance with the present invention;
FIGs. 103a-c are end views of iso-truss structures in accordance with the

present invention.

20 DETAILED DESCRIPTION
For the purposes of promoting an understanding of the principles of the

invention, reference will now be made to the exemplary embodiments illustrated
in the drawings, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is

25 thereby intended. Any alterations and further modifications of the inventive
features illustrated herein, and any additional applications of the principles of the
invention as illustrated herein, which would occur to one skilled in the relevant
art and having possession of this disclosure, are to be considered within the scope

of the invention.

30 Improved Iso-Truss Structure



30 FIG 94 is a partial broken away side view of a rocket utili zi BgDecember 2004
| so-truss structures in accordance with the present invention; 30

Decenber 2004 WO 02/ 10535 11 PCT/ USQOL/ 23636 FIG 95 is a side view of an
artificial reef utilizing iso-truss structures in accordance with the

present i nv&MP3SFIG 96 is a partial side view of a dr PUHUEHEPS
utilizing iso-truss structures in accordance with the present invention; 5

FIG 97 is a side view of a shock absorber d&ili zi ng i so-truss structures

in accordance with the (g)re%gnt inver}lion; FIG 98 is a side view of a
flexible joint utilizing T tAwresqsandsoyruss siypturg e deserbediniy.Patane

present invention; 5PRGO4Y sied TalydBOBBO SRRt Rl eifEbrydS4 BY reerMES AN €

vessel or tank uti llﬂgi ng . 10 iso-truss structures In accordance w t he
present invention; LiseatehindIGs 15, an improvediisostrusa stgmture, stydicasmh genérkilyatng,

| SO-truss structurgSschéldanRe B e ent invention, FIGS 101 a
b are side view of .| rcr:pact bg(?frilﬁlg?,g&almlﬂégﬁﬂgm%%- %&g&@aﬂﬁg@ge&yﬁf
accordance wi%t h t hthepraferesd embodimentiofthe iddbirds Guctitr® 20 maf Be Besdfied in _

cross-sectional en ' SIS Lopact barrierg, utilizing _1so-truss
structures in acco‘?‘g%ér{ce 7 'h’b eﬁseo'%‘ﬂsééé‘ﬁ‘imf’ﬁgé‘?ﬂqdﬁﬁPllﬂial%’."ff@!}’&mé‘Oare end
vi ews of iso-trussmsmbmlmmgédina@@féﬁtﬂimﬁﬁeﬂﬂaldigﬁﬁqengﬂ{&q&x{%{m&ﬁgﬁmg on. 20
DETAI LED DESCRI PTI lq\%tl\;%r tkﬁI%r&gses of promoting an understanding of the
principles of the @1 NVEHTMEH™ [0 be SRcEred ¢ may borapecniupdised and dnssribscbanal ar y
enbodi nent s i | | ustplasaB of hélickEmBbmYis 9 hé 'lﬁﬂ}g i L. 0e
used to desgéi be tmﬁ Bgme. It vm'_?l nevm%g%e%gﬁﬁgébﬁﬁgrs g%gggwa]%acﬁo
linmitation of the ReBeq)componeni20inpludss p phirdlity ofstraightrseperits 2 Zeutiactted sy

al terations and f ypleh®h JWRELA L hs, of the inventive features

il lustrated herein, and any addi onal applications of the principles of
the invention as il udtengtentchechhalicahbompones2ddenepsous hRies ki lbdsed i n

e S o SRS BB i sl el
Structure about the axis 14. Thus, when viewed along the axis 14, the four straight
15 segments 22 form a square, or have a square cross-sectional shape, best seen in
FIG. 4. The helical components 20 may continue indefinitely forming any
number of straight segments 22. The straight segments 22 are oriented at an
angle with respect to the axis 14. Preferably, the straight segments 22 are rigidly.
connected at their ends to adjacent or sequential segments.

20 In one aspect, the basic structure of the iso-truss structure 10 includes 1)
at least two helical components 30 and 32, and 2) at least one reverse helical
component 34, all wrapping around the axis 14. In another aspect, the basic
structure 10 ;'ncludes 1) four helical components 30, 32,36 and 38, and 2) four
reverse helical components 34, 40, 42 and 44. The helical components 30 and 32

25 wrap around the axis 14 in one direction, for example clockﬁvise, while the
reverse helical component 34 wraps around the axis 14 in the opposite direction,
for example counterclockwise. The helical components 30 and 32, and segments

22 thereof, have a common angular orientation and a common axis 14, The
reverse helical component 34, and segments thereof, have a similar helical

30 conﬁgu;aﬁon to the helical components 30 and 32, but an opposing angular



30 Decenber 2004 WO 02/ 10535 12 PC 11JS01/ 23636 Sone basi c feat urne®eaémmpn 2004
| so-truss structure are described in U S. Patent 5,921,048, issued July

13, 1999, which is herein incorporated by reference. As illustrated in

FI Gs. 1-5, &f roved i so-truss structure, indicated generally at 10, in
accordance WAYPH2 present invention is shown. The strucFGP@Séﬁﬁﬁﬁeonetry

of 5 the preferred enbodi nent of the iso-trgss structure 10 nmay be

described in nunerous ways. The iso-truss fructure 10 includes a

plurality of el eneqnt: .s .12 arranged jn repeating pattern al ong
the | ength or Iong:a%lﬁné%%éll @g}ggm B o) E@&?W@F@ﬁ@“f@ﬁmﬂ?@a@? r&Gre 10
may be concept ual i #kdppeact ad esittighael @bulé mehber 8f dghdte Bfosd&bliGR! conponent s

20 wrappi ng about the lIQF;H it ug]ihﬁ | axis 14. Each 10 helical conponent 20
includes a plurality of ~StT4p eYnmnths varous dakinal ¢cseponents are shasvitheing a

heli cal confi gur at indfvidually Ri#ed &)&H@&I’ucnﬁéfé‘fo?ah@&?&hsﬁﬁ?gﬁggtc&ﬁﬁgﬂeq 0 m g

advant ageously incJudes at _least four straig segne

single, substanti alSSjovEbwITE: - The stanwnts 22isefive 4 syearaite SDAshoWh i phasheel

vi ewed al ong the amies. téb Sesf rak ght S ngs 22 forma square,
or have a square cros;s-sepgﬁboeﬁfﬁygﬁa%%éfﬁég‘ﬂlgfe]tg%eeﬁqgﬁ“&eﬁla otiom, toppang It ¢ g
conponents 20 nay @@nightides] oxgbinemiThelfirsttholionl cgnpdiynt 30 iBpRles #firs bdpicANt

segnents 22. The sy g ments 22 are qriented at an angle with
respect to the axi s’%tggltgﬁ}?%re’aab eyon Sﬁ%mg“ttS%\Fb'ﬁ?tog vt hird segmpeat $6 igi dl y
connected at t hei rtherighs plane;adlil 8 fouth sogm&R 88 Athé BdttoR BRI 19, heffhal N ONE

aspect, the Fasic struct E{Hflgof the iso-truss structure 10 1 ncludes 1) at

least two hélical QOB aysgpuinge with mapyomore segmenisa Jthe dove segavmtsR dfiel i cal

conponent 34, all theIRPAlIREmASHRIED hiE 2 Whbs ther aspect, the basic
structure 10 incl Lf%gqs 1) fo?ﬁ hel i cal aco%p’oc:\oé]r?tlést%%%%%’%"é%‘egﬁﬁ 43 and 2)
four reverse heli Ab-3d.3he sgou® thimicind fourbihelidabbdgarhts Gorasamgnt s 30
and 32 25 wap ar geie shbsn Rtok We e direction, for exanple clockw se,
while the reverse helical corrp%#eelrsle&e%ﬂ wraps around the axis 14 in the
opposite direction, fBefewingtpFis. 6t Sistleaniotictienl ssifni™® & SRlwFRAFBRNENt S

30 and 32, gnd se t hereof  have a comon angul ar orientation and
a common axis 14. gﬁﬁ}g&ﬁ}e‘e’%%erhse@cﬂg??gwen SipeiAdss @ gt segmrmt 6 drthadeft ¢ her eof |

have a sinilar hephnahs%ndmgﬁieﬁ&mhkm&&ntﬁfﬁ Nethirl enfARLRGY £430 and
32, but an opposi rﬂn@;‘g&”f‘r 0 Decenber 200 & gafel ﬂ‘?ﬁeﬁgh?
plane; and a tourth segment 66 in the top plane, The reverse helical component

34 may continue with many more segments. The four segments 22 of the reverse
helical component 34 form a single, complete rotation about the axis 14.
20 Referring to FIGs. 5£-5h, the second, third and fourth reverse helical components
40, 42 and 44 are shown in bold respectively.
Referring to FIG. 5i, all of the helical components 30, 32, 36 and 38 are
shown highlighted. Similarly, referring to FIG. 5j, all of the reverse helical
comporients 34, 40, 42 and 44 are shown highlighted. Referring to FIG. 5k, all of

25 the components in the top and right planes are shown highlighted.

Referring again to FIG. 51, building on the basic structure of the iso-truss
structure 10 described above, the iso-truss structure 10 advantageously includes
an enhanced basic structure, additionally including 1) rotated helical components,
and 2) reverse rotated helical components. The rotated helical components are

30

similar to the helical components, but are rotated with respect to the helical

components, Similarly, the reverse rotated helical components are similar to the



WO 02/ 10535 13 PCTfUSOL/ 23636 orientation. This basic structure 219peM®ar 2004
viewed fromthe end or axis 14 (FIG 4), appears as an imaginary tubul ar
menber of square cross section. Referring to FIGs. Sa-5v, the various

hel i cal conponents are shown being individually added to the structure 10
for clarityWOo®@%%7rst helical conponent 30 5 is shown i PCHVEV2EI The
segnents 22 define a square tube 50, shown in phantom|lines. For purposes

of FIG b5a, the square tube 50 includes a bd#tom top, and left and right
sides, or planes. The fjrst helical conponent 30 includes a first segnent

52, in the left pl kerse belisglcopponrantpnbutirotaiad with réspect tythptearrse heticelhi r d

segnent. 56 in theg4 I s e t in th ottom

pl ane. The heli cal cﬁmﬂ%nﬁ%o%ﬁr?mi Sq'ﬁg?ﬁgﬂgﬁrﬁogﬁﬁ%gﬁﬁmﬁg © grejlegﬁaé)nents.
The four segnents @ipwhents dlso foehiacgbare whappriensd skéhgliey Dol SNG4 whednP! et e
rotation about the | S, .14, eferrin o F . 5b-5d, the second, third
and fourth helical mg%ééirs‘r”e%‘gs a,m%@a S&H%e%"g@%%thgﬁéml fOReBERts 3kandaat i vel vy.
Referring toSFl G & revehe hbiidabtonignestsa, hel i cal segnent 34 is shown in
bold. 15 The first reyerse helical conponent 34 includes a first segnent
60, in the left planeRefrEpgefics gﬁewouwota#@mb@qlmmmmm,ma third

segnent 64 in the ghb@hbein@iraNgduafPdiddd bk cREITE WitnGhe hdlichiNgq Eeogrgg' ane.
34 ’hmany no 5

The reverse helical conponent may continue W re se ts. The
four segnents 22 dieligghgompapents eemavedli fordlarip nPlefesttroated helical eonsionert 80

conplete rotationj . i ring to FlGs.. 5f 5h. the
second, third and 1?%%%#?&;2&?%@?}’%“2 5%%8&5 mﬁ%&ﬁ@%ﬁ%ﬁ%{?e
shown in bogg rg;ﬂ@e&-imgyaggseswm.ﬁl,ﬂgsﬁ@rﬁhl1&_ %ﬁngluaééqaf_alt-wgﬂlpgac{@j }cal_
conponent s : , . e s ighlighted. Simlarly, referring
to FIG 5j, all o e%ﬁaerﬁ?%c\llr@’ @W@F’i "d“g\lﬁ\gw"ém’s“ lancsq The figst hefigali 4 ar e
shown hi ghl i ght ed compdrent 80nigeitdesfal fest s 884, iPihe forwhides gﬁﬁﬁbe Lo the
top and right planes agqshown hi h_Iig%?egd. _Refgrri ng 3‘3@ tégfg‘?"&h&]Sl,

bui | di ng on the bAE¥IEYG ke lowerkcing alepg ¢ third segment 8R in thewear £@ingeiane; bed
above, the iso-tr uada fufth Sdohicht dPin elo}! an, enhanced
basic str uci re, additi on_algid)g/_ i ncl ﬁ'ﬂﬁgﬁa@&g%@g%eé&%%éﬁs&gﬁpﬁ%wmgﬂ , and
2) reverse Fbtat e80 Ry pemtinue With orey tore stpreento t EedourBeghand 2X6MROGRRKES ar e
30 similar to theplghi GGt ts. but are rotated with respect to the
helical conponents. Si %p?a%@(?ﬂ) eaSéné?eé?wl?%fqg?t?&aﬂ‘é‘ﬁiﬂ&ea‘fmclﬁlmonents are
simlar to the 30REeuBSHEFIGEONE-S0, the second, third and fourth rotated helical segments

92, 94 and 96 are shown in bold respectively.

Referring to FIG. 5p, the first rotated reverse helical segment 98 is shown

20 in bold. The first rotated reverse helical component 98 includes a first segment
100, in the forward facing plane; a second segment 102 in the upper facing plane;
a third segment 104 in the rear facing plane; and a fourth segment 106 in the
lower facing plane, The rotated reverse helical component 98 may continue with
many more segmenis. The four segments 22 of the rotated reverse helical
component 98 form a single, complete rotation about the axis 14, Referring to
FIGs. 5g-5s, the second, third and fourth rotated reverse helical components 110,

112 and 114 are shown in bold respectively. All of the components are shown in
FIG, 5v.

25

Referring again to FIGs. 1-5, the iso-truss structure 10 has a plurality of
30 helical components 20, including: 1) four helical components 30, 32, 36 and 38;
- 2) four reverse helical components 34, 40, 42 and 44; 3) four rotated helical



WD 02/ 10535 14 PCT/ USO1123636 reverse helical conponents, but rogabetnMet oo4
respect to.the reverse helical conponents. The rotated helical conponents
and the rotated reverse helical conponents also forma square when vi ewed

al ong the axis 14 éFIG 4) which is rotated with respect_to the square
formed by t WO ®EPPeal conponents 30 and 32 5 and reverse ReFPRM4Z3%Hnponent
34. Referring to FIGs . 51-5u, the various rotated helical conponents are
shown being individually added to the structlére 10, with the helical and
reverse helical conponents renoved, for clarity. The first rotated helical

conponent 80 is sHWMPIFHS fP.G2, FhandPfpandc) s rejatodreyerss hrdical compancatsid§be 82,
shown in phantom 1@;g i pegnd AA" TR Bg%ﬁ'ﬁct&f lﬁhgagﬂaiofﬁfteé:giéﬂﬁﬁ tube 52
ar war per an

includes a forward facing, re acl ﬁg, and up ower facing
si des, or planes. Twepomngemrts20.helical conponent 80 includes a first segnent

84, in the forward faci , sgcond . seqment,,86..i .he | ower facing
pl ane; a third segnent %%déglﬁlii{ ﬁé‘b?véaat‘rﬁeftﬁwae N ﬁ?,zogig}‘?g’egca?ﬁ%?ﬁ%e’g%gnent
90 in the upger fa20,38, 38 and88 hivees donindiremgiilel drizalatien) AREMEAId, alid 18 Qndax
continue with many_ nore The four segnments.22 of the rotated

nent s. S .
hel i cal conponent %’Gcetdcf'ﬁﬁ o, caeh ether apcamaldistaness. yimiarly tos fegments efths 14.
Referring to Fl Gs. rebarssdblicdl R6mp&eands, 400is %m%@e&&%:ﬂmaﬁféxﬁﬂoﬁ&ﬁtﬁﬁ'

segnments 92, 94 and 96 are shown in bol d respectively. Referring to FIG
5p, the first rot at @Rk, prd gre spacerkapas fomaach ethetad equal diglanaes.bidhid. The

first rotated rev%ggﬂ;@tg%eng%mqg‘%ke%gigapggfg%g?ﬂﬁsa?%gbi%pazlgggg%%eﬁaloo,

in the forward facing plane, a second segnen
plane; a tHOrd sewhesing a@ulai orination ethe hrggmian grigitation of tedegndneiotitie Ssegnent

106 in the |ower ' a e.fotafed reyerse helical co nent 98
may continue with ﬁeﬁ%%?&nngéngﬁgg%%h{;és@%ﬁ% ‘Ss%é‘ﬁ'élfﬁ §V%2‘2V18‘V Qm thet at ed
reverse helical 2%ndompisibhuaparsfas blintagfianOhBulareeileebEsquateatdsOfRc@fQuUt t he

axis 14. Referring to F.Iéc‘i? fgq-Ss, the second, third and fourth rotated
reverse helical c%ﬁﬁlboﬁ”eprﬂl G175, 112 and 114 are shown in bol d

respectively. Al of t e ifiaHe Behits I e IO hd d?gé L again
to FIGs. 1-2 the i so-truss struct l_.ll’se _18 has al%fuudraa i?%l\fso? ’ %zﬁgﬁ?l%cal
conponents 29, i nbRYRA ogINon angwlar onpslation|a commepasistld, B0 arGPaccdGpatfio38;  2)

four reverse hel i galh ARAFRAGRRA'distalibes, e td Reifilibortpondtls 3645, F62hgHE e ' ¢

segments of the rotated reverse helical components 98, 110, 112 and 114 have a
common angular orientation, a common axis 14, and are spaced apart from each
other at equal distances, like the reverse helical components 34, 40, 42 and 44,
20 But the straight segments of the rotated reverse helical components 98, 110, 112
and 114 have an opposing angular orientation to the angular orientation of the
segments of the rotated helical components 80, 92, 94 and 96.
The rotated helical components 80, 92, 94 and 96 and the rotated reverse
helical components 98, 110, 112 and 114 are rotated with respect to the helical
25 components 30, 32, 36 and 38 and reverse helical components 34, 40, 42 and 44.
In other words, this structure, when viewed from the end or axis 14, appears as an
imaginary tubular member of square cross section, but is rotated with respect to
the imaginary tubular member created by the helical and reverse helical
components, as shown in FIG. 4. Together, the helical, reverse helical, rotated

30 helical, and rotated reverse helical components appear as an imaginary tubular



WO 02/ 10535 15 PCT /USOL/ 23636 conponents 80, 92, 94 and 96; and 4p eBshber 2004
rotated reverse helical conmponents 98, 110, 112 and 114. Thus, the
structure 10 has a total of sixteen helical conponents 20. As descri bed
above, the strai %ht segnents 22 of the helical conmponents 5 30, 32, 36 and
38 have a cOVMF®gul ar orientation, a comon axis 14, aRAVEP/ZBSpaced
apart fromeach other at equal distances. Simlarly, the segnents of the
reverse helical conponents 34, 40, 42 and 44%have a common angul ar
orientation, a commo is 14, and are spaced apart from each other at
equal di stances. Blﬁ"E‘emq'te VEiEanicipht-peiblgd Biat esossiseation when wicwed fremithedxis 14,
components 34, 40, a¢ddhoddn ;. Rave an 10 opposing angul ar orientation to the
angul ar orientation of the segnents of the helical conponents 30, 32, 36
an 38. Again, this strudwvoeemonsingledlenmts Rromdcher inersectaf joins ROYBIG. appear s

as an imagi nary tulul I+ 5Qf uare cros ction, as_shown_ in FIG

4. The straight segﬁe’ﬂ{ese oi Fﬁg%?agﬁagpégﬁ)h@npﬁ%d?ﬁ GeRfecteg®er mgiely 94 and

96 15 have & commirersaotatitiarjoints 1201 Afrfodelis farmARTRR: iAdhstcti elcaldfhsab GreSPaced
i stances, like the helical conponents 30,

apart from each other .ai equal dis € )
32, 36 and 38. The°°“§‘8°d?f{ar§%°’6?m% #B%5 Dode empdyhire intoraactinglemenipinments 98,
110, 112 and 114 hatks perimeei BMGM@EO,%E&S%%F@%%@%E ndiS!194 k4 and

are spaced apart f{;om each  other at equal distances, [ he reverse
hel i cal conponent sio8Red where imerseadngiclements Buneet hidhs inteziogbf the stgwend £0,af t he

rotated reverse he&ei&l@ﬁi'FI@QWF&éﬁus%%m ’10‘1“]&%8??‘{@?{53]‘]]‘@185%‘?6%!@‘%8 é)posi ng

angul ar orientation to the angu orrentatron t he
rotated hel il¥al coiopBaantion, Bleriaio i84ighhekidfal ndde 12Dkl aFiG.al.

conponents 80, 92, 94 %Dﬁ! the rotated reverse_ helical conponents
98, 110, 112 and 114 afe o?g?ﬁ!eigis‘\/\ﬁ’ﬁ2353%’@‘&@@&@'?@“%@%@“% conponent s
30, 32, 36 and 38 measuredinehedirdetibn 6fthe BASRATANSs BA. A B8 148%0R08s §dinele"

or axis 14, appears

ot her words, this shr ugt ur mge&n_\l/i ewed fromthe end

as an inagi nary t3pdP ?’mﬁéms elpmeatslar Shestastre Kmppeomprise aiysunbent ed

Wi th respect to tofibaysagi RakiMitl .the helical and
s, s iy b AR

reverse hel i1 al conponents, as shown the helical,
reverse hel i?al, rotat 88 BomplemeledBO (BGd3)isfamediby eplensachel byasb conponent s

appear as an i migic&@és}.‘oﬁdi’r@-ﬁl&ﬁenﬁ;ol2%?%5&%02%% avlg?an%%ée]é?eg%?( opposing

elements of the same tetrahedron.

The repeating pattern may be described as a number of triangles or
tetrahedrons. The triangles and tetrahedrons are of various sizes with smaller
20 triangles and tetrahedrons being interspersed among larger triangles and
tetrahedrons.

The structure 10 may be conceptualized as two, imaginary tubular
membgrs of square cross section overlaid to form a singie imaginary tube with a2
cross section like an eight-pointed star, as shown in FIG. 4. Or, when viewed
from the end or longitudinal axis 14, the structure 10 has the appearance of a
plurality of triangles spaced from the axis 14 and oriented about a perimeter to
form an imaginary tubular member of polyhedral cross section in the interior of

the structure 10. In the case of the preferred embodiment, eight triangles are

25

spaced about the longitudinal axis to form an imaginary tubular member of
30 octagonal cross section in the interior of the structure 10, |
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viewed fromthe axis 14, as shown in FIG 4. Two or nore single elenents

12 connect or intersect at joints 120 (FIG 4). The elenents 12 may be
rigidly connected, flexibly connected, or nerely 5 intersect at the joints
120. A nodeW&9%83%ed where intersecting el enents 12 are PEHHFHERSEA. An
external node 122 is fornmed where intersecting elenents 12 neet at the
perinmeter of the structure 10, best seen inlFIG 4. An internal node 124 is
formed where intersectiﬂg elements 12 neet at the interior of the structure
10, as seen in FIG 4. 10pdditip,hen yicyed fiomchesnd o therxisdd, it éfpessibidtd 0 as an

ei ght -node 10 conf} ' [ Is .ght external, nodes 122,
bt seon in F o SubieRihtfland PG i dhOald Py St Bong e Bonindt Shedie g
unit or pattern neEgNRlaQdes2? liearmiightpbinted sob confizutatngi ThidilaRk adbhentdd. A

bay 128 contains ' . tern forned by the elenents 12. The structure
10 may conpri se aﬁ@b%hﬁ%g?sl?g%“@ac{}?eiﬁwa% addition, the length of the bay

128 maybe vabi ed. 15 ArFurthtmiongwithing] Ry 136) a&lﬂg@fﬁ%gﬁl&ﬁ%%f%ﬂﬁ%im ane

created by two corrgzﬁpo‘%ﬁi ?]g el ements 12 of a tetrahe ane
created by opposing® ~BIrETbitfavesrons gruckisa propertisheBisring aftdangelpe gtidsng
pattern may be desdciciBintsioofHORRLNAS 10 iR Leldgheds ons. | The
triangl es and tetrahedrons are_ of vgri ous1 SI zelslt%t\j\?ﬁhel%a%hﬁs pwe rfl'angl es

and tetrahedrons HESREIGVEE Bathissgeaptnisdngto agreer mmbardlcesestivhs,

tetrahedrons. The stru ; 0 tualdzed as two, imaginary
tubul ar rmenbers of sqggggag%%ggﬁgg%%%h%ggﬁﬁ%l %sePto‘?“Fh%‘V%rfer@%éal

i magi nary td®e wi tchmponestsGds40; d2 tddd dt iekternalmodbgim- BehikrBdrothdf helifd Shown
in FIG 4. O, whg fﬁn%iﬁ\ﬁ% %éﬁo%ge end qr Ioggitudi nal axis 14, the
structure 10 has thePERRas aife e Bid 9 misrspet xifhyrotaied reversa hejicebeospanets f r om
the axis 14 and oPB.cribed2ahdul4 & cRRRialRdeE 1420 form an inmagi nary tubul ar

menber of pol yhedral ci.‘g?ﬁ .?rﬁction in the interior of the structure 10. In
the case of the prefer FSPEfHS0PRASRES 38 3Pnf6 and riglerssct avith rospd cadrsabout t he

| ongi t udi nal axi shélima]fda;hmoﬁéhtdgﬂigid)@iz/aﬁd% ' ?{g ctagonal cross
section in 1t;ue interior of the structure ?g'a gg%gggéﬁ%g%&%ﬂ% / 10535
17 rotated helical componenis 34, 40, 42 and 44 intersect with reverse helical

components 80, 92, 94 and 96 at internal nodes 124,
The helical components 30, 32, 36 and 38 and rotated helical components
80, 92, 94 and 96 do not intersect, Likewise, the reverse helical components 36,
40, 42 and 44 and rotated reverse helical components 98, 110, 112 and 114 do not
20 intersect.

In addition to the plurality of helical members, the structure 10 also may
have eight internal axial members 132 (FIGs. 2 and 4) located in the interior of
the strupture 10 and intersecting the plurality of helical members 20 at internal
nodes 120. The axial members 132 are parallel with the longitudinal axis 14.

25 The external and internal nodes 122 and 124 may form rigid connections,
or the components may be rigidly connected together. In addition, the axial
members 132 may be rigidly coupled to the components at the internal nodes 124.
The components can be made from a composite material. The helical
configuration of the structure 10 makes it particularly well suited for composite

?'50 construction. The components are coupled together as the fibers of the various

components overlap each other. The fibers may be wound in a helical pattern
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possible to define eight planes parallel wth the axis 14. The pl anes

extend between specific external nodes 122 in an eight-pointed star
configuration. The planes are oriented about the axis 14_at 45 degree
“intervals. MR arnore, within a bay 128, a ring of tri BAYUPUAGPi ds is
formed which are believed to have strong structural properties. This ring

of triangular grids circle the interior of 18he structure 10 in the center

of the bay, as shOV\Q i n FI%\@ 4. 1t is believed that this strength is due
to a greater nunbef Bf2 Hollewiag therhelicpb pordighratiompishememb80ss @®rib8s and
38 intersect wWth ieMeisfehibkpal ; 2. and 44 . at

external nodes 122. Simlarly, rotat é&ﬁgeglg%g%f]&éggﬁnggcégﬁtgewegﬁ?f@4 and
96 intersect with FURRATER sripaneibyrehiimmbs Ssonisofdibes TH&lemkd or 112 and 114

at external nodes | o onents, 30, 32, 46 and 38 _i ntersect
with rotated reveréscggp?ﬁeli}?lggf L%:%ﬁ%%h%‘%?n@?f g]f%?aﬂi%b%{%%ﬁaﬁt A &eyRt er nal
nodes 124. Sidni| ar{eyamidhien a mstrinoduel exch thetriosdl(epon Bist, 1d), oftByend2 and 44
intersect with rev&gér%ppae%@a{gﬁ%owﬁnt ?31183j 921‘. 94 and 96 at internal
nodes 124. The hel1¢al *CONpSRERt S HOPrayienad ingteds Inpddition an additivemiayal
conponents 80, 9%he iRdududin 8 ek AQhathif ISRV xlglc%ﬁ')\‘! §Ieche{1]1%%} réegc—\fﬁf?sﬂt%?

hel i cal components 36, ., 40, 42 and 44 and rotat reverse
conponents 98, 110, 11AlisHitively thestmeture Wondyrhemossirtted bfiemydditthion t o t he

plurality of heli Gadterd BR8] & w. re. 10 als ve. ei ght

i nt er nal axigl menpers 132 ‘%I?Ir Gg’%ngtglg’a#@gt%)&lcgga %%}%itﬁaﬁﬁaeh&ﬁﬁfmegﬁsogf t he
structure 18%and ithe Bersbermaygonsiss ofprafabticated pidced bt Reoinide EpRMhSr with at

i nternal nodes 1 j e 132 ar arallel with the

| ongi tudi nal axi s%%e-ggg #ﬂig%ég{@??.a’ffﬁ%w&nqc?ﬂ: Fessrs durmned soregeive the4 may
formrigid connectlenrests. Toe recéssesaedgrivard te ol ﬂfé&iééﬂ-eﬂig%lﬁ wb%ij

toget her. I n addi bon, the axial nenbers 132 naybe rigi ftg)pcoup ed to the

conponents at the ' internal nodes 124. The conponents can be nmade from a

conposite naterial . ThBiMiEﬁ‘eﬁHhat%!?ﬁﬂlQ%E W&Q&é]ﬂ@ﬂ?}éﬁﬁﬁéaﬁloﬁagﬁggﬂf‘kes it
i

particularly. well suited for conposite 30 ‘constructi s are
coupl ed toget her g’§SFH‘émﬁeiIB@ch”@F31!ﬁ@aqﬂaﬂ,iﬁﬁl&ientmdﬂmnmttsleﬂuﬁtﬂuaﬁre?ach

other. The fibers Hiheil | ttern 30 Decepber 2004 WO
02/ 10535 18 Wiﬂi. YheliBrelg szblf?al @oxnf‘glul'a%% oP A6 §&lchus ?0 prowdqu% substantial
resistance to local buckling. The structure 10 incorporates stable geomeiric forms

with members that spiral in a piecewise linear fashion in opposing directions
around a cenfral cavity. The helical and longitudinal members are repeatedly
20 interwoven, yielding a highly redundant and stable configuration.

In addition, the structure 10 takes advantage of the mechanical properties
of continuous fiber in the primary load paths, The load is transferred through
beam segments to the intersections, where it disperses through other beam
segments. Each member carries primarily axial loads, taking full advantage of

25 the inherent strength and stiffness of continuous fiber-reinforced composites,
The helical members primarily carry the torsion and transverse shear loads and
stabilize the longitudinal members against buckling when loaded in flexure or
axial compression, while the longitudinal members primarily carry the axial and
flexural loads and stabilize the helical members against buckling when loaded in

30 torsion or transverse shear. Multiple interweaving of the longitudinal and helical



PCTI US01123636 about a mandrel follow ng the helical configurationgobeddier 2004
~menber, as described in greater detail below. This provides great strength
because the segnments of a conponent are formed by continuous strands of
fiber. The el enments or conponents nmaybe a fiber, such as fiber glass,

carbon, bor¥P20%381t or Kevliar 5 (aramid), in a matrix, ‘%UHW”S%“%\

therm)set (epoxy, vinyl .ester, etc.), or even a therm)pl astic (polyester,
pol ypropyl ene, PVC, etc.). In addition, anlfdditive may be included in the
resin or matrix, such as UV protectors, or chemical repellents.

Alternatively, th&esberset theioints oraodenprovidessa soog gterlockiagpechsinismiip o

material, such as, i ke. The

el enents of 10 the m%ﬁq}fﬁ&h g‘fl&se tth%re %r%[)grn%lcga{mgyg&eces that are
joined together with cﬁntt&nhmﬂhamghlymdnnﬁhasnahﬁaoffﬁbeumaechmkesha@ry
recesses forned t ecei.ve t el.e ts recesses are oriented to
obtain the desi regarﬁ ﬁ%lF g% A48 stglen} qﬂe’ém fsin oy frpetional he nultiple
symetric argd hi gh&g‘ﬁaﬁﬁiﬂ&ﬂﬁ@&vdﬁlﬁé&ﬁ&u&f In fet, toval draGhid ?ﬁt&ﬂd@fe@ﬁée@es an
attractive, efficient, and danmage tol erant structure, w

t hr ee- di mensi onal EGHEGHYS PEAPPISSS Bf 2nprrximaately ANy whenedN ppessends the numbaroint i al
resistance to | ocaddeRirddihderod\Ectihn! %Wa&aé&oie%% W‘ﬂ!ﬂﬂﬁﬁmﬁﬁ@e@

geonetric forms wth menbers that spiral in”a piece i"near %ashl on in
opposi ng di r ect i o¥ignifieanpperfprmance pdvaniageoner trpditiatebstelisiractiresnd | ongi t udi nal

menbers are repeat edl a _.hi.gh r edundant ..and

stabl e confi gulroat i on. YET‘%hqra ghﬁ%ﬁﬁg{gﬂé}édgruc gsr%pliﬂg'c{é% 381?5%@58@ of the
mechani cal 18r operaviessl behzivxmﬁhﬁmmg@ﬂ&ll?bhﬁveﬂm ddvended compasitt aadpat hs. The
load is transferLEglil g{l&ﬁg%l 1beam sgﬁgmfr]ts t the intersections, where it
di sperses t hrough *otH fpl respgmie it ill Wéhe'élﬂmﬂeégadp@rmrl ly axial
| oads, taking fulslubaquaﬁb&ﬁemﬁﬁﬁéﬁaﬁﬁg%mlﬂﬁﬁdnq@éeniﬁﬁl?ﬁ&hﬁgﬁnqﬂ stiffness of

continuous fiber-reinforced conposites hel'i ca ers primarily
carry the torsio (PORREFStipRtaly Bpriwearity sgneralfy insludpsia royglipil /N diep irhload each

| ongi t udi nal nMemMpsSmaaRdbeks tRdEH d ngﬁ#gﬁﬂdés‘?ﬁpﬁgﬂﬂ Rurk ltﬁé(ﬂ{ll?re%’ legs?X1 @l

conpression, while the |ongitudina rs prinari e axial and
flexural |dads arﬁ?cglﬁeﬁﬂiqelﬂzeeloﬂiecmbmtmﬁdmﬁw;aemmgm nst buckl i ng when

| oaded in 30 torsion arse she [ ti nter avi ng af the
| ongi tudi nal and hel i ?gmré% %@6%‘5@7@2‘? F@W 1123636

strength when loaded in another direction, although the snfﬁless may be more

adversely affected. Furthermore, failure of the principal load carrying members
has little or no effect on the ability of the secondary load carrying members to
20 resist simple loading. Failure of one bay in compression has little effect on the
torsion capacity of the structure, although the corresponding toughness is
reduced. In other words, local failure of the primary members has liitle effect on
the capacity of the secondary members. |
From the basic configuration of the structure 10 described above, several
25 alternative configurations are possible with the addition of additional members.
Referring to FIGs. 6-8, external axial members 140 may also be located at the
perimeter of the structure 10 and intersect the plurality of helical members 20 at
the external nodes 122. The axial members 140 are parallel with the longitudinal
axis 14. In addition, perimeter members 144 may be located around the perimeter

30 between nodes 122 that lay in a plane perpendicular to the longitudinal axis 14.



menbers at the joints or nodes provides a strong interlocking nmechamesémied 2004

enable this type of interdependent three-dinensional stabilization.
Furthernore, the highly redundant nature of the structure 10 nakes it very
damage t ol ewé}?(;. §§m)val of a single nenber results in only fractional 5
degr adati on ot AR& overal | structure. In fact, renoval of PSTUSHAP%Ee node
reduces the effective properties by approximately 1/ N, where N represents
the number of nodes in a single cross-sect®®n. This damage tol erance
capability providesg,a__significant performance advantage qver_ traditional
shel | structures. %ﬁ ?ﬂ"é‘%ﬁfﬁn@ﬁﬁﬁc}éﬂf@m%wlﬂwﬁ@nﬁheﬁEWP@@W wgt 14y as

di spl ays a nore dughdviein FI6. overal |l behavior than is generally observed. in
advanced conposite structures. Although the initial response is still
linear elastic to the uFk§nheEmeter manbers hé4 maybslocaiehirowslthepasimetdrioéthedamage
initiation i s genegglc | I LoR, L hi |inearity
general ly includes a %ﬁgﬁﬁ%@%ﬁ?ﬁg%ﬁﬁg@ﬁ resi)?crtrzo ?x%gonm@:]s

t hr ough one &f thea¥idttbsThcsé diagonal petimeter membére nfagbk formed By Sega@ntd 5f duct i | e,
since the load is goie n fewer mepbers. Failure.initiation_under
one | oad type causes on yﬂe%E%?%nﬁ?mF%ﬁmpPS‘ﬂngd@?P@‘f%"tt?f Plygliied i n
anot her di recti on, haicslomptndnts0s Thé dingnal perncRe ni¥RIbers rf eRfca®hatwad ect ed.
Furt her nore, failu%{"e of tge@ i nci plgjn Iéﬁ?ad carrying nenbers has little or
no effect on the atWIFTyoss T SHEMhQ A mpiignodes 122 Sychronimsies membeg

resist sinple | oadhagfonfrandtér esoqfusdStRichAY atiolt HORE 5 § HOMILRS whid 11 € ef fect

on the torzbon capacity of the structure, although the corresponding
t oughness i r ed FIEEUrS Sueh dennfiguratin createsal relatiydly smaoatlf owtersurfacerorr y menber s

has little effect @pportifistdRAGhd Yintiink ers. Fromthe basic
configuration of thgp stuE%sctu_re 10 lggilcr?%ggggﬁgggggl{e@%fgr%mﬁq rnative
configurations ar &upeisel pirposes. t Theidnebla thdittussiruourepadsh frovitalenhRBRE! S .

Referring to Fl Gs.yiffp 44 ?r axi al menbers 140 may al so be | ocated at
the perineter of Stl'he‘%gpr uc J‘E’ghﬁo and intersect the plurality of helical

menbers 20 at  the ext dssiatednbulesthd Aibrovdadscansd siriGAFD 6F e pSerR ifcifbhal | €|
with the |opgitudi pc% 1axi 14. |1 n agddition, perinmeter nenbers 144 maybe
| ocat ed arotind t h&PEPIHEe e%%"%ﬁ@r‘\ﬁﬁ%ﬂ?{%@émw@%aﬁh inelyds faurseghente

per pendi cul ar to fhmingagittrotaidhbo@Xhcaxist 4 8RG8 osd 0 92/ 10535 20
PCTI USD1/ 23636 Thg_perimeter members 144 form a p%hé’ér%gé%’enq\%agmd from
€ referred to as an eight node structure. A side-by-side comparison of the eight

and six node configurations is shown in FIGs. 10a-f and 11a-11f, respectively.
The eight node structure 10 is shown in FIGs. 10a and 10b, while the six node
20 structure is shown in FIGs. 11a and 11b.

the axis 14, as

External axial members 140 and perimeter members 144 have been added
to the structures shown in FIGs. 10c and 10d for the eight node structure, and
FIGs. 11c and 11d for the six node structure. As stated above, the external axial
~members 140 and perimeter members 144 may form another iso-truss structure
25 about the first, or a double iso-truss structure. The internal axial members have
been removed from the structure shown in FIGs. 10e and 10f for the eight node
structure, and FIGs. 11e and 11f for the six node structure,
The eight node configuration results in the structure 10 having parallel
sides, which makes the structure more square and beiter suited for applications
30 which prefer square geometries. For example, the ei ght node configuration fits

better in a box, due to its parallel and perpendicular sides, permitting greater



shown in FIG 8. The perineter nenbers 144 may be | ocated around B8H®ccember 2004
perineter of the structure 10 between nodes 122 on a diagonal wth respect
to the longitudinal 5 axis 14. These di agonal perineter nmenbers my be
formed by segnents of additional helical conponents wrapBed around the
peri meter oWQ@REFPurality of helical components 20. ThePHFHHBAGS
perineter nenbers may extend between adjacent nodes 122, or extend to
alternating nodes 122. Such perineter nmenbeyis may form another iso-truss
structure about the first, or a double iso-truss 10 structure. Such a
configuration creaugsbiity feinatderal iht&ha efifferinl HpliGaabhasiRrOthe dinipsiond éMg
structure that sinplifies application of an outer skin for cosnmetic of
structural pur posdBe sStMeRreREe eS8l ¢ r uss structure al so provi des enhanced
stiffness per unit vei ghiqqifdh, Hb AR QAU 6#?1&1&@&9% hé MY BebFen
structure of the present invention 15 preferably 1 ncludes sixteen helical
conmponent s whi ch edisqerit segmedts of mgmbers gfieach delidabgomipogend. Tt iwill be appaeciated about

the axis 14 to for r Jon nd_.ma e ref 0 as an

ei ght node s%r uct Jgaet.%ﬁ%{aay oxgordgy%/gnsff eathg%r%g}t%%ﬂcg%w t%?udﬁ%'g‘%glﬁ%iesi X node
configurations is ssfmats ormdnbess. folmiia Eorfiplele rotdtiongerla tikngls, edheatiativdly. The
ei ght node s_tructuge 10 i%fsho .in FIGs. 10a and | Oh, while the six node
20 structure is sHOWA 2§l en aljagent segmentsipr mepbgrsy, fjic 1A0glesA5EP%S 140 and

perineter nmenbers pbids dFares b@@@m@gﬁeﬁ,ohndhﬁyuab@ubgcf KOS S WEthQWRightnddeCs.  10C
and | Od for the eight node structure, and FIGs. | |Ic and lid fTor the six

node structure. A$oafsyratignhoweeer, qapk helicplgomppnany has fourregmentsor magmbsrd
i t i =1 t th
peri meter mpgbers glad, PBybERNHRL g@'ﬁ}r@% _rbt%ﬁoen, Bﬁsglruﬁ%rm{ féfaﬁv%éxg&e%r?u e

first, or a double I SO-truss st Internal axia s have
been renoved fromangles, whichcayhevesiadwoad siresfar@stilire. CBurthanindre,Ghe dales e ei ght

node structure, nd Fl GS. and 11 f, for th I X pode ,structure. The
ei ght node confi g%?g'lofeorﬁu?dgél%? ﬁgg?rr{e%%gﬂﬁsf ﬁ%{cﬂﬁﬁaﬁlﬂ) ﬁ@n rall el
si des, whi ch nakesonfippratibs, wdthuvidermgles, Sapilithtes poadddebial agithisatdices

applications 30 ich prefer square geonetries. For exanple, the eight
node confi gurati off ?SFF%&BMB‘FSW n a box, due to its parallel and '

perpendi cul g si des, pRIadiitibh, ek G518 AbS coRAgl BRI mokORHbIRRANERAS
PCTI US01/ 23636 21 suitability for nunmerous internal stiffening applications

where the di nensi &#fge tffee velyaielasa peresniageeldhe il e10ss-seeidponal area, permitting
easier fabrication and yielding more internal volume for non-structural purposes

than the six node configuration.

20 Performance Characteristics
Referring to FIGs. 9a-9f, the performance of the iso-truss structure 10 of

the present invention is shown with respect to other configurations. As indicated
above, the iso-truss structure 10 of the present invention includes eight external
nodes 122, and may be referred to as an eight node structure. In addition, the iso-

25 truss structure 10 of the present invention includes sixteen helical components
which each include four segments forming a full rotation about the axis 14 to
form square cross sections. A basic structure disclosed in U.S. Patent 5,921,048
includes only twelve helical components, each with only three straight segments
forming triangular cross sections, and thus includes only six external nodes. A

30 side-by-side comparison of the eight and six node configurations is shown in
FIGs. 10a-f and 11a-11f, respectively.



In addi tion, the increased nunber of nodes increases the angl e betgerREember 2004

adj acent segnents or nenbers of each helical conponent. It will be

appreciated 5 that with a six node configuration, each helical conponent
woul d have three segments or nmenbers formng a corrpl ete rotation, or a

triangle, w2403 atively sharp angle between adjacent PCEHYSUAPES o

menbers. Such sharp angles act as points of stress concentration, and may

be subject to failure. Wth an eight node @@nfiguration, hovvever, each

hel i cal component has four segnents or nenbers 10 forming a substantially

conplete rotation, or aRsfeym® FIU.0R thehanliing8lrohoid HAbrioREhERiratiohs 6 MRy
have reduced stress and failure. Furthernore, the nodes may be nore

rounded to furt her sisiesarathosms lepntaar the b@ﬁmgFH@n@i gﬁﬁevq;@l@gucmres is
configuration, wt 3?19;9;!5 C
o shobeiokic gﬁlgglﬁhﬂé%g&tl on, Ueﬂ;g)%gl qﬁt nod %%&QHI%

reduces stress concentrations
configuration has ﬁgm‘ethmh&b@gluttnoﬂeﬂjstmmtuezrhaalthe sgIpaisieg e.tidtﬂ'@xpﬂntedm)ﬂtaé a

percentage ofs the tot. [ 9SS-sSec nal. ar.ea tt| n

fabrication and yi& llg{ﬁ‘?ﬁadl r%céewﬁ%g?g’g?&%ftf?ﬁ%m g? tgﬁ%??tﬁ%k iMhoses
than the six node m@thgﬂmﬁomaonﬁg@raﬁeﬁs‘msﬁmmes ﬁmvawuenmﬁbér@sflﬁaémrl ng
to FI Gs. 9a-9f, rformance of the iso-fru strutur 10 of . the
present i nvent i on &?e‘?hd\%mvd te3p hege ?mtﬂl?fgﬁ"FFeﬁ‘aEW ﬁE}P figrigre LRdas

indi cated above, ih@@ Qnéidéﬁﬁle euéa}éeﬁleoti& icahiNPinBe@ifilhe toMERM | ON

i ncl udes ei ght extern nodes 122, and e referred to as an ei ht node

structure. In add|@tre@athOfﬁvéstrs@urzéotMﬂ%@mqaaegthemmercﬁfmbpy &

i nvention i udes, ﬁ% X‘ﬁ'ﬂ% four
segnent s fonr{?Ii ng a a?kﬁg%ﬁ%%{%%%wgb%ﬁ@g al;%llos q%or m qu%%e Cross
sections. A basic marluesuglaﬁmszsltbsmdreaswﬂonﬁsmt?e&lgmno&,sgﬂ 048 includes
only twelve helical conponents, each with only three strai ght segnents
form ng triangular cross sections, and thus includes only six external

nodes. A 30 side- b@gjlzd@oﬁﬁm dnson of the eight and six node
conflguratlons is sho i.n, FIGs f and 1 | 1 resp ctivel

Decenber 2004 VIO 02/ 10T Wﬂ%@d"}l’g@%%ﬂég &?%f \hlﬁl

bendi ng streBgth oforMRhddYs mmebaw%bmgm%mnﬁw HEthe Eég%neﬁfs%e?aﬁm I'n
particular, the bending strength of several structures i's shown whi.ch have

six, eight, nine, Rrefsr Wdﬂmwg%3ﬂmeaterlthmm@bt0§émglfe¢%mormefetabbure
that an ei ght  nodgeh &G0 Hefreli? ind M6t PRI LR HUGHRGS1GE&SYI U Of

Referring again to FIG. 9a, it can be seen that the bending strength surprisingly
and unexpectedly increases a significant amount as the angle 130 between the

20 helical and reverse helical components 30 and 34 is increased. Similarly referring
to FIG. 9b, the torsional strength of the structure 10 also surprisingly and
unexpectedly increases a significant amount when the angle 130 is 75 degrees.
The torsional propertics appear to be greatest at an angle 130 of approximately 90
degrees,

25 From the figures, it can be seen that the bending and axial (tension)
properties of the structure improve as the angle 130 increases. Other properties,
however, such as buckling and torsion appear to be reduced as the angle
increases. One problem with tubular composite structures is their poor Bending
properties, or they bend too easily. The structure of the present invention,

30 however, and the increased angle, demonstrates improved, or stiffer, bending

properties.



5 significantly increasing the bending strength. Referring to Fl G308ecehtre 2004
torsional strength of various configurations of structures with various
nunbers of nodes is shown. Again, it can be seen fromthe figure that an

ei ght node s}éb6lkyse 10 has the surprising and unexpecte I f
significantly l?%ncré?asi ng the torsional strength of the s?FE@?@P&%\“?O. Wi | e

I ncreasing the nunber of nodes beyond ei ght 10 causes an increase in both
bendi ng and torsional strength, the increase3zis not nearly as significant
as the increase fromsix to eight nodes. Angular ConfigurlLtion Referring
again to FIGs. 2 abnd@onmptimagle 130 is forned between a helical 15

conponent 30 and a rev hel i co ent 34, or the segnents thereof.
Preferably, this angl ee%%%np%t t]&ag}?‘ﬁg’ﬁ“ﬁ’dé 15120 isyshewn dergitaching ther e
preferably great er isblass SBcidROI0AE StheP@HicHRS bn®@b5 &L 2Rl tﬂ{)ﬁ@ﬁi‘i‘a‘ﬁn& han or
equal to 75 degrees. _Referring again to FIG 94, 1t can be seen“that the

s
bendi ng strength sHAPHRETQFthe isgrifpss saepis i fihg ehdiplatsd203s attaghedio bni ewint
amount as the angl g tfleddlipgte ' everse helic
conponents 30 and 34 i s | nc?@gg%%gggﬁ%o{agﬁoéﬁ%%@eﬁeﬁlﬁé CO?IBOIEI“éanghl,e t he
torsional strengt SEFtenld ta anatherwbizctl Thalesdplste 1 po irsluded yplantty ofagepest edl y

I ncreases a signifj en .t angle 130 is 75 degrees., The

t or si onal propertiiezg%lgggga_r pﬁ)b%ﬂeloépleegﬁ%ﬂagh?“%? L FRGME thosen A% 3 mat el y

90 degrees. 25 Fribwthtigotmsaatmsturd 10, wamolher bRRD Th it gl pnd axi al

(tension) pr_opertih<§i‘§de§)1‘;1 trE}% st#ict. re i aer\f/,e as t_he_langl e 130 increases.

Ot her properties, howey8FmEg é'%‘H‘LﬁR}R’i @1 identatinns il 33p. khgdndentationse

reduced as tlBe andl®a maytaoas®Ss helidaPandid? bkiemhix ia'i'c&d%i{eﬁ‘tﬁ, Aﬁ?ﬁ&&ﬁﬁ&g%
ey ben [

structures is theiﬁb@g@or. bendi ng. properties, or th too eas Fy. The

structure of the Preing fgdislicab pt extama] evielasmponants. tHoe exanpie aseds afigl e,

denonstrat es i npr @badnayte wunfl b&fund BRRHS ties.. 30 enmber, 2004 WO
02/10535 23 PCT/ USOL/ 23636 End Connec%tgéllgﬁtset%é?éﬁl?ﬁlge?tﬁu%ﬁgfa’ 84 thahg
an end plate 120 ithe <efBlte ¥281is imtegradlyiforgred fith thesiso-trudssauctieuof tige 10 to

TS0t russ ot uct ure o Re aingh: veloen S end bEten sl Paibodiies 5 of the
hel i cal conpdnent 8n@tur¢ K. oA dieandtof ittt mgypasddrdagh bifeAhd iR 183K Frpnd t he
around the end plate 120, and pass back through another indentation 1232,
Furthermore, the end plate 120 may include a center aperture 124 through which
a mandrel is received during the manufacturing process, as discussed in greater
detail below. Further indentations 123b may also be provided for receiving the
20 internal axial members 132, or the strands of fiber comprising the internal axial
members.
Referring to FIG. 13, an angled end plate 125 may be provided for
attaching to the iso-truss stracture 10 at an angle with respect to the longitudinal
axis 14. The angled end plate 125 is similar in many respects to the end plate 120
25 except that the angled end plate 125 is elongated in one direction to accommodate
its attachment at an angle. Such an angled end plate 125 may be used to attach
two iso-truss structures together at an angle. For example, the angled end plate
125 may be configured to attach to an iso-truss structure at a 45 degree angle.

Thus, two iso-truss structures may be connected by angled end plates 125 to form
30 a 90 degree angle there between,




structure 10 to another object. The end plate 120 includes a pl ur gy bbden®br 2004
apertures 121 through which bolts or the Iike my be used to secure the

end plate 120, and thus the iso-truss structure 10, to another object. In
addition, the end g)l ate 120 includes a perineter 122 with a plurality of

i ndent at i on¥%1%4%3 The i ndentations 10 123a may receive t?féT’Wg’F’F{%‘f and/ or
external axial conponents, or the strands of fiber formng the helical or
external axial conmponents. For exanple, str@gnds of fiber may be wound
around the end plate through the indentations 123a, such that the end

plate 120 is integral | Refopiingd FiG<. N44-bnbtBé-chi Pt B6hHoWhForkfacHidpus
providing a stron%]attachmen,t between the end plate 120 and the i so-truss

15 structure 10. ASYUGHEE Yt nordssio aitash thesmcime iorghthormbisch dBietend plete 123a,
wap around the angiRhdbea dodve &@%&8??%? Rgﬁgipgg\{e%ﬂam%”%&%%béﬁ entation

123a. Furthernore, the end plate e a center Ut e 124
t hrough which a e &7 isoctagenal foe tbeduing Hig ibive portion bkt wiricnge. pTigcess, as

di scussed i nggrea I I Furt her. i nde tions 123b mpy al so be
provi ded forsrece%ﬁoﬁagfﬂgﬂ l%glgurﬁe\g?ﬁ'é‘i%‘%&“ﬁﬁeﬂ%ﬁgéﬁ%ﬁaﬁg‘z,e%%‘?“tpﬁ%%?ﬁ ands of
fi b?ardcorrgri isi ng t:tmtirigﬁlmrmdtb i ermagags.fmﬁeﬁﬂﬁterﬁ@ﬁens édilgaﬁtsﬁattgd {29 td JornPN
angl ed end plate 12 rovide r .attaching .to the iso-truss
structure 10 at aﬁpg’ﬁ%ﬁéoﬁﬁlﬁ’ﬁq g’éﬁ?@“cp thisthmay b Hexible fnband opierdlvte.  The
angl ed end plate #bive theSiriéthr] andResilRRYto bERPSIK Suvk 120 25
except that the angled end tﬂl ate 1625 isoel ongat ed a??\lygﬁcgqg‘?sr@léﬁegﬁ to

accomodat e its HCeiXeds i thalthestrueigl“enapSiinte thewgraons 10J betvbepthaphtcl 25 nay

be used to pftachiad g fing@rslieiSS Structures together at an angle. For

exanple, the angled end plate 125 may be configured to attach to an

i so-truss structure atOtherioekeypeiadentagions 131 Huyshe fovediis thetplaSR26dr I UCt UT €S

may be connected h o m 30 a 90 degree angle
0

e nd. pl at es to.fo
t here between. 3 gsg%%)érgd%ﬁtﬁgm%?P ?thﬁﬁqﬂ%gmfeg thReferring to

FI Gs. 14a-c, anotdimctusniiepinasuh 16 the Fingdto Y80 Fsipakduaa e\ AribR sedhutsSih" UCt Ur e

10 in order to attg{ﬂﬂgt&? strualtSU{e t @ anot her object. The en late 126
i ncl udes a groove® Fyctyrs fo thg plaged2g; Hples 13heandierformed tlyoughiths Bugets y, t he

groove 127 1i5s octEeomakedo9s 1378 66d iidGe HIBE 1h ' 18 aRtpLyct ure.
The 5 groove or slot 127 can be flor mdﬁg%ou?{bﬁrﬁ%&gﬁr%?tggi%%ﬂﬁg% e edge or
perineter creat iSigfrathssineamedn thagraovd 127, Thidolsel 3wt krcatedkich #28thean be

slotted 129 10 T Qoffk or screws pass through the structure around various segments thereof. Such

a configuration has the advantage that the structure can be snapped into the plate.
Referring to FIGs. 15 and 16, another end plate 136 is shown for
20 attachment to the structure 10. A plurality of U-shaped bolts or members 137

extend around various segments or nodes of the structure 10 and are secured to
the plate 136 to secure the structure to the plate. The U-shaped bolts or members
137 may be angled such that bolts or members 137 extend radially through the
structure 10 and then angle longitudinally or axially towards the end plate 136.

25 Holes may be formed in the plate 136 for receiving the bolts or members 137,
which may be secured by nuts threaded onto the ends thereof. The bolts or
members 137 may be located outside the structure 10, as shown, or may be
located inside. In addition, the bolts or members 137 may engage the structure 10
at external nodes 122, and engage both helical members, and external axial

30 member 140. Such a configuration may be less expensive to fabricate.



a plurality of flaps or fingers 130, which nmay be flexible to bendyDecember 2004
outwardly to receive the structure, and resilient to bend back inwardly

once the structure is received, such that the structure "snaps" into the
groove 127 between the plate 10 126 and fingers 130. O her grooves or

i ndent ati on¥0%34%5ybe formed in the plate 126 or fi nger%c"%@q(?”&?fa‘slocat ed
and oriented to receive the various segnents of the structure therein,

~such that the fingers 130 "snap" around theygarious segnents to hold the
structure to the plate 126. Holes 132 can be forned through the fingers 15

130, the groove 127, a%féﬂh@t&ﬁés.ﬁb@&ﬂ&gﬁotﬁ&eh@@&in\é@cmbﬂloti@shﬁﬁnw&l""s to
further secure the structure in the groove 127. The holes 132 are | ocated

such that the bolipgudgs adaseld withaplugliyeffingarel 4% which extendante thegtrueiuteous
segnents thereof. Qughy NEd Qidatd :
structure can be snappe fgr??l gé‘%ﬂ?‘gfﬂéeg’ g?“’%f%‘?‘?ﬁd%g@gﬁﬁﬁ&aﬁ%?%tsf&
anot her end pl at e thagrjoture h@whhefbose 1H0 naytba ehmdat with thetfmgers 1 42dispoeedl 0. A
plurality of .U sh r ers 137,. extend,.around variou ment s
or nodes of Phe sth ﬁ&dﬁﬁ%@ﬂ&éh%gﬁemggéﬁg%ﬂg rogg’t'fq%ailﬁ’l Rpiety Prelrabl |
the structure to tihebsgskatbis siHae o hitsHithficitle balttabeadity oEsphetetwetsthenay be
angl ed such that bolts or n]angers 137_ext.end t{ladi ally through

ok

t he
“structure 10 and tHERHH _ S MbErS: {iop, the congeg _“tl_ﬁg\ﬁlie biyaclades pl at e
136. 25 Hol es may dpme fiagdretd, i detfid Rhéine ebBbirbRiuidrop&livdsg viiebald s or

menbers 137, which nmay be secured by nuts threaded onto the ends thereof.

The bolts or nmenthefreed the sgerpenofitenshueiyred @y 4 epater Fiag $43 igdispesed inghe as
h , be RS Ly 9 | 37
shown, or nmgy Dbe EME@@PJIO? §[5agoe, an(} 2 aft bd {oqge ﬁ%%g;; fé@ g'aés nemﬁﬁgﬁtﬁl 437 may

engage the structure 10 externa es 122, ng ot h I cal
menbers, and ext ebals. Bisathe c@er npg bty and 4@ tendisd44 sccvmthe Gugesst 4@ andvbasbe | ess

expensive to fabri ' 2004 WD Q2/ 10535 PCTL/ U 12363 25
Referring to FI Gs.lﬁ?}fa gg%c%ggﬂg@ grroq’éeﬁgl%%ﬁ)ﬁés‘f%’rﬁfﬂgﬁage 3R i ch
includes a base 1l4idchwabjdeisao Hetstradtint10.0Thd ¢ongigiiratidier thédophectivt e40hlloRs0 t he
structure 10, an re cei.ved w thin the openings forned between the

vari ous segments gqe%af’ﬁgeﬁsat“flégﬁﬁviﬁl}ege?ﬁ yﬁlg‘g@tﬁ'gie% steea?d with t he
fingers 142isli sposgsthed @ thester Hfg B4BBY tAE fabes@s 1441 1RBskif, 8RUbMBcton

| ongi tudi nal Iy, or  axiall Y Prefer abl%ﬁé the base 141 is Sized to fit

wi thin the central4&saniielidispoprd vathinthgeseumiprencess parmetsr oftha fiqptars 10
TES7ETS" e R AR gt S, B 11 10°
flexible and resilient to be bent inwardly as the fasteners are tightened, gripping
the structure, |
20 Referring to FIGs. 18a and b, a similar connection 146 is shown in which
a C-clamp type fastener 147 is utilized in place of the center ring 143 described
above. In addition, L-shaped members 148 are secured to or protrude from the
fingers 142 and extend into the central cavity or space. The C-clamp 147
surrounds the angled portion of the L-shaped members 148, securing them
25 together, and thus securing the fingers 142 and base 141 to the structure 10. Such
a configuration of the connection 146 allows the fingers 142 to bend inwardly
towards the center as the C-clamp 147 is tightened. Thus, the fingers 142 may
grip the structure 10.
Referring to FIGs. 19a and b, a similar connection 150 is shown in which

30 the fingers 142 are paired together, or connected in pairs. An L-shaped member

151 is attached to, or extends from, each pair towards the middle of the central



bet ween the segnents of the structure 10. A center ring 143 is di 3p@sedniecd2004
the 10 central cavity or space, and is attached to the fingers 142 by
fasteners 144, such as bolts. Thus, the center ring 143 and fasteners 144
secure the fingers 142 and base 141 to the structure 10. O her objects may
be secured PP PH&Base 141 to attach such objects to thePSFPHHEZHPE 10. The
configuration of the connection 140 allows the base 141 and fingers 142 to
be easily slid into the end of the structurgg and 15 attached to the center
ring 143 by the fasteners 144. |In addition, the connection 140 is entirely

di sposed W t hi n t heavity bEspatesin @RGEuetireNO! OPFpbRig VkhdpbEmehbats I 51 £e dSlipl@uch
that the connection 140 _ does not frotrude therefrom The fingers nmay be

flexible and resi | o8Herty fstengs A 52 isuchicas dpijs. akherfpstenersd 62 may be Hghtenedght ened,
gripping the strughi@thel | 3 1
connection 146 is shovxnn% In \?\ﬁ?gﬁ&‘é%ﬂ%f gﬁéﬁgﬁp@%ég gg%gln%fm%ﬁws*u ilized
in place of the cetheéngers P mayPripgbestivome 1tbove. | n addition, L-shaped
menbers 148 are secured, 0.0 tryde fromihe .fingers. 142 and. exfend
into the cenfral cavi t3czk eé?ms%%@‘i&-?ﬂ%%bcﬁa °r ¢ congeliop hasan elnﬁé’li’g%gﬁ%ed
portion of the L-skisipepluratiphefibgdd 855 GeadingiBeréfiindhe 40419k Magitudmngd t hus

securing the fi ngecﬁs 1424%%% @gs 41 to the struycture 10. Such a.
configuration of tHEEBh 2B tharBngery nare siesds shapreraad Jogoted by q3éerd intanar di v

towards the cent erth@spenfigs betfvbanihe éeé&eﬁﬁofﬂhs@&&glg@'mfmﬁ;mé Eb%néét%ager s 142

may grip the structure 10. Referring to FIGs. a and b, a simlar
connection 150 i s ME¢fEraRLyiiRelugss eipht fmgers 485 with fiangularrposasectional shapes togfit her

or connecteggin pahLhsy of\bals | h ext ends
from each pair tomagrcl%(s) tfﬁﬁéD ?nag%letge %&%ﬁgéb%%%%ﬂr%?se%%‘%%gc%%g&bﬁ’%ﬁ WO

02/ 10535 PCTI US01/ce@8@tdon ipgludes aving ynenrbes pitodistogedtdbeut the axedrior 6f th0. Opposi ng
L- shaped nenbers 1 are.coupl t gget her by. fasteners 152, suych as bolts.
The fasteners 152%%“&@ eglotgrﬁﬁ{agﬁég?qumwﬁ ‘Pﬂgf@%%s eﬁ%&“ﬁl, and
thus the fingers 142and ringnethyer 1361448 attachbd shdh i@ B Fasifiers, 18 ¥eclfeithe b436

structure 10. 5 Referr) to FIGS., 20 nd b, another end connection has an
end plate 154 wi Pk?%{gp"lr}a fhe;sfrpgiuzg L O¢ Fﬁ%@ﬂ%’-ﬁl@é mayhavRiiefs of mdentatiosnforn t he

axial or |ongi t udingivingtthé fisd inafber P56 WiudlBtivn, thiVind AIARE S5ty B © i zed,
shaped and | ocated to extend into the openings between the segnents of the
structure 10. Thus§csmaatedcriprated obmoreshar ancaixicy, in arderiddispesedhe rifg nger s 155
with triangular c ﬁﬁﬁ:%éls%taib&ﬂ@ﬂc P88t thsthlchure 10 at a narrow portion.
Referring to FIGs. 21a and b, a similar connection is shown in which a
plurality of retaining members 157 are attached to the fingers 155 to retain the
20 structure 10 on the fingers 155 and base plate 154. The fingers 155 can include
slots, holes, or thé like, for receiving the retaining members 157 therethrough.
The retaining members 157 can extend through the fingers, and the Segments of
the structure 10. Thus, the fingers 155 and base plate 154 may be slid onto the
end of the structure 10, and the retaining members 157 disposed through the
25 fingers 155 and structure 10, to secure the base plate 154 to the structure.
Referring to FIGs. 22a and b, another end connection 160 is shown with a
base 161 and a plurality of fingers 162. The base 161 may be annular, and sized
to extend around the exterior of the structure 10. The fingers 162 may extend
inwardly from the annular base 161 to be received in the spaces between the
30 segments of the structure 10. The base 161 preferably is octagonal to receive the

structure therein, and to extend completely around the circumference or perimeter



10 snugly or conpletely in the openings between the segnents. In agdqjekimier 2004
the connection includes a ring nenber 156 di sposed about the exterior of

the structure 10, preferably about a narrow portion or the inner nodes.

The fingers_ 155 and ring nenber 156 are attached, such as by fasteners, to
secure the BRE®%Pate 154 to the structure 10. The fingeFSTYEHZY have
slots or indentations for 15 receiving the ring nenber 156. In addition,

the ring menber 156 maybe segmented, or fopped of nore than one piece, in
order to dispose the ring nenber 156 about the exterior of the structure

10 at a narrow por of theistricirel(. | OtertoBjdbls @ay b kectrad§ tHe exRrisr dYithdtrug@mNect i on
IS shown in which retaini ng nenbers 157 are attached to the

lurality of.
fingers 155 to r_etgq‘?*?P'i‘m%l"n@%‘cg_fﬂi’}&‘éﬁt?rtbeh‘ﬁeéﬁl-t he fingers 155 and base
pl ate 154. The fingers ﬂe'i‘éﬁﬁg”ﬁlﬂlﬁﬁlz‘jdﬁsiﬁllil%téldcgzﬁle Tl%ﬁiééﬁ‘éwh!lﬁwiégr

receiving the retaijni ng menbers 157 ih(_arethrou . e retal ning nenbers
157 can extend t hr@aseRox Weich extepdiosly neriiallylabowt dyrrionmsfershce ¢riperisetencfibe e 10.

Thus, the figgers ﬁ@mm_g%g& . @)é 1] ntoQ t end,of the

structure 10, and the retai |nb&iﬁ€‘1§%€%§% 5?@“&?5% e?‘%?‘%ﬁrgﬂstbﬁé‘[}%mﬁi ngers

155 and structure such ohjertstodhertase 1. base pl ate 154 to the structure.

base 161 and a plural; (rdpo AE diausb. b ioe of e caapeden Wil ar, and

sized to extend ahownforuttehiestes sticndés 10MWdIYT tgbtHéCorifrabh8 ahich@RLS 162
base 161 to be received in the spaces

may extend inwardly from %ihe npul ar ] _
bet ween the 30 segeﬁ’éﬁ‘f"gioglﬁa ?%ﬁ@QP&EWPWIHﬁOWé’eBﬁ@ in gssepbliiganaltiple i s
oct agonal t ®0r eceiswtctid®10 Sidr ' [

g sictile®10 &IdNYC tokeet BFHE le%ﬁ%&%%?}&%ﬁwg@)@%{sg@eg

around the circunference or_ perineter 30 Dece

PCTI EJSOL/ 23636 oflqlifiss ernogite firptand secom prads 13b k73 coufiguecdse engage atd t he
exterior of the sthufd ke By ach | ects. to the base. 161.
Referring to FlGs. 'kzig Ay arecg%{ij co%%cﬁ%ﬁ 12@ eSP%C%gﬁlgvﬁHi%%mWﬁtoﬁ a
base 165 which extéhiclydesanslongited, hyiabinembertié caifigtred tesenaaldg tRedxisTet er
of the 5 structur Agal n.. ot her. obj s, ay_ be secured to the
structure 10 by atoflé)g:l fugagﬂgﬁgtﬁuchﬁfse %Jdﬁgi-t%%zfgawmgsﬂ7ﬁ@r@mblugs to FI Gs.
24a and b, Bnot hesegmepted fto Arstarndesand poARNI ddustbly HAMR tdRkh ?‘ﬂ)};ﬁ,fchi ng two
structures 10 anda%;%ab:lé ether, prefer ablgﬁ in an end-to- end con i guration.
Such a connecti on %ﬁ@%@?‘ﬁ@b?ﬂ"gs erprioxing! erds of e dirst and second

portions can be threaded, while the attachment member 175 can have opposite

threaded openings receiving the proximal ends, Thus, turning the attachment

member 175 either draws the first and second portions together, or farther

20 separates them.

The ends 172 and 173 are configured to engage and attach to the
structures 10 and 171, respectively. Each end 172 and 173 preferably is formed
into a hook-like configuration for securing to the segments of the structures. The
ends 172 and 173 can include an angled, U-shaped member 176 for engaging the

25 segments of the structures. Thus, members 176 extend from the ends inwardly
towards the structures, and then angle longitudinally or axially, to form a hook.
In addition, the U-shaped members 176 may extend along either side of an axial
member. Thus, the U-shaped members 176 can be hooked to the structures, and
the first and second portions of the axial member 174 drawn together by rotating

30 the attachment member 175, in order to draw the first and second structures 10

and 171 together in a secure or aitached relationship.,



10 structures 10 and 171 together to forma |arger structure. The 3g December 2004
connection 170 includes opposite first and second ends 172 and 173
configured to engage and couple to the first and second structures 10 and
171, respectively. The connection 170 includes an el ongated, axial nenber
174 configuF@ﬁm¥%5%xtend along the axis or longitude of FPAYUSYZ3GFures 10
and 171. The axial nenber 174 preferably is 15 segnented into first and
second portions adjustably attached togethepgby an adjustable attachnment
menber 175. The proximal ends of the first and second portions can be

threaded, while the at {Refitringio FIGNDS = shififar aRthRoNa 79 RBSWA & whidh B or
openi ngs receiving, the 7Brox' mal ends. Thus, turning the attachnment nenber

175 either draws tRE&PF57P & iorpedat therrards bi2and A &3 fos garamading seententstofithe 20
separates them Thgnemes 184gd pnd [ | attach to
the structures 10 and 171, rgfslbél%ctzi%\?e ﬁr?%géh%%ﬂiﬁmggg?%%@eferably
is formed into a Yeapsdmenbersowitf énga ressiveinfboacketeatthé ergls 172 afkl Sefment s of
the structures. Thg:.i6Rf8el474 and 173 can include an angl ed, U shaped
menber 176 for engagl ng fie 75 segnents of the structures. Thus, nenbers
176 extend fromthe ends inwardly towards the structures, and then angle

| ongi tudinally or@ﬁ'}al | 4 to forma hook. In addition, the U shaped
menbers 176 nmay e Taﬁéq{oﬁ%@@%r side of an axial nenber. Thus, the
U-shaped nenbers 176 canadditionaek@medttgtiiSise s Ghiktds 10 30k erdd0 G fibymt and
second portions of the axial penber 174 drawn together by rotating 30 the

attachment menber DF95Sary oF dgsitable tp gttephapher pljeqts sten interahedisteqroint of thadsour es 10

and 171 togeher insFsnBbiat Refmifd hafh! ; JeBr cHiper 2004 O
02/ 10535 28 PCTI USO1/ 23636 Ref“é’?gri ng ?%’H@E%&%glegﬁbﬁ%ﬁ%%achmm 178

i s shown in whi chPHy#jsd fgmttaghingse theigo-tmss strosture d0 att antitiernesiikse bédioand 173

for surroundi ng sq@pRM. uctures 10 gnd 171. The hoops or | oops
179 can be formadq%y angrimg% @ §ﬂg§pder5ayn€aﬁﬁ3Pynﬁﬁa?ﬁr%sﬁa%cuf’@c%ia\}’éﬁlmn
brackets at the emithalidgaindlitdGonfsettion, Fhes il@ktridngiidedrosk tdetiondfemedi at e

Connections In adgition . to connecti the iso-truss structure 10 at its
ends, it may be %%%glglglgﬂ?nbﬁr @ﬁ?%f&%‘@dm&wtﬁ%!ﬂe@wwﬂmwn

i nt er medi at ¥ poi ntrussfstrivdvereil@Qas shdv UGG, St Meekdbs: thEeIakG G 26, an
attachnment nenber B; éﬁm&}gﬁ%f@e

atﬁ%l?mgl% ¥neg1%er 180 matches the size and triangular shape of the openings
through the structure 10, to form a snug, or firm fit. A plurality of grooves 182
may be formed in the attachment member for receiving the helical components.
Therefore, other objects may be attached to the attachment member 180 in order
20 to attach the objects to the iso-truss structure 10. For example, a pair of
attachment members 180 may extend through the structure 10, to support other
objects, such as cross members of utility poles to support utility lines, etc,
Referring to FIG. 27, the ends of the attachment member 180 may have
indentations 184 formed in the triangular cross section to receive and facilitate
25 the use of fasteners 185, such as bolts. The indentations 184 create a flat flange
186 for the fasteners 185.
As stated above, various other objects may be attached to the structure 10,
or the attachment members 180. Referring to FIGs. 28a and b, an exterior shell
190 may be attached to the structure 10. The shell 190 may be utilized to protect
30 the structure 10 or as a platform for attaching other objects to the shell 190, and
' - thus to the structure 10. The shell 190 can have any appropriate shape. The shell



provided for attaching to the iso-truss structure 10 at an i nt er negDatnber 2004
| ocation. The attachnment nmenber 180 may have a triangul ar cross section,

or a portion wth a triangular |ike cross section. Thus, the triangul ar
Cross secti e attachment nenber 180 nmay be receivg hr qugh a
triangul ar %e'ﬁlur)\%gi n the iso 15 truss structure 10, as sﬁ W{sqyﬁs G 27.
Preferably, the triangular shape of the attachnment nenber 180 natches the
size and triangul ar shape of the openings 4géhrough the structure 10, to
forma snug; or firmfit. A plurality of grooves 182 nay be fornmed in the

attachment nmenber P0maydeeoctagorgl, bhkavhah bé&tadonslQRGIeREdMoE, to meBR] Qkdior Ot her
obj ects may be attached ttrt)fgisﬂ};ue attachment nenber 180 in order 20 to attach
the objects to thé PEYREF Siugare 0 Attgchmest mewhers 181, sinifptq these

attachment nenber siedoBiBed@boveekRA tHrdlizh e behib reSior Miitcdh ﬁaxﬂe%an%ﬂlaﬂfw&) rt
upport u

other objects, such as cross nenbers of utility poles to s tility
lines, etc. ReferFfiRgs-tthemshed! 190may hepresidas inlatartlor sadiad phitions, suohrbéirst 180

may have i ndgnt at iaﬁ@&éﬁﬂhﬁ%&%@bﬂeﬁeﬁ&%ﬂ%@l@%ﬁfyggE@%ﬁ%ﬁ&t | g{‘enétﬁoﬁecei ve

and facilitate 25 the use fasteners
i ndent ati ons 184 d&hesiueture Y0, Fack hadfngehe shelb 1 90oman bhettdcasd ®riks endd 8Bthe As st at ed

above, various oth ' be, attached to the structure 10, . or the
attachment nenbersﬁ%g%.gh%g#@breﬂggl' ?Srﬁa@{;’ %ﬁ“%al%?’e 5‘!‘5‘"@&{”&?‘? Bellsnel |

190 maybe att ached9q,and baresformed axistly i®the Theé oF iR atadidenPRRBerk {91, tkzed tO
protect 30 the structu as a platformfor attaching other objects to

e 10 or t
the shell 190, anﬁecelf’ﬁfﬁtef'%s’lsﬁ‘é‘ %StbPﬁgﬂ?Fcée_’t@!ldebﬁ]@ periges wdwrisdve any

appr opr i at elshapeseciifeehsdhell 198 ReaarRatnt 2RSS P 24105
PCT/ USOL/ 23636 19Q. may be octagonal, or Ilhave grn oCt agona Iéc)orq%]%ys}:-’rg‘éegfion, to

‘match the exteri of iMYRE prbibe sEeciyre 46, protect gherstruttured O16x hape vaxvbsethér menber s
191, simlar to thyass aBeRAthdgd above, extend through the structure 10,
and can have triangul ar cross- sections. The shell 190 may be provided in
lateral or radial portReferspg s, 2% itfwill bt nbled tidt the apatimda i@sberdigp useach

extend | ongitudi r lally alan he length of the structure 10.
Each hal f of then?ﬁ%%eg f‘@‘gétﬁ?‘r"'%eemﬂﬁglg%‘#@&“f“@s HRAits ) fsadgitionfhe paixsofic hnent
members 1915 For atecinminemembers 8o ﬁﬁyﬁ%ﬁeﬁﬁfbdﬁ@ﬁd‘iﬁﬁo@v&d& Bitc s, foriithe 2N

nds of the attachment nenbers 191, to~ receive

bores forned axiall%iqtr}%ﬂ% _ .
fasteners, such &% DB§8ss 19T 8Xmetiom ong st teramingediamendshapedbor es t 0
10 secure the sheirbfild.Burtirrhdye, B ABEAHER hncABEIIES mh be rblfedSi§ il MY

prevent .
to extend from opposite sides, and/or radiate outwardly on more than one or two

sides, such as four orthogonal sides, as shown.

20 Brackets 193 can be configured to surround the ends of the pair of
attachment members 180. Various objects may be attached to the brackets 193,
such as eyes for suspending other objects, as shown.

Referring to FIG. 30, platforms 195 may be attached to the pairs bf

attachment members 180.

25 Referring to FIG. 31, multiple attachment members 180 can be configured

to extend through the structure 10 in a square configuration, allowing attachment
from multiple sides. Each attachment member 180 can include an elongated
protrusion 194, and be attached to adjacent members.
The attachment members described above preferably are triangular to
30 match the openings extending through the structure 10, Referring to FIG. 32, flat
' attachment members 200 may extend through the openings in the structure. The



clinmbing on the structure 10, protect the structure 10, or have VahiDetSnber 2004
other objects attached thereto. Referring to FIG 29, it will be noted

that the attachnent nenbers 180, as descri bed above, nay be configured in
groups or pairs. In addition, the pairs of 15 attachment nenbers 180 may

be ori ent ed ¥®%%387%t towards one another, forming an hour PGIHSY2§BHti | e, " or
away from one another, form ng a dianond shaped profile. Furthernore, the
attachment nmenbers 180 may be grouped and oghented to extend from opposite
sides, and/or radiate outwardly on nore than one or two sides, such as

four orthogonal sifl@sttadknef B¥Mber2S00RRA GRS ink3: S0 Be GOINE JUEEH, 4:0

surround the ends of .the pair of attachnent nmenbers 180. Vari ous objects

may be attached t o®¥7& UHlisrdiesplptfomms, U-belisi204 sansheaised toratigehsthe Aatiattachoteher
obj ects, as shown.Bab&obh ifsel / ﬂ% y be attached to
the pairs of atta?:lhrrent nenﬁgglglﬁ%g%m%g%h%g%é%?% 0 Fgcai 31, multiple
attachnent menbers 180 RefgiringtoddGf 3% othediflat trembets@06 carhiveomiighet! ieethst r uct ur e

10 in a squarke confj ' | owi attachnent from multip|e_sides.
Each at t achnent ngg%egi%%%Q(E:%uﬁ%%gqyﬁ%kﬁﬁﬁ?a&%g@@ﬁd°Br°8??Iﬂ%?‘giﬁeflaﬁ, and be
attached to adj acentmbresi2é for enBagingbit IROKIAE ff theBERRAK of B Gridiad 10POME!
preferably are tri | ar t maj ch t he openi ngs extendi ng through the

4 0
structure 10. Ref e‘%ef%ﬁ@a“tb(?ag? Edf?i%‘e?m%&s‘deggfhﬁcﬂﬁ AberRbeqr indidpmanle ext end
t hrough the openi ngsviddd dnltBe Gthétstdeur €. The 30 Decenmber 2004 WO 02/ 10535 30
PCT/ US01/ 23636 fl at atkg hpent _nenbers 200 can include indicia and can be
utilized as signs, or 0 §1G5. P4aand bs flgsmanthsra R0 cen boittachedod thean be

used to attagh thexfliatofahd AubRRN0 utﬁ%ﬁ%@ﬁag%%@ngﬁee@%?{@?fﬁ%ﬂ yeh,as the

ext.erior axial nenbers. Referring to er $'°%06 can be
attached to the 5 deseribed ahovefOndwr naare aftichment H@mbeis @ $ n2§ Exeahibhegh tiened on

one side of the fl 06, f.or .engaqi or . hooki to the segnents of
the structure 10. Scxchngrgqagg&j?g%de Eegﬁr'b%s§?$%£ﬁ!eﬂ’¢55 %?&%Fmg’?dd’émﬁ‘fi t he
flat menber 206, #rwe stackinpntmemperb2l 1 pratidiactiemat MemBE M0, stkigsbyRef erring

to FIGs. 34a and at . nenpers 21Q can be attached to the 10 exterior of
the structure 10 g’ftﬁdﬂ%%ugﬁf’?fm Henbers 211, similar to those

15 - Referring to FIG. 35, attachment members 216 can extend through the
structure 10 and attach directly to a flat member 217. The attachment members

216 may be configured in a block U-shaped configuration to engage more of the
structure 10. Alternatively, rounded U-shaped attachment members 218 may
extend through the structure 10, as shown in FIG. 36.

20 Many of the attachment members described above have been described as
extending through the structure 10. Referring to FIGs. 37a and b, attachment
members 220 may extend into the structure 10, and be coupled in the central
cavity or space, without extending entirely through the structure 10. The
members 220 may be provided with flanges that are attached with a fastener.

25 In addition, the attachment member may have other cross sectional shapes
and be configured to extend through other cross sectional openings in the
structure. For example, the attachment member may have a quadrilateral cross

_sectional shape and extend through a quadrilateral opening in the siructure.
- One or more nodes may be removed or left out to facilitate attachment of

30 an object to the structure. For example, leaving out one node presents a flatter



descri bed above. One or nore attachment nenbers 211 may extend t hrgugRehile 2004
structure 10 near the exterior. Fasteners 212, such as U-bolts, can extend
around the attachnent nmenbers 211 and attach to the flat nenber 210 such
as by extending through apertures therein. 15 Referring to FIG

at t achment H%%%%W%’ZlG can extend through the structure E@”Hﬁﬂ”ﬁ?ﬁach
directly to a flat nenber 217. The attachnent nenbers 216 may be

configured in a block U shaped configurationjto engage nore of the

structure 10. Alternatively, rounded U shaped attachnment nenbers 218 nmay
extend through t hesidé.rnctidition, bposits n6deovdh BelefEbit fo3fatter Sp PRy sidds, fob &n
attachment menbers described above have been described as extendi ng

through the struct #fashment theapghythe igetuts. FI Gs. 37a and b, attachment nenbers
220 may extend into the structure 10, and be coupled in the central cavity
or space, without extendrng entrrely t hrough the structure 10. The nenbers
220 may be provi dediangis jdruethgt are attached with a fastener. 25 In
addi tion, th attachrre hav t her secti naI s and
be confi gure to exteng&fﬁr%gg her slsg&’fﬁ 8‘?‘? {res B TGS F"ﬁﬁ%‘?e
structure. For exasipiler, totltaascatrusacshlmné lmmbﬂed%yvdwm&a@r fitnd bf mateer al

cross sectional shape an xt e h uadril ateral opening _in the
structure. One or (ﬁ{) é%o%‘@gmff%} E@Pgﬁ%ﬂ s pragcfure 230 tapers Gom pividare
attachnment of 30 first aB28E to 4 MrioWer SbiHdGhENS:. ﬁwmﬁmﬁa'% gg«;}g%put one
node presents a flatter 30 Decenber 2004 WO 02/ 10535 31 1 63

side. In additi on,psdelicl pempogentnef thestrughure 230 varin gt fiem beinplvogért e
sides, for gp att r Tr.us
Structure 5 Refer ra?ﬁig%@?%ﬁen&%%ggo&&%&ﬁ %{fgg&dr%gzé %-%E?lﬁ]nﬁa%?"%fe%mﬁ ¥ shown
which are siml ar239<§ﬂppr$eTﬂisbeltcnhmmpemmtsana}roenﬂﬂledewpdﬂ@ﬂd&]ﬁove but taper
in one or nore di Re ri to.FIG 38 i SO-truss structure
230 tapers from a é\n;g%h falmrss Ihgt%%safgfng'garé’"ﬁ P%reﬁ’e?fgﬁm Zehpayalso The

i ndi vi dual segnentischid2 awial membéro 238 which &€ hbGkalleDWHR AR Mrizitadind BRis Ik bECt Ur e
230 vary in Iengt%}fronrbe g longer 10 at the first end 231 to shorter at
t he second end 23 Eﬁ‘étﬁet t the entire structure 230 tapers. The helical
conponents mmy conti nuaefeﬁmgrt@pr@@wrmothmsoq{r@w&&dﬂ%Qérz{m%h:ﬁfe%&vthe sane

angul ar orientation, The structure
ends 235 and 236 and a wider middle 237 Again, the individual segments 12

forming the helical components may vary in length from longer at the middie 237
to shorter at the ends 235 and 236. It is of course understood that the structure
may taper in the middle, and thus have wider ends and a narrower middle.
- 20
Fiexible or Bendable Iso-Tmsé Structure
Referring to FIG. 39, a flexible or bendable iso-truss structure 240 is
shown which is similar in many respects to the iso-truss structure 10 described
above, but does not include any axial members. Again, the individual
25 components 12 and the helical members may be rigidly interconnected, but the
segments 22 can include a degree of flexibility, Thus, the iso-truss structure 240
may bend laterally between a first straight configuration, similar to FIG. 5t, and a
second curved configuration as shown in FIG. 39, In the straight position, the
structure 240 includes a straight longitadinal axis 14, as in FIG. 5t. Referring to
30 FIG. 39 and the curved position, the segments and helical components bend and



i ncl ude axial nenbers 233 which are not parallel with the |ongitudppaktenghér 3004
14 of the structure 230. 15 Referring to FIG 38b, another iso-truss
structure 234 nmay have narrow ends 235 and 236 and a wi der m ddle 237.

Agai n, the individual segnments 12 formng the helical conponents nmay vary

in length f W% 8%ger at the niddle 237 to shorter at thBCEHRHY/2338 and

236. It is of course understood that the structure nay taper in the

m ddl e, and thus have wi der ends and a narrgwer niddle. 20 Fl exible or

Bendabl e Iso-Truss Structure Referring to FIG 39, a flexible or bendable

I so-truss struct urfiex2déh thet thSAEstBuEI D40 DesdsThibally Adul B WolafReabeat 0 the

i so-truss structure, 10_descri bed above, but does not include any axial
menbers. Again, tH&S di vi dual 25 conponents 12 and the helical nenbers may
be rigidly interconnectggia BB, CRvs of
flexibility. Thus, the i so??rgﬂtggn? ruct Ell‘e il%ﬁts may ébtgﬁ%ﬁlggltmgzr%ﬁ?%ﬁet ween
a first straight ©5He¥ s laterabdirectipmi Xt has heon dis@versd, howeverathatsithaugt theur ved
configuratioa as i I 9 . rai ght .positio structure
240 i ncl udesgla st r%’glgg fazlagir%gﬁ??at?i;lor%fg&éﬁx?l? aﬁéf?rag‘grﬁcﬁgqfﬁﬁskg‘rf}g’eég&erri ng to
30 FIG 39 and t heouttnesth mpamiinite mrsibid stféwee of ®sigidialiel ibeal theonponent s
bend and 30 Decen?c%r.z(%gﬁ WD .02/ 10535 PCTIUSOL/ 23635 32 flex such that
the entire structires BERdE: | aterally about an arcuate or curved axis

242. The lack of the | bngiditiof] 1 uithil&RERQRNCRAISS cat dodiest BEV/SHexpildukBIF4P t O
bend or flex in ?0 I at(ﬁr1 irection. It has been di scovered, however.,
t

that al t hough t he'°P§it& B, thestrpciurs ey Skeand pndferrempeess, preferpbly er al

di rection, tde st ktgfhsléRR A8 BAMd RueHrd Bn FRAbAI dblifi lohsional stiffness,
or resist rotation about the | ongi t udi nal af?s f}épﬁlg aglé?tri on, a simlar
structure al so can conpress and/or expand axially or |ongitudinally. Thus,
the structure ”ayAﬁ%l@&‘f_kﬂ-ﬂ&%U ress, preferably 10 storing energy, Sso
that the structure can unc~M spring nmenber. Angled | SO Truss
Structures Referring tReffiri@g toIG, 4Ga, s btrucniral radmbeR AR sl wisicIER@MIanhi ch i s
simlar in mny fesRSGHedO diudbhns bt FIEShod Sotg S0l b destog e DUt

15 sections 252 and 254 which form an angle with respect to one another, For

example, the two sections 252 and 254 may form a right angle. In addition, the

two sections 252 and 254 can be integrally formed, or the helical components of

one section 252 continue to form the helical components of the second section

254. Thus, the structure 250 forms a continuous angled structure which may be
20 stronger than a separate structure formed with some type of connection. Such an

arrangement or configuration may be utilized in constructing more complicated

structures.

The structure 250 may have exterior axial members 256 attached to the
external nodes 122, Alternatively, a structure 258 may be angled, but without

25 exterior axial members, as shown in FIG. 40b.

Curved [so-Truss Structures

Refqrring to FIG. 41, a curved iso-truss structure 270 is shown which is
similar to the iso-truss structure 10 described above, but has a curved or arcuate
30 longitudinal axis 272. The helical components forming the arcuate structure 270
' have segments of different lengths. For example, the inside segments 274 on the



15 sections 252 and 254 which forman angle with respect to one anQteefmber 2004
For exanple, the two sections 252 and 254 nmay forma right angle. In
addition, the two sections 252 and 254 can be integrally formed, or the

hel i cal components of one section 252 continue to formthe helical
conponents Ot ¥H8%8econd section 254. Thus, the structur EPEY Pk a

conti nuous angl ed structure which nay be 20 stronger than a separate
structure forned with sonme type of connectign. Such an arrangement or
configuration may be utilized in constructing nore conplicated structures.
The structure .250 imsife bfthecdxé nibekhaer tlan FRTARIE seRfen® 176 AL dudsidd
external nodes 122 Altera]ril]‘ati_v_ely, a_ structure 258 may be angl ed, but

without 25 exter i'BF U adifis e axipl membons 27 hamplse camed arduparallel with- Tr uss
Structures Ref er rith@olrfedibbindthal @i kil GRHHIGuS! SHGhM Soflf)de SOV

which is simlar to the iso-truss structure escri ove, Dbut has a
curved or arcuat e 3% thansppagslanl axi s 272. The helical conponents forning

the arcuate gtructure %@@m@ﬁ% s of .different | ths. For exanple,
the inside segnents 274 on t %%’%gy uga‘f’ §lizah i oxipil g@@’%&gﬁn@d'
PCTI USOL/ 23636 i nslhihdsiroflartstrecton286 nmgbe bantimbarstas Ehanma IThE bRcidaHsGud@eSegment s

276 on the outsid f curve. In addition, the axial nenbers 278 are
al so curved and pgrrlagllhla‘é%&\?\ﬁ axlfel"r%mc‘, ved | ongi tudi nal axis 272. Such

curved structures 270 Fhycypveithiciedl@SonfigicitRas ot theRo S Frudid LS. 5
Referring to FIG 4%“‘?83 circular iso-truss structure 280 may be forned.
The circul ar st rulPRfred opas thesame siichusil gdeantagessof dhgrsiraiphbisotmssu| ar

structure pRY hagudibeoitRs crivdddha BRARESSuctdlie curved or circul ar
configurations of the iso-truss structure are believed to inpart the sane

structural advant ages Befexring taFiGa#gian ifostouss stnsture 30D mby include eqrva t he
curved and circul ggrigh B : g o) 43 an i So:truss
structure 300 mayﬁdi3 ncl u%_péfogﬁrgg&t?\?leﬁgit&{)r%ﬁggglr‘l%ﬁ%@%ﬁ@yn?%st@{gh&ﬁ‘ﬁBﬁti ons
304 and 306 whi cheomdigivatien issinyjkar to tBestrrangalanédnGiratiorshoive 1FI, kew, bho t he
sharp angul ar coni | sh in FIG _40b, but_provides curvature at
t he connection opfnltoﬁfgggédé% ﬁgtotgg%’ngﬁﬁﬁmgﬁg. e ferdions 104epd 306. SHhercmmied 302 i s
simlar to Idhe cusestich M2risisimilaeo 2RCuBRE GHiddRE 28D bedUEH e Such a

configuration can be utilized for more complex structures as described in further

detail below. Such curved portions may be stronger and prevent stress
concentrations of sharper angles.
The structure may have a broad curved section as shown in FIG. 43, or
20 may have a sharper curved section as shown in FIG. 44, Referring to FIG. 44, a
structural member 320 is shown in which the structure 320 forms aright angle
bend around a external node 324. Thus, a number of helical components may
pass through the node 324. The helical components may be continuously formed
through the curve. The structure may include external axial components 326.
25 Referring to FIG. 45, an iso-truss structure 330 may be formed with
multiple bends or curvatures 332, and/or with more complicated or sharp
curvatures. For example, a structure may be formed with multiple right angle
curvatures. As another example, a structure may be formed with sharp

curvatures, broad curves, or with multiple different curvatures, like an S-shape.
30



configuration can be utilized for nore conplex structures as descnppRembar 2004
,further detail below Such curved portions may be stronger and prevent
stress concentrations of sharper angles. The structure may have a broad

curved sect|gn hown in FIG 43, or 20 may have a sharper curved
section as gﬁ)o%ﬁﬁslsg FIG 44. Referring to FIG 44, a strﬁ&’ﬁ?“éﬁ“ﬁ%nber 320

is shown in which the structure 320 fornms a right angle bend around a
external node 324. Thus, a nunber of helicas conponents nmay pass through
t he node 324. The helical conponents maybe continuously forned through the

curve. The struct BreidedPreifdghude external axial conponents 326. 25
Referring to FIG 45, 2‘2&" -truss structure 330 may be formed with

sQ
mul ti pl e bends or curvafdiaksda ;malﬁtﬁféileﬁhw%dm@d@m%mﬁbeﬁmgharp
curvatures. For emﬁ*&hﬁmp?egﬁﬁté&lﬁﬁéﬁ,l%% PR riRfa SRR, Mawgi;@ﬂl?%o%-e right

angle curvatures. As_another exa , a structure may ormed with sharp
curvat ures, broad detFihedstrugturesmay alsa be provisledirf £ arrided poufonatonfzsratbike an

S-shape. 30 $0 Deqggbel. 4 PCT| 01/ 23636, Br ai ded
Pre-Form As st at ed qbovgﬁgﬁﬁ;ﬁ)ﬁéﬁ%ﬁyﬁ%‘g‘%&ﬁ?g%‘%fﬁaf@?%a%B} 1408y be
formed by resin pdditioghstapds dfifiber may beowfappend adi@id deBiontsad HolShe ARRAY Of the
cont [ guration. 5 TRENEL THEBEMRN ot BBy sk R e Bedlosnd | ber
SeqmEnts 10 hol d | horibers. Loaather . Tha et Fasaas ROkl ph RN EDy T O
Wi '? hout their res %?OI{HBSréPﬁS"PFt@%“bV gompacted inf g siall an fospeasporetibnesipanded as
desired. Thigs, suThc Fraiab@prdS6nDmsy feh B2 SBYn dbstantial |y
conpacted into a Timall 1. a(?%a for ?);anspof@at?%%?&g%ﬂg%i%gﬁ%r%rﬂgﬁﬁ?
pre-form may then Béeséfﬁﬁﬁﬁme-and i npregnated with resin to form the
segrents o hel i cal . roparg o arAihee Sulf foRnls odEdeny Bl s
di sposed around tRembirheray be sigatid in soreikledRk 5ag aispisabarbhial thofsegal | ong
fibers together, r t angl i 13 . etc,. In addition, the fibers or
segnent s can be ts\%\ﬁl&lsltlla ggaﬁejc}%(%aﬁlgggﬁ&?%em?ﬁﬂgﬁsﬁbm together, to prevent tangling,

5 etc.

In addition, the fibers or segments can be twisted to compact the fibers.

Furthermore, the segments, or fibers thereof, can be wrapped, such asin a spiral,

with other fibers for compaction.

20 Integral Connectors
Referring to FIG. 47, the structure 10 can be provided at its ends with
connectors 350. Such commectors 350 can be integrally formed with the structure
10, such as by fiber reinforced resin extending continuously between the structure
10 and the connectors 350. The connectors 350 are configured to attach or couple
25 the structure 10 to mating connectors or structures. Thus, the connectors 350 may
be formed as protrusions or indentations, such as male and female commectors, for
mating with opposite indentations or protrusions, respectively, or female and
male connectors.
The connectors 350 can have a circular cross-sectional shape, similar to
30 cylindrical composite tubes, and be received within a circular opening in a

receiving connector, as described below. The connector 350 may be threaded



Furthernore, the segnents, or fibers thereof, can be wapped, sucho@ecéddbaR 2004
spiral, wth other fibers for conpaction. 20 Integral Connectors Referring
to FIG 47, the structure 10 can be provided at its ends with connectors
350. Such c$€n§§t%;s 350 can be integrally fornmed with the structure 10,
such as by M bE%&inforced resin extending continuously BETREEF e
structure 10 and the connectors 350. The connectors 350 are configured to
attach or couple 25 the structure 10 to matgfig connectors or structures.

Thus, the connectors 350 may be formed as protrusions or indentations,

such as nal e and f3SEmbehaoBNOGAIRSads! &' showRid Filis Wo! IhadRRaRkSnAOEART at | ons

or protrusions, resEectlver, or female and nmale connectors. The

connectors 350 canf thieads ofia recpiving epnseatercddseriet] belowp ghe sommettans 36 30

cylindrical conposjtepd MG ' 1 LA eyl ar. opening in a
recei vi ng connect or ,fgsﬁdeséorn?’b%ggg%e‘{oggv&#ﬁgs %thﬁé%t’%?ﬁﬁ%& mf}o%ég'i hr eaded
30 Decenber 2004 ViomeR/consgwrs3AlteRP@HValEililR3tR6rSE®), can haveamexspohalrcnak-

t hreads, as ghown jnp. and threadedl y mat ith, internal threads
of a receivi %g congr?g%{n(%@alﬁfesg’r?rﬁgactﬁ’%?“gafmsfﬁgé%f}ﬁﬁg%ﬂ%%“’f? VHRE be
protrusions, or nedieilochiped tamsciortS7saahown i FIGRSD & ik BElRME® uh@Seodr

femal e connectors., Al ternatj[ve(lfa\lll t he connec¢tors 350 can have a hexagonal
cross 5 secti onal tgﬁgbeecc’g%%c o Qﬁ"%‘ﬁ’&%ﬂ&l‘at%%%% Inghdingfpgxagplepiquateor
mating with a sirerbangsik@ped connector 357, as shown in FIGs. 48. It is of
course understood that the connectors can have any appropriate shape,

i ncl udi ng for exanpl e, YEHeussBaped membiersmapyibgprovided ifonconnsetimestrocmrdse Fer nay be

Pave opposi ng. oper maboy Bidhi 36D BF 61 cakBhve koG APIRE aferl ©"

have opposi ng openings for receliving conn r
structures, to codp? ér $ifcdram Mecshuetness; to genpiethe Etrucamescoghthion srearknd-to-end

configuration, as | . ng.51 n, el . bow,362 ¢can have an angl ed
configurati on, sugﬁﬁﬁégggﬁogﬁgé@?ﬂéggé%gsg, 4%&%%?%”&3%%?@39%@%@
together at an angifiguration,shdves ai90 degiee afpls, td doubled Bfo GAMRSE tOEMIRE Silagod t hat
any appropriate ag&%e lﬁﬁ‘can B& Béo¥i_de . A tee 364 or 357 can have a
T-shaped body for *&0USF PIGIA" “S4 Pac s f coprse Hnderinog that anyanpyapripts angles. 53
and 54. A crioss 36 ingsiovidede A 04564 GBS chSwve 3T- SRRl ik LGiplinga Ot her

connectors may connect t he structur es to a
structure at an angle, as shown in FIGs. 53 and 54. A cross 366 can have four

openings, as shown in FIG. 55. Other connectors may connect the structures to a
base 354, as shown in FIGs. 56.

20 Other Attachmenis

Other attachments also are possible. Referring to FIGs, 57 and 58, for
example, a plurality of members 380 or 381 extend through the structure
transverse to one another. The members 380 and 381 can include grooves 382 for
mating with one another in an overlapping relatic;nship. For example, for a six-

25 node structure, three members 380 can extend through the structure and mate as
they overlap one another. Holes 384 may be formed in the members 380 for
receiving fasteners, such as bolts, which extend through the members 380 and

into a base 386 or 387. Thus, the members 380 extend through the structure,
attaching the structure to the plate 386, |
30 -



base 354, as shown in FIGs. 56. 20 Qther Attachnments O her attachrBieSemitles 8004
are possible. Referring to FIGs. 57 and 58, for exanple, a plurality of
menbers 380 or 381 extend through the structure transverse to one another.
The nenbers_380 and 381 can include grooves 382 for nating w th one

anot her- i n 3P ¥&¥Fappi ng rel ationship. For exanple, for RCHIRIBB63/0de
structure, three nenbers 380 can extend through the structure and mate as
they overlap one another. Holes 384 nmay be ggorned in the nenbers 380 for
receiving fasteners, such as bolts, which extend through the nmenbers 380
and into a base 3ggnpr 387. Thus, the nenbers 380 extend through the
structure, attaching the structure to the plate 386. 30 30 Decenber 2004
WO 02/ 10535 36 PCTI Us@sfertinne FiGs39-Gesush isorfpss sructuss as deschied abovstmay

I SO-truss struct ur§sS;s@88io3RRE -%E_e ahay b ny LIS
Referring to FIG 59,S aost ras'lrl tﬁleso- aggd'sstgfﬁ%#?@glsﬁgwg%a@c%e vertical | y
ori ented and have ¥ verticglly eririted@Rd b fost end 462 smppdica sippéragefacsmdh 5 as

t he ground, and an 0si t.e cond end el ev d ove the_first _end 402. A
si gn 406 rraygbe at?%%%ur{dbﬂ%%@ OQB?JsétW"écﬁﬁgﬂgtﬁ?W%aﬁ@vﬁﬁﬁW 49?1 cture
400. The sign 406sigmd06inmylbedRachad toabiSuppeelind A4 oRRHe 8oL tnRRE sinnfrd F90. 6fhe an

I So-truss structure 4 may i nclude a vertical conponent 412, the
hori zont al conponesfﬁ“@%ﬂaym VeUP ¥ e Bnponent 416 10 joining the

vertical and hori zont akemﬂﬁm.%oﬂé?is@-ﬂﬂsfs%ctufgﬁ%)&BﬂﬂcﬁﬁEa%ﬁﬁ&i”e”t 412
Suc

may be vertically oriented and secured to a support sufface, as a
road side. The horPBrRea} 412etheibarizantal componsat 4 dcnd egurved coraponentt4il6 al

section 417¢ suchygmeliR : ti.on -3 descri bed
above. A sign rrepr%er g416 1untg:?/l %g%g%%(ﬁlgaég&?gﬁ#ﬂéggﬁggt Eﬁ&‘?r%%ir 414.
Thus, a sign 416 rsmpenenbyd 2guayieneritally oriented ahdstcabdtoea supparashrivgs such

Referring to FIG LSO 14 USS Struct 420 may i.nclude a pair of
vertical nenmbers jg%rogﬁg}dh'Ziﬁe 1%} 58%%1&3%“(%%8?7 g% s#ﬁgéo BF VErEY SERNQY. A
hori zontal conpondil, sddtasniayudhe cueiden dagcaestivaans,as dedciibed:®bvd, CRkign
sections 422 and 424 Aﬁ %irgn menber 4%%3 TRy be secured to the horizontal

member 416 may be secured to the horizontal member 414. Thus, a sign 416

15 may be suspended or elevated above a road way. \
Referring to FIG. 61, an iso-truss structure 420 may include a pair of
vertical members 422 and 424 disposed on opposite sides of a roadway. A
horizontal component 426 may be suspended between the two vertical

sections 422 and 424. A sign member 428 may be secured to the horizontal

20 member.

Utility Poles
Referring to FIG. 62, an iso-truss structure 440 may be vertically oriented
and attached to a support surface, such as the ground. One or more arms 442 may
25 be secured or attached to the iso-truss structure 440 at a location above the '
ground, and extend generally horizontally outwardly. Such arms 442 may be
similar to the attachment member described above. Utilities lines 444, such as
phone, cable, or electrical lines, may be suspended from the arms 442,
Referring to FIG. 63, the structural member 440 may include. non-
30 conductive attachment members 446 for attaching the utility lines 444 to the



20 menmber. Utility Poles Referring to FIG 62, an iso-truss struckybRedder 2004
maybe vertically oriented and attached to a support surface, such as the
ground. One or nore arns 442 may 25 be secured or attached to the

| so-truss s%vr ucbﬁrse 440 at a | ocation above the ground, and extend
general |y h&f %0/t 1y outwardly. Such arnms 442 may be sPRPPEVZ%%¢ he
attachnment nenber described above. Utilities lines 444, such as phone,
cable, or electrical lines, may be suspendegf fromthe arns 442. Referring
to FIG 63, the structural menber 440 may include non 30 conductive
attachment menber Ssiddifirel dhe atiEGIRENHARS etfehll Elbﬂg!{%&ﬁ&l éﬁﬂeleﬁgﬂmbﬁftﬁé’
Decenber 2004 WO 02/ 10535 37 CT/ USO01/ 23636 structure. The utility lines
444 may extend al JFRyTESSSBPEVEA4Sf the | engths of the iso-truss structure
440. Referring to FIG fem‘x?é‘ti - E | |y
oriented and provi dengt itsoth% éedr;\géﬁgg&\gﬂ%t&h [ é‘é?g}saﬁ%ég @F%@roo?& I ght
sources 454 for udpravided ai ity tapremddaZovith 1htstructugdstor Sightrsomses4B4 foray be

secured to the to - h .1 h an d_pl.ate as, descri bed above.

Bi cycl e Fr arrgs Re?%‘?&@ﬂ%ﬁ!to IEF B Sk %sowgs‘fggdg&tl?ssgc ﬂﬁﬁgﬁ%?’égndgescri bed
above may be 10 ulSR)suctess Wit arbénd@ldie ardescribadsbotdlus advant ageously provi de
t he advantages of strength and |ight weight. The bike frame includes a

handl e bar | ocation 500 attached to a handl e bar 502 and/or front fork

504; a seat |ocatigdyck@®ah@r attachnment to a seat stem 508; a pedal
| ocation 510 attached to_a, pedal assenbly 512; a rear wheel |ocation 514
attached to a rear wheBffening to ¥iGs. p3-Ahatheisntrss siraatungsidescribad)|abevelmayybeof

menbers ext endi Ng uliRzeaRsk BIRL RERQ rear
wheel | ocations 580, 506, 510, a’n%jdaglf%.aaﬁ o?agg%%?@a?tﬁ%&?%g%%@%gm

i ncl udes a verti cé&rengthpsg tightrpeightt Fhefbikg frirae ineladestaiengie dat lotaioas0®n 510
and the seat |ocatQn.H38 hah L he.f > 520.inclu a hori zont al
nenber 524 extend%ng Pet %egjrlldl?ﬁ%@fqgn %r%oﬁfqr%%%ﬁiqwﬁh%@%ﬁ% seat
| ocation 20 506. Riachintnt to 8 bt §tera508;msehiallocaiéh 5 10GIHEIRE tda pedaDREMblyETDEr
526 extending beg}ggen t hﬁf{ifi\ndke &ab(r I&cgt ion 500 and the pedal |ocation
510. The various tofpBhENES SPILLT AR A rearmheetld. Ihe frages2%inilar to
the iso-truss strhekdéseSplurality of members extending to and between the handle bar, seat,

pedal and rear wheel locations 500, 506, 510, and 514. For example, the frame

520 includes a vertical member 522 extending between the pedal location 510

and the seat location 506. In addition, the frame 520 includes a horizontal

member 524 extending between the handle bar location 500 and the seat location

20 506. Finally, the frame member 520 includes a diagonal member 526 extending
between the handle bar location 500 and the pedal location 510. The various
components or sections 522, 524, and 526, are similar to the iso-truss structures
described above, and are assembled to form a triangular frame 520. The frame
520 provides strength and reduced weight.

25 Referring to FIG. 66, only a single diagonal member 532 extends from the
handle bar location 500 to the vertical member 522. The frame 530 forms
something of a T—sﬁape and eliminates a component for reducing weigh.

Referring to FIG. 67, another bike frame 540 may include an arcuate
member 542 extending from the seat location 506 to the pedal location 5 10, and a
30 diagonal member 532 extending from the handle bar location 500 to the arcuate

member 542. The arcuate member 542 may more closely match the curvature of



descri bed above, and are assenbled to forma triangular franme 520.30 B ember 2004
frame 520 provides strength and reduced weight. 25 Referring to FIG 66,
only a single diagonal nenber 532 extends fromthe handle bar |ocation 500
to the verti nber 522. The frame 530 forns sonething of a T-shape and
el i m nat es Q&g@ﬁlg%ﬁent for reducing weigh. Referring to F?%Tmé"il,m@ﬁot her

bi ke frame 540 may i nclude an arcuate nenber 542 extending fromthe seat

| ocation 506 to the pedal |ocation 510, andggg 30 di agonal nenber 532
extending fromthe handle bar |ocation 500 to the arcuate nenber 542. The
arcuat e nenber 542herear wheet 506 anigiryvideddaifiond]l Derdiny/atig. ReredfhgReorRBer 2004
WO 02/ 10535 38 PCTI %806.428636 %?e rear wheel 516 and provi de additional
bendi ng strengt h. JREHET VFnFaRg 5¥) may gglude membaes S Apaiendmefiom seeakmy i ncl ude
nmenbers 552 ext endbioh 506Md thErefRbee i

| ocation 514, and anot her nenber 5541%%&3?%&9&%%&%@1%@ gl&%g@g%i on 510
to the rear wheel fseHepsdaliocation?10do theireanyiheel favationtS g ofa trianslé Hemed ofs s

S0 truse stucturn SRars piened ol BhRE Bl it By bt BIE] of e

i ncl ude a pl ural i tiso-tofss simeatirer s whi ch extend inwardly towards a central

| ocati on 562. A di agongl nh 564 t end m t he, hand] e _bar
| ocation 500 to the cents] i%tgg:?(ﬁ‘oﬁﬁ’ Tﬁnﬁ'éﬁéﬁe%%ﬁWQ’“’&mﬂB@\@:‘“ er 566
may extend from t menpecathitipeatriddnwirdly tdverdseedehtiallo&6h 56 H8ideonki Nal Iy, an

upper nenber 512 extend fromthe seat |ocation 560 to- the central
| ocati on 562. Sucﬁl%‘b&’b%  1GEF Siisngdrom the handle ber logatipm S004e the centaldescatign ch rmay

be -easi er t o0 manubez.t Sifilarl iR IB¥WEd HidnteP 564 [y &Qerﬂdm ﬁl@?e@l KRatlondRhe>70 MYy
y

utilize curved or 15 arcyate nenbers. For éxanple, a pper nenber 572 ma
curve broadly froffatehwctemiZe Finally. 2 appsr oren®e0 12pnst extdnd fioesthe saatat i on

506, and to the reRhiN08lo tﬂéQg .fb@at.%}l%fiz.é%%f Vz\ﬁ’%[]ﬁe@ﬂ%tg‘{?d{%ﬁéﬁg% xtend in

a broad arc fromthe handle bar Iocation to n 510.
The curvature of #instureshich BAPbeaendier 6 Zdannfaytup ovi de addi ti onal strength.

Referring to FIG 71, ﬁ&Qx‘r{A i_:l 5%&%&9 i el ude a broad arcuate
menber 582 extending from ﬁéo fgﬁ%é'“% \d %eﬁ de%ﬁe ?W%ﬁédal
| ocation 51, whi dreusemenitiers. Boradkampieiag upfed dncibeL STSmAY ARV BadlyPhsH At €
menber 582 past the,seat, | ocat.ion 506 and towards the rear wheel
P e bar 16cation 300, past
¢ handle bar location 500, past the seat location 506, and to the rear wheel
location 514, A lower member 574 may extend in a broad arc from the handle
bar location 500 to the pedal location 510. The curvature of the member 572 and
574 may provide additional strength. Referring to FIG, 71, another frame 580
20 | may include a broad arcuate member 582 extending from the handle bar location
500 to the pedal location 5 10, while an additional member 584 extends from the
arcuate member 582 past the seat location 506 and towards the rear wheel
location 514,
Referring to FIG. 72, another bike frame 590 may include an vpwardly
25 curving member 592 extending from the handle bar location 500 pass the seat
location to the rear wheel location 514, while a lower member 594 extends from
the handle bar location past the pedal location 510 and towards the rear wheel
location 514. Thus, the entire frame 590 is formed of the iso-truss structure.
Referring to FIG. 73, another bike frame 600 may have an S-shaped
30 member 602 extending in a first arc from the handle bar location 500 and bending

into a second arc extending towards the pedal location 510. An upper member



| ocation 514. Referring to FIG 72, another bike frame 590 may i nGousi@edktr 2004

upwardly 25 curving nmenber 592 extending fromthe handl e bar |ocation 500
pass the seat |ocation to the rear wheel |ocation 514, while a | ower

menber 594 Shegtl g% from the handle bar |ocation past the Eedal | ocati on
510 and towarde tha rear wheel |ocation 514. Thus, the eRCTPEMZSAe 500 is

formed of the iso-truss structure. Referring to FIG 73, another bike frane
600 may have an S-shaped 30 nmenber 602 exteypding in a first arc fromthe
handl e bar | ocation 500 and bending into a second are extendi ng towards

the pedal |ocati omoar@tenmmmrsemnmmac%w a8t oWehde 2 k1535

PCT/ USOl / 23636 39 04 ex tr’reﬁ'g%t he s % | ocation 506 in an arcuate
fashi on towards tH eﬁ‘i’ﬁ 0 6@51 Rés awethenbjke Hame 610 fprms anrfot her

bi ke frane 610 fOFsH@BaﬂeIﬁJerSm@@enaﬁl@ﬁ%htﬁégarﬂﬁ&?ﬁqc%r %glgﬁ Jygndl e bar

| ocati on 500totq 8 g | ocati on 510. A vertic ext ends
upwar dl 'y from t he Q58438 31 % cAwertical member 614 Ritends W{ﬂy&&bmlﬂmmﬂaldmcaﬁﬁﬁ

Finally, a rear mm@ﬂw@dﬁh@ﬁﬁﬂ%oﬁgﬁnﬁ&%y Rl ﬁg@ﬁmhﬂf Quar ds

the rear wheel l|ocation 514. Referrin B9 ke
frame 620 is shomeﬂlﬁal\mmbﬁr6145f9wandaﬂlsr®rwhe¢mds<ﬁao1ﬁslel di sposed bet ween

connectors. A handle baLe osed at_ the handl e bar
| ocation 500 and conflguregrf) gﬁfrdé)ic?ﬁvé 73 Hleﬂb‘gﬁ e 2% is shoym insvlindy 624
and a | ower di agomammmmmdlﬁm“m@ﬁ%enb&ideé@ﬁt%haﬁ'@l%@{coﬁﬁéﬁogng%e bar

| ower di agonal rrenbei) g n@gt&ﬁ I ved on__extensions of t
connector 622. A ¥@%P°EBRYE Eﬁ%ﬂoﬁé‘mé%%‘@aﬁmﬁﬂqemmml ocation

506 and havi® ext eﬁ@eﬁn@nﬁoatarﬁsﬁb&%zmﬁiﬂe%fm | APer,.024 and a
vertical nenber 630, A | ower nenber IS 1Sa ?’%Ia%ﬂmcf%% ‘t'he pr?gldal

| ocation 510 and IPPAEZO%B@{@I%@M@‘*@uslarleweudxgonaiemmszs waylgosaliveteaber 626

and the vertical &RiRRhs hadal y JStrai truss
structures 624, 626, and %@% may e5 S]{]%El ze%‘ é,faafgf’g}:fgﬁqlééfﬁlgax% connect ors
622, 628, and 63zdlspz>eed\nittitmmd¢dvamﬁaﬁmwhavmg:xmszdi@taw&@ﬁé tiRpyg. the

| So-truss struct are forned | bers inpregnated with
resin. In additi (L)Hr??ia?lﬁglel i P%%%"dsatVFU@f‘W@%b%m%eﬁll%’éﬂf megbfBidnt s

preferablylare f cattamdtaythepedal oUA6E 536 MANGS eQendiddeS rliAPRL Dver
diagonal member 626 and the vertical member 63 0. Thus, relatively straight iso-

truss structures 624, 626, and 630 may be utilized and attached to the connectors
622, 628, and 632.

20 Method of Manufacturing
As discussed above, the iso-truss structures preferably are formed by
fibers impregnated with resin. In addition, the iso-truss structures or helical
components preferably are formed by continuous strands of fiber wrapping
. around the longitudinal axis and along the length of the iso-truss structure. Such
25 a composite iso-truss structure may be formed using a mandrel. It will be
appreciated that the complicated geometry of the iso-truss structure presents a
manufacturing challenge,
Referring to FIG. 77, a mandrel 700 is shown with fibers 702 disposed
thereon forming the iso-truss structures described above. The mandrel 700 can be
30 elongated and shaped to match the desired shape of the iso-truss structure. For
' example, as shown in FIG. 77, the mandre] 700 is elongated and straight to form




around the longitudinal axis and along the | ength of the iso-trussgpecember 2004
structure. Such 25 a conposite iso-truss structure may be fornmed using a
mandrel. It will be appreciated that the conplicated geonetry of the

I so-truss structure presents a nmanufacturing challenge. Referring to FIG

77, a mandr &Y Ps shown with fibers 702 di sposed therggﬁmﬁgpﬁ%ﬁg t he

| so-truss structures descri bed above. The nmandrel 700 can be 30 el ongated
and shaped to match the desired shape of thg iso-truss structure. For

exanple, as shown in FIG 77, the mandrel 700 is elongated. and straight to

form 30 Decenber 2@QHbng@edld0ai3h idrREHS0E! R383f cifkeClRIBRRbE dnaick

straight iso-truss streycture. It is, of course, understood, that the

mandrel 700 may béRRndrel &0 way b qimed or aigpate. oF faredtir anghesiie scdonlanescwitidance
w th the desired g\@RRePdha | S0 u o | | Li~3R,. [ he
mandrel 700 can be r‘ot(::iti.C)}?f{'}lﬁplﬂ%/eSi |§%%§g%&%bﬁ{ﬁ§imtlﬁ%ﬁqn§&ﬁg r@Pc%ge may be
rotated as the fi Belstormplipdisposed sichvihapihe drantivel BdmayTHeaotaed ds the fiB& 70Ry

i ncl ude an egonga%ﬁ%,‘@ ody 704, and a plurality of heads 706
di sposed t hereon. e g%e?etg%?&body 704 preferably has a .reduced or snaller

di ameter with respect The mhsirél§00 nay aludt bhllobgated I bbidar04 i1 4 COr e or
'thf'thn ‘iﬁ% 1,s0-tryss structure without interfering with
grheads 108

body 704 may resid
10 zmy of t%e segﬁguﬁ%%sfy 4isps5AHsFRoRt Ihe qare oredy 04 prstepbbiasabl y ar e

spaced apart fropedubed ot @imalle® diabReY wit fespddt B MERISEOSERtERnERGLAl Iy from

the core or body 704 and towards the exterior nodes 12%96161' tﬁe I SO-truss
structure. The heSRfeor besly 78¢ may eside yithisthe sortmseitmetutdwittout atedsring with ber

702 as theypare V\ﬁlﬁ%}%é .70 Theref.or or an ei,ght

node iso-truss structur e,%%%ﬁliﬂgg%ds %Z‘eﬁ% g&%%"ﬁgsf‘;&d’f%?f Y 38Rt he

circunference of et fragn the goreloobody 704. Thehadel 706 sxfend fadidllyHHoa] the@torBeads 706
In accordance with the

extend al ong the h th gre ar_ bady. 70
l ength of the desil)éredﬁ'{%biJr g,%{ ttmr’vl"}rglg t"F‘i?E‘PiH"@Fsy%?@r%ﬁﬁ 15Rytress siopqire.78he hggds heads
706 are shown in Yieat emfigeedid recehaate statadof Hber T2k Mo blwhpichulss 2

plurality of indentation 10, for receiving strands 20 of fibers 702. The
i ndent ati ons 710 %F 81"’8&5%‘[(&6 &h?f?’f?ffeﬁtr%e’ﬁb?@défsod@éi)smﬁmlﬁ@hﬁ hgads 7062 and

714 for redsi vi ngextdnd r&ﬁﬂ@&ﬂﬁm@fbe&h@&%fe?eﬂé (f)ﬁﬁéréd;%mabo@?%qﬂ?qg %%‘ﬁ%o%i ng

hel i cal components. Thus, the set of deep Indentations
preferably extendVddghoicals 706 extend zlong the teogthaf the cofeer hadyl 704t t he

segnents. accordance with the length of the desired iso-truss structure.
Referring to FIG. 78, the heads 706 are shown in greater detail. Each
head 706 preferab[y includes a plurality of indentations 710 for receiving strands
20 of fibers 702. The indentations 710 preferably include two sets of deep
indentations 712 and 714 for receiving the strands of fiber 702 forming a pair of
opposing helical components, Thus, the set of deep indentations 712 and 714
preferably extend downwardly at an angle to match the angle of the segmenis.
Each set of deep indentations 712 and 714 preferably include two aligned
25 indentations formed at an angle with respect to one another such that each
indentation of the set is performing a different segment of the same helical
component. The inner section of the indentations 716 is located at the exterior
node 122 of the iso-truss structure.
In addition, the indentations 710 preferably include cne or more sets of
30 shallow indentations 718 and 720. One set of shallow indentations 718 may be
utilized to form longitudinal components of the iso-truss structure, while the



Each set of deep indentations 712 and 714 preferably include two abipgRgshed D004
I ndentations fornmed at an angle with respect to one another such that each

i ndentation of the set is performng a different segnment of the sane

hel i cal COW(?&Z@%‘ The inner section of the indentations 716 is |ocated at
the exterior 3122 of the iso-truss structure. In addPtTHRVZP4E

I ndentations 710 preferably include one or nore sets of 30 shallow

i ndentations 718 and 720. One set of shall oy i ndentations 718 may be

utilized to formlongitudinal conponents of the iso-truss structure, while

the 30 Decenber 208Her'WR2IDY/iAdnBGorkl720RG tdSaiZd3 BRmeLiflor &Hhl oW
I ndentations 720 may be utilized to formradial or lateral conponents of

the iso-truss strROPEPRents i theispstruss Stracitgy an i so-truss structure as
described above, Strandso@br hirbiflan SR SHGGRREGhBRR A ffber | 1
g

order to create the helical conponents and 5 segnents theteo e strands
of fiber 702 may 580 Q¢ ¥pipRe asersdithe mendselielpwder ta sredte sl lictieal calnpatentaiahd

respect to the helggalCRIRN ' trands of fiber in the

i ndent ati ons of the h‘ead.ép?ﬁngg%l?tfﬁn%?ﬁti%g?és{lr%ai&?swrg?pqdia&%‘ftd?’?ﬂ?‘“ﬁféeqas

i npregnated with dessrihedabovwith respectoathpbdicalrcompohenidep ebtratfd9of

Alternatively, th . s,of fib b apped around the nmandrel

wi t hout 10 i npr egﬁigtg%lrﬁg&gﬂdeeﬁi%%ﬁ?%@g? d'aﬁ“’%’é‘&ﬁé%%&f@b?@mﬂ?% a

br ai ded pre-form imfilegnatedisiith resin b @8y & wesbpad SrotutRndRASH:l 706BY t hen be
structure. Alternatively, the iso-truss

renoved fromthe 'iﬁio-t&gtﬁs

structure may be PHEEEHE: (resBrndsaf fibermmay bevuanped protmdithe mandrehwlitiht ray
remai n therd n. | impegdatiRehan WidGd Suitdialed try of the

i so-truss structure, 15 and the extens‘i on o%@ﬁg&%(géﬁ?‘%@ﬁ? ﬁ handr el ,
create a chall eng@h‘ﬂ?ﬂfléﬁﬁ‘?ﬂ Hged and ehemandired mafy thembt kendved fibmUkSisetrukkct ur e.

Various types of grpgrel Y; ilized in order to formthe iso-truss
structure. For exanpl e, Igh& slgg ’vtg‘%)is% h’"ﬁsasrf\l&f’tg{enf‘ﬁ)pelﬁ@e?ﬂu gued Wit or
sand with a bi ndemandstliaphthie snadirebmby@thairthere@nove the mandrel fromthe

i so-truss structure. As_another ‘et’éﬁlﬂﬁlﬁn;e eutectic 20 netals may be used
whi ch can be nmelted away fFoRPEHA t e Gemplex pepmetiy of thadso-tss sthesturgxanpl e,

a bal | oon réindr el andulye dxeensibh bf 5€Beddh 6 thé\GhMEE Scréats 2 s R adder
whi ch i s packed vy%t h s %Pan%eyacuum sealed to T%r m tﬂ%ﬂgﬂméﬁdtr?e ,°Vglﬁd t hen
the vacuumis rel %\?@E‘g% T He I9ttegtietruckp t Yapustypesanfanandrelsanayte t he
. utilized in orde_r to form the iso-truss structure, For example, a dissolvable
mandrel may be formed by salt, or sand with a binder, which is dissolved to

remove the mandrel from the iso-truss structure, As another example, eutectic

20 metals may be used which can be melted away from the iso-truss structure. As
another example, a balloon mandrel may be utilized which includes a sand-filled
bladder which is packed with sand and vacuum sealed to form the mandrel, and

then the vacuum is released and the bladder emptied of sand to remove the
mandrel from the iso-truss structure.

25 In addition, the iso-truss structure may be formed by wet or dry wrapping

fibers around an interal mold, and then enclosed by an external mold, similar to
injection molding. Such a molding process can provide good consolidation, good
shape definition, and good surface finish,
Referring to FIG. 79, a collapsible mandrel 720 is shown which
30 advantageously may be removed from an iso-truss structure and rcused. The

collapsible mandrel 720 is similar to the mandrel 700 described above and can



mandrel fromthe iso-truss structure. 25 In addition, the isS0-tru3$8December 2004
structure nmay be forned by wet or dry wapping fibers around an internal

nol d, and then enclosed by an external nold, simlar to injection nolding.
Such a nol din rocess can provide good consolldatlon good shape

defini ti on, “é(gi’f%ﬁg’%d surface finish. Referring to FIG 79PC3’U§‘BI'ZB%%S| bl e
mandrel 720 is shown which 30 advant ageously nay be renoved from an

i so-truss structure and reused. The collapgible nandrel 720 is simlar to
the mandrel 700 described above and can 30 Decenber 2004 WO 02/ 10535 42

PCTI USQ1/ 23636 i ncin¢lde @Wkeig@tngaﬁmﬁr bmdylilzaancbmpma}ig&fa@ﬁsazpl TheHoilby Of

heads 724. The hol 72 n | ude a pIurallty of hol es or
apertures 726 for tj}lecel v?ﬁ%fcan l%‘k’g'@?’ ’lb]i‘ S OF SRETHUFRS /2P for 19 I ans 728
may be inserted thﬂm‘al;iﬂyOfﬁlﬁsmereM Th@pﬁn’ét]%ﬁaﬁyg@ﬁsé?fedfﬂi}& Hé'ﬁcﬁésJPOdy

722, and the heads_ 724 p on a pin 728. hus, eads 724 extend
fromthe tubul ar BB 6(9?'1“@“&‘@"%2@2 Nﬁlqu’hﬂﬂéﬁﬂ’%dhmmﬂ ofG(pin 328,
removabl y di $posedriok, it Keadd @ 4atedatl &bm tméi%‘ I urality
of inserts 732 are_al so renovably di spose bﬁ%%e?d*%zﬁg % bet ween

the core 730 and tqlf@g{‘tﬁ‘b‘éﬂfﬁﬁ%wn%bly difheseil matbintthe’ @ Bulat lﬁmlylmzl hdes a
plurality of hol egd@fiof f ei_vin 728, Thus, the
pin 728 10 extends tﬁ?og%%&mﬁgﬁ{légeﬁ 7@56{)?5 ngagfsﬂgs Bﬁ%@F“P“%QPdVo abut
the core 730. TthZbﬂWectdbﬂ:e)ré’mmﬁuthﬁﬁbﬂa-ﬁo@?mem@éi-teﬂﬂlaﬁllﬁchﬁ%the
tubul ar body 722 728. he i SO-truss_structure has been
forned on the nangrraeulr&%ﬁﬁl ?el’? é%ef@r WEWEFWQE%IB f Figwh thepin{7@dul ar
body 722 byll i di ﬂgemdsehrﬁnglﬂhgﬁﬁul%lﬁdﬁﬁﬁdiMndtﬁéuﬁérpﬁﬁtt}%b&tl{gy(#o%ﬁbOdy 122.
Renmoval of the corrﬁlﬁSel 0 allows the insert 732 to be renove rom-t

tubul ar body 722 Gere P A maimseing the hepdeestendingdiom thetubuldrbodst whar  body
722. Thus, the piagpiegegbe renoved and the tubular body 722 renoved from
the iso-truss structure In addition, the heads 724 maybe renoved.
Referring again to FI @ﬂef?helwtﬁ"éﬂﬁdﬁmtmbaﬂlﬁ@nﬁmyxedbmﬂ:esmﬂfeﬂnmmehﬁrem

mandrel 700 at on fr bove with respect to
the FIGs. 12a an?dgﬁ ){q%eag&%qﬁoqﬁ %%&%Qidydbﬁgyéﬁﬁ?g @ﬁ&?’iel]?’@mﬂ@'d%r ough
whi ch the Sore oﬁorb@wuliﬂmboﬂyﬂﬁe Reanahilelf (heQBre ™Y ahlws B ¥R t3n Hiie strands

of fiber 702 nma h d,around the indentations 123 through the
end plate 120 tloyr""ﬁl %bé)om Me%?arboéy '}122 and the pins 728 to move inwardly into theg

tubular body 722. Thus, the pins may be removed and the tubular body 722
removed from the iso-truss structure. In addition, the heads 724 may be removed.
Referring again to FIG. 77, an end plate 120 may be disposed on the
20 mandrel 700 at one or both ends thereof, As discussed above with respect to the
FIGs. 12 and b, the end plate 120 has a hole or aperture 124 through which the
core or body 704 of the mandre] 700 may be received. The strands of fiber 702
may then be wrapped around the indentations 123 through the end plate 120 to
integrally form the end plate 120 with the iso-truss structure. The core or body
25 704 of the mandrel 700 may then be removed through the aperture 124 of the end
plate 120,

The mandrel 740 may be assembled by inserting the pins 728 into
apertures int the core or tube 722. Collars also may be disposed at the ends of the
tube 722 to form the integral connectors, as described above. The heads 724 are

30 disposed on the pins 728, The fibers are wrapped about the heads 724 to form the

helical members and axial members. In addition, the fibers are wrapped around



integrally formthe end plate 120 with the iso-truss structure. The Deedfbe®P004
body 25 704 of the mandrel 700 may then be renoved through the aperture 124
of the end plate 120. The nmandrel 740 nmay be assenbl ed by inserting t he
pins 728 in ﬂ%@%;tures in the core or tube 722. Collars Iso '¥

di sposed at E18ds of the tube 722 to formthe |ntegraF UGrHEEsr s,
descri bed above. The heads 724 are 30 di sposed on the pins 728. The flbers
are w apped about the heads 724 to formthe43 helical nmenbers and axi al
menbers. In addition, the fibers are wapped around 30 Decenber 2004 WD

02/ 10535 43 PCTI US ¢86:36 farlmathe mtdgaal sortnectber Fhé MendréltieghmvedNaRetier s. The
mandrel is reanqu%anJeave the structure. Additional Applications 5
Referring to FIG a support nenber 750 nmay utilize an el ongated iso-
truss structure 752 as di scussed above to hold and secure precast concrete

forms 754. The sug&ort En‘?er 750 may include an iso-truss structure 752
with end plates St hereof to receive connection nenbers 754
and 756 for sengagi ng RBgmsH, Hﬂm%daé@ﬁo&ﬁl@%&% @ge eT&%at?,{l]{sSngth of

the iso-truss 10 structure rovi de strenth € precast
concrete form 754 WSW‘H“P@YQW@ ap F‘ngsseﬂelbgmwdlbldtahésmpreaasts:omretaﬁﬁmse 752

all ows the support ea5| nani ated a handl
Referring to FIG 'B1 I{)I%P?Bés}l}ggor E‘é F%lsgﬁﬂ‘\ﬁ%“f“ﬂ”%&@’ﬁ e g a
basket bal | standaml:&temzooﬂ'ﬁeebda;ka‘bd:ﬁ% tegs:ugaﬁmbct%ﬁﬁhmﬁb ;l_»(smsglajlqtldwsﬁqa,
iso-truss 15 str /64 a ri be 0 The basket ba support 760
may include a ver;élﬁégﬁnglﬂ%eogr?'fr@saﬁ?? Pgfe 7§ﬁd1'aeﬁfﬁ“g§’(ﬂfﬂ%ﬁmq“%'§5truss
structure 788 conseched75Dprovides sﬁeﬁgthfcﬁlhm dp%ﬂr@&sﬁ&hcr@?étf&ﬁ{j’!ﬁg the
basket bal | standargjrl%l 2. over the couyrt erring to FIG 82, a backpack

770 may include a% hﬁ#‘?”%hteﬁfhﬁﬂﬁortr%ﬁmcw 152 pdlews thewsopporiangbern s

descri bed above. Tmofb@mﬂgagl dlaggh a 20 perineter forned of
i so-truss structures |nclud|ng a palr spaced apart vertical nenbers and

i nterconnecting hori zdkeferingtonlii6r 81, biﬂtetbaﬂ suplpon §80 Btshoved for suppédtingar ovi des
;s ts (r)e? ?Lg s ag '(tj r Li:'? Bfr’ e%agiﬁmygrgtg%gt ?ﬁC%%%%%l?s;g?%%o%%{m%ﬁ%?ﬁ%}%@ggpo rt
structures 15792 ostrugtulsozi4 ag @éscabedotbbes. Theibasketball bnppbi 760 mbp ﬁmluﬂ@at russ
structure 790 Mayy, pt?cal iso-truss section 766 and a horizontal iso-truss structure 768 connected to
the vertical section 766 for extending the basketball standard 762 over the court.
Referring to FIG. 82, a backpack 770 may include a frame 772 which
utilizes iso-truss structure 774 as described above. The frame 772 may include a
20 perimeter formed of iso-truss structures including a pair of spaced apart vertical
members and interconnecting horizontal members. The iso-truss structure 774
provides strength and light weight to the backpack 770. Referring to FIG. 83,
iso-truss structure 790 may be utilized to form 2 mast or other support stractures
792 on a boat 794 or other marine structure. The iso-truss structure 790 may be
25 formed with composite material, and thus resist corrosion.
Referring to FIG. 84, a bridge 800 is shown utilizing an iso-truss structure
802. The iso-truss structure 802 may be arcuate and various bridge components
may be suspended therefrom.
Referring to FIGs. 85 and 86, an oil platform 810 is shown utilizing iso-
30 truss structures 812 as support columns for supporting the oil platform 810,
Again, these iso-truss structures 812 preferably are formed with composite



25 formed with conposite material, and thus resist corrosion. RefgpDeB@nbc®2004
FIG 84, a bridge 800 is shown utilizing an iso-truss structure 802. The
i so-truss structure 802 maybe arcuate and various bridge conponents naybe
suspended therefrom Referring to FIGs. 85 and 86, an oil _platform810 is
shown utili 2"hYP¥6- 30 truss structures 812 as support CBEW‘E’Z?%f
supporting the oil platform810. Again, these iso-truss structures 812
preferably are forned with conposite 30 Deggnber 2004 WO 02/ 10535 44

PCTI USO1/ 23636 material to resist corrosion. In addition, the open
structure of the inmterial to98sistebirokidn e additlon, he @péritrubOWWEST il id@irhiRr ces on a
structure. Referring.to FIGs. 87, an iso-truss structure 830 irs shown :
utilized with a SEYHHET 32 Byayide Iower dragforges 68 2 siycige.ur e 830 provi des the
internal structure 5 syp i h . i .. Thus,
the hull 834 is fornmed a?g%lrfgg{(%eg?’%E%rﬁgsﬁgﬁéﬁﬁg%,ﬁ%%ﬁEhe
interior of the i §%uparing§3%t Fapdsariress8BecturmBF0 provides the anemdlotrudiire crew, and
interior wald sup : S§ &l ruct ure between
t he segment sé or hgﬁp%mn%g%rrpongté?’%;agthg%&ﬁq%%ﬁ%?gﬂtﬂﬁgsﬁgﬁﬂhéﬂﬁgorggg may al so
be utilized for equiphthniso-tpispstngtureddd, while the intefor oOthe $;trusd Srustages3st ood

that the iso-trus [es be ytilized for other, structures,

vehi cles, and ves%gfis){;@ge#g?orrit%g&?% aﬁ#&e.n"ég’,anﬁ?f’ﬂc’go?'f? ns'?‘? H@f"ﬁ‘?@ 840
may be utilized fopen sauctoredbtwes theiséddhier HelidaC@mpotells @Shdds-trhdser Y or
m ssil es 842. Agai.n, thg3 i so-truss _structure 840 provides an exterior

shel | or exoskel eSS 0nmAo belized fonqauipmest, piting, clanl innf ¢avrser i or f or
cont ai ni ng Wt her inidersood Tk $he i$ddBusk SRickd [ | des
strength and |ight weight, which Is p§rt%§?ﬁ?’§}°|dﬁﬁ%§{e@ﬁ%%ﬁ“§§@é?aft or

ai rborne appl i cat Yeitdes, mdrvgeselsng to FIGs. 89a and b, an iso-truss structure
842 maybe included asypakhs Rf fusel age of an.aircraft. . Passenger seats
maybe |ocated in the cent r%ﬁP&g?’?Sb#lgAp%gses S%\‘”@ﬁé%ﬁ%@?ﬂ?@egi’f, whi | e

ot her conponent s, 2izGfsur@iberse devides gychlay aititledyioe missflesd42) AReS, theisé-tusdmy be
di sposed within tJﬁ%ctﬁ} I turved 842 itself or lﬁ%'teween t he segnents. Such

i so-truss structures also nay eﬁéne’ﬁfrfqris{}e@cf’rﬁﬁ?s 108 RN sHpPROTALAR OUlgRd ot her

conponent s 16f  t heskin, aed &f ihteriRefoédntaiing Gthérliems OPhud BR il EEd’l{cﬁﬁ‘eﬁtﬁ}scri bed
above al so maybe utilized in aerospace applications, such as wt

satel lites or ot HEVidssisrengthyandilight weightswiighis particularly useful in aircraft or
airborne applications. Referring to FIGs. 892 and b, an iso-truss structure 842

may be included as part of the fuselage of an aircraft. Passenger seats may be
located in the central void or space of the structure 842, while other components,
20 such as wiring, hydraulics, fuel lines, etc., may be disposed within the structure
842 itself, or between the segments. Such iso-truss structures also may be
utilized for wing structures, and other components of the aircraft.
Referring to FIG. 90, the structures described above also may be utilized
in aerospace applications, such as with satellites or other orbiting structures 844.
25 The structures may be collapsible/expandable to optimize limited cargo space.
The structures also may be partially formed, such as a braided preform described
above, and finally formed in space.
Referring to FIG. 91, iso-truss structures 846 also may be utilized in water
tower applications.
30 The iso-truss structures can be used in buildings and constrction.
' Referring to FIG. 92, a roofing system 900 can utilize iso-truss structures similar



25 The structures may be col | apsi bl el expandabl e to optim ze |im tag &8 2004
space. The structures also may be partially forned, such as a braided
preform descri bed above, and finally formed in space. Referring to FIG

91, iso-truss structures 846 also may be utilized in water tower

appl i cati ons'®%4'%Re i so-truss structures can be used in BGFUERIS¢and
construction. Referring to FIG 92, a roofing system 900 can utilize

i so-truss structures simlar 30 Decenber 2Qg@4 WO 02/ 10535 45

PCT/ USO01/ 23636 to those descri bed above. Inclined or horizontal iso-truss
structures 902 cato fhosedesdribadabdve. BidRRAlor horiZoRal is8Qhss Makiuteg 9h2 tmTodnf USS
structures 906 cag be used | utms t o support the roof inclined

S CcO ]
i so-truss structu Simsifﬁﬁ':‘ppf’ﬁé‘rf’%fi?of‘r Yerical J5oqtpgsy sEuctyrps R06 ¢pmpe ssed 8higt h, and
is light weight. Bolings icS@ppditiss oot idfhddi&SinGe MrReunbieRe, | Sq6d S, Dboats
and ships. Referring, to F?ISG 93, a ka‘ya‘li 910 can u%klsgl??zgﬂ?iaéggﬁlﬁég | SO-truss
structures as des®Vissstrughual strengtly, padhis lightoweight. be forned by an i so-truss
structure that tappersy@d;& ' LI, 914 nb or.med over
the frame 912. A portiglﬁélgfﬁ[si#égﬁ%%é&ﬁ)%g?%dg%v0$8§,ﬁga§%fﬁﬁsée£ew%e
removed to al | ow ol6s83,iakayeki%i6 cheytilize RibPing 10-tars stalctupey d desctib&r ' s body to
extend through thgoofvga Ny 'lzand%eintnto Lhe hollow of the frame. The
iso-truss provide& St UdTHAl 2 S¥F RHIGTRed by anyie-truss sikuctyp ihakiaprsrsAf Pefbng space

on the interior ferd thekipashelhgbs canBef@ied bgertif flnt 9194 A Forb@ drdideue!
i so-truss_, structure 918. The solid rocket fuel

rocket 917 is sho ?’H a t
can be di sposed a%@tﬂvlma Lol Bfisarustan b gemayed topallop aseess ipfrethe kayak Pl@s can
burn as t helor ocke&ndfauexlvtﬁ&kis@xssbdd‘j}%eﬁéﬂdrﬁ:ﬁﬁ%]*tﬁgﬁfaﬁlsbﬁf!%?(fg{?&ﬂ&%ol?%i&?ﬁz

The nozzle 919 can he configured to travel ong the roc
fuel and iso-trusigeBans. Th@ﬁ'é‘ﬂwsmo‘tl@sW@mfels,trcwhmﬂlékayak,adfhileeef 920 can

be created using @oRkikaldck (Tl structures 922. The iso-truss
can be wei ghted s%ot?uaggétc )shllm%smtt%&tfﬁéﬁes%segg?rtom of the sea floor. For
exanpl e, a wei ght 924 Refamitg toFIGIHca edlid, fuelavckbies 1ti sohadvithenafemr@gd of the
| so-truss. The ot o be .free exiend u rdl fromthe sea
floor. Thus, the sﬁ?@%&ﬂé’s@%@ﬁ?@?’fhéﬁﬁ?%’%@SR%E‘)(/\%@“U&W@HWGE@Fi on, and
dropped ovdbboar dso-GesseThé isbSass dahl 56k HeGhKeLBe DR AuSARREE f‘élﬁH%t her.

The iso-truss struci{ture.s carrll be formed with an environnental Iy friendly
epoxy to rocket casings. The nozzle 919 can be configured to travel along the rocket 917

as the fuel and iso-truss burn.

Referring to FIG. 95, an artificial reef 920 can be created using a plurality

of iso-truss structures 922. The iso-truss can be weighted so that it sinks to the
20 bottom of the sea floor. For example, a weight 924, such as concrete, can be

attached to one end of the iso-truss. The other end can be free to extend upwardly

from the sea floor. Thus, the iso-truss can be transported to the desired location,

and dropped overboard. Several iso-truss structures can be attached together.

The iso-truss structures can be formed with an environmentally friendly epoxy to
25 promotie growth on the iso-truss.

The iso-truss structures also can be used to transmit torque or rofational
movement, Referring to FIG, 96,-a drive shaft 930 can be formed with an iso-
truss structure 932 similar to those described above. The drive shaft or iso-truss
can be rigid or flexible. One end of the drive shaft 930 can be coupled to an

30 engine or transmission 934, while the other end can be coupled to a transfer case
or wheel 936. Such a configuration can be useful for vehicles. It will be



25 pronote growth on the iso-truss. The iso-truss structures al So36®cdsher 2004
used to transmt torque or rotational novenent. Referring to FIG 96, a
drive shaft 930 can be formed with an iso- truss structure 932 simlar to

t hose desch‘pegzﬁabove. The drive shaft or iso-truss can be rigid or
flexible. O ¥t the drive shaft 930 can be coupl ed tBCEIHS§63@ﬁgi ne or
transm ssion 934, while the other end can be coupled to a transfer case or
wheel 936. Such a configuration can be usefg4l for vehicles. It will be 30
Decenber 2004 WO 02/10535 46 PCT/ USOI/ 23636 appreciated that such a drive

shaft can be used apprecibiod thabgieh b ditvd $haf cathbeNRbd in Jlikr agisifthtidrdRs whil€n
i so-truss can be ua d for drills, such as oil, water and mning drills. In

such a confi gur at #8H1oRy ke iserirussan broused s dels. suchas ¢ili water andimhiniag dhilds. ot her
end is coupled tongcHhichhidirdtod! : ri 2 7 .shock
absorber 940 utili zesc gr? [ s%i-r itlrou’s%ngg%‘?gggtbﬁr%gﬁq%ﬁ% avc\?itgﬁtl’ ﬁ'gﬁé%gﬁ‘eﬂ%@ﬂ%r S.
Thus, the iso-truseuriedtoedmillditoaputteonpress in a | ongitudinal or axial
direction togabsorb sh 1.0 afdigti o bl ad 44, such as a gas
filled bl adder, can beﬁgég?ﬁigg%cﬁ#?rgﬁ’t%%b?@%? r?ff;bgbu 12 AP ISTgTHRS €98, an
i so-truss struct uP€2 980 noaxiabmemtend. i Thus,elk ivé-triiss sklicthielchn tdrgprebssegt i ons 952,
and a flexible segti 954 to forma,jqint.. The rigid sections 952 can be
formed with axial P"%éﬁ‘gdéfr‘ag"? sital SfFdof s st shock: 6#?‘31}*1%? Pladdas 844, sackyi bl e
section 954 can bas £ gasfitldd blallden Wan bé\@isposédin theRRgns. for flexibility.

Referring to FIG 99, rﬁ tank or pressure vessel 960 can include an iso 15
truss structure 962 i NGRS G Bhen igdmss strtchire 250 oan b c@diguied wiibr ned. The
tank or pressur epdRssRlsc@fRifs 6N kIR ' Sink Pl gsq0r gases.
Referring to FIG 100,§ﬂa gea? sf/stem%@%e%éﬁ{cf{’%%géstgg&gﬂaﬁ]roat‘i ‘tﬂ@e?ﬁ'dgears 972
formed of i so-trui§HiensS32 cay kedomrdotithrasizhinemberd fersy fiaes ondgiding wWhie theThe
exterior nodes Ofj,iig 72 or iso-truss structures internmesh. 20
Referring to FI Gs.elolgl&gﬁ%%f(g)lb, i npact barriers 974 and 976 can include
i so-truss struct wasbe foimed withett thessiab inetibén fe feabilke oriented to be

i npacted axially or | i t.udj l y. as. shown in FI 101 a, or laterally,
as shown in FIG 101@{1&%1?%%&%99}/% # tapk egpressureyessgbO60ran include an ispact

barriers caf i ncltdestneneomriasmidlst HRIA6iAhtcrist el ¥ if AT “hRAgsSd i N

and/ or around the iso-truss
_ Or pressure vessel 960 can contain fluids, such as liquids or gases.

Referring to FIG. 100, a gear system 970 includes a pluzality of gears 972
formed of iso-truss structures which rotate and engage one another. The exterior
nodes of the gears 972 or iso-truss structures intermesh.

20 Referring to FIGs. 101a and 101b, impact barriers 974 and 976 can
include iso-truss structures. The iso-truss structure can be oriented to be
impacted axiall); or longitudinally, as shown in FIG. 101a, or laterally, as shown
in FIG. 101b. Referring to FIGs. 102a and 102b, the impact barriers can include
a compressible material, such as foam, disposed in and/or around the iso-truss

25 structure. In one aspect, the foam material 980 can form a shell around all or
some of the iso-truss structure, and between the internal and external nodes. In
another aspect, the foam material 982 can be disposed in the interior of the iso-
truss structure.

Referring to FIGs. 103a-c, the iso-truss structure can be elongated on one

30 side, or in one direction, to create an elongated cross-section . Such configuration

can be better suited or more efficient in applications where one direction has



25 structure. In one aspect, the foammaterial 980 can form a shel3hpre@sdd2004
all or sone of the iso-truss structure, and between the internal and
external nodes. In another aspect, the foamnmaterial 982 can be di sposed

in the interioor Qf the iso- truss structure. Referring to FIGs. 103 a-c
the iso-trud Y%t ure can be el ongated on one 30 side, PEFUPH/23HE
direction, to create an el ongated cross-section . Such configuration can

be better suited or nore efficient in appl4gxcati ons where one direction has
30 Decenber 2004 WO 02/ 10535 PCT/USQ /23636 47 preferential |oading, such

as a floor joist.prdfeentidndadig aich e f607 joiaY Thel bdfR6R06N canthavediseaht
properties in different directi onf, s&rt hat the iso-truss can be configured
for the | oads of AP ProRFilFs ig dferend dirgshionsrsaithaidhe iserimiat 628 e capfigwiedi n

FIGs. 1 03a-c ar efosthBldads of 4 baflillar hfptbAfpS 10 5 the iso-truss structures
descri bed above and illustrated herein, Some of the segnents of the
hel i cal conponents havidegefigueatiorsghown inkIGs. 108spetetsimiarimmanytekperts fo or  have

2 greater | sngthud foGher Ao ie sRLAIAER SHHRLISERLEN s apdhtion  the

angul ar orientation between sone adjacen S
greater. Referri rrggmantsofthe Helidel comporenty hbvateeeelongatddrwittresdectu6 ther € 1000 i s

shown. 10 Sone lical, c ents include | onger segnents, K 1002 and
shorter segnent g)hfg]oﬁr@%e% eeﬁEegf%gBﬁ’gﬁné?ﬁtﬁmea‘?lm@FEg§r° SEFHn dp 2dditigfe . For

exanpl e, the helthcompulanatienetien bewbl somia ladje D cHitifl 3BT ERGter.
Q her of the helical conponents include

rectangul ar cross sec}ipnal . 1
| arger angl es 1006 be Wgéﬁﬁgfqg%ﬁ’%@E]Pt@%ﬁﬁ%s%ﬁ@fesMN&#lomgl es 1008
bet ween ot ier adiSae o ths AeNRNopohduslifcldERhSer Qeg‘iﬂeﬁfQ@% ﬁf??sﬂ&]‘ilerc ross

elica

section. For exanple, the rotated and rotated reverse conponent s
can form the di afENEHAPR woatprreetangulas atoss sRetianal shape. tRor Brafipld @b, a ten
ated to have a nore

node iso-truss shLuetdia Q Lch is.elo

el liptical shape. Tﬁe&hgja%%%ﬁd%%ln%o %‘fﬂ\é\@%&gr%o%%éec Bjarcyoss sechamls of

di f f erent | engt hshapan@the) ofithe edira nompmghe sndhele\egdr aB=AT{08 befkices QBENT S.

For exanple, the | C and reverse heli conmponents can forma first,
el ongat ed pent ag%ﬁgéf%tlsg,ém\eﬁf’ F‘é“eﬂﬁélse%“ﬁ&'féﬁﬁddmw cg adipcsyisegmenth & i cal
conponent sleorma*e:ﬂea:dhdm,ondaklﬁpgiadr@gisaﬁiah_amx&ggﬂ;mmt&gﬁm?% r formthe
elliptical shape. In @Edition, t he helical conponents have five segnents

formng a single®” SHEPRPPRFNE Gopiopn he diamendshaped cross section.
Referring to FIG. 103b, a ten node iso-truss structure 1010 is shown

which is elongated to have a more elliptical shape. The helical components can
have both 1) segments of different lengths, and 2) different angles between

20 adjacent segments. For example, the helical and reverse helical components can
form a first, elongated pentagon 1012, while the rotated and rotated reverse
helical components form a second, elongated pentagon 1014, which together
form the elliptical shape. In addition, the helical components héve five segments
forming a single, substantially complete rotation.

25 Referring to FIG. 103¢, another iso-truss structure 1020 is shown which
has multiple cross sectional shapes. The structure 1020 can include both
rectangular cross sectional shapes, and elongated diamond cross sectional shapes.
The helical components have four segments per rotation, but utilizes three helical
components for every two helical components in the typical structure.

30 The iso-truss structures described above can be utilized in other

applications as well. For example, the iso-truss structure can be included in the



25 Referring to FIG 103c, another iso-truss structure 1020 is showpdabhsdh 2004
has multiple cross sectional shapes. The structure 1020 can incl ude both
rectangul ar cross sectional shapes, and el ongated di anond cross secti onal

shapes. The helical conponents have four segnents per rotation,
utilizes thP€e”¥cal conponents for every two heli cal Bﬁ'ﬁ’ﬂﬁﬂgﬁ@g in the
typical structure. 30 The iso-truss structures descri bed above can be

utilized in other applications as well. Fag exanple, the iso-truss
structure can. be included in the 30 Decenber 2004 WO 02/ 10535 48

PCT/ USQ | 23636 naghasbbf sbdapaith manrboapls@ﬂabreecp UrHe@4b-tnR6 sificBure dielifPudeli USS
structure can be i.ncl uded post with a flag coupled thereto. The

i so-truss struct url® agﬁgtp?féwftgélﬂéﬁé‘@]lplqdﬁhﬁetﬁeﬁh@SMEs sipiethrefcambeingludtser s

attached thereto. ik fshdst fith ioShkhberk MithidWedlo W ap My be di sposed
around the 5 structure a skin may strengt?ten the structure, prevent

climbing, and/or be a&stdditionc skitheovesiog or wsp nmyrbudtspmsedaﬂbaﬁd:mbbed above

also may be 4tiliz 9 exa cr may be
poured or otherw sgg%t%rrgng%hqb%ltqﬁ%y nélﬁ e%? W@&G’BWH%G’“HHB’I a“fj‘f%ég? nteri or
of the structur esaesm%tlirhe |so truss structures have been descri bed above

with particular refer ei % ngde structure in which the helical
conponents have four "r‘é‘? ﬁs ﬁt‘r‘gﬁ SSoHRSE 3PNy alsodnay e atilized;ip rednferce ot at i on

about the axis. | boncSet@fForéﬂﬁtﬂ@cbﬁlﬁJ&é ik Béipt;lﬁ’ﬁor%m%sé;ﬂ%&%%a{ﬂag n can be

useful, including for exanp structure with five, siIx, seven, nine,
twel ve, etc. node§tr“°‘l_"5°SI'%“dr‘ga%@ltbéuﬁmpﬁﬂ@é@lqhhw the above-descri bed

arrangenenti® are only THdildigts ddoiGe av&ggeng‘ﬁ%hg&g& P?Wq%g%l%\e}gg‘“ nci pl es of

t he present invention. Nunmerous no Icatl arrangenent s
nmaybe devi sed by ¥efsense tosdy ftlghédodenitmttarean whish techelical e@apdrieng hivedbut he

spirit and scope gf i nvention and the ded clains are
i ntended to cover altghﬂger%ﬁ&??ca%r &S UIBk GorBplets Fot ?@@%‘B&& e 2§, JE1s ohhi | e t he
present inventi omdum%@nomhmﬂieﬂcdxiﬁgmdﬁm&%‘éus&‘ﬂdmﬁwi f&%i&h#l@ed above

wi th particul arrtéﬁ_Il nd dﬁ%ﬁ in connection with what is presently deened
to be the most practicar: e, Bae.dweisaictenedss) of the invention, it

will be appérent to thns&)Wmﬁéﬂbwﬂﬁtmékﬁdvk-dbﬁnﬁm% erh iR ard I OUS
nodi fi cati ons, |nﬁl udi.ng,,. but not limted to, variations 1n size,
materials, shape, usirative of the application of the pnnmples of the present invention.

Numerous modifications and aliernative arrangements may be devised by those
skilled in the art without departing from the spirit and scope of the present
invention and the appended claims are intended to cover such modifications and
20 arrangements. Thus, while the present invention has been shown in the drawings
and fully described above with particularity and detail in connection with what is
presently deemed to be the most practical and preferred embodiment(s) of the
invention, it will be apparent to those of ordinary skill in the art that numerous
modifications, including, but not limited to, variations in size, materials, shape,
25 form, function and manner of operation, assembly and use may be made, without

departing from the principles and concepts of the invention as set forth in the
claims.



25 form function and nmanner of operation, assenbly and use may begiRESaber 2004
w thout departing fromthe principles and concepts of the invention as set
forth in the «clainms. 30 Decenber 2004 49 Clainms: 1) A structural nenber,
conprising: a) at |least two, spaced apéﬁl , helical components each having:

1) a common |ongitudinal axis, 2) a common angul ar orientation about the

axi s, afda®s:at | east four elongate, straight segnents rigidly connected

end to end in a helical configuration formng a single, substantially
conplete rotation about the axis; b) at |east one reverse heli cal

conponeri), atA stcunterakmemher, gompegieg: t wo hel i cal conponents, having: 1) a

common | 0ngi Lk Rak: G itk Bobiihdibal Aok oleh g component s, 2) an

opposi ng angul’ar orientation t fet wo' el i cal conmponent s,
and 3) at |east fdldra@hn‘ﬂ@alpegltlshnaaﬁglhi segments ri gi dIy connected end to

end in a helical 59 o1} Mo TNI =) cﬁd:a?a fo?n(emaﬂgnﬁplédt@ gmss%lastantl ally conplete

rotation about the’ axis an Ical and reverse helical
conponent s have caat irastifous eloagate, slraight srgmentmdgidiiecoanected endidéod eodlin and

reverse helical Q{éﬁ@é?%@ﬁ@ﬁét%ﬁ%ﬁxﬂﬁé‘ﬁf@, ng‘ié %E%t?@%ﬂ§ gﬁ@p%ie #o‘iﬁt%h%ﬁ%f;{

| ocations by over-lapping ers o reverse
conponents. 2) A $Xisuctural nenber in accordance wth claiml, wherein the

hel i cal CO"D%Q tl%asthrfnér?Qv n%%heam&ﬁﬁad At ﬁé@%'ﬁb'é{t ) mﬁw@& helical

mat eri al structural ne in accordance wth clarm1, erein
hel i cal corrp@ﬁé\ﬁpﬁeﬂtél.é'f&vﬁ'@ openi ngs there between. 4) A structural rrenber

| n accordance wi 1) glcaixoh IR oREW the SOTRANGE S AFLirifoneAh, | ™R nary

t ubul ar nenber uare cross section tructura
accordance with ¢ |2é|amoppossm angifarcasieptation Mgth regpesgt to tha dwo helical sprapenendpart
rotated helical c%rﬁgonents attached to and rotated wth respect to the at

| east two helical n’Ponent s and at |east one reverse helical conponent,
each havi ng: 3) at least four elongate, straight segments rigidly connected end to end in a

helical configuration forming a single, substantially complete rotation about the
axis and
c) wherein the helical and reverse helical components have continuous strands of
fiber; and wherein the helical and reverse helical components are attached to one
another at intersecting locations by over-lapping the fibers of the helical and reverse
helical components.

2) A structural member in accordance with claim 1, wherein the helical components

define a hollow interior substantially void of material.

3) A structural member in accordance with claim 1, wherein the helical components

define openings theré between.

4) A structural member in accordance with claim 1, wherein helical components define

an imaginary tubular member of square cross section.

5) A structural member in accordance with claim 1, further comprising:
a) at least two, spaced apart, rotated helical components, attached to and rotated
with respect to the at least two helical components and at least one reverse helical
component, each having:



30 Decenber 2004 50 1) a common rotated longitudinal axis, 2) a coometember 2004
angul ar orientation about the rotated |ongitudinal axis, and 3) at | east

four elongate, straight segnents rigidl_y connected end to end in a helical
configuration formng a single, substaﬁéi ally conplete rotation about the
rotated axis; and b) at |east one rotated reverse helical conponent,

attached to and r di atcechmen etatediopgitudinal axise at | east two hel i cal

conponents and at ol IS i ; Woleh a common
rotated | ongitudi g&‘ﬁ%gmng&%\rigﬁh’a?r?z|82ﬂt%ﬁ+r'leg§t%utttr\?,\%[5?é§§'§[6 @glt@%lc%gis’ and
conponents, 2) an 3gpsshipunpigubale, sirdighitsegmentisiigidly cespenied eod thend woa

rotated heli ¢alicn GRNR kS, e L al

segnents ri g?‘gpcalconngucr}?{e?&f g%@“ﬁ%aaenﬂ{giiéﬁ g‘%sﬁge'ﬁ?@aﬁb@@% gﬁ%azltbﬁgé]@%rﬂr}leng a
si ngl e, substetatedaxisyaaédnpl ete rotati on about the axis. 6) A structural
menber in acgyrAanss Md fotated! Byvarse HalS! Bo ggn(%]rﬁngﬁédﬁgh ng| a@i"rﬁtaf’%drzftﬁe
rotated | ongi tudinal axis are concentric, and the segnents of the helical
conponents fesPechip itheaglt reasy twabhglisel aenpenentmand (ptalegstoore gevarseheligal an
ei ght - poi nt edyghafent ‘Havihgst ruct ural member in accordance with claims5,
wherein the |ongi tué’l nal "axis and the rotated |ongitudinal axis are
concentric, and tHeé aseynwangotatedriangitudiag)i s yithube| airieastewperotaied ihelicad
cross section of ty¥RLHsMkIAEes having a comon |ongitudinal axis, but with
one square rotated wth respect to the other. A structural nenber in_
accordance with clhiah apPasiig: Aegulaioatientaionsgwith reenast o dbe twat rotaied dieligal an
end of the helicalopgamanenn to attach the helical conponents to another
object. 9) A structural nenber in accordance with claim8, wherein the

hel i cal conponent $) ahlgast fedhelPngriassteigdsegmentsrrididly coanastethendimenhiv @nd

plate is attachedpBicanaitigDeatioh REmfrR 4 isi'ﬂH%‘,J§ut§sﬁ£rﬂ‘iaﬂ&5%&ﬁ?léf‘e%gatiﬁﬁ aHBG thée

end plate. 10) A structural nenber i'n acCordance w' alm wherein the
end plate include8Xl& perinmeter, a plurality of indentations formed about
the perineter to receive strands of fiber, and a plurality of holes to

attach the end plate to another object. 30 Decenber 2004 51
6) A structural member in accordance with claim &, wherein the longitudinal axis and the

rotated longitudinal axis are concentric, and the segments of the helical components
form an imaginary tubular member having a cross section of an eight-pointed star.

7} A structural member in accordance with claim 5, wherein the longitudinal axis and the
rotated longitudinal axis are concentric, and the segments form an imaginary tubular
member having a cross section of two squares having a common longitudinal axis,
but with one square rotated with respect to the other.

8) A structural member in accordance with claim 1, further comprising:
an end plate, attached at an end of the helical components, to attach the helical
components to another object.

9) A structural member in accordance with claim 8, wherein the helical components
have continuous strands of fiber; and wherein the end plate is attached by winding
the continuous strands of fiber around the end plate.

10) A structural member in accordance with claim 8, wherein the end plate includes a
perimeter, a plurality of indentations formed about the perimeter to receive strands of
fiber, and a plurality of holes to attach the end plate to another object.



11) A structural menber in accordance with claim1, wherein the hagbipgadmber 2004
conponents -and segnents forma repeating pattern of triangles and
tetrahedrons; and further conprising: % connector, attached to the helical
conponents and segnments, to attach ot er objects to the helical conponents
and segnents, the connector being elongated and having a substantially
triangulldy, d sisuctyaonemhel insicaprdantehwititdaimett or ext endi ng through at

| east two of ffaeeih rtfr}%‘ﬂgllc% cBr‘Pu@H?‘r‘éjﬂ?%n& g rlﬂghqscféxlm %Oﬁé\ﬁg&ﬁ%t Satféheo? GRNBIRES -

12) A structural i'n ac Ance  wit axes~are
vertically @nddetrawdrans) angdfurigadcangprisingached to a support surface, and an

upper end is |0caae§%nr%t3@feaﬁ&9\ dlfB e b e%afro %r‘lﬁrﬁ@% '&?|%%E§QO%% er

obj ect attached to rou onsistrn
si gn pl acar d ofiariebiestsi t@utlae h%llcab«rqmmmats andi Segmpntsmﬁbmnneetnr bejog eumgasteuol d

utility linegpg glvfng SGBQ;FJ iShy ﬂ'l%)\%lﬁarsudégts‘éf:ﬁdr}.'aﬁ% thd* 8 e!ct%'r @Qtenal)ngat

| east two, space I Ca onents eac

| ongi t udi nal tkrugh a ?a%t M@@ﬁtm taarg;!ﬁ%lﬁorfneq! éhtf@th&bnalabmﬂonemte aadlsegmantd 3)

at |east four elongate, straight segnments rigidly connected end to end in a
helical configuration formng a single, substantially conplete rotation
about tH&) af strugiyrahmanabest incarsordanee yéthhelaing vdmipionibat axeat aractastically t he

at | east twoghehicgdh uommme%ché@w 29up &cgn SurRRETRY EHQ%PEPQM‘@ loB3tbd

with the at l'east two hell cal nponent s, an opposi ng
ori entati on APPYe fedpwer ends atrldé‘unftbﬁ In@udlegalan@fbﬁpolmeoh@tachamcb Bie uitper endt

out | o onga! ReloBlolitdii ihe SRS O ¥ SOFBREARAVED thodh & lotdbnf ulifty| o2

configuration formng antla ete ro I on abou
axis; c) at |ﬂe%:@hertcabflg%ﬁhtpéwl@pwﬁxIln%oaaglat@onme; cal corrponents attached
to and rotated with respect to the at least two helical conponents and at
| east one reverse helical conponent, each having: 1) a common rotated

| ongi t udfhal Aa‘éiiufftur@)m%nfé‘%fnﬁﬁmpfml ar orientation about the rotated

l'ongi t udi nal 5 léast"{’\%idsﬁgcggﬁ @Q&m?gnezﬁ%@%%ﬂ ffbitg:f our elongate,

straight segnents rigidly connecte
1) a common longitudinal axis,

2) a common angular orientation about the axis, and
3) at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially compiete rotation about the
axis;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and
3) at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially complete rotation about the
axis;
c) at least two, spaced apart, rotated helical components, attached to and rotated with
respect to the at least two helical components and at least one reverse helical
component, each having:
1) @ common rotated longitudinal axis,

2) a common angular orientation about the rotated longitudinal axis, and



helical configuration formng a single, substantially conplete rog@aDe&mber 2004
about the rotated axis; and d) at |east one rotated reverse helical
conponent, attached to and rotated with_respect to the at |east two

hel i cal conmponents and at |east one revérse heli cal conmponent, having: 1)

a comon rotated |longitudinal axis wwth the at |east tw rotated heli cal
conponents, - 2) &h abjgastiow elongaleastraightesagmeantsrigidlylvonesgied end to ehe in ao

rotated helical gagpgusn Tatg:'ﬂ?%ﬁrﬁrﬁ%‘gish%ges,tsH%ﬁgﬁtiq‘ﬁb%'lgﬁk?e ro?%tfoﬂia%g t the

segnents rigidly connected en Ical” contiguration Fmng a
si ngl e, subst ant i &taiedodxigslaetde rot ati on about the axis. 14) A structural

menber in a%?ragﬁagﬁ Yhd RotGledl Bvirde M@E&Pwmh@ﬁ%rlt,oﬁﬁééh‘éqi f&ag?@)?ht%t(%nﬂnitht he
rotated | ongi fudinal axis are concentric, and the segnents of the hell cal
conponent s f éespegh o iegyiabdegst ttiwbubelicalneompendny iand &t leasisong gevérem heficaln
ei ght- pointeg Bﬁéfg} ﬂa'i)ingé‘ structural nenber in accordance with claim13,

i nal

wherei n the Iowgitu axis and the rotated longitudinal axis are

concentric, and tHe a&egnmensrofatedniongiticingli axis witht rbLAtdeastetmocrotdted inetical
cross section of %pﬁﬂé‘rﬁ&es havi ng a common | ongitudinal axis, but with
one square rotate th respect to the other. 16) A structural nenber,
conprising: a) at 2)e¢#sPprasing epaulerdodgiation hihireapeat dopgbedwosrotated Hetisdlng:
1) a conmon | ongi t:Hgh Bﬁ%nt@,xain%’ 2) a conmon angul ar orientation about the
axis, and 3) at Ieastp three el ongate, straight segnents rigidly connected
end to end in a Reatlegst bonelogoatat staaighttsegmentserigidly snengotaccese thend e

conponent, attacheds &k ioh $&HH; Rl | i.ng, a
comon | ongi t udi nglg_hégiics %uﬁgtob he ar%é %’g@%’ tg &m%t%rgllg?%ng@ﬂ@g{ﬁpsrgtnégﬁi{g pg'it)tﬂ%m
opposi ng angul ar @&KEentation with respect to the two . helical conponents,
and 30 Decenber 2004 53 3) at |east three elongate, straight segnents

rigidly connected end to end in a helical configuration; and
14) A structural member in accordance with claim 13, wherein the longitudinal axis and

the rotated longitudinal axis are concentric, and the segments of the helical
components form an imaginary tubular member having a cross section of an eight-
pointed star.

15) A structural member in accordance with claim 13, wherein the fongitudinal axis and
the rotated longitudinal axis are concentric, and the segments form an imaginary
tubular member having a cross section of two squares having a common longitudinal

axis, but with one square rotated with respect to the other.

_ 16) A structural member, comprising:
a)} at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
2) a common angular orientation about the axis, and
3) at least three elongate, straight segments rigidly connected end to end in a
helical configuration;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,

and



c) the at |east one reverse helical conponent form ng an angl e W b DeesReb004
to the at |east tw helical conponents greater than 60 degrees. 17) A
structural menber in accordance with claim 16, wherein the at | east one
reverse helical conponent forns an ang‘ﬁe wWith respect to the at | east two
hel i cal conmponents greater than approxi mately 75 degrees. 18) A structural
menber in accor dandetigashircéationgde, straigidisegmants rigidly carnectedpamnicotend in a

i ncl udes at | east ﬁéﬂe%' c%hf?@.ﬁé‘ﬁo%’ ﬁ&rai ght segnents rigidly connected end to
end in a helical configurati on” £0f m ng a single, substantially conplete

rotation abou) théret leastnelreyerse hilical sbmpstend dorring amenblerwithcrespedt 0 trgx ata)
aL | east L oo s3G5 goitaRimpdiEhicba P IRAMNG GRS having: 1) a comron
a conmnon alar

| ongi t udi nal axi s, a orien 1on about the axis, and 3)
at | east three elongate, straight segnments rigidly connected end to end in

a heli Cléfb COOEHGLULA hRMbePn %chdrgélfée Wit? clafn{ 9% ﬁrhEFéiri tR atil%gaocyheen}everse
attached to the at least two helica conmponent’s, havi ng: a connon
| ongi t udi nal helital cpmpanentdorms areargle with raspect td the atfemstimtosheli2! compmppoisi ng

angul ar ori erqr@étgpmawaéﬁogﬁgﬁﬁgtggtg%g;&gtvvo hel i cal components, and 3) at

| east three €longate, nts' connected end to end in a helical
configuration; and c) the helical nenbers being laterally flexible, and are

pendabl o ghet v Sifictins fehider in 58drBAGHY wit i 18, Whellih Sch PRI E3niBbfient
substantial ly straight; and 5) a second, arcuate position Irnwirc Ae
axes are subdgndydssaat lgasifeuraalengate)stmight segments rigidiyisenndatechend taland én @i t h

claim 19, wheggidich upﬂor?@ﬁniﬁ@%ﬁﬁ% §E9§t§ntiaﬂggémrﬂ%ﬂﬁ.{égﬁog¥ﬁ]n%Sjgﬂ%ﬂe a@iscuat e

position. 21) A structural nenber accor danc erern the
helical menbers are rotationally rigid about the Iongitudinal axes. 30

Dece”beﬁggoo‘}\%ib?@l;tr@?ur%{rﬁﬂﬁmb@r,%BFnPﬁ%iH al menber, conprising: a) at |east

two, spaced apart, helical conponents each having: 1) a common arcuate
axis, 2) a céableashiyal snaced apart.dielienl cappanentheaelxhavingind 3) at | east three

el ongate, strai ghty)gegmrsiohdifliafllay a@nnected end to end in a

2) a common angular orientation about the axis, and
3) at least three elongate, straight segments rigidly connected end to end in a
helical configuration;
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and
3) at least three elongate, straight segments connected end to end in a helical
configuration; and
¢} the helical members being laterally flexible, and are bendable between:
1) a first, straight position in which the axes are substantially straight; and
2) a second, arcuate position in which the axes are substantially arcuate.

20} A structural member in accordance with claim 19, wherein the helical members store
energy in the second, arcuate position.

21) A structural member in accordance with claim 19, wherein the helical members are
rotationally rigid about the longitudinal axes.



helical configuration; and b) at |east one reverse helical conpongptDecember 2004
attached to the at least two helical conponents, having: 1) a conmobn

arcuate axis with the at | east two heli.cal conponents, 2) an opposing

angul ar orientation with respect to théwo helical conponents, and 3) at

| east three elongate, straight segnents rigidly connected end to end in a

hel i cal 22dnf iAfLArgugtesiructglal mesihencrommisingenber i n accordance with clai m 22,

wherein the aJ)%Pl%}é@ttﬁf@?&%ﬁ apsh,rr%ﬁlﬁrcoﬁ@@e.gﬁ%faewﬁwﬁ | menber in

accordance with clai m2Z, erein each cal conponent includes at | east
four elongate, strldiagiemneeiyarcHete axisgi dly connected end to end in a helical

configuration form)aGetnidd g‘?ﬂar%r‘i@ﬁfaﬂgﬁ ia%dﬂhé:ﬁﬂ%’,la‘?ﬁe rotation about the

axis. 25) A structural nmenber” in accordance with claim22, wherein the
arcuate axes i ncl ddét lgastthren elengajatsiieight seaments irigidet eannesiedemd teendin ar e.

26) A tapering stIdGidieanfigiRatloR! angOMPri sing: a) at least two, spaced
apart, helical conponents each having: 1) a common |ongitudinal axis, 2) a

common angul & rleas afe davaise helieal ecampanent rattagheditto | thasat telasetwe hsticalt e,
strai ght segrBpbhenédtdimthhgeonnected end to end in a helical configuration;
and b) at |east one reverSe helical conponent, attached to the at |east two
hel i cal conponentl3a qemmqrgarcqqte@wom&ge|abi$gs&tweih¢a¢algsam§omnth the at

| east two heli cal ; k7 ' ' i
reapect to the twe parTRe g andlarticARRGT WA (B & I NG BETEL BTG ot
three el ongate, s@Plight segnments rigidly connected end to end in a

hetical configuragj anleagotpﬁééeeuér?g%fﬂa%g@gﬂt s@éﬁ?&t@ﬁ%@ﬁ%onﬁ@&@ﬂ%ﬁﬂ% end in a

sequentially reducing in | ength along the "axes s that the structural
menber tapers andhelpal gprdigeraiiophe helical and reverse helical conponents
have conti nuous strands of fiber; and wherein the helical and reverse
hel i cal conponents are attached to one another at intersecting |ocations
by over Z2Bhppnrygierat mesiber dn qogardars wilh elpien 28y sheeein the arcuate axes are

circular.

24) A structural member in accordance with claim 22, wherein each helical component
includes at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially complete rotation about the axis.

25) A structural member in accordance with claim 22, wherein the arcuate axes include a
first curvature, and a different second curvature.

- 26)  Atapering structural member, comprising:
a) at least two, spaced apart, helical components each having:
1)a cbmmon longitudinal axis,
2) a common angular orientation about the axis, and
3) at least three elongate, straight segments rigidly connected end to end in a
, helical configuration; and
b) at least one reverse helical component, attached to the at least two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2) an opposing angular orientation with respect to the two helical components,
and '



helical conponents. 27) A structural nenber in accordance W th chapD@eher 2004
wherei n each helical conmponent includes at |east four elongate, straight
segnents rigidly connected end to end i’}) a helical configuration formng a
single, substantially conplete rotati or”about the axis. 28) A preform
menber, conprising: a) at |east two, spaced-apart, helical conponents each
having: at |east tdimbisastiinemelongatesitaighd segrdents rigistly connected|dndab end in a
configuration; anq\eﬁéai%nﬂigﬁﬁéﬂonone reverse helical conponent, attached to
conp

the at |least two helica ohents, having: at |east three segnents

connect ed end) the seaments af grth belicakeminapenbsdquentialiydedycind i laegth cédng the
conmponent s i i i e, i ' .and col | apsi ble until
b4 S eHinbt R8s O %@Jﬁkﬁ%&%

i npregnated w aresin nma ort menber in accordance with
cl ai m 28, whéb evhereindhe dieliesd|and ogperse ftetical jaeuipedients hever edntinyousf stendarnds  of

fiber bound tfﬂgle,té?ﬁrwh?qf@% tﬁeri’r’éli@éldajdofevfar‘%'ﬂégg%lfqﬁﬁtgdﬁ&&ﬁgﬁenéﬁgnﬁ fo one

conprising the steps of: a) providing a nman

around the manather al intaseenting lecafiersbye over-lapping thevniibene of thwl helicalrramenerse
each conponepkihaubibdomdntd €ast four elongated, straight segments, the at
| east two helical cohponents having a common |ongitudinal axis, a conmon
angul ar orientation about the axis, and formng a single, substantially

conpl et 27) " OYakin@RurdPAidntien ) 8¥ichdarich Wi BRI S63whbRAE oBLPHARk! @8mg?ﬁ%tel
in order to create at |east one reverse helical conponent having east
four el ongat &clusies At deast Seugraionaate: sireisht segoemsnigllly Devweetask erxbBMembin a

| ongi t udi nal i A d ; [ : i

opposi ng angli}lgg(!réc%}ﬂrfirgte]aéttlgﬁ ifﬁqlﬁ%%gh?%ﬁugr%@g@l %ﬁﬁ@gfégﬁ s't8 gﬁp %I%%‘a%%npl ete
rotation about the axis; d) adding a matrix to the fiber; and e) curing

the matppx. AlreriPhidiAter BoRGGAfance with claim30, wherein the step of

providing a mandrel further 1ncludes: providing a mandrel having an
el ongat ed copAkat lgagt two,mpgeed ppyit, deliead sempananiveach havingyi t udi nal |y and

radial Iy abog iebgﬁhl‘\e%rs%grrpeﬁﬁagfdﬁﬁ o R LI £ ét?eligg%nﬁgud‘?ﬂ%;%ﬂhd fiber

for at |east two, opposing i cal components, and inc our angl ed
i ndent at i ons P) @hdeasigPreed reveiRen thaligad reonfponerta ctitapksd dal the mtpleasintwo helical

components, having:
at least three segments connected end to end in a helical configuration; and
c) the helical components including fiber and being flexible and collapsible until

impregnated with a resin matrix.

29) A preform member in accordance with claim 28, wherein the helical components
include a plurality of strands of fiber bound together.

30) A method for forming a structural member, comprising the steps of:

a) providing é mandrel;

b) wrapping a fiber around the mandrel in order to create at least two helical
components, each component having at least four elongated, straight segments, the
at least two helical components having a common longitudinal axis, a common
angular orientation about the axis, and forming a single, substantially complete
rotation about the axis;

¢) wrapping a fiber around the mandrel in order to create at least one reverse helical
component having at least four elongate, straight segments having a common



32) A nethod in accordance with claim 30, further conprising the SveRc&fiber 2004
wrapping a fiber along a length of the mandrel in order to create at | east
one | ongitudinal conponent parall el 5t t he | ongi tudi nal axes; and

wherein the step of providing a mandrel”further includes: providing a

mandr el having an el ongated core, and a ﬁlurallty of heads di sposed

| ongi t udi nal |l§ngilbdingbaismtly thenateastiwo delical companeria but iman gopEsing anguwarei ve

and hold fi t?ﬁfépfa%n afndl fBAfihg E lc—P@ éﬁlgallg%l'ngﬁlte &%ﬂ%ﬁﬁﬁh@%glsat | east

one | ongitudi na nponent, |nc |ng ast si x i ndentatiohs,

i ncl udi ng t\/\/&)aﬁ@m@@ MAGE 1 ﬁ‘lelftbﬁé anﬂor each helical conponent and two

i ndent ati ons & @ridd\@elrRatgk t udi nal conponent. 33) A nethod in accordance
with claim 30, wherein the step of providing a mandrel further includes
providing a collapsible mandrel having: a) an elongated, hol I ow t ube

includingya R Wethdd h gacd?eér?c% wittP ol 89, qm@rbﬁdm@ft@p d‘.[ Spose bYa Shapsed

W thin the tube, c) a plurality of 1 nserts, renovab bet ween t he
core and t he ferthesindglgsng a plurality of holes, d) a plurality of pins,

removably di $aagRy 'a“n{ahgreh?lla?iﬁ? ofn Eﬂﬁgéﬁg%ﬁ%ﬁﬂﬁeﬁlﬁéllﬁyaﬁ%e& dsposed

plurality of heads di sposed urt I nc ing the steps
of : a) renovilgigitudigalpard farddﬁﬂvtal?euit Becosg taachdipaidrapniigwpd fte resgiveganchiold

inserts fromﬁbaﬁ f&%fe edst tWoSFHpBGéIH@ ﬁ&@alpb&ﬁgﬁmrﬁéjgghrg hﬁcl&kﬁ:‘@srobrmaﬂglteﬂe

t ube; renovi t he tube; an renovi ng t he heads.
34) A utl | i twq@ﬁt%on%dwgﬁnsieﬁgﬁdea}aﬂans fr saglhelraheemeanenter ti cal | y
oriented, having a |l ongitudinal axis and upper and |ower ends, and being
formed of: 1) at l|least two, spaced apart, helical conponents each havi ng:

i) a comrbn Angethad imaccardance sthalm(30; fisthepeemplisnagie slBi @ and ii) at
| east four ehpagi$a fbérhBhY aswto? tﬁé%%‘-dfelci?xnﬂﬁfe?qg &a&eta 16386 ohd 2

helical configuration formng a si ng? , substantially conplete rotation
about the ax@gltafﬂiaalzcmwpne%taﬂall@hwfﬂ&\saép@@tudm @%@s; @dponent, attached to

the at |east whsRiffld £ of SBHRAY & handrBEMHRSE includes:
providing a mandrel having an elongated core, and a plurality of heads disposed
longitudinally and radially about the core, each head configured to receive and hold
fiber for at least two, opposing helical components and at least one longitudinal
component, and including at least six indentations, including two angled indentations
for each helical component and two indentations for the longitudinal component.

33) A method in accordance with claim 30, wherein the step of providing a mandref
further includes providing a collapsible mandrel having:
a) an elongated, hollow tube including a plurality of holés,
b} an elongated core, removably disposed within the tube,
¢) a plurality 'of inserts, removably disposed between the core and the tube, having a
plurality of holes,
d) a plurality of pins, removably disposed in the holes of the tube and inserts, and
e) a plurality of heads disposed on the pins; and
further including the steps of:
a} removing the core from the tube after curing;
b) removing the inserts from the core;
¢) displacing the pins through the holes into the tube;
d) removing the tube; and



i) an opposing angul ar orientation with respect to the two heli cal3g December 2004
conponents, and ii) at |east four elongate, straight segnents rigidly
connected end to end in a helical conf i7gurati on formng a single,
substantially conplete rotation about Yhe axi s; b) an end plate, attached

to the lower end of the el ongated nmenber, configured to attach the |ower

end of the el ongat®demevnethe fieadssupport surface; and c¢) an arm attached

to the el ongated nenber near the upper end and extending generally

hori zontally, configured to hold a utility line. 35) A utility pole in

accor dark® wiA Htlty Bolen @Mprigigi ei n t he el ongated menmber further includes:

a) at least t : j ; to ,and
Pt ated i ¢ PoIRRERE RBAb, vE ot finehfod, Bling RTBRIERNS! o8¢ LS Dffer T
one reverse Hewercends, ashiringfrmedath having: 1) a common rotated

| ongi t udi nal axis, CREBY e P@Hﬁ ; rot at ed

| ongi t udi nal axi s,”%!ﬁ%) at | ggg%%%b‘?.&é%lgdﬁg te?mg%?gﬁéﬁ{”n@egnent s rigidly
connected end to end i n)&comeoneapuienarenjation about thedengiydinakaxislaad
substantially conpl ete i : I Sei | t
one rotated reverse heI"=j %gﬁéégg%%%gﬁ%aqg{e‘stt@: e%ﬁ@egﬁdﬁglgl?ar}%gﬁé%g@ henﬁatﬁ
respect to the at | eastendvip ahieglicabgordigpistine fersinghe single, cabstaotidlyreomniste

helical conponent, havh@dgeon BbPREINE 2004 58 1) a conmon rot at ed
| ongitudinal axis with the at least two rotated helical conponents, 2) an

opposi ng angul ar & iatleaat prsnrexprsk hedieg) cemposenthattachedrte tha adens] tivodielical
conponents, and 3)eopfpoh&RAsindvigr €l ongate, straight segments rigidly
connected end to end in a helrcal configuration formng a single,;
substantial | y conpl et e ik 80 a@RResINgbatgular eriendgiion wish) reapesti toi the pet delical
accordance with clai m 3dnpWh&Hsidhdt he segments of each helical conponent
sequentially reduce in |ength along the axes such that the structural
menber tapers. 37) A siiigat t foug atg, rigraight segments rigidly connected end to

end in a helical configuration forming a single, substantially complete
rotation about the axis;
b} an end plate, attached to the lower end of the elongated member, configured to
attach the lower end of the elongated member to a support surface; and
c) an arm, attached to the elongated member near the upper end and extending
generally horizontally, configured fo hold a utility line.

35) A utility pole in accordance with claim 34, wherein the elongated member further
includes: '
a) at least two, spaced apart, rotated helical components, attached to and rotated
with respect to the at least two helical components and at least one reverse helical
component, éach having:
1) a common rotated longitudinal axis,
2) a common angular orientation about the rotated longitudinal axis, and
3) at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially complete rotation about the
rotated axis; and
b) at least one rotated reverse helical component, attached to and rotated with
respect to the at least two helical components and at least one reverse helical

component, having:



a) an elongated nenber, vertically oriented, having a | ongitudi nal3g®ecsmisndoos
upper and |ower ends, and being formed of: 1) at |east two, spaced apart,
hel i cal conmponents each having: i) a c n angul ar orientation about the
| ongi tudinal axis, and ii) at least fo el ongate, straight segnents
rigidly connected end to end in a helical configuration formng a single,
substanti al |y conplle? eommanatdiaiad dorgitudineeasigiwith thedalleast twae astated nieelical
reverse helical c fBhts, attached to the at |east two helical

conponent s, having: ig an opposing angul ar orientation with respect to the
two helical corrpcﬁie@ﬂ @PP@fﬂﬁg iangular orieaigtion wdith tsispegatvethestwoaigated Sejioaint s
rigidly connected (1% achin a helical configuration formng a single,
substantially co ete ro’t atl on about the axis; b) an end plate, attached
to the | ower end o?)attﬂf@séf%#ﬁ@mf@éterrémeht segmﬁntegugléhr qoonected 2ot to leod imaer

end of the el ongat@qcmepﬁg’urmnammn@grsﬁnggég Lg&smt.aéﬁp%&gﬂe%e Rdtdifn 3PHEY. L0

t he el ongat ed nenber, including I n post 1n accor ance with
cl ai m 37, wherein@Xife el ongated menber furt her i ncI udes: 30 Decenber 2004
59 a) at | east two, spaced apart, rotated helical conponents, attached to
and rotated wth respect to the at |east two helical conponents and at

| east od®)r eveubidy mole dnpccardagaenwiil  claimcdd, heiberaiy: the) segreentsrof each dielical

| ongi t udi nal c%?ﬂp%ner?t) éhgu%ﬁmnre@ﬂeé'llﬁrleﬁ&ﬁ %@E g%naﬁ%ogﬁ H If\?atrtﬂ&aétt‘agtural

| ongi tudi nal axi's, | east four “el ong ST ar ght segrments rigidly
connect ed enanfBb%’ﬁ@PQfﬁ a helical configuration form ng a single,
substantially conplete rotation about the rotated axis; and b) at | east
one rotated reverse helical conponent, attached to and rotated with

respect 3 t Hesign PPEaGAMRISdtiel | cal conponents and at | east one reverse

helical comp9BRRion th%\fl' rﬂ&nbér) vértie iénfe‘?it flé\ﬁﬁig b nh&'iqélnﬁls ?ﬁﬂr GpprGhgt he

at least two rotated heli cal corrpo an” opposi ng angul a
ori ent ati on @wey engspaebeing foraed @b rot at ed heli cal

1) at least two, spaced apart, helical components each having:
i) a common angular orientation about the longitudinal axis, and
i) at least four elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially complete
rotation about the axis; and
2) at least one reverse helical component, attached to the at least two helical
components, having:
i} an opposing angular orientation with respect to the two helical
components, and
ii) at least four elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially complete
rotation about the axis;
b) an end plate, attached to the lower end of the elongated member, configured to
attach the lower end of the elongated member to a support surface; and
c) a sign, coupled to the elongated member, including indicia.

38) A sign post in accordance with claim 37, wherein the elongated member further
includes: '



conponents, and 3) at |east four elongate, straight segnents ri gi dbDecember 2004
connected end to end in a helical configuration formng a single,
substantially conplete rotation about the axis. 39) A sign post in
accordance with claim 37, further corrpr5i sing: a) an arcuate nenber having a
first end attached to the upper end of the elongated nenber, and al so

i ncl udi ng: 1)a)a&t leasidwor sracedrnasdd reiptedt helinall ¢arapornentsp atteches! waatd hetatedy:

) B COMMON iRkt the bi lealt HRTHERAAUMEHenE S RLARLALAPAULL R EY! S
and iii) at |east ree el ongate, straight 'segnments rigidly connect &d-&nd

to end in aogalPopant. easifhayindat i on; and 2) at | east one reverse helical

conponent, attach a%bn?}rﬁ@nﬂ:&atb&fcﬁ.?itﬁ&iﬁal%%ﬁi, cal conponents, having: i) a
Wt e

comon arcuate axi the at st two helical conponents, ii) an

opposi ng angul ar & acenaeenangylareriestafier abews thevwtatad Iangitidingl axisoambnent s,
and iii) at |east S ' Siufdagl nd
fo end in a holl Al aas |onear Bater SEALA oo RARE AbGl oSy SATREChFn &
arcuat e menber. 3defieal sapfiguratpnopung e singles subsianiiedly completa rotationmbosi thg:  a)
at | east two, spaggdipasd anfelical conponents each having: 1) a common

| ongi tudi nal axis, 2) a common angul ar orientation about the axis, and 3)
four el ongat &) dtlpasigere selgiegnteyerseghelical comperenidataghedotoeand iratatechedthcal

conf i gur at i ORedHCNitddnd o8 188K qwos?@’ésﬁe&ﬁq AehtE QB! St Peaﬁt‘e)éﬁé ira\vl?]ré@%ii?éa he

axis; b) at |east one reverse helical cohponent, attac to the at Teast
two helical CcEORPBRENRAINGaving: 1) a conmon longitudinal axis with the at

least two helical 1?%&%{%%@%& %gﬂﬂ&ﬂéhﬁ&s)@fﬂguﬂhérat%%@c%t lio?é}eéf‘”:hteﬂ%al

respect to the two helical conmponents, a our elongate, straig
segnents rigidly €8MREBERE end to end in a helical configuration formng a

single, substantia)la O8RS BngRARLHMaRINOWIh (BEpEX 1S the two rotated helical
components, and
3) at least four elongate, straight segments rigidly connected end to end in a
helical configuration forming a single, substantially complete rotation about the

axis.

39) A sign post in accordance with claim 37, further comprising:
a) an arcuate member having a first end attached to the upper end of the elongated
member, and also including:
1) at least two, spaced apart, helical components each having:
i) a common arcuate axis,
fi} a common angular crientation about the axis, and
7 iii) at least three elongate, straight segments rigidly connected end to
end in a helical configuration; and
2} at least one reverse helical component, attached to the at least two helical
components, having:
i} a common arcuate axis with the at least two helical components,
ii) an opposing angular orientation with respect to the two helical
components, and
iii) at least three elongate, straight segments rigidly connected end to
end in a helical configuration; and
b) the sign is coupled to the arcuate member.



and; c) wherein the helical and reverse helical conponents have CgoiDeBHH8 2004
strands of = fiber; and wherein the helical and reverse helical conponents

are attached to one another at intersgﬁting | ocations by over-I|apping the
fibers of the helical and reverse hel’Cal conponents. 41) A structural

menber in accordance with claim40, further conprising: a) at |east two,
spaced dfart A stoiciraldmemberc sbmpasipwnent s, attached to and rotated with

respect to t%ga%aéﬁ%’t?ﬁi‘%%?,?ﬁé&'q%"cﬁ%g@‘%@ﬁ%m?8?5'*‘1’“5\5‘? .east one reverse

hel i cal conponent, eac g _ at ed ngi tudi nal axis, 2)
a common angul ar di é€erueerolangibinal exie r ot at ed | ongi tudi nal axis, and 3)

f I , [ Tt d di hel i cal
our elongate, st rﬁbgagn@?ﬂ%wga?gﬁ%gﬂta%q?gwﬁgﬁg £@gd to end in a helica

configuration formn . an I'y conplete rotation about the
rotated axis; and3pyouitelorgate, shiaight segments rmigidly sennestddceand toemb ieathelical

attached to and r %Bﬁ*ﬁgﬁﬁiathnthrmiﬁgég e,%ﬁbét?ﬁtiéﬁ% clafﬁﬁ%tt Fo‘f%}lioh%bbﬁ?tb axis;
conponents and at least one reveérse helica conponent, havi ng: ? a tommon
rotat ed | ongith &l lnast eng geversen helieal aompenent, tateched do ettie hatl ieastl two helical

conponents, 2L 3BnQROGsivAg: angul ar orientation with respect to the two
rotated heli ca‘l-rIa réorrp’om\a"ngs, and 30 Decenber 2004 61 3) four elongate,

strai ght segment s 1) BgeaImordengibiinabiaxiswith thecatdeast two helicatedmparents, gur at i on
form ng a single, o : i . Al

structural nenber_,ﬁg@%reﬁ?gggrwug at hf%fggg{nf& b\%é&safo%?gg%%gﬁcgwﬁ?é‘gmgA
conponents each h&0ng: 1) a common |ongitudinal axis, 2) a conmon angul ar

orientation about gt f&,rafdratcMaimht EbdrBerfis ¢ & i sm Lgidly
connected end to e?1d In {;{%P’zi‘el'i_cg‘é})1 _coq"lrﬁ? ur@?ﬂ)noq[%tf%l%n%mafom ng gé,fheﬁé?cﬁ’
substanti al | y conppefigarationdeiraing goejngle: sbstantiglly copplgte fotation ahoot thevexise
hel i cal conponent jhgttached to the at |east two helical conponents,

having: 1) a comon | ongi tudinal axis with the at |east two helical
conponent s, 8) WAgreHp s neligahapdireyerss helinahcpampongnty haye seotinuocys tsvendsvef

helical comp@p&NLAd wherein the helical and reverse helical components are attached to one
another at intersecting locations by over-lapping the fibers of the helical and reverse
helical components.

41)  Astructural member in accordance with claim 40, further comprising:
a) at least two, spaced apart, rotated helical components, attached to and rotated
with respect to the at least two helical components and at least one reverse helical
component, each having:
1) a common rotated longitudinal axis,
2) a common angular orientation about the rotated longitudinal axis, and
3) four elongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the
rotated axis; and
b) at least one rotated reverse helical component, attached to and rotated with
respect to the at least two helical components and at least one reverse helical
component, having:
1) a common rotated longitudinal axis with the at least two rotated helical
components,
2) an opposing angular orientation with respect to the two rotated helical
components, and



and 3) five elongate, straight segnents rigidly connected end to gothetdmtr 2004
helical configuration formng a single, substantially conplete rotation
about the axis and; c) wherein the helical and reverse helical conponents
have continuous strands of fiber: and8herein the helical and reverse

hel i cal conmponents are attached directly to one another at intersecting

| ocati ons by over -3)}dpwi ¢elgngdte sticight segmentserididly icoahectertiend &v end dn hdidlicall

conponents. configuration forming a single, substantially complete rotation about the axis.

42} - A structural member, comprising:
a) at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
2) a common angular orientation about the axis, and
3) five elongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the axis;
b) at least one reverse helical component, aftached to the at ieast two helical
components, having:
1) a common longitudinal axis with the at least two helical components,
2} an opposing angular orientation with respect to the two helical components,
and
3) five é!ongate, straight segments rigidly connected end to end in a helical
configuration forming a single, substantially complete rotation about the axis
and;
¢) wherein the helical and reverse helical components have continuous sfrands of
fiber; and wherein the helical and reverse helical components are attached directly to
one another at intersecting locations by over-lapping the fibers of the helical and

reverse helical components.





