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{54) Title: ISO-TRUSS STRUCTURE

A OGO M

10535 A2

(57) Abstract: An iso-truss structure (10) includes at least two helical components (30, 32) and at least one reverse helical compo-

~~ nent (34) attached thereto with oppesing angular orientations. Each helical and reverse helical component preferably includes at least

0O 02

four elongate, straight segments (22) rigidly connected end to end in a helical configuration forming a single, substantially complete
rotation about a common axis (14) forming a first square cross section. The structure may further include at least two rotated helical
components (80, 92) and at least onc rotated reverse helical component (98) which are rotated with respect to the helical and reverse

helical components forming a second square cress section, rotated with respect to the first. The structure may be straight, curved,

flexible, or form angles.
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An i so- trtrslslshst!ructure (10) includes at Iéasvbletrmddnezldpt@adbbr@@mowem@ ‘G0,
32) and at | ¥4ef Iﬁ?""ﬁ’éﬁf@f’ SRR fe et 8 IZ@? FK’ fg{ﬁ% eepeqrhiet abes i t h
opposi ng angf"ar 8 éntat i ons. Each hel i cA® 4Hd "™ e“\7ésr”s° &4f* conponent
preferably incl udes at |east four elongate, straight segnents (22) rigidly
connected end to end in a helical configuration formng a single,
substantially conplete rotation about a common axis (14) formng a first
square cross section. The structure may further include at |east two
rotated helical conmponents (80, 92) and at | east one rotated reverse

hel i cal conmponent (98) which are rotated with respect to-the helical and
reverse helical conponents formng a second square cross section, rotated
wWth respect to the first. The structure maybe straight, curved, flexible,
or formangles. 30 Decenber 2004 WO 02/ 10535 A2
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIV1IIIIIIIIII1111111 |1
Publ i shed: For two-letter codes and other abbreviations, refer to the
"@Quid- wthout international search report and to be republ i shed ance Notes
on Codes and Abbrevi ati ons"appearing at the begin- upon receipt of that
report ning of each regular issue of the PCT Gazette. 30 Decenber 2004 WO
02/ 10535 i PCTI US01/ 23636 | SO TRUSS STRUCTURE BACKGROUND OF THE | NVENTI ON
1. The Field of the Invention. 5 The present invention relates generally to
a three-dinmensional structural




menber which is strong and |ight weight. Mre particularly, the pP@Beppmber 2004
I nvention relates to a structural nenber having a plurality of helical
conponents wrapped about an axis, each having strai ght segnments connected

end-t o-end 'g;bo%?gggl ical configuration. 10 . 2. The Bapkpéﬂh'éb%ﬁ% The
pursuit of structurally efficient structures in the civil, rmechanical,

aerospace and sports arenas i S an 0ngoi efficient truss
structure is one that has a high @Eﬁ@ﬁ@%ﬁ%ﬁﬁéﬁ? U ratio and/or a high
stiffness to weight ratio. 15 An efficient truss structure can also be
described as one that is relativel I nexpensive, easy to fabricate and
assenbl e, and does not waste Mﬂm&&m&ally stationary,
fully constrained,stri . | 0 support | oads. They consist of
strai ght nenbers ébnne? LHE8 o AR R the end of each menber. The
menbers are §wo-force Thejreseat invention miategenknaitiv edbreg-dimnsiom! stHEtHdber .
Two-force nenbers can on]y, produce jal .forces su | and

conpr essi on force?We’EWE“’]iln%r?H@?gmﬁi té‘gilg@r 3?05? Pbgﬁaﬂ% d{hl%:%?%sﬁrg
construction of hepl@geseRRE idustutiuRyBiembetasiag aphealilpef Ighieal compamnisy | oads
which act in the plane of the truss. Therefore, trusses are ofet&ﬁn treated,

and anal yzed, as twppedabashan s pachhavieg siraght segmentsicpmeated exdie-Bi Mdsi onal
truss consists of h%!?a?@on?i ers joined at their ends to forma triangle.
a

By consecutively Ing t menbers to the sinple structure and a new
joint, largtl structures may be obtained. The sinplest three-di nensional
truss consists of ,six | ol ped at their ends to forma tetrahedron.
By consecutively gddi nﬁa ackgrohill J s to the 30 tetrahedron and anew
joint, larger structurEhe pmasuitefsibicairdiyckffidnt stredmresindhawvis ineehdnicsl.,r uct ur e

I's known as a space truss., Franes, as opposed to trusse
typically stati oné?rﬁ??Pa?Wdfpm&?ﬁ???ﬁiaﬂgggoé?gﬂﬁtu@seﬁ%ﬁrﬁ trﬁ%:/sgmgt[ﬁﬁ%ast one
mul ti-force menbeppyinhihad 2 hiphGRedghih vAfhhbegio ahidor ZRigW stiiflefb Wefghbrafio.

PCT/ USO1123636 is not _directed al ong the rr(?nb%r. I\/achi'lnes I’il‘.e structures
cont ai ni ng Kovi ngAn efficient truss structure can also be described as one that is reiatively

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




parts and are designed to transmt and nodify forces. Machines, | BR®ecember 2004
frames, contain at |east one nulti-force nmenber. A nulti-force nmenber can
produce not only tension and conpression forces, but shear and bendi ng as
well. 5 Tragjti.on structural designs have been limted t wo-

di nensi onal W n"éﬁ?/sgés resisting a single | oad type. For exgﬁrpfﬁ%?n?{?’%earm are
optim zed to resist bending and tubes are timzed to resist torsion.
Limting the design analysis to two dinensions sinplifies the design

process but negl ects .conmbined | oading.. Jhr.ee-di ' AReetine 1S
difficult because gt are Qﬂgfﬂfqrew@ M%&é%%ca&ej%ﬁgﬁézg%m?%&, ca%n%ul ating
t hr ee- di mensi onal phRag 2t Wbsighdd bl hhshiSand nfodi fydbriossy Mavhinys, §ike franess es nust
be able to resist nultiple | oadings. Conputers are now.bei n%(#g‘lcélgted to
nodel nore conpl e%olﬁ@m@bkﬁﬁte%qm@@%MRme@eﬁﬁEm“ ORGP TRDPE camProace Jote
recogni zed that I%,nqug,ﬂsﬂm%ﬁ B A0LRN GRS, BiR sHRY fAdHending 8¢ walkt ur al member
w t h enhanced performance c%ar cteristics, such as strength, reduced

wei ght, etc.5 The i nvenTiaditiopsletricteral desighyhawe Beapdimaifed i pnesqrifiet ure or
structural nenber, including: 1). | & S PAHeamiigt i cal
conponents, and 2fimBgsto af@ ffr%lﬁ@ eV éslggﬁyﬁ\gipf'cgﬁ%ggnn@o’n_ent attached to
the two helical coppapedicresifibendig] indaibeant optimized & tesibtitorsioncbimjorgethes have

a comon | ongitudinal axjs, but _ opposin ul ar, orient ati out the
Bxi 5. In additi ondeusreapalah o AEsRay BieloAdrf feeneiiheduf fu R

advant ageous! y | BshiglEsioglink oAt ditidisi PRGNSR is GicaliQbimusmguiznt s 11 gi dl y
connected end-to-end in 25 a helical configuration faorm ng aarnéi ngl e,
substanti al 1§ comdifEewtwincencrmmelizingand extelating dhreerdimensional lgady 3ndy| “ang
reverse helical c t ' - : 8¥kddson. I n
one aspect, the s?ﬁcc ggr?elﬁféﬁlg%%ljéfugur eﬁ%%&%ﬁp?%ﬁéﬁlﬁg@g}nd our
reverse helical c@oppoentsendmbangiitilizehto mdvel mors-comples steqtyes ure can
include 1) rotated helical 30 conmponents, and 2) rotated reverse helical
conponents, simlar to, but rotated wth respect to, the helical and
reverse helical conponents abovgUMMARY ORTHHOINEENTEON 2004 WO 02/ 10535 3

PCT/ USO1/ 23636 rotated helical and rotated verse helical, ¢ onents form
a second s qh%lr e- It has been recogn?zed that }t wou[de be advantageous to deveﬁ)rg%

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



shaped cross section, rotated with respect to the first. In one asfé&etgmtech2004
structure includes four rotated helical conponents and four rotated
reverse helical conmponents, for a total of sixteen helical conponents. 5

The various_he conponents intersect at external node i r nal
- nlfgs, BBt ie

nodes. In o t he conponents form ei ght internal ext er nal
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

i ncl udes eight extern odes £ found a5kght node
structure has 10 E‘é{cgloﬂng{?tﬁ}&%{?ﬁgﬁe%i %&PFB?%nce c%ar ac(f%rl stics. In
accordance with oggs;as a%ﬁse@ﬁontﬂﬁtwﬁmmgpwmmﬂm Tn biveeaspéc, Uit stmefursan

further include an end late attached at an end of the helic conmponent s
to attach the helinciusles g@mﬂh@cﬁlﬁ‘i’@aﬂﬂeﬂt@Pn%%i“éﬂateqerﬁv‘ﬁﬁé‘eﬁ%%ect, t he

helical conponentg,.nRy., gfoigfdmfg&te&pmmeﬂﬁo@hfsands of fiber, which may
be wound around the en he end plate can include a_ perinpeter

with a plurafity of i nﬁrhmmtoumh@caltcompmtsweteltsm akextenprd godss apd igmal |
accordance with another aspect. deldfeddhdct ure can
further include a 8‘(&)‘?%@&?1&&3?% ecoﬂ IPenﬁsg %mhﬁt {?h caeféﬂ ¢ mponent s and
segnents to attachosh&bngtididal o akial ddngpoheits may emmdpmraanlttg tlmeussae@ ments..

The 20 connector nenber can i a tr| an Cr os pe
extendi ng  t hr ougPRieEsch iy &W‘tﬁﬁngﬁéﬂgﬁf% dll'b?/“eﬁ’fl% mﬁﬁ&tﬁ{%%ch?&@
accordance w th apph\\SheRSRGESs. itfhaw&n%@;a%mtsacﬁ\aﬁlaighombde@mﬂhehascal and
reverse helical conponents nay form an angl e therebetween greater than

appr oxi mat el§ 60 aaeppeeted structurrd or prsformanse AlArAgRRiStiSuch angl es have
unexpected 25 structurgl, ok dBﬁE@%%ﬁ@%ﬁe&%ﬁfh@%&@éﬂt deﬁt?on,ih@s@&&xﬁédﬁﬂce with
0

anot her aspect of the present 1 nventli el1cal and reverse helical
nmenbers can be ax |furtﬂeymahdémteddaﬂm attakchedfat exensl of thehelical sprapeneais tajattagh j f f

The structure may b etween a_fir he axes
are substantial yﬂéetehreg?agﬁ?m PO & @8@85?]”&5 %’8’%’ a&%géé e?@ﬁdalpcno\e%m %11]@ t he
axes are 30 substmyibakdrmeabt:mhﬁuouhm@ddoﬂﬁmwmﬁansybmmdmm@ﬂmonpress
and/ or expand 30 Decenber_ 2004 WO 02/ 35 PCTI US%@@? 31&}% fl

| ongi tudi natfy. | ﬁn%Plﬁﬁe?hE%EplatFﬁ@Qf RFFZOfRL yealgy of igdentations + s pe
utilized as a Sphd AGe{EMBSkands 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



‘I'n accordance with anot her aspect of the present invention, the sB®Detanber 2004
may be arcuate, and the conponents may be forned about an arcuate axis.
Thus, 5 the arcuate structure may form nore conpl ex shapes than a
singular, ljnear structure, and may be better suited for i

applicati on¥O¥%R cor dance with anot her aspect of the prlg‘gféﬁ@lﬁ?lﬁ%nti on,
the structure may taper. The segnents of each helical conponent nay
sequentially reduce in length along the aXes such that the structural
menber tapers. Thus, the tapering 10 structure form no omil.ex, shapes
than a singul ar, Mqngdudmaly, Jeeifhepcasg e S%V%Baylr}@;? &Sy P‘i‘i‘ﬁ“s?%erwé’ ggr% ai n
applications. In gegetdanee.puth another aspect of the present invention,
the iso-truss structure may be utilized to bold signs, utility |lines, or
lights. The iso-truss Inaceordange aithanether asnept efdbamrpseptiBPoign, By TPEME 1 ranes,
airoraft and maring, SLEHGLATES e biioBhéi by WeAflalBbu bRLRIADLAR TH; L s
structure in accoldancé W th the pPesent I"'nvention can include w apping a
fiber aroundsa matdratuaiastracitemaydorncmentcenples shapes theh p siabulgolp®Bhent s and

t he reverse helical conponent mat r.j or _.resin. can be added to the fiber
and cured. The maf %ﬂlf‘%?&?%ﬁ@?ﬁ?&é‘&leﬁf?frﬁe apﬁlé:gs "Fucture. The mandr el
may include a plurality RtokiarewitiafRbaashdchefitBoptedent inemtipn,¢he simctuteol d

fi ber. The mandrel naybe a col | apsi bl e or. di ssol vabl e mandr.Felh(. Addi t i onal

features and advaaydsr ofhesaaneniiRfsashdilical componerigpayssayaqtiplly ediice bt 4 | ed
descri ption whi chyd ol Qus ind BKELch thaf AdlskitiraRertbdr fapbiBe TRES QRRARMAAT 25
drawi ngs, which t(lj%lglt%agerﬁ@lqj% ustrz(a:te by \ﬁfay of eiarrpl g, _the eaturesg‘of t he
invention. BD Deceimipéure 209 oremom cooplox shapescthon 3 fingular linger rwpiaes ansk ¢ he

i nvention, there is_provided tr er, conprising: a) at |east
two, spaced apartfmﬁg’fzg%%ﬁrs%grﬁfﬁ%ﬁgﬁ sg%pgig aving: 1) a conmpn

| ongi tudi nal axis, 2) mxcsrdmee aithahatheraspeetifad ppesentiontioldheagé-gypssand 3)
at least four elongate, straight nts rigidly cannected.end to end in a
helical configuraf F('ﬂa?ﬁli’ﬁﬂglézeg?%ﬁ?‘%ﬁ@&ﬁ?%a?rﬁﬁﬂﬂgohﬁﬁegf"g“ﬁs%t ation

about the axis; structure further may be utilized for bicycle frames, aircraft and marine structures,

15 etc.

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.



b) at |east one reverse helical conponent, attached to the at | ea3®Dewwober 2004
helical conponents, having: 1) a conmon |ongitudinal axis wth the at

| east two helical conponents, 2) an oonsing angul ar orientation with
respect to the two helical conponents, *@and 3) at |east four elongate,
straight segnents rigidly connected end to end in a helical configuration
f or m ngimastaiganse withh &t firak asnecy of thepinwertianothare dh pabidad & Hdruckxalsnember)
wherein gggnﬁ élcal and reverse helical conmponents have conti nuous strands
of fiber wherein the helical and reverse helical conponents are
attached to ahatlgagiitwerspated pparbhebeal camgpPoring eatishayndver - | appi ng the
fibers of the he"ﬁébpﬁﬂﬂrﬂ@ﬂ ﬁ@ ahghécal conponents. I n accordance with a
second aspect of the invent ere is provided a structural nenber,
conprising: a) at2Dééﬁﬂ"ﬁQMﬁngybEQQQNEMQn@bomﬁhﬂQﬁﬁ apgnponent s each haV|ng

1) ‘a common |ongi tngi B?Jst B ;ongate%t&@m@ ﬁa@ﬁ%‘rﬁ"g{udl%b%c@éd 8nd fPend il He
axis, and 3) at our S rala ments rigidly connected
end to end in a hequataqu@umﬂpg ravnmsmglenswt@ r§|lmg¢réple@lm§%tlamabamtlt§>e

conplete rotation, gout the axis; b) at |east one reverse heli cal

conponent, attached to the at Ieast two helical conponents, havi n%z _ a
common | ongi blidit st axies reWerse thiglicahtconmesent; \abtapked é%lthéoﬁfpbﬁ@nt\@ ghicahn

opposi ng ang%ﬁb Htéerp,rag,y] on with respect to the two helical conponents,
and 30 Decenber % 0474b at least four elongate, strai Pht segnent s
rigidy connect ed1ba@omm0@dmglwdmal wes with thecaigasybvabelisal sumpanestsa si ngl e,

substantial ly co ?Sﬁ% pp &Y AJliARRIhtatiF with ¥especttb thé thé& RSilcal YnpoHRARSd

apart, rotated he conponents, attached to and rotated with Trespect to
the at |east two Beflical conponents and at |east one reverse helical

conponent, each hayhiastlbuPelbRGRENstFASH s8gmbRRGdidf cBRtected &nd 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.

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



2) a common angul ar orientation about the rotated |ongitudi nal ax3&Demnbe3004
at least four elongate, straight segments rigidly connected end to end in a
helical configuration form ng a single, substantially conplete rotation

about the rotated axis; and d) at Iea§¥J one rotated reverse helical
conponent, attached to and rotated with respect to the at | east two

hel i cal conponent $}ahl¢ast fouealongataesiraighirasgmests tgidly coonguiekand thend inga 1)

a conmmon rotated hapgj E&ﬁgﬁ%tloﬁ%rﬁn £ Qm%;l%e s@ﬁstérﬁ Mgle{eorto@t%q GBSlIJtI 8!

conponents, 2) an opposing angular Ien
rotated helical @wsponents, and 3) at | east four elongate stralght

Segments rigi, géttyu?aﬁqwg%@%e?&gea& Fo Hele ggﬁpbﬁéﬁts 00 ?&wéﬁd té@mng a

Si ngI e, subst e ro Ion a e axi n accor dance
a third aspecespeft tdwéha ratféeaat dwo helisalecorspgienis ded at btasstu@mwaverwemmal

conpri si ng: %m Emé tﬁgg! spaced apart, helical conmponents each having:
1) a conmon g |na am.g 2) a conmmon angul ar orientation about the
axis, and 3) at I éaastcomwrer@tasfed)mam@meéaxla; ght segnents rigidly connected

end to end in a ng'cﬁf'#mcﬁ%ﬁ u oﬁ&htgf‘on %chuﬁ“ihe{ Bfstéd %’ﬂﬁltuo?ﬁ(a%ﬁig 4l i cal

conponent, attached to the at east I'cal conponents aving: 1) a
common | ongi t udi nd) akleast faut nlong@teastralglageg[rmtsmglqﬂg&pnwmﬁ@ﬁ]tosencﬁm an

opposi ng angul ar Eel'nc%“&?rﬁflg%&t%?&nﬁﬁq%’@ﬁbiet Quéé?%tfa}f?c&lﬁ#lbféaﬂota%ﬁm%@t%é

and 3) at | east t ree e ate, stralght segnents rigidly connected end to
end in a helical T@GWIWQWﬂOﬂ and 30 Decenber 2004 4c c) the at |east

one reverse Bf'a&qeéstca{aﬂ%%%h {96 2L NRIR4) %}gb@émtgnmaa%taﬁ@ bR d®hith

| east two hell cal onents greater than rees. In accordance wth a
fourth aspecrespect methen\ata teasdriwot hadieal mnmrt@maj@n@ gt| lerstbore sevaues dekigal
menber, CO”%bﬁubB‘r%nt"ﬂavﬁ‘?g | east two, spaced apart, helical conponents each
havi ng: ' )
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
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



1) a common |longitudinal axis, 2) a common angul ar orientation ab3Detdnber 2004
axis, and 3) at least three elongate, straight segnents rigidly connected

end to end in a helical configuration;, b) at |east one reverse helical
conponent, attached to the at | east t wdChel i cal conponents, having: 1) a
common longitudinal axis with the at | east two helical conponents, 2) an
opposi ng angtSFDéhe airleesitaaeireveras halicakemmpenant farming o anle Mt resrseh bt

and 3) at t Y 6Siical Ents3r éngtlﬂfan% connected end to end ina
hel i cal con Iguration; and c the ellcal ers being laterally

flexible, and are bendabl e between: 1) a flrst straight position in which

the axeg, oo @ﬂﬁl@kd@ﬂﬁé@bﬂhﬁ ihePlentfon, 3nSECENSlovids GUALAIBAHULIAR 1 N

whi ch the axes are substantially arcuate. In accordance with a fifth aspect
of the imarebari eamprisingie i s provided an arcuate structural menber,

conpri si ng: af"fea!stec%tsﬁéﬁ'@d aEQﬁQ%ﬂcﬁ%Hpon@r% leG@h ha@hgonent s each havi ng:

1) a common arfcuate axis, é a common angul ar orientation about the axis,
and 3) at |east tHﬂ@éiOmfmfg hgitudingl axight segments rigidly connected end to

end in a helical hﬁtﬁ@énd%ﬂaroﬁ@ﬁta%n %odt%’ééxu@%dr everse heli caI

conponent, attache l'east two helical conponents, having: 1) a
conmon arcuate axi3 aNe[aﬁt thrae %l@ngaégﬁratgmsmemguﬂg@b&weﬁﬁe e"Q)tc’&ﬁd ina

opposi ng angul ar Qii&iahddiatiht h respect to the two helical conponents,
and 3) at least three elongate, straight segnents rigidly connected end to
end in a helb) el leaginenguevarse melica mme? attaghed do| the@ic spahive el a
si xth aspect gf Bﬁgntgrné@mgmn there is provided a tapering structural
member, conprising. a) at |east two, spaced apart, helical conponents each
having: 1) a conmpA dooHeen lgaglﬂ,gpnaégxlgwﬂh 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.

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.



2) a common angul ar orientation about the axis, and 3) at | east tA6®&ecember 2004
el ongate, straight segnents rigidly connected end to end in a helical
configuration; and b) at |east one reverse helical conmponent, attached to
the' at |east two helical conponents, Havi ng: 1) a comon | ongi tudi nal

axis with the at |least two helical conponents, 2) an opposing angul ar

or i ent atin @ccondace with ecsixthoaspest oivthehiavéntion, dwipdnermvided atepeding Atruckuglt

three el e i ght segnments rigidly connected end to end in a
hel i cal n@%ﬂt?%rgﬁ?rg@fsgﬁrg? c) the segnents of each helical conponent

sequent i al | y a) atlieesttyoi spdced gpartdialing componante saghbavingiat t he struct ur al

menber tapers and, WS CloRqi jelikcal and reverse helical conponents
have conti nuous stpgilc(?s o‘?'ﬁoﬁglﬁ)dgﬁ;'an' "wherein the helical and reverse

hel i cal conponent 2)aremaneraahgdartasicoadion abeutiiles axis, angt er secting | ocati ons

b - i he fi | - .
y over-| appi ng thha‘iaft\e%ftﬁ{% %é%é?,%g;a@{t]gé%eﬁt@f@f co %Efe‘&.aelnd“{@@@gggts

In accordance with’a seventh : ventron, thereis provi a
pref orm nenber, dwfigaliconfigyration; and | east two, spaced apart, helical

conponent s e%gfath@xwghe ﬁév%’?@g{eli{:é]r&ﬁnﬁtﬁ%ﬁﬁné@acﬁ%‘rl‘SCfl'a@d €Rdst wEnbitd 2

hel'i cal configuration; ar east one reverse helical conponent,
attached to tchmpanentedstvingwo hel i cal conponents, having: at |east three

segnents connect e%%rt%fﬁn%@ueﬂ?a}@n@an Qsagkng@!mggpltagggw%%a cémﬁ(l)r%)nté,he

hel i cal component s ’i ncl udi ng er and in e and collapsible until
i npregnat ed wi t h &)rcegipposiag engulangientiaioniydin respest ethp dwe delital SoIBRORRNH a
ei ghth aspect of thg invention, there is provided a nethod for formng a
structural nenber, conprising the steps of: a) providing a mandrel; b)

wr appi ng a fiber &) atleastthecaelongate, stiaight gegmers cigisiit eonarected £5d te WodeRi cal

conponents, each palelal=tat: Llrflﬂ i-ng at | east four elongated, straight
segnents, the q\%east t\lgo }g:ni cal conponents having a comon | ongit udi nal

axi's, a conmentheasggments of ekt kelicalrcaatranent sraugrlialy ragringoinneagih aldoniee,
substantial | Yax&s gﬁ’é%ﬁt 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.



rotation about the axis; c¢) wapping a fiber around the mandrel i B0 Decatbet 2004
create at |l east one reverse helical conponent having at |east four

el ongate, straight segnments having a comon |ongitudinal axis with the at

| east two helical conponents, but in aﬁeopposi ng angular orientation, and
formng a single, substantially conplete rotation about the axis; d) adding

a mat ri n accordanceividtbrg eightth aspictoad theipventonytiere is. provided 8 onethod orfprtinga

ni nt h a§gg&hrag§neh%%&:%ﬁg{aﬁ%§g§rﬁ,lr%%%gé 18f:i s provided a utility pole,

conpri si ng: n vertically oriented, having a

| ongi t udi nal aarioyidivgda m@pdrel;and | ower ends, and being formed of: 1) at
| east two, s rt, | e 4Te ) ;
angul ar ori eﬁ?gﬁggﬁngb%lﬁbgf#é gngl t udi ﬁa I%gX@‘S&’Qr gtﬁyr%?? éatt e gt;st oﬂ?al

el ongat e, st cainghrerds@ashtcompopent| haiom atlepsidoenelongated istraight aegragnis.dhe
configuration;f ' SN ,%;ﬁss Lak | I Lot ati.o t he
axis; and 2) Ia}itl Sgatgltg @%%élr gé\)/rg%e eﬁ?gﬁpa%:oarépngﬁégmﬁgg? (tjlgglhgg_ls’tg t he g?

| east two helahgalar ogentptiere@bsut Heviang: anyl fermiogpasiingle.andpatantially jcempéate on

with respect to.the fwhheid.cal conponents, and ii) at |least four
el ongate, strarght segnenis rigidly connected end to end in a helical

confi gur at i o) vappinga fberiatgingd theunandiek in irdsy te grasite ekleasiang feyersabelical t he

axis; b) an e t r ot ?Hyﬁ I t §d-BABET
configured tg@ﬂg%%{éhhat\ﬂ{éé I%g\r/l\g% teﬁHF E)é?b Atg%‘é@e?tgérl%é?gee rre_rtvfeﬁrm?‘g g %uppo’?t
surface; andlaipitadinalraxjs with theras deasd twn beligabegapangnise Fkin areeppasig anspler end
and extendi ng ? | zent Al afil t LWLty |ine.
30 Docenper SHGITI pho Yoritd £ SRGR, sibstetaly ihete B1efh Sofutthe kY on.
there is prov) dédingasmajix ledbe fiberoapd i sing:  a) an el ongat ed nenber,

vertically oti kng a longitudinal axis and upper and | ower ends,
and bei ng fo%h@%hﬁﬁbe %g? | east two, spaced apart, helical conponents each

having: i) a common angul ar orientation about the |ongitudinal axis, and
1) at heaglorddit with At GspSitd v RBABRAER i§ bedviled £AMRPSEAIE Ldriflising:
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.



end in a helical configuration formng a single, substantially coppbedember 2004
rotation about the axis; and 2) at | east one reverse helical conponent,
attached to the at |east two helical c?nponents, having: i) an opposing
angul ar orientation with respect to thé"two heli cal conponents, and ii) at

| east four elongate, straight segnents rigidly connected end to end in a

hel i cal Inecddrdancatvitora teothraspgciofdhaigiventionu theteistpreridsd 2 sigplpesie comprising:on

bout th t I ted
menber . cont Ayanaipraetfifiod fertBuhArishid Raifp HRLARRCAR ald ot 8RO ©
support surf davesr eads, and keing fgrmedotipl ed to the el ongated menber, including
Nl 2 LN 200" d3BFRaM D, SotbB BB ASASEoBRelidBalAYETIS.T, there |8

provided a structu ast spaced apart,
heli cal conponents eacl &hemnmgn anglyllaaordﬁmﬁt@n abgriihe lenaibfinaba@xis, apd a common

angul ar orientation abq‘gta @t ?Bﬂr ‘fle 3kra Pegﬁeﬂg%ﬁd'¥%ﬁﬁé&& eﬁgqgent S

rigidly connected end cal rati o ormng a single,
substantial ly conpl et eendtlatal imircalbmnflgunaéomqrmmg @ )single, |sehstenialy cogpiatee

hel i cal component, attaghe %590*% Mis: lggst two helical .conponents,
having: 1) a common longitudinal axis wth the at |east two helical

conponents, 2) an 2pplessheneareyetsarhealieal earmonei. atadiedde frat leastitve heligal

hel i cal conponent %ompaﬁ'éjnté)h f\,&? el ongate, straight segnments rigidly
connected end to end in & hel'l Cal configuration formng a single,

substantial ly conpl et e Ir 80 aeppesingbangularherieptation with regge@e@etﬁ?ef‘”@d)@hcaig c)
wherein the helical and, {@gﬁ rﬁ | i cal conponents have conti nuous strands
of fiber; and wherein t and reverse helical conponents are
attached to one anot héd} ata!earshfcw slendatey dtraight isearsents rigidy -coapgsitedy ehédo

fibers of the helical apd if SRR Jﬁﬁ biS@bn f&@:ﬂg;g&@t@e sﬂb%ﬁ@éll?%ﬁﬁ)lé%th a

twel fth aspect of the invention, I'S pro structural
rotation about the aX|s

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.

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;



conprising: a) at least two, spaced apart, helical conponents eacho basshibers 2004
1) a comon |ongitudinal axis, 2) a commbn angul ar orientation about the
axis, and 3) five elongate, straight segrrents rigidly connected end to end
in a helical configuration formng a ngl e, substantially conplete
rotation about the axis; b) at |east one reverse helical conponent,
attached to wchahatein dhe helicab anelrev:errse heliva momposenth have grontinudus sstiepassih

| ongi t udi nal t t I SRR t psi ng
angul ar ori erflI g'Jf %nﬁﬂ@mﬁb{%h%é nel tsc-’tcg’dt')ré%ljgs Heﬁé%'ll cal c%ﬁr%o%gnat%%(:ﬁ& ue ?
five el ongat eno@er al igtﬂrsg:@ggmﬂasoma by aver-lapping diecibesnaf the ra{rqahamdarewse cal
confi gurati op fi ﬁorfenrﬁé ngl e, substantially conplete rotation about the
axis and; c) ere e helical and reverse helical conponents have
continuous strands of fiber; and wherein the heI ical and reverse helical
CO”pone’]f So@r&arftb LAt s Swalkh & %bétﬁ ao&tﬁrﬁ% browateﬁralsﬁﬁfc'td?& eRBE, ONS
by over-lapping the fibers o |caI reverse i cal conponents.
30 Decesbwprisio®4 WO 02/ 10535 5 PCT/ LUSO01/ 23636 BRI EF DESCRI PTI ON OF THE
DRAW NGS FlI ' ESsngstructure in

accor dance vC\;ra ht Ibéﬂ%&e:{g%gﬁct?BF%@&‘#’I@O@%B%E%A%@?%Ha srgz]e vi ew of the

i so-truss struct ur‘léa@pmmce longituginal &is,3 is a partial perspective view of
the iso-truss str | i dt%ﬂé‘&&e%dv' ew of the iso-truss
structure of FIG %%%E’Iﬁ f@@ar%nent@ pa?ttﬁ? al per'spectl ve views of the

i so-truss struct uﬁéﬁm efangate, istraigbinpeginerds rigially eamseirdrang tof enchin phekicaht
invention;, FIG 6 qg,rérern%sﬁﬁﬁg Bl W 6diaRR) BEhpleRArcldighbBLIHE bMGE | 1
accordance 10 wit resent I nvéntion e view of th

i so-truss st Phct ue@stoﬁnq:r@er@ heligats compiosentn attaghed deov the athleastsbva helical

structure of FlGn&is, 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 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.



FI Gs. 9a and 9b are graphs denonstrating performance of iSo0-truss30December 2004
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 oWOHRAISIE:  FIG 10d is a side view of another PSHU3HZ6
structure of FIG 6; FIG | Oe is an end vjew of another iso-truss
structure; 20 FIG IOF is a side view of ar?other iso-truss structure of

FIG 1 C; FIG I i ais an end vi ew g uss structure;
FIG 1 1bis a side view of BERAEEEN 1la; FIG 1lc
is an end view of a prigy lqgipérs%@cﬁv’élﬁfﬁv&ﬁuﬁiwsestmcﬁirﬁnab&ddmemthl de vi ew
of the iso-truss structure of FIG lc; 25 FIG 11 a is an end view of a
prior art iso-truss psesenidniention; FIGl I is a side view of the iso-truss
structure of FIG 11 ey ' @ancof. an end plate in
accordance with the preds:g%f gl@é%\‘?f)gﬁggﬁs%ﬁﬁ&%&fiban eind vi ew of the end
plate of FIG 10a; 30 FIG3 1a£parm1gsrspmuvw:ewoﬁthem-taﬁgﬁtwhm #HHGoki t he

present invention; 4a is.,a.to vne v pl ate; 30
Decenber 2004 WO 02110 Iﬁfﬁeﬂgw /‘gé ggffl &%g’lfl gjﬂg cross- sect i onal
side view of the end pFIGseSzQSta{%llﬁ-nalﬂaspecﬁeﬁuevisﬂﬁ'thas@trparsnuameofFIG
cross-sectional view of the end plate of FIG 14a;, FIG 15 is a side view

of another end pl étSEOWIHg%I&"ﬁkGé’ﬁE@DW‘{fﬁhecm%seﬁtrl@%@ﬁf’n’l nvention secured to an

| SO-truss structure; Sg fd:@mQ‘%rép%ctﬁ'etv%Uﬂﬁ%@xflsﬁ-ﬁ%s%ﬂdctﬂjc&iﬁc@tﬁalﬁbG 15;
FIG 17a is a perspective view of an end connection in accordance with the
present i nvEht i onwithitig presept inventio,op vi ew of the end connection of FIG 17a
W th an iso-truss str r. 183 s dreESOEaE g vi ew of an end

t
connection in accor dangg\?\n %81&%1&%gsentth%?\ventﬁ{ron FiG 18b is a bottom
view of the end connecFiG3 1s)inﬁﬂﬁew1<ﬂ‘ahams¢-huwstmemteofFIG 6;

FIGs. 92 and 9b are graphs demonstrating performance of iso-truss

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;



truss structure; FIG 19a is a perspective view of an end connect BODetdiber 2004
accordance with 15 the present invention; FIG 19b is a bottomview 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 ((Ljhe resent

i nvention w48 so-truss structure; 20 FIG 20b is a sf "gU%}ﬁ’é\Wsﬁf t he

end connection of FIG 20a; FIG 21 ais a gerspecti ve view of an end
connection in accordance with the present Pnvention with an iso-truss

structure; FIG 216 is _a_ top view of the end.conpection of 2la; FIG
22a is a perspective viFd GB_I%CIWCFE‘@WWP %@'@cﬂ?ﬁ%\ﬂ%ﬁ%\%?% 25 t he
present invention; Fl Ge@2ciish fhriid? Bro¥d-&bticHal Vi6R ofihe cRONRRGEFIR 1ah; FI G

22a; FIG 23 is a perspective view of a connection in accordance with the

present invention; FI GFIG4 if &side pewnfernathar end platginsceardanss yabythepresent

accordance with th r t 1.0V I P30 December 2004 WO 02/10535 7
PCT/ US01/ 23636 FI égvefﬁgn |e§8§§%aarntl§béﬁa%grspeg‘ti ve view of the connection of

FIG 24a atsaching twkIG.sle-i$ 4 tepvicst ofithe emdadate BIKEG. PHa i s a perspective
vi ew of anot her connect] in accordance with he present inventi.on; 5
FIG 26 is a perspecti é:lég\r)ijr@\'/ﬁa(ﬂersgﬁcq‘é'f’t"ggh tem#é% IOFHlaé’g%r(:ﬁ)?“ 5%%% Wi th
the present inventiOpreschl itventidn] S a perspective view of an iso-truss _
structure with an attachnment nenber of FIG 26; _FI%HéSa i S, a perspective
view of an iso-truss sEIGd7hiska igp Fiswa{ theqodcpyiectionpl Fife 172 mithap (%7t c e
with the present igyantion; FIG 28b is a perspective view of the exterior
F

shell of FIG 28a; 29 is a perspective view of the attachment nenber
of FIG 26; 10 FIG. 18a is a perspective view of an end connection in accordance with

the present invention;
FIG. 18b is a bottom view of the end connection of FIG. 18a with an iso-
truss structure;
FIG. 19ais a pérSpective view of an end connection in accordance with
15 the present invention;
FIG. 19b is 2 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;



FIG 30 is a perspective view of an iso-truss structure wth attaghmesdmber 2004
menbers supporting platforns; 15 FIG 31 is a perspective view of an

i so-truss structure with another configuration of attachment nenbers; FIG
32 is a side view of a flat menber attached to an iso-truss structure in
accordance WAHWHE present invention, FIG 33 is a perspBEVINEZ%w of

flat menbers attached to an iso-truss 20 structure in accordance with the
present invention; FIG 34a is a side view o a flat menber attached to an

i so-truss structure i rdanc ith the present inventi - FIG 34b is
an end vi ew of the fIa{1F I@é%ﬁ’e‘? aB?‘%%mpg%ﬂ’? V%W@%%ﬁ%ecgﬂ“@ﬁ@%?% of an
attachnment of a fl atachiegbes isb-@usbuiusigre;y USS 25 structure in accordance

with the present inventé@n' FIG 36 i.;s an end view of an attachnent of a
flat menber to an iso- tHsS 2 147 PEERSGHYS YiFW gEangthersnuaechipr in acserdpce satht

invention; FIG 37@ebfeséht if¥BntieheW of an attachnment to an iso-truss
structure in_accordance with the present invention, 30 FIG 37b is a
per spective view of the&'lgt 268 pperpectve HpGof avatiaciBterDucmbbein 22@0dninD

02/ 10535 8 PCTI USQHH, #3983 8ert ais a side view of a tapering iso-truss
structure of the pr esen? Q? rtlvngﬁ%tﬁ%h; FIG 38b is a side view of another

tapering iso-truss str RGUETds eperspretivivies enin istriadtstrodtire wifhl 2 attd@miest a Si de
view of a flexible ]j tﬁlﬁﬁs tructure of the present invention shown in a
curved confi gurati%%n;%)eﬁf’ 46@ is a side view of an angl ed iso-truss

structure in accordanc&I®i2sh is 4 fespREtaeitw MDA strdohide witlin bsedorSi de
vi ew of anogﬁer ang[ﬁfd i So-truss structure in accordance 10., with the

present inventi _on;s %“ﬁd@ge‘ﬁlt’_&ﬂﬁé’mﬁ?@wﬂ‘@ﬂﬁﬂﬁcurved i so-truss structure
In accordance with tNeIREs WY perdpbivev®i of the exterior shell of FIG. 28a;

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 inveﬁtion;

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



FIG 42 is a side view of a circular iso-truss structure in accor dabeénwet 004
"the present invention; 15 FIG 43 is a side view of a curved angul ar
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 WHPEMFon; FIG 45 is a side view of another PSHVE{{ze

structure in accordance with the 20 present,invention; FIG 46 is a

detail ed perspective view of a braided sock & n accordance with the pr esent
invention; FIG 47 is ' wview of an.integral  .connector Jin accordance
with the present inven |c')n;alggsigf?(‘§lew ﬁtgpegggisﬁ'gu%swtgfeoﬁ%twnﬁ nt egr al
connector in accori@edeniv th the present invention; FIG 49 is a side view

of another integral co ctqr. in _accordance with the present invention;
FIGs. 50 and 51 are si g‘g&vé aéldeé"eﬁ"n?fg‘ﬁmgﬁﬁ%E%%sOT“Ns%ﬁf%Wﬁeﬂfé@ with 30

the present inventpeint BPeregenber 2004 WO 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; FIFGS. 53 and1§43%isa sideyiow ofea/fiexifle igo-irass shueiwecd he piresertc cor dance
with the present j,0M@BRE IR 2 {03 i de view of .a cross connector
in accordance wt hnt%@ present acﬁé\?‘ég?ﬁﬂ n, a&'ﬁG 56 is a side view of

anot her connector in addGrélanceside viewtdfien prghesidst-truss Straotire dmnacceidiixe Wik and

58 are schematic %gg . Vi _of other attachnments in 10 accordance with
t he present inventqlﬁgh; Fa%r%ﬁis a side view of a sign utilizing an

i so-truss structure inFi@ctobrislaside viswiof afidiieer prigdedsipd-trua\@attiRn accordance
10. with the present invention;
FIG. 41 is a side view of a curved iso-truss structure in accordance with
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 60 is a side view of another sign utilizing an iso-truss straEbedetmbbi2004
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 Yo% ¥3 e in accordance with the present i nverRGUPSOVRIR 64 is a
side view of a light pole utilizing an iso-truss structure in 20
accordance with the present invention; Fl GS? 65-74 are side views of
bicycles with frames utilizing i.so-truss _structures in accordance with the
present invention; FI Gh%g‘%r? eé’kﬂ%%éﬁlwwwt%nbwwef“ﬂ € utilizing
i So-truss struct upresent ilvéifoly dance Wi th the present invention;, 25 FIG 76
is a perspective viewokj the bicycle frame of FIG 78, FIG 77 is a side
view of a mandrel for fEgPRiRqnd 4 pregidevissis of g tagepmiteator i acgerdwce with ghewi t h
the present inventieantibl&ition8 i S @ perspective view of a head for a
mandrel for formng an iso- truss structure in accordance with the present
invention; 3@ FIG 79 iBGaSyenspericw acrmscamedoriolabaypdintd withntha gresént f or
form ng an iso- t%§%§§ ructure in accordance with the present invention;
30 Decenber 2004 ’0535 10 PCT/USO1123636 FIG 80 is a support menber

utilizing an iso-truss FHGrik asite vitwaraastharehector infhckdt@anes GRE fHe prévg@nt i on;
FIG 81 is a side.vi eg of a basketball support utilizing an iso-truss
structure in accor8&fi¢®®with the present invention; 5 FIG 82 is a side

view of a backpack uti IFiGé. 39 afdis8 & sdhemitfc Sbloded Wels bloth@CHAMHRAEE W th the
present invention, FIG 83 is a perspective view of a boat wth a nmast or

support uti 11Pzi ng %Wqu@%?vﬁthﬁ@f@eﬂ%‘{eaﬁ@} in accordance with the present
Structure in 10 accor daren a REYRY ofa BEh il bOLOR AR 5 G 4
view of an oil pl arfcsdamecewith ithei pigpentdmventionss structures in
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;



accordance wth the present invention; FIG 86 is a side view of a&0DRtémber 2004
platformutilizing iso-truss structures in accordance with the present
invention; 15 FIG 87 is a cross-sectional end view of a subnarine
utilizing agd s@.td-Uss structure in accordance with the pr nt__invention;
FIG 88 is gv%éz?lg%{gcti ve view of a mssile or rocket util ?ﬁ%ﬁ“lgﬁﬁ:’fso-truss
structure in accordance with the present invention; FIG 89a is a
perspective view of an aircraft utilizing af% so-truss structure 20 in
accordance with the pr e§]%?t 0i.nventi on, FIG, 891, is a cross-sectional end
view of the aircraft of FrGe gdsPperf pember ytilizige gu jsofmiss stpetuys iawecordance
satellite utilizi ngithrthé presdnt ingéentivhy uct ure in accordance with the present
invention; FIG 91 is a_side.view of a water tower utilizing iso-truss
structures in 25 accorﬁgﬁ@é 15 $ie Yiews ofyz basketball support vidlizinElaBisodss s a

artial side view gfucturk sl | 1 7] I SO-truss structures in
gccordance with the presgﬂ%ccﬁﬁﬁﬁlﬂg%éqg%&%qg@%ﬁgﬁ’a br oken away si de view
of a kayak utdlizing i sBIG BRdsn sidetvievcoile mskpack atlionglarics rsshudiie ipdr esent

invention; 30 FI G ;94 daSccBvithl LAl gr oken away side view of a rocket
utilizing iso-truss st rctfgvpur eéprle?\en 'élgﬂ'&’(?ﬁnce with the present invention;

30 Decenber 2004 WO ozlmasismperspmwwa@a«/ozaﬁsﬁvﬁﬂﬁm%‘éoﬂs%pﬁoﬂtﬂﬁ%@aﬁw of
an artificial reefis%?:[&[;;%%nﬁgi.so-t rdfglﬁs-s_truct ures_in _accordance wi'th the
present invention; RS 11 aprordance with the prpseahinyentiongr j ve shaf t
utilizing iso-truss st rRIGt 84 B3 side i TAHHRBCRIMWha bn iRl 888 RLe inVent i on; 5
FIG 97 is g,side view of g shock absorber utiliZing iso-Truss structures
in  accordan@e wi tAWAMCE i preseidnvantion; FIG 98 is a side view of a
flexible joint utilizi MG $EhE sl in _.accardance with the
present invention; FIG Qgﬁi?ghgfdgr%ggsotféﬁéﬁfpgﬁg %tﬁ]gn%ﬁ“?/ﬁ%ﬁssg“"ﬁfrﬁss@ure
vessel or tank utialc?%%*?wltbtlilwmm&muctures 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;




FIG 100 is a side view of a gear systemutilizing iso-truss strughmwegSnteh2004

accordance with the present invention; FIGS. 101 a b are side view of

i npact barriers utilizing iso-truss structures in accordance with the
present invention; 15 FIGs. 102a and b are cross-sectional end views of
i mpact barr M| i zing iso-truss structures in accor dBRFESU2E4C ¢ he
present invention; FIGS. 103a-c are end views of iso-truss structures in
accordance with the present invention. 20 DETAI LED DESCRI PTI ON For the

purposes of pronoting an understanding of the principles of the invention,
reference will now be nE§e 9 & ase visvepfamartficiativesd nikigingsiso-trigsstrvctereslin i n t he

drawi ngs, and Spechécio?dah@e’%ﬁtﬂ@pﬁ%éntmb&tﬁ!ﬁ;ed to describe the same. It wll

nevert hel ess be understood that" no [imtation of the scope of the invention
is 25 thereby intended.FiGa96 &lapartiat siderdew nfia fitive dheft utitidid ise-atissatsctafes t he

inventive featureg ] trat herei.n, and any additional applications of
the principles of ‘[%hdé:urlﬁ%\(fgﬁ'tltlgg}?péeﬁe tlnilv&g{f%t ed herein, which would occur

to one skilléd in the rEIGeYAhta sidarviewsdTd sheoki dbGorBQSHIEEHE RB-tRks dikcres in
di scl osure, are to _be considered within the scope of the invention. 30
i mproved | so- Tr us s2SPTHARENY N tARpIpSsEdaoB004 WO 02/ 10535 12 PC

11JS01/ 23636 Some basi crIteas 1heRe HewdlT aifBRibid juF uBl AP G & ribed in
U S Patent 5,921,048, issued July 13, 1999,'] V\h}]chn:léggﬂ{ergsgi,n |u%§szfrﬁporat ed

by reference. As 3CPaucetitdhs preseptdgventions, an i nproved i so-truss
structure, indicated g r &y i 10 i i.th th resent
NG’ & s ¥ cRks geg%onal éhdav;iéw ijzfﬁgﬁ Jesse ec,}rgq,nr& élﬁﬁzmg

invention is shown. The structure and geonetry o
embodi nent 3df t he ibeBussstugures mactondancd Qithrthe prsetdmeniidiled i n - numer ous
ways. The iso-truss st Iis Q.inc es a plur .0f elenents or

U408 494d N2E) Ufi alli téa/

members 12 arranged in a T epeant THG P%OT 285 SSIHUTLTLE SOHYSR SHICOERGi t udi nal
axis 14 of the staccartiancewit thephaestiveafion;e 10 may be conceptualized and
described as a plurali el ical conponents 20 w appi.ng about the
| ongi tudi nal axis 14. Ei%%%’(?%??‘&%?’w‘@B hiarmess piligingdecstrass SEAMEES ty of
strai ght segnents i2g&ccneoligthepdsent Bv&ftni N @ helical configuration.

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



In one aspect, each helical conponent 20 advantageously includes abpe€@Mer 2004
four straight segnents 22 which forma single, substantially conplete
rotation about the axis 14. Thus, when viewed along the axis 14, the four
straight 15_s rrents 22 forma square, or have a square cross-sectional

shape, best ‘%%@ FIG 4. The helical conponents 20 ma§CEBHt A8

I ndefinitely form ng any nunber of straight segnents 22. The straight
segnents 22 are oriented at an angle with rlgspect to the axis 14.

Preferably, the strai ghg se ‘,‘i& 22 re rigidly connected at their ends
to adjacent or sequenti 3l %%5 cs @nll“‘r?%'ﬁé staichue fre deseabeskinUbS Ratent t ur e

of the iSO-truss Sb/9QL048, esddd JuRqbULS, &mchﬁthe}eﬁﬁﬁ&o d(i@te@ﬁgtle?& opgonent s

30 and 32, and 2) aﬁ | east one reverse helical conmponen vvrappl ng
around the axis 14llustratedinElias. ésmprowdesm@seuucm,mm@ g‘eﬂera]ﬂ;caltudes 1)

four helical conpopeRi&daR rever e heh_k5
conmponents 34,40, 42 and 44€W$Ethc%§?sl cg?‘%ggmn%gg%n %C&“f%ﬁ“ round

the axis 14 in onethamr@md@m,bommbntmfmmkcetmds@&weonﬁ?bb&es&ﬂ&d1ﬁeverSe
hel i cal conponent e axis t he opposite direction,
for exanpl e counter oc‘%wggﬂ’lelso ‘Fﬁ'ésfsrs%% éﬂﬂ?ﬁh’é‘ﬁ%%l’ ity elgpeni o
segnents 22 theremﬁmbmmemngmmep%ﬁtmg@&eﬁra[@@u@tw@ﬂl ﬁqgngqmgﬂgfm axi s

, .and segnments thereof, have a simlar

14.. The reverse h e

helical 30 confi gufratJ ‘iﬁ% stigfule g %‘F ?WF‘“‘EB%EGHBWE@C%IE@M ad dessuibedas 2
opposi ng angul ar wbly R htical 9

olroPent a'?l ong Thi s%g Si.c strl‘j?:t U%Oﬂfgs%%gﬁa?geév@gtﬁ ”é{ﬁﬁﬂa?%g§?4 Ea Ps 14
(FI G . dBpear £ ﬁ%a &WF%@lzﬁquﬂbnluadimenghUEgnmbcmmﬁ eilect i on.

Ref erri ng to FIGs. togﬁdﬁ‘éhehfh‘?cd{vﬂighﬂi hel i cal conponents are shown being
i ndi vidual ly added to the structdre Y for clarity. The first helical

conponent 30 5 is shoWroriensricrach elicBheonsppgemi20 adwidtadefub Sncddudes WAEA: t ube
50, shown in phantgm, u ses of . F| G ,5a,, the square tube 50
i ncl udes a bottom tog%lgﬁ% %¥ ﬁvgﬁ%gpaﬁts%ied%’?m‘&}aubf’ te Tqtaorf | rst

hel i cal conponent a@@ltlthmkudds’l‘husf Wwhéi vieRglEog this lﬁtﬁeﬁﬁuﬂsﬁﬁ%h Pl ane;

second seg t 54 %PZ ane; a third segnent 56 in right pI ane;
and a fourt segne i mrésqﬂ't‘ff"t% ﬁaa%am?ﬁésmmf@é‘ﬁhamﬂbcﬂmm&nt 30
may continue wit hFiGay 'ﬂmehazcam Brhts 20 ¥Rayf Qi QH&E%% Lhe helical
conponent 30 forma H?ete Sr ot a%){%n&%%out e axXIS fﬁl

num clr rc‘:? stralght 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
wrap around the axis 14 in one direction, for example clock‘ivise, 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

25

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



Referring to FIGs. 5b-5d, the second, third and fourth helical segyeRt&nbe2004
36 and 38 are shown in bold respectively. Referring to FIG 5e, the first
reverse helical segment 34 is shown in bold. 15 The first reverse helical

conmponent 34 includes a first segnent 60, in the left plane; a second
segment: 62 ﬂ??ﬁ@iﬁotton1plane; a third segment 64 in thePFFHR236fane; and
a fourth segnent 66 in the top plane. The reyerse helical conponent 34 may
continue with many nore segnents. The four §égnents 22 of the reverse

hel i cal t Engl otafi bout th s 14. 20
Ref or i ng (0. Fi s, o Bl TR bask SebR R Muea Kiveh i @ s0s Ao (11Gal

conponents 40, 424}a|appeéafkaamein&igmafymmlwdnﬂeﬁﬁpﬁﬁﬁrwﬁwsecﬁmﬁeferri ng to
ents 30, 32, 36 and 38 are shown

FIG 5i, all of the helﬁ%al.c?r%n 3 C

hi ghlighted. Sinmilarly, FEf88 ést%“sﬁl»@FVSP‘?usélpllGabwlllmentearelSh@mMﬂgal

conponents 34, 40, indRidwaly ddie@icRhs RAMRO I ORL LGB e ing to F 5K,

all of 25 thgl conponent s_ﬂ}i,n tehe top and I’(?%H: p ég!g%lﬁlig&{scﬁlo pﬂ?eé]#u ght ed.
|

Ref erring agdin to‘slﬁp‘l’!;n B FIGHYs | The segnemtst22alefines suat tubet50] shooh iﬁbl&gtom
| SO-truss structuggsl Iqﬁﬁﬁ},lé V, [.S0z4.r Uuss structure 1
advant ageousl y incl udes  ‘an eér?%gg{:%gﬁ b@g F‘i&]a%tt'rl%c‘c}odfl‘g‘,ﬁeﬁa PHPBrigpapd left

i ncluding 1) rot at#4 right sides) orpbwpo Bwetisst helivatlcoRpohent 80 Sivlided @ﬂ?s@lsé%ﬁiemca'
re. 30 simlar_ to the helical

conponents. The r | kcal conponent .

conponents, but a?%f?ﬂ?ﬂ%tlgtﬁ%%ﬁse? 8@?“‘[5'32%3??8@3@54“@6%@@%@
Simlarly, the reubesghtphhatanda iekihGatmaR SPRNEObStod Rar "ﬁ‘hla?éﬁéa? the 30
Decenber 2004 WO (%2/ 1053? 4 PCT/ USOL123636 reverse helical conponents,
but rotated with ri@¥BeMnt I mey continnewvilampry mergisegnecotsp die Mo seghiemtsr2atodt ed

hel i cal conponent shetticdlRempateat ' conponent s, gl.so form a
squar e when Vi ewegq;f?l Q?\g thfé axi?qfﬁﬁ%%%ﬁ’%@p\%ﬁ%ﬁa{gﬁm?%g@?%ﬁ’ﬁtaﬁﬁ i th
respect to the squrEiPHeds BY-Seribe srepid dhirdeodfomb hticaBigaists 32, % and

reverse helical coRRRMWMAIN Fhol3eLREE to FIG . 51-5u, the various
rotated helical conponents aroe spﬁeg%eﬁgei ng individually added to the

structure 10, with theRpfetringsd Figh e, rthaistreverstetelicad ke RAPRNS Shoiwd BiRNed, for
Y s S g Ao Yt S SR B n6Indea g St oo 60, Mot et |
segnents 22 define a square tube 8P PIRISS ARt Srammt 60, iethe lefor
purposes of FIG plane; bsecoad spient 6248 tdottb@lpiies Rirk 95%[1964{ A%hd] t
- plane; and a fourth 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



rearward facing, and upper and | ower facing sides, or planes. Thes§ DeSdnber 2004
helical conponent 80 includes a first segnent 84, in the forward facing

pl ane; a second segnent 86 in the |ower facing plane; a third segnent 88

in the rear_facing plane; and a fourth segnent 90 in the upper facing

pl ane. The }"&0&{1@35 heli cal conponent 15 80 nay continue W$HUSA3¢or e
segnents. The four segnents 22 of the rotated helical conponent 80 forma
single, conplete rotation about the axis 1414 Referring to FIGs. 5m So, the
second, third and fourth rotated helical segnments 92, 94 and 96 are shown

in bold respecti vefsyersehstisalcomgonantsbutrotaied with gespéot ot the mveselblicelver se

helical segnent 984 | first. rotated reverse helical
conponent 98 i ncl u%éﬁp@%ﬂ%&?t&eﬁg@ﬁ&?&@% S?"ﬁeth?r(?ﬁﬁfrﬁv?%? eﬁ‘&&pl ane; a
second segnent 102cdmpontms alppformhaquagwhérvieved aforgtihe £iSBOIFEGL) #bhiin t he
rear facing plane; fourt egnent _106.jn the,  |ower facing plane. The
rotated reverse he og‘g%lﬁéhorﬁ%)c?ﬁgﬂ?hwuﬂ@%hWﬁ@elwa](‘F?mﬂ?&ﬁifsW@egrrents.
The four segifents &idreferscihelidabtctbpBedtauer se helical 25 conponent 98 form a

single, conplete rotation about the axis 14, Referring to FIGS. 5g-5s, the
second, third and four tHSBREIFICH rérdhe yasongmiatesdiehient componentsare 112 and

114 are shown in hpbén baigpaAtivyidal PETRA e _shown in
FIG 5v. Referri nﬂ@agai n ?o FI Gs.y%ddg%ilt%@és#@g{r%rdssﬂggéﬁ%@%lragéieﬁerﬁ%s a
plurality of 30 Helifal spmpanspis reswrved,Zor clariy.| Tk firstrothled helical buphponent 80

B Bod a4, 3y four A ARRERE S, Bl SBind 2 ERE S5 Bl B9 Fh0an8 PRy

/ USOL/ 23636 1Bonporiaes Foe8purpees oSBIGaSHY tidGuanthbd 2 fneludes Dotk L6 ficRger se

hel i cal conmponent g, clf110 112 and ,114. Thus,_ the structure 10 has a
ik acm(goﬁ%%q?@ﬁli"éld Ver Rcingsides;05 Blne chhe first helicst r aj ght

total of sixteen hélical

segnents 22 of t heoipdrieard0 iacloPeRGRitSe@eAPs4, ih, n
_ & e gtg%vg:‘éﬂ‘a ap%?lt%{ee a Jecofd D

angul ar orientation, a gﬁong]ill)n axis 14, and are _ from each
other at equal di StEHFELRS indpebopvsr faging plgae; & dhirdsegwens B8 imthe reas fasimgeldne) i cal
conmponents 34, 40 and'2foafR sénifdFindh ;SQPIQ i TR biE0RG ALk a . comon
axis 14, ang%gre spaced ap%grlr% “from e@g} ot %@g&a ée%%é‘%’tg%flg?lgﬁgdé@po t he
strai ght seghent s 3®may pentinag with many otesegroentyp OPtefowr sBdnerdd22 dFZhadtieds have
an helical component 80 form a single, complete rotation about the axis 14.

Referring to FIGs. 5m-50, 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
25 component 98 form a single, complete rotation about the axis 14, Referring to
FIGs. 5¢-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.
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



10 opposi ng angul ar orientation to the angular orientation of theisegr52004

of the helical conponents 30, 32, 36 an 38. Again, this structure, when
viewed fromthe end or axis 14, appears as an inmagi nhary tubul ar nenber of
square cross section, as shown in FIG 4. The straight segnents of the
rotated hell éapﬂggﬁponents 80, 92, 94 and 96 15 have a cB&ﬁHﬂ“&ﬂHﬁlar
orientation, a conmobn axis 14, and are spaced apart from each other at
equal di stances, like the heli cal conponent 530, 32, 36 and 38. The

segnents of the rotated reverse helical conmponents 98, 110, 112 and 114
have a common angEPBRONGRIS B3 Poend 9 arfoninur sotated rexerselelicalcempprests@8apar t

fromeach other agjjEquahadigt & t conponents
34, 40, 42 and 44. 20 But the’ 51%&6&6#1&5%%8&2% Jaet\éf'aﬁﬁﬁe ronltl%?ltaé reverse

hel i cal conponent scagpongiltg20.112 and 114 have an opposi ng angul ar
orientation to the angu e n of. .the s.of. the rotated

hel i cal components 80, ‘é%ﬁesg@ ég% &cﬁ@paweggwh@&eflgﬁ)wgm% 80,
92, 94 and 96 and 3B82rifamtied hamemgulmaineﬁﬁQOBmoa&xxsuchndaﬂeZ and
114 are rotated with res hel i c 25 corrponents 30, 32, 36 and

38 and reverse helfpé‘aﬁdagglﬁ%BWeeﬁ?I%o Qfat%'ala‘k%fa‘a;ﬁ%l Similaily, ths segrpenipoidie ¢ hi s

structure, when vigwask RdlieilchRgorRAR 32! 46242 %Mha%%ﬁﬁﬁo& oliRAion2" Y
t ubul ar nenber of square cross section, but is rotated w respect to the

i magi nary tubul ar hEFEED ik éféii4595113?\@1mﬁﬁ@mleadndhﬁr@veqwbdlbtwmsaht
conponents, as Sh%@sﬁﬁgﬂf béme o?ﬁﬁ?&&%reﬁlelfl&cam% h&M 34 4 aaﬂg 44 hia l é?csa?i;n

rotated 30 helical ot ate reverse I ca onén
i magi nary t JBul ar @potbeganghier ork@OMion\® tﬁ&ﬁﬂ@ﬁBﬁnéﬁatﬁﬁﬁftﬁS@glﬂéh&?ofﬁlmnber

havi ng an eight-p r n vvhe VI ewed fromthe axis 14,
as shown in FIG 21 eﬂgﬁgc’%é&ﬁ%t%é&?hgf éeq) W&%@’@Fﬂ BEVPh IRt at
joints 120 (FIG el or Biel4 hppeantss ad Andghmnhebilirghdhber 6OMKEcRAs sekligi bl ¥

connect ed, or marel%/ 5 |nﬁés4ect at the joints 120. A node is forned where
i ntersecting el eméf ho connected. An external node 122 is forned

where intersecti ng el emnesifaigh? sdgBfthts o?ihetrﬂﬁteﬁ)ﬁélic gfpmﬁéntstﬂf9§t9’ | ﬁ 10,

best seen |n FI G . An internal node 124 is forne ere rnteérsec
el ements 12 reet QPW%@WW@PI@EHM@H&GDMH@SM angdsire speeed apart s, 4.

The iso-truss str ugdnYier HediBdRar & fkd B9 nliRafndnh MY, 399804 38. The

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



10 configuration, referring to its eight external nodes 122, best 38€RBedbtr 2004
FIG 4. A bay 128 (FIGs. 1 and 2) is fornmed by a repeating unit or pattern
nmeasured in the direction of the |ongitudinal axis 14. A bay 128 contains a
single pattern formed by the elenents 12. The structure 10 may conprise
any nunber Y1943 128. I1n addition, the length of the bRGTY¥EZNHbe
varied. 15 An internal angle 130 (FIG 3) is fornmed by a plane created by
two corresponding elenments 12 of a tetrahedfon and a pl ane created by
opposing elenents of .the same tetrahedron. The repeating pattern may be
described as a nunibgt havinga sishtpejnted stat gragssention svher Miswed framdhesaxisai
tetrahedrons are ofsMRaWnenfIGigzes With smaller 20 triangles and
tetrahedrons being interspersed anong |arger triangles and tetrahedrons.
The structure 10 may beTw¥enatmptesiiglaodanats PRwonndchaghiesest at johi B0 (FIEnber s

of square cross segti 2! i forma single i I nary tube with a
cross section |i kegéinﬂ%ieg 1@%@?2’9&%’8’3&3@ cog.gecg%oaﬂlﬁﬁ%@gc%g_or oerelhen
viewed 25 frdm t heimersbcbat thegnipist120i Aalodeisi Brmkd wHeRSn@isestilz et 103 t he

appearance of a pluralify,of triangles spaced fromthe axis 14 and
ori ented about a p%?qnﬁ%?‘%rmf geterpy) ea}?zi‘ﬁg’&?lﬁfhwwfﬁ itersestingrelements B meet

pol yhedral cross sa&héme' iefer bfhe stk 96, bRl TCE, L,No4 e case
of the preferred epbodj nent, eight triang| egeég?gFfégg;(#elﬁhgegég?OdteE%&ls

| ongi tudi nal axis PEbVReramtsrirstRaRleyentulfunest artboinbarionbf tROstactmgtyad Cr 0SS
section in the intgehypref 4.t H& ;84 30, Decenmber 2004 WO 02/ 10535
17 PCTI USQ1/ 23636 | n addition, ‘;mgeHgnéEg{li%“m%goP}ag%efﬁ%%r’r%ﬁ&a%?“‘i‘ﬂ&‘n s 14, it
i s possible 0o defonfiguratiophrefostingiodtspiphtéxtahalnodds 12D bevsbsh ia4IG. Ee pl anes

ext end between specifi raal- no .122 in an eight-pointed star

configuration. The pl a%\egﬁéltrzg %eﬂ?@?ﬁlsﬁ%@%yﬁéeﬁg%g%t g patiesn degr ee

intervals. 5 Furt heeaswedin thé difdctioofthy lod@Bidinal &id8s, oA bhy 12RNGHLAL %ﬁﬁgﬂs i's
|

formed which are helieved ave strong structural properties. ring
of triangular grid® e"8¥ eégi’ﬂ’ée(f

Hicaisildr The strushire; 1¢ may eanepris® anymuniber cent er
of the bay, as shaf®aysn28&! fzadditionthe 1 ' ' trength is due
i L T

to a greatersnunber of caqnnecti ons. onents 30, 32, 36 and
38 intersectowith reveAadntpaplangle 130 (FIG. 3) is formed by a plane created by two

corresponding clements 12 of a tetrahedron and a plane created by 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

25 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
spaced about the longitudinal axis to form an imaginary tubular member of

30 octagonal cross section in the interior of the structufe 10, |



10 conponents 34, 40, 42 and 44 at external nodes 122. Simlarly, 3n0adugiir 2004
helical conponents 80, 92, 94 and 96 intersect with rotated reverse

heli cal conponents 98, 110, 112 and 114 at external nodes 122. The heli cal
conponents 30, 32. 46 and 38 intersect with rotated reverse helical
conponents S 92%49%5 112 and 114 at internal nodes 124. SiBEPESUP®Phe 15
rotated helical conponents 34, 40, 42 and 44 intersect with reverse helical
conponents 80, 92, 94 and 96 at internal nodés 124. The helical conponents
30, 32, 36 and 38 and rotated helical conponents 80, 92, 94 and 96 do not

i ntersect. Likewise, t difien.ohen diewed fropdhpendanthe B8, 14, 6 poddbland 44 and

rotated reverse heliimleiohp : 2vand 114 dqg.not 20 .
intersect. In additi one}t%l % he g%?%‘%.ﬁ?y‘ﬁ%%‘%ﬁizrch%l’?"r?ssrr%‘é‘?”@,bc‘i“ﬁsn Serilict ur e
10 al so may have eftghal nodesci2aan areigiaipointadiserr sortRratibh. Chhe plar® e blichtaf at ed

in the interior of f ure. 10 and intersecting the plurality of
hel i cal menbers Zoabgglhtlﬁ%?%lsEg%tisr%ﬁrggmiwls‘me axi al menbers 132 are

paral l el with the | ongiRuniiemle, ®ith alithy 128 a o® il AENA AR Wil nodes
| or the conponents nmay be rigidly

122 and 124 may f-oarl_n}lrj g%:g ﬁagnnections, ¢ PO

connect ed t oget her®™ PeieXertiodiags siropg sirugiural prongpies e Fhjs tigpoftrigteslar ggdsdl y

coupled to the comimlt&ﬁﬁﬁlte%r&ﬂ'tﬁeétﬂfcﬁ&é"ﬁiin'?&dc%ﬁte%@ﬂheba};‘%s g‘?g%&t can be
on S

made from a conpoili 13 material, The helical configura Tucture
10 nekes it partictf® phigyed dat this sirergth isdne toongreatérnen®er afeomicttitglsj on. The
conponents are coupl ed}088t f i S t he various conponents
overl ap each other. The fi bg?i&og@yn%g%&%%’gkiaﬁfgs lsregtyith ey eres helioy
Decenber 2069 WO GompoBss 31540, PEANd IR0 ¢RBEIFMOABOLE. BiAARGT RrardOlkiowi ng t he

hel i cal confi gurat,] ef...as described in greater detall below
Thi's provides gr etgéﬂg?n%étﬁtgp ﬁgzgggbﬁ‘légé Ipfrseet &Y thanieted severse helinalomponends e
formed by conti nu@8sl18f r12rad 104 atfeivifda)l noldg12) enents or conponents naybe a

fi ber, such as fiber ng? S nicGar bon, boron, basalt or Kevlar 5 (aramd), in
a matrix, such as a th %Fg‘@’i‘ CprEpRReyts 30, 33y #6 ansk Arinterseat With rotated veversa

t her mopl asti ¢ ( pohglizal@mpoRakyds, PRY £ i ' i tion, an
additive be included in the resin orﬁ}h@tlrnfe%ié%dgﬁ?%‘g : 361ﬂl¥ctors, or
cheni cal ;Tg%‘m | entodatedpeligal camponents 3449042 and et intersed Githayveae heR@st r uct ed of

any suitable 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 93, 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



material, such as wood, netal, plastic, or ceramic and the |ike. BY®ecember 2004
el ements of 10 the nenber may consi st of prefabricated pieces that are

j oi ned together with connecters at the nodes 122. The connector has
recesses fornmed to receive the elenments. The recesses are oriented to
obtain the S ¥ & geonetry of nenber 10. It is believed PRYCSPREfultiple
symmetric and highly redundant nature of 15 the structure 10 provi des an
attractive, efficient, and damage tol erant $8ructure, with the

t hr ee- di nensi onal ¢ nfi%ur ti'fon of the structure 10 providing substanti al
resi stance to | ocaf*PBld aP‘l%. olfpiuing thehelical éolﬁxuﬂah@bﬁfgmmbmbersamceibed
geonetric forns WdRedimdR t | i ' .se linear fashion in
opposi ng directions ﬁar Oun?@ﬁ%&ﬁ%ﬁﬁ%@{lﬁ%ﬁa@%&&ﬁgy}%aﬁ%ﬁ th%?'leémlegtﬁﬁ’rs? udi nal
menbers are repeat 8APEPISY srounsddymontintiond sirands of fibexy ity eleatbu@ant and

stabl e confi gurati @iupdn | L the structure 10 takes advantage of the
mechani cal properties g?tgglgkp‘%%ﬁgeﬁtsul eébefﬁﬁfsh‘éar 'ﬁﬁP&h“?ﬁéﬁ“E&Y . The

| oad i's transferr e@ankidy ighmatiiesrls agnbaimsdt oo, vin)l &% ), OPsyenWher e it
di sperses through gfher Fach _nenber carries primarily axial

beam . segnents.
| oads, taking full a vog}ﬁ"ts%\cg@o%’?S?%Sp‘ﬂ}?éoﬂyiﬂ%rpéfﬁs cigr)y dmgglditiomnen additivemegs of
conti nuous fi ber - ri inédlodedas tHeQOROShRsx, such e [ﬂegﬂofe@{or {T&%fn? aﬁxfe{)éfﬁ{l{'s! y
I ze the

carry the torsion and transverse shear | oads an sta
| ongi t udi nal menbers adHicHefiveydhg strgurhi@maydwaenstinoted bEaayrseitble  axi al

conpr essi on, whi I'Qngtaﬂﬂ,lsgagé\st%' r rinarid rry the axial and
fl exural |oads and stabilize thg’qﬁétflzﬁag ﬁh%r%fﬁ%”%ﬁ%@%‘ I?F’P’Fr@ts en
| oaded i n 389t or sitbmembarmaysorsis of prhfabricatekllpidoeihet drdoRicsvihegwi t he

| ongi tudi nal and Rhgli r 2004 2/ 10535 19 PCT/US01123636
nenbers at the joint SGE%%S aﬁgl ggg%ﬁgg‘i r&%esc‘)&“ FoRyrerstE femeditngestatiani sm t o

enabl e this type elenientseTtepeansanie sivhrd bR KR ated bRt
Furt hernore, the E ghly redundant nature of the struec'fghre tlijo&?rﬁang%rit very

damage tol erant. Renmoval of a single nmember results in only fractional 5
oo oot e g g S RSP A
g ﬁ glaP i !5 |t '; ﬁc P L ?\éis dﬁr&h the thie8ihdntiBih cREfUIREF B GAVANL ﬁ?gro%\(liemrg shés?a?liti;li onal
resistance to local buckling. The structure 10 incorporates stable geometric 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 confinuous 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



Failure of conposite iso-grid structures typically displays a nor gy tdeditee2004
-10 overall ‘behavior than is generally observed. in advanced conposite
structures. Although the initial response is still linear elastic to the
ultimate |oad, the subsequent behavior after damage initiation is

generally ndR &4 . In conpression, this nonlinearity gBREPEN233¢ ncl udes

a roughly 1/N drop in | oad each tine the nenbers through one of the nodes
fail. In flexure, the failure is less 15 dd€tile, since the load is
concentrated in fewer nmenbers. Failure initiation under one |oad type

causes only ni ni niembeg@éthe geints ar nodes pravides awiong intatdeking meghoismd

direction, althou s bl . e .af f ect ed.
Furthernore, fail g%gﬁ%tﬁls?#ee Of[g%%é?pg@en@%%lgﬁswﬁlg&%g%%% has little or

no ef fect on the abil iFytlefmdirbghskighin cdnydanbmedure af thy sig:ture P siakestioveD

resist sinple loading. .Eailure of one b I n,conpressign_has little effect

on the torsion cgﬁéett?}e%’fﬁ' ﬁ@l"&lr"gﬁtﬁlﬂ%,me&ﬁeﬁ’@%ﬁ’?ﬂ‘@yi‘?@?t}"é%lpondi ng
toughness i s reddgestatibofthhiveraltritsture] OE filct, bedhdvill T a@bmblRE s RRNYes MeMber s
has little effect _on_the capacity of the secondary nmenbers. Fromthe basic
configuration of thE&TRGHVEPFPPRics by appraximaiely LA achere N espegsents thp gumberaf nat i ve
configurations argde®aSd \ | gl Lt rs.
Referring to FlGs. 6‘%%%( ee"#ﬁggl:be%%%é?ﬂ%e%g%sﬁ%%@n%a?mg@grﬁdp?gcat ed at
the perineter ofsigHbcant pgrfrmpagce advaniage over onditional sholl sprhaturas.i ty of hel i cal

W th the. longi tudi nal Tieer SRS B ard EudRi R RN n 8 e iRy be

| ocated ardénd t hevepdirichatiartha(s beiemtip bbsanaa $n AR andel abmpaite btfucfurdd ane

per pendi cul ar toh‘éﬁg"&:gﬁﬂ%i't'ﬁ i nal axi s, i.4. 30 Decepber, 2004 WO 02/ 10535 20
PCTI US01/ 23636 T TRHaNTEsRERCds stlldinegy elastic fodhs wmatsdoadnths vi ewed from
the axis 14, as sub&fient Betabior afor ddBs RGBS ferdBND G6bRint44 riBY be | ocat ed
around the perineter of the structure 10 between nodes 122 on a di agonal
with respect to tIBPFSEFGNtthignemineasity generally incindesserogphiy dMhdirop iy loadeash

menbers may be fQ{xﬁ@ﬂehﬁém%@@m&%gilo@%?f%g%%éslﬂgg@%ﬂr&% fARRYNENL s wrapped

around the perineter of the plura el conponen
di agonal pdPi net eluckileraince shertead is goneenirabedtinéaver meoibersent  nodes 122, or

extend to alternati ngFQl?lﬂ‘gﬁ]it}B%i%ﬂ ur%jeg’ Qn Gad 6555 ga{userg%ggfenrn%imal reduction in

strength when loaded in another direction, although the stiffaess 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.



may form another iso-truss structure about the first, or a doubl e 3bp$RcdmBes 2004
10 structure. Such a configuration creates a relatively snooth outer

surface or supporting structure that sinplifies application of an outer

skin for CO%H?&kﬁsﬁf structural purposes. The double iso-truss structure

al so provi dés énnanced stiffness per unit weight. As stafEHUSHEIES the

| nproved iso-truss structure of the present invention 15 preferably

i ncl udes si xteen helical conponents which ed&8h include four segnents

formng a full rotg%ion.a out the axis 14 to form square cross sections,

and may be ref err ed® PEBErmrmher A4 forgee Ralyhedson when picwed Bomthe pxeld, as

conpari son of the ghd¥iin FBGXR.Si X node configurations is shown in FIGs. |
Ca-f and ' 11 a-1 1l; respectively. The eight node structure 10 i s shown
in FIGs. 10a and | Ob, WhfincEmetsemsihern ddbmapbeioratet arpwndithe pamoveteriofiths| Gs.

11a and | |b. Exteghabréxd elwid 21 [ epbers. 144 have
been added to the structures s%%%F%%gia@go%gyngﬁ%s?mEﬂj&?gorng% nal ght
node structufe, angkis BtChhes¢ dipgonalpdriinetir fnomberh eag b formedbgsapentybe. As

stated above, the : axi al renbers 140 erineter nbers 144 may
f or m anot her i so- tﬁ%@ngﬁlret]}g%ﬁr J%ﬁﬁaweﬁgwﬁ}g&%ﬂ%@ﬁ&ﬁm@w96-t [ uss
structure. The i ntlelieallcompbmintsiZONTRE SiafiMEperiRRAN nichIFRN OshyckRAU bétGest F UCt Ur e

shown in FIGs. | Cbaj?an 1d0‘ %&r‘_ the eight node structure, and FIGS. 11 a
and 11 f for the sTPCREFRIS 2ot Grignd tpiplermntingnodesdk22c SHeli pptimeter swmbeisul t s

in the structure IfayhBgothaisalthdl srshiEbout Wil Gk TRE 85yHINE, Shidict ure nore
square and tter suited for applications 30 which prefer square

geonetries. l?Eor exSIpiEe. Speha eqniipyrationgweateswtelgtively $rarothi puter sodfsdear i n a box,

due to its parall ey peRdh& Wdfiingd rentiing, areater 30 Decenber
2004 WO 02/ 10535 PCTI USD1/ 23636 51 tag, tg’g’?f‘?@§°@&iﬁﬁ‘%’é§'&§%@‘ﬂﬁ%°r%€ﬁ
stiffening appli cdtremeel pipeses. tThe ddubleissitonsstatturd di wovidatedificad e

constrained. |In adgidd i pcr eased nunber of nodes increases the angle
bet ween adj acent sggﬁgﬁ?gEgsﬁﬁgﬁbers of each helical conmponent. It will be

appreciated 5 that wi tAsatatidebovesite BaRbVUsRiris® Sirudhias br A8 itk iaIRANent
woul d have ree _s nts.ar nenbers formng a conplete rotation, or a
, { i %&%‘ﬁ‘ﬁ RIpde %gf\ . e toachi
triangle, wth a PEIAtTyarPlesRizes B EoBRanRtE Whichjcadhdneludselgwisegiments
menbers. Such sharfqgmingd fifl réefiondbout IR BS1400 16 Lsre CRBESRESAL Anﬁfhaya”d may
be subject to faijure Wth an eight node ’
e 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.
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



configuration, however, each helical conponent has four segnent's @y DIBHIRF 3004
10 formng a substantially conplete rotation, or a square, with relatively
wi der angl es, which may have reduced stress and failure. Furthernore, the
nodes may be nore rounded to further reduce stress concentration, The

ei ght node YWRWHiration, with wider angles, facilitatesPFEIHHEHIFodes,
and thus reduces stress concentrations. 15 In addition, the eight node
configuration has nore unobstructed interna; space (free volune) as a
percentage of the total cross-sectional area, permtting easier
fabrication and yisaltsbilitg fofaiiciond Bitdrad] sNEdiEEaphRéatiDAy Wikdré the diniakiopisfoses
than the six node configuration. 20 Performance Characteristics Referring
to FIGs. 9a-9f, tHBePRRE:HarET®redhe iso-truss structure 10 of the
present invention is S'iQX\d&tYMntiﬁeﬁxﬁ:?é%?&ltnuhfﬁe%f*h%aes%&éds&%@&dg?éﬁetwe%ﬁ

i ndi cated above, the iso-truss structure 10 of the present 1 nvention

i ncl udes ei ght ext@mmaﬂS%muuéswn@ﬁmmanﬂwwhydbelmmﬁ@nmédﬂwoﬂbsmamm@ﬂ@ht node

structure. |-g addi ctur t.h sent

i nvention i ngl udesfﬁést?ﬁ den %ddf% '%f ca(%‘?r%oﬁéh‘i“’ cal B‘I%Pe% %ul?ﬁ%‘lg lgre f our
segnments form ng aefmitits srohcmbemsTomiiogh cﬁﬂ‘iﬂetamtsmh%ﬁmaﬁgw mlmmmlra&vaty 0SS
sections. A basic ﬁtruct uF’l‘ngl scl osed in US P tené é'ﬁ%éli%’ i ncl udes
onl'y twel ve hel i cAP"RERFIGRAMER adiagen soamants sy a5 il ""% fent s
form ng triangul amofiitFstres cbicemtationtEd %ebﬁlﬁécvdﬁﬁmﬁalwlﬁmaeﬁgﬁtﬁmal
nodes. A 30 side-by-side conparlson of the eight and six node

configurations is “epgimtion howerss, eag@hchca]aqqglpgnqn&haﬁfpur spEREbCArimeapbers 30
Decenber 209¢ VO § H??&bﬁﬁﬂah? U&l@t@%&aﬁ?&n ﬁeléﬁtﬁ{n‘erkgitﬁ l%laﬁ'v&gw?ﬁeé t hel ]

bendi ng strength of various con ations o ructures
particular, the b@nglbmg/hwhmurgawmducséstmsaanﬁaﬂmatﬁuﬂmnnme thd'mdasmych have

si x, eight, nine, .Se fr e figure
that an ei ght 3e§1 rrmﬁlclz cﬁ%’e%ﬁg%rrf‘ﬁuegtﬂﬁsf)?‘?nﬁ ugl?‘lgﬂlfrF 8?: ed result of
5 significantly | confipasating withevidendigkg fadlitetegionndddeibedss| adghisreddcés 9b, the
torsional strengt of varlgus configurations of structures wth various
nunbers of nodes P& Mfain, it can be seen fromthe figure that an

ei ght node B ructure 1ﬁahai$iontdi@e@urnsaé&hﬂgmaﬁuiﬁaélﬁféﬁﬁﬁfosﬂrdcﬁa%&mﬂf _
significantly increasing the torsional strength of the structure 10. Wile

i ncreasi ng the nufitfes (fe VAl axAaseensatage efithe tofal cross-sectional 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.



10 causes an increase in both bending and torsional strength, the;spneEgase2004
Is not nearly as significant as the increase fromsix to eight nodes.

Angul ar ConfigurLtion Referring again to FIGs. 2 and 3, an angle 130 is
formed between a helical 15 conponent 30 and a reverse helical conponent

34, or the YEYWEAPS thereof. Preferably, this angle 130 PSVHFHAPEF than or
equal to 45 degrees; nore preferably greater than 60 degrees; and nost
preferably greater than or equal to 75 degregs. Referring again to FIG

9a, it can be seen that the bending strength surprisingly and unexpectedly

i ncreases a signifi cant RaERMBYo AR bAShSRGEIRE 38 herwRssusichRtigRatand bcal  and
reverse helical conponents 30 and 347s increased. Simlarl y referring to

FIG 9b, the torsi &#gtureyareshomn. &1 partienlar; the bending strength efsevarlsimaggisy and
unexpect ed! y 'ncrei’iﬁﬁ%l\ﬁiﬁa{%fsﬁccagﬂt AADYO o850 vd D381k bb30erd fond the

degrees. The torsional propertiées®appedr to be greatest at an angle 130 of
approxi mately 90 dggedesan dghtfoded stiuetufd lgw thesprprising ami Wexpwted resoliof t he

bendi ng and ial (tensian roperties of th tructyre L nprove as the
ool e 330" et ease S ERRpR ingr AR Rl tieiingtnend, Refeting th i, T B Fop e
torsion appear to bkenpthdifeftbudsodfip@ratiogd of striditieeREE Saricu AumbabbHaded it h

t ubul ar conposite structures,.is their_ poor bendin roperties, or they
bend too easily. THEYSY A%’Pu‘rtéa‘blfesf %Pé‘?e?fﬁmq H\?gﬂ*ﬁ@ﬁ?‘“‘éﬁf”ﬁﬁ%ﬂ@ﬁ“ and
the increased angl ﬁwsﬁiﬂﬂﬂﬂ%&d ebﬁ&i&ﬂl@dfsi@ﬁﬁ@higfn@feasiﬁé)g?!hgtd?ﬁonal _
properties. 30 Decenber 2004 WO 02/ 10535 23 " PCT/USOLl/ 23636 End Connecti ons

Referring to FI Gs. stepgthgftheistrucivre d Ad Whilgdrerepsipg the nymbeyrfmedesdeyandisighy t he
i so-t tyguct - . i , .
| SO-truss styguct ur g,,40 a}l%&%ﬁﬁg b%{hrﬂéﬁ&ﬁi%%%a B&%na%lgé@&é@ﬁle&fm%ﬂ%gl ate 120

facilitating nmanufacture o e I1so-truss structur e en

is attached to an mgady Bs signifi¢eat dsghé insteasedroposiett dgl?Godas. order to attach the
hel i cal conponents and the structure 10 to another object. The end plate
120 includes a plurality of apertures 121 through which bolts or the |ike
may be used to secAngmldrifenfpdatidnat e 120, and thus the iso-truss structure

10, to anot her object. addition he end plate_ 120 _ includes a_perineter
122 with a plurality o#ﬁ?ﬂa&%ﬁg&ﬂ %ﬁé‘sﬁ%a@i 9m#@nslﬁaé<ﬁﬁé9ﬁnb‘a4§etweenah fical

15 component 30 and a reverse helical component 34, or the segments thereof.

C

Preferably, this angle 130 is greater than or equal to 45 degrees; more preferablj{
greater than 60 degrees; and most preferably greater than or equal to 75 degrees.
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.



10 123a may receive the helical and/or external axial conponents, 30mMd&aber 2004
strands of fiber formng the helical or external axial conponents. For
exanpl e, strands of fiber nay be wound around the end plate through the

i ndent ati on such that the end plate 120 is integr rmed with

t he iso-tru?g(}ézt}@asgture 10, thus providing a strong attac%lr:rt%tq({lg%%%v\een t he
end plate 120 and the iso-truss 15 structure 10. A strand of fiber may
pass through one indentation 123a, wap arggnd the end plate 120, and pass
back through another indentation 123a. Furthernore, the end plate 120 may
include a center afnd€Comnectidhd t hr ough which a mandrel is received during

t he manuf acturi ng procelie as Qg#lg%u{s)?%ed n greater detail below. Further

i ndent ati ons 123b may a ?%mﬂ%t i t@and brancad latg; 13§ i3 shewn dor affeetingthe axi al
nmenbers 132, or thsosssstasuaf10fth Beer 8RB ShdGbiEAE ah DL EHP ALK LA

menbers. Referring to FIG 1@, .an angl ed endﬁ[pl ate 125 maybe provi ded for
attaching to the | SAMREEE obthe jrertmse stugtusg 10 T haisnd plate 120 is aegedio sreihe

| ongi t udi nal 5 axi SofkHe helib& ' Jlar in many respects
to the end plate 120 25ex<:cg%?b§e%g?a Sﬂghg%tglaé%igﬁheépglcgmg%mfsgng ngat ed
in one direction t¥ugEEottoduather objest. Jihe andipletti 2@ inchdesngihliySfaperatsangl ed

end plate 125 may ch, t | Sp-tryss structures together at
an angle. For exarr%lq eﬂ,ﬂ‘8 ?%e&%ﬁlgfj‘;el% o the Iﬁﬁ%ﬁag%eﬁ i eReusdheendimlale F el ando
attach to an i so- tthusghe so-tmst simeturet 10atomotiegibiet. ARGl tion, THYhd plaP1d0SO- t r USS
structures may beiﬁq]g lates 125 to form 30 a 90

degree angle there cbe'{%\%étg%gm%%r %gg{é‘ﬁ’??e&grgbgﬁf\}@e@?}%eéw e irplemtatisne 1/ 23636

Referring td0F!| Gs.123dmayrecenothd elicANshdlr 8kEmalRial Sorsitd\s {2 as%r%&fé fng to
the structure 10 i bﬁl_gtr@de.r to attach the structure to anot’hée}rtheo JecEL.k The

end plate 126 in unigg e hslical gy exdgranl axiptrompenantsc diov exanpilé straids ot ur e.
Pr ef bly, th ' L Vi the i ti f
o St ructure. Tha e tesfourd aRfhd ERAR pi b B e 1 e ek 106

the structure. The 5 groove or an
near the edge or MeErnflaier120ds integtaliy fermpd mithwhesiso-wadslstddte 10NRuPET | Mt er

wal | 128 can besg,gm% a plurali of flaps or fingers 130,
whi ch may be erX|be e to %eﬁ%&g%%téfv%f%ﬁ’e%‘iéWéz{)ﬁ’é‘P@Fl‘ﬁ%ﬂ\ﬁe, and
resilient t& bendstpibre Ihwhstind offiber hiyepasd titoapho ihdentdiBE 33 drpsuch t hat
the struct ure " snggua Ok S8 195 00 el ark oS Mot AL B 1235,

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,




10 126 and fingers 130. OQther grooves or indentations 131 rmaybe f o negniblr 2004
the plate 126 or fingers 130 and | ocated and oriented to receive the
various segnments of the structure therein, such that the fingers 130

"snap" around the various segnments to hold the structure to the plate 126.
Hol es 132 c¥? %B4°¥drmed through the fingers 15 130, the gFfoU¥¥VI¥H and

into the plate 126 to receive bolts or screws to further secure the
structure in the groove 127. The holes 132 @re |ocated such that the bolts
or screws pass through the structure around various segnents thereof. Such

a configuration has thRefshiaiody6s. 18k, ahétBerthil PRl i€ HavhGorsampadoel Nt o
the plate. Referring to FIGs. 15 and 16, another end plate 136 is shown for

20 attachnent to %@W&%Q}P@r@@m&mthwwmwnmhm Belend plate menber s
137 extend around2y fHclddsa %%9{}@3&%’&)’: ?%7 ﬂ?u%‘é‘élvﬂ% Fﬁéa@t‘?rg&{]{?yﬁ#%r@;él, and are

secured to the plate 136 t0 secure the struct ep e
U-shaped bol ts or gmeipé2Eis otRZonmhipr recining Hednsn pbetibh af thb etricsrar Tigenber s 137

extend radiakly t ruct ur 0 d.th angl.e l.ongitydinally or
axially tomgé ds t eO%g%QI %{;tgltzg%&%% }OE%C%I%?‘@?% cggﬁ’fl‘?ﬁ’?b&fdgfi&tpﬁ’émﬁt@éte 136
for receiving theciefitigsa parinmatartoelld 28.3The petilticRhwaRY 29 eanIRGIHHES 1 BYto oS

t hreaded onto the epds..thereof. The Its or pmenbers 137 may be | ocated
outside the str ucf"ﬁpléﬁ]ﬂﬁ?te%aé’sgﬁgw,m 158’ Which may b¢ Hexdble tp baad pgavardlytoaddi t i on,

the bolts or nmenbaksivd®é sradtue RIS Ao BEEHSI Sy qid jpodes 122,
and engage both helical nenbers, and extoer nal axi al Y cerren%rélrgﬁliezf . Such a

confi guration nayfgeivek suchiha g siactirs “suabs’ intatthe graovelkd datvesen 1O PLHIAND

02/10535 PClg USO {#36@Ginedre 1Rgferring to FIGs. 17a and b, another end
connector 140 i s shown V\/ﬁl ch includes a base 141 with a plurality of

fingers 142 which ext €piier groeves beindéntatiohs)t3d malythe fomtbdan ehelphieizead Wi t hi n
of . the structure 10. The

t he openi ngs for t he,various . segnent
base 141 maybe a%%egsﬁ?%gﬂ?c tﬁga'?‘{?{ﬁgﬁega’l ’%ﬁ@ﬁﬁ@?&s seementiRbithene annul ar
base 141 and ext esiictag: therefs, suctitiaibe Yingd$ 130¢isadp aroull BSaRblseemdidioPase

141 is sized to fitldw'st in the ceptral cavitéor space between the
segments or hel i & © 19 fhe pigts k26 oHoles 132 eaprhedenmed through the Bgsrsabl v

i ncl udes disght fimgﬁéﬁro%ﬁ’r@lﬂ,‘&n@?ﬁ%&ﬁéjpl%@?%s im‘:ﬁ‘ﬂ'mtltsgﬁ%@v%%gﬁpo eni ngs

or voids formed between the segnments o e structure ring
143 is di sposed isfcurfthe suetuistin tie sovavé 137. Gihe diplas €32 aatbehisd aichdehad to t he

fingers 142 by T a3 BedcfewsHss thidGEh A 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.



bolts. Thus, the center ring 143 and fasteners 144 secure the fing@pscehihdr 2004
and base 141 to the structure 10. OQther objects nay be secured to the base
141 to attach such objects to the structure 10. The configuration of the
connection 140 allows the base 141 and fingers 142 to be easily slid into
the end of PPP2PPYcture, and 15 attached to the center rPrYULHEBY t he
fasteners 144. In addition, the connection 140 is entirely disposed within
“the circunference or perineter of the strucjqure 10 such that the

connection 140 does not protrude therefrom The fingers may be flexible

and resilient to be bequférHﬁ?foCﬂIlZ}s.aF?ahﬂ&,%ﬁ&ﬁ&%ﬁ&éazﬁ%&oﬂi&mﬁxﬂ%ﬂwhﬂﬂ ppi ng
the structure. 20 Referring to FIGs. 18a and b, a simlar connection 146 is

shown in which a ieslidenabass i withe pivrelity ofi fingess 142 whisheextend infp thestragtureh e
center ring 143 d | | oy -1 I e
secured to or protel?tcﬁérc&acp%r Ber% tﬁ&é‘grﬂ?llhn%geg) gmi%s anég%%gﬁgwi nto tsgﬁaﬂgl%notﬁ al
cavity or space. Thestchirah® Thebasesifil muayrbd snmile, withthedingers {42dispoked he
L- shaped nenQers A th t ther . apnd. .t hus sgcut he
i ngors 145 3nd batamdIfE b BvdsE PAR o chEREHE Sl SRS Kb PR (e
connection 146 al |thewsast 4] fsisirgé tofitivthin the beindl ¢avivpoipyce Hebvadi e t he center
as the Cclanp 147 is tightened. Thus, the fipgers 142 may _grip the
structure 10. Ref SPETHYS %g"eﬁff%é“m‘%@ﬁ MH P"éEgF‘fﬂ“F%néﬂ?lH’é@fﬁb%“‘ilB‘éFsi s
shown in which 3(bi§hhﬁn§dr§lﬂ@r,&&ﬁdﬁﬁ@ﬂﬁ%ﬁhﬁﬁaﬁ@ﬂﬁ%&ﬁmgs%v&@@ﬁﬁﬁé@d in
pairs. An L-shaped nenber 151 is attached to, or extends from each pair

towards the m ddl deByeen fie ssapentsaf thrptmeiue e A geptyy ripgl 435 diypessd in the

PCTI US01/ 23636 2 i i . NGl shaped
rembers 151 ore C?SI&T%“S*‘F‘ SESRRERRE kD oThe HLH o3 BB dudi

f ast eners 152 may bods.t Thylst theeshier ritig 243 ang fastenets-14H apat thefigerssi4254d band t hus
the fingers 142, i I he.fipaers 142 Wl structure
10. 5 Referring téaﬁf@?x%gﬂg?% %t?wraor%etcﬁ ay}r?&e%%ﬁ%&l%b&ﬁe ]%‘2303 “And pl at e
154 with a pl ur alsidhybiécisto tgestractid 30 e Xhesaiipgratidrosfahe @iméctiot MO aAlival or

| ongi tudi nal direction,, Preferably, the {i rs 155 are sized, shaped and
| ocated to extend%}erhaﬁe 111@36’;%%‘?{? L‘és‘oﬁ?gﬁ%‘@gﬁ‘f%é%@?fﬁ?ﬁ@wc@ﬁe%ructure
10. Thus, th® conagght® thPécaicpriadldn iy peesere1 4N tn hiGES] e tomeWidah
triangul ar cross-sgcllonal shapes to fit 10 snugly or conpletely in the

openi ngs bet ween tA&IsEBEirRHisposadyvithinghe cispumprgace or perimeter of the structure 10
such that the connection 140 does not protrude therefrom. The fingers may be

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 alloﬁs 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



connection includes a ring nenber 156 di sposed about the exterior 30Det8&ber 2004
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 base | ate 154 to the structure 10. The fingers 155 nmay have
slots or inbv&?zé]f’%éns for 15 receiving the ring nenber 158¢T’Pﬁ°136@¥tion,
the ring nmenber 156 naybe segnented, or forned of nore than one piece, in
order to dispose the ring nenber 156 aboutj¢he exterior of the structure
10 at a narrow portion. Referring to FIGs. 21 a and b, a sim/lar connection
i's shown in which evitpbtifpatd ih YheGlruétiled N OPpPosiIDCKHed AEmBES 1 A drachigiedt 0 t he
fingers 155 to retain t?g 20 structure 10 on the ingers 155 and Dbase
plate 154. The fi ni§8therpydastensrsil3d, suehaas pits. sTherfagtensrs 192 maybe fighteneds of

recei ving the retagiy tﬁ@ﬂ_?ﬁa e o[ nbers
157 can extend throu {r}\gt he |Rgde%§?hé§€§§1fh£u@gg@g§?g§%yﬁ @Jgﬁ% '?Ec ure 10.
Thus, the fingers theSngas142asay gipdhestbbiratly be slid onto the end of the

structure 10, and the rgtai.ni ers. . 157 di sposed through the 25 fingers
155 and strudture 10, t%ef%%nc%{ggqﬁgﬁ%ﬂeb’ﬁ? "é'e%gﬁontnBG“f’ﬁg‘a‘%t“re&gﬁ’U‘%%l.g“
Referring to FlGs.witiRaphrditiof fagas b5 cxendingaherefidol 2thd HQalios lonp@inaM th a
base 161 and a pl ut.al i.%ﬁ/ of f'ﬁ&gﬁrgﬁ)mz. The .base 161 may be annul ar, and
sized to extend atBEW dhefera ¢ Breepy 131 died shppadang fpcated bo gxtengddnte 162

may extend i nwar dhyofenitigs bédifedhthddegmemasfihd SduchRe PE TIREShY &dnkdiohhe spaces

between the 30 segnents of the structure 10. The base 161 preferably is
oct agonal to receibfeferahly inclydeseighffingem dp o with trianaulansresssentignal shapestodity
around the gjrcunfgh aReLcddinIRay | D <l 10835 27
PCTI EJSOL/ 23636 of t%g_strﬁcéteﬂigr@%sﬂe@%%r o%ge)%sse%%‘g’é‘%\e@sa%é{ﬂ‘ 2d"% o t he
exterior of the stecpurscterinclidssyingmieater M dispobedabptahesestadior bffhbase 161.

Referring to FIGs. 2 siml ngd connection 164 is sho 164 with a
base 165 whi ch extSnc Sﬁ‘Pfoggﬁ?ﬁyé‘ﬁ?‘ga&%%‘FPPW@“H W%?“gﬁ%\grhﬁrﬁnﬁ‘érﬁi net er
of the 5 structurlé5 afd ridiyaember 056188 aftdvhed; sGchi by BRteRaE, 46 SsbuleQhd Hide
structure 10 by atia?cggﬂg such oﬁhec s_to the base 165. Referring to FIGs.
24a and b, anot hePdS ¥ Bfhesfipctus iPe dhg Brgers/iHSimay hawetiets prondeptatioenforg t wo

structures 19 and rdtilidgQBehREhembt: 856" RALNitbA B i ety 156 o BT I gur ati on.
Such a connection 170 maybe useful in assenbling t pfe
segmented, or formed of more than one piece, in order to dispose the ring

member 156 about the exterior of the structure 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 structures 10 and 171 together to forma larger structure. The 30 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 configu?@ﬁm¥%ﬁﬁxtend along the axis or longitude of PhEVEYZ3Gfures 10
and 171. The axial nenber 174 preferably is 15 segnented into first and '
second portions adjustably attached togethepyby an adjustable attachnent
menber 175. The proximal ends of the first and second portions can be

t hreaded, whil e t hefth¢ stactmerl, OBetuBicolk HaybRRedidqo MRRYGHbET thdWiRsERd
Thus, turning the attachnment nenber

openi ngs receiving (i{)]e r.Qxi ma{] ends.

175 either draws t HeP¥3tachingsygh chiecinie thepaseddl t oget her, or further 20

separates them The endsfdmidy @1dcd 53, ﬁ?ﬁil&%ﬁﬁ%&%@%ﬁ%ﬁ%@%g@@%fitat ach to
1 and 1

the structures 10 and 171, respectively. Each en 7 preterably
is formed into a PAS®KET Whieh exdendioghirertiably 2bet thowirawmferpntcortpesme@gotiht s of

the structures. Then.RRIR. 1*7%%‘?&%‘]0%%?%4%?”3%0 S 18 e%&gé@%%ﬂh@saga ed

menber 176 for engaging the segne the structur , ers
176 extend from t haickeliects towleertdbe/165 owar ds t he structures, and then angle

| ongitudinally or axial N hogk. In addition, the U shaped
menbers 176 may extendﬂﬁ%r&qg%ﬁsgkg%ﬁgj’ﬁo%ﬁwﬁp god copgetion 17885t he
U-shaped menbers Isk6wi &m aitehing oke stnlcfursd W0 H U CiogERSr, préfeshbly en bhd-&L and

second portions of %he Xi al géanger 174 drawn together by rotating 30 the
attachment menber “15CTHEHIAGPY 3 Ch 8 copnueR M/ Omayde usgfef in assembling muldipler es 10

and 171 toged her istuduSe o 191 (heeridSsimi £ladlch QRSP 2004 WO
02/ 10535 28 PCTI USQ1/ 23636, Ref e‘%%i ng to FIG™ 25, gﬁés?iTrlrﬁ%g}r;}?egﬁ ag{g)nent 178
is shown in which? & OpRositq figfi3gd sqoondiendsfl@? amtl 73tconfiguraitd sngag amhd 173
for surrounding seguEfothfirst A8 171.. The.hoops ar | oops
179 can be forned by angled U gﬁ%ﬂ%&ﬁ%ﬂiﬁ%ﬁ?ﬂrﬁﬁgv lg.cgpvécﬁmpqmn
brackets at the edd@ingindesanglongged axinhmembax7atonfignied to ditehd aldHo@hdmal at e

Connections I n addji.l onnect | t | sQ-truss structure 10 at its

ends, it may be ﬁ%fg%;@gl éi% §f%‘? Qt&gﬁﬁr?sggjl aélgﬁgi'aflﬂ%ﬁ’,‘ Bemesr hineeferablyis an

i ntermedi at® poi nsegofenteliéntd fnt and second portions adjustably attached together by an
adjustable attachment member 175. The proximal ends of the first 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 fogether, or further
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 truss structure. Referring to FIG 26, an attachnent nenber 18QgmMYenhRr 2004
provided for attaching to the iso-truss structure 10 at an internedi ate

| ocation. The attachment nenber 180 nay have a triangul ar cross section,

or a portion wth a triangular |ike cross section. Thus, the triangul ar
cross secti 8P H1%%%fe attachnent nenber 180 may be recei vEETURNEIGA a
triangular opening in the iso 15 truss structure 10, as shown in FIG 27.
Preferably, the triangular shape of the atggchnment nenber 180 nmatches the
size and triangul ar shape of the openings through the structure 10, to

forma snug; or firm fiReferfinptoial 23,% sohildbRRUMENt 198 is HBYn REwhieh A&EHs b t he
at t achnment rrenber'{goreﬁscei ing the helical conponents. Therefore, other
obj ects may be att®€ {5 foreedat theandehi? and Apbior sgunding sefmpentsafitheo at t ach

the objects to thesthgRrdsUasd $H1 UHeHoSpskd? 100pQk | ftedX.
attachnment nmenbers 180 may ext_en?}‘%hrggjséﬁg ,(%Oﬁe %f%ﬁﬁ@?hoﬁge@&?%ﬁ%e@dppo”
other objects, sudRPdInesEscVitheende reseived inthirdckety atid esls 122 snd¥Grof thet i 1 ity
lines, etc. sReferfin I 27, the ends of the attachnent nenber 180
may have indentati onsg]fglgmﬁg%red in the triangular cross. section to receive
and facilitate 25 the use of fasteners 185, such as bolts. The

I ndent ati ons 184 GLeat xR | at flange 186 for the fasteners 185, As stated
above, various ot rra—o%-ic{:-?@%&?—%n e attached to the structure 10, or the
attachnent menbers 180In &dftiiurth Behnb&ids thSiso- saeﬁt(#urtaaoaﬂtseeﬂdﬁfrihﬁ{;y&he”

190 maybe attached to the structure 10. The shell 190 naybe utilized to

protect 30 the st IpgtY &en intermetiategot eddoj ects to
h GESSAnEordssitablede attach osher gbinsty & an intermefiategointiobthe do

the shell 190, an(ﬁusééﬁﬂﬁtuﬁepﬂe?&n'%{ YHEUS L, A0nGAR have any

appropriate shape. The shell 30 gqnberéﬁ%%tfc@%&é%%gﬁgs%ﬁaﬁe

PCT/ USOL/ 23636 19@9yifed il afachingdn flic isotrussatrectam 10 et angoipahediatoRsativact i on, to

mat ch the exteri ofppe 9 'rﬁﬁéﬁr the structure 10. Attachment. nenbers

191, similar to thqge acgrgé:g“ e raoor\lllgfahagﬁf' YRR EORS fedting: WaAPgEiear e 10,

?nd caln have fj ri ?mgtblaaﬁauguheﬁkeaeﬁtsb?m, ﬁﬁ@ﬂﬁ?ﬁn@ul&ﬁ%oﬁ%}écﬁbﬁo%]ﬁvilded ihn

ateral or radial portigns, ,such as first and second hal ves which eac

ext end | ongi t udi nglf&%%ﬁiglg ST f{b%‘%}?’@’e‘f% BRYghR tHangulas epening iptheiso-10.

Each hal f of5 t he &hslstrud®® 1028 shevaint IGhE0 Fréfclab®, 8O Hoin chment

menbers 191. For exaﬁépet, a%ertures may be for rrgg I n thghg%%ﬁe%e? and

bores formed axi affd; f7Eben HRO rpgtchep the gize andiengularshaperof theDpenings
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



receive fasteners, such as bolts, which extend through the apertuBe®egdber 2004
bores to 10 secure the shell 190 to the attachnent nenbers 191. The shell
190 may prevent clinbing on the structure 10, protect the structure 10, or
have vari ou objects attached thereto. Referring tg FIG 29, it wll
be noted thg‘ioo‘izﬂggsgttachrrent menbers 180, as descri bed aﬁ%VH§"1’ﬁ%‘9‘ be
configured in groups or pairs. In addition, the pairs of 15 attachnent
menbers 180 rmay be oriented to point toward® one another, -form ng an

hour-gl ass profile, or away from one another, form ng a dianond shaped
profile. Further moi9% madyfhe oetlapamnl bERve AR BEtgFoRal LB s FBtiol Qo AiaC AR ex®iidr

oriented to extend fto‘%ﬁ(@posite sides, and/or radiate outwardly on nore

than one or two <7 §&yD e strueiyrs 10, Atiaeigpsnbmenbers d 91, ginids nfhose2 0
Brackets 193 can hiescgioed dtawe,slich® treslich wedutdie 19 Qb gé‘{%%@‘%hfaﬁt%ss-
o the

attachment nmenbers 180. Various objects may be attache rackets

193, such as eye$eqigps. sTheshell i dymet bearoidsidde lateralas raskind wortioRe Swshras firgt t 0

FIG 30, plasfor mnd 82offial o s of. .attachnment mber s
180. 25 Referring to FIG aB%?@u%%?ﬁ%t%?g%Pﬁ@%ﬂy% gg%ﬂg%tﬁggﬁgtgg
configured to exthesiuetared g Facthlalfafithecthell 001G iba agacheditrike @@nbiger at i on,

all ow ng attachne r | l-€ Sl des. ., Each attac nt er 180 can
i ncl ude an el ongatgg%fhkgﬁg%ér%#oﬁll 3fex§ﬁ'8]eb@e§ﬁe§8ﬁ§gg?%‘"ﬁgjﬁ’§£‘é nenbers.
The attachnment nei$&asd bescoihelaxidiyye e eedsf & avtadhngont feABER I GF, td O 30

mat ch t he openi ngs,_ext ndi ng t rowgh the structure 10. Referring to FIG
32, flat attachn%ﬁ‘r‘“’ﬁg‘r?ﬁ%“rf Sﬂ‘gtﬁs {5, ahych cytend, thaangh therpperiwenanrheresitsr t he

structure. Khe 30sdpeendmel 2006 MOBUADS 353 15’@%1#?%%{1 I?%’@%dﬁrla‘%t.

attachnment nenbers. 200 can include indicia and can as signs,
or can be utilizintigs on thesEvaere 10 mespat sheatrictererl Opar hasevhrioos athérach t he
flat attachment SaRedtta A hRet5€0MENt S, such as the exterior axial
menbers. Referring to FIG 33, other flat nenbers 206 can be attached to
the 5 exterior of the Raferiug trEIG129, itheitiibe naied thasthe bRachfieARSonirOmRe, i de of

the flat nenbers for i of._hopking to the segnments of the
structure 10. O h%?%bggf%‘gg%%g%@néﬂrﬁgﬂ § O BRds o fhldition ofbe pairsiofie f | at
mermber 206,150r i rafiaclingentraymbers 180 may be oriented to point towards one another, forming

an hour-glass profile, or away from one another, forming a diamond shaped
profile. Furthermore, the attachment members 180 may be grouped and oriented
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



provi ded on the other side. Referring to FIGs. 34a and b, flat nesheesenbtP2004
can be attached to the 10 exterior of the structure 10 utilizing

attachnment nmenbers 211, simlar to those described above. One or nore
attachment nenbers 211 nmay extend through the structure 10 near the
exterior. FXA¥A&S 212, such as U-bolts, can extend ar ouRHETUPHE36t achnent
menbers 211 and attach to the flat nmenber 210, such as by extending

through apertures therein. 15 Referring to g G 35, attachnment nenbers 216
can extend through the structure 10 and attach directly to a flat nenber

217. The att achnmenflataasddeiest mehberiPO0 B8 ek i £5hd dn Be %l%ga%ﬁﬁéa&ed
ely,

configuration to eng%ge Jnore of the structure 10. Alternativ tounded
U-shaped at t achnentRpERHared 2o phifamms. Usholis 281 can brghd torpbtacit the Sahattache®nt as

shown in FIG 36. 28nb&oe se n@,,@tsh&g{%%te%m&ﬁ%&segi bed above have
t . Re

been described as extending throug e structure ferring to FIGs.
37a and b, attachnent Rafergng to HG03Iretherilat arwthberst206 tirebestiactet o the 10, and be

coupled in the cenfrt ' r C 1 t hqut, extendi ng.entjrely through
t he structurre3 10. %%Orﬁ%@%g%"gib&ﬁ%ﬁ(ﬁg%?a&&em%wm?&%ﬁéégeﬁ‘?’iat are
attached with a f astrebues 20626r énpagiaglotliooking tdv8e SehRERBE He sHERE 0.MBYePAVE

ot her cross sectionpal . sh e configured to extend through other

e and
cross sectional of@HChe@®: ﬁﬁ?%&c’stg‘?%?rlf}d‘é.ObeGrﬂaE‘%ﬁ‘ﬁb?f@P@tq{éﬂ%iQ%%é!hhfent
menber may have a pysddbd dnahesilibér sitde0SS Sectional shape and extend through a
quadril ateral. opening in_the structure. One or nore nodes may be renoved or

left out to facilitat eRsferingtiRdies. 32 and®. fat nesmphers210san beattachedd tee. For

exanpl e, | eapi Ny QuferifF OB cRFERRRIS ! e% Flarrd B3O
02/ 10535 31 PCTI UShS] o0an achifoiizin, ?ﬁcgltﬁ,g’ﬁé’f)%g’su eefg%g‘é‘%‘%%g‘r?sebe | eft

out for flatter, @pjsEsedabox¢.d@ug orfraare aitechmert amhrverst2 1 hragwgiand fhevugh thect ur e.

Tapering |so-Trusg ferring to ElGs, 3 nd 38b, jso-truss
structures are shown %?QHE%F%%W%I%FQ?BS%ﬁeschﬁm@?{wﬁﬁﬁﬂ’@mfo

described above, Hhetattachpemt inembere2 b andnittsch t6l tHedRt inemSer 2R0S QK 4 to FIG
38a, an iso-trusse%'}‘[3 ttﬂreégg%tag rs.froma wider first end 231 to a

narrower second end ILsegments 12 which
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



formthe helical conponents of the structure 230 vary in |ength freBL8hd2004
| onger 10 at the first end 231 to shorter at the second end 232, such that
the entire structure 230 tapers. The helical conponents may continue to

wrap around_the |ongitudinal axis with the sane angul ar orientation. The
structure 2¥P¥EY%51 so include axial menbers 233 whi ch aPEVHE2%Pal | el

with the longitudinal axis 14 of the structure 230. 15 Referring to FIG

38b, another iso-truss structure 234 may hayge narrow ends 235 and 236 and

a wder mddle 237. Again, the individual segnments 12 form ng the helical

conponents may var yideé.rnladdigivh dppedite hedgedn Wtich B 167 Bler ogshhite SiGesSToPhd er at
the ends 235 and 236.,1t is of course understood that the structure my
taper in the middl &techmentiiyoeshihedrgiiiler ends and a narrower middle. 20

Fl exi bl e or Bendabl e Iso-Truss Structure Referring to FIG 39, a flexible
or bendable iso-truss structure 240 is shown which is simlar in many
respects to the ishaneringkodirgsStmetnre10 descri bed above, but does not

i ncl ude any axial nenb Agali t i gk vidual 25 conponents 12 and the
hel i cal rrenbgrs may beqﬁ%ﬁ%ﬁﬁféﬁg%‘h@ t’éﬁ'?m W@gg‘fégﬂ%‘? chrec 4
include a degree ofimflardxithe bd-tryss stfinnige 10 Bexclilsed-abovts buidipetiidae 6r 2R Ay
bend | aterally bettﬁﬁe{n a :Ri@EfSt st E@ggt configuration, simlar to FIG 5t,
and a second cur VeI eBHt RGFFREH BIABFT-TTURS Rirestre 330 tapers fiem giwiderght
posi tion, the strfistead@32 a0 hadoweeiRson ehll 282, Otle ih@VRLAYEERRLs PNVicrl 4. as
in FIG 5t. Referring to 30 FIG 39 and the curved position, the segnents

and helical conporfert thediglica! soraponentpafthesimctupn2B0 way i0 eneEhsn being longer
PCTI USQO1/ 23685 32 e i t bends | at [
Lot o gy et D31 O3hotP (L B g e R ettt ' 1Y

about an arcuate or curve
conponents al | ows 43A&apetsy Tbe belisalopoenisenay contindel te wrdpmreunkatieer al

direction. It has dl.scove however. . t hat t hough the 5 structure
240 is capabl e of : ?“%%1 %9‘% %ﬁﬁg? %ap%?lan@ﬁ?fé’(f'teptaﬁ?n't strpqipre 230 may algo
continues to mai ntimiludeiakail tembéro 038 whith b ReSSarallel witk fHe Séngitiliad] 22 18Ut t he
| ongi t udi nal axis _14. léqr}reaz% ition, a simlar structure al'so can conpress

and/ or expand axi &9 ,
15 Referring to FIG. 38b, another iso-truss structure 234 may have narrow

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



| ongi tudi nally. Thus, the structure may expand and/ or conpress, preiREaMeyY2004
10 storing energy, so that the structure can function as a spring nenber.

Angl ed 1 SO Truss Structures Referring to FIG 40a, a structural nenber 250

is showmn which is simlar in many respects to the structural nmenber 10
descri bed aBS® ¥t includes two 15 sections 252 and 25HCHHEPEA*P6r m an
angle with respect to one another. For exanple, the two sections 252 and

254 may forma right angle. In addition, thg two sections 252 and 254 can

be integrally fornmed, or the helical conponents of one section 252

continue to form tfle shel thathe GRROMIENE240beARASARP duBSLAERER or éR4ed THUS,
the structure 250 fo:?%? a continuous angled structure which may be 20

stronger than a séf¥rdte structure forned with some type of connection.

Such an arrangenent orrhe Rk bes %?ﬁ{ﬁéﬁ%g%%gﬁthhﬁ&&qhé &uﬁmcfo%&f,iﬁag mor e

conplicated structures. The struc 1 ave exterior -axial nenbers
256 attached to tKeflewinaleissl distion It bas bey discavated holvgyerdhattaithatghilee 258 nay

be angl ed, byt w thout. . i i al nber.s, ..as .sh i | G 40b.
Curved |so-Truss étrucf&ragés%ﬁeéroﬁﬁgﬁ% ina el ‘,fd"amwfe\f%@f‘ russ
structure 270 is sbutwmuesdoindinthin its tirsibhad stiffieesd, berekisiQofatisibshoat theict ure 10

descri bed above, ut hr} S .a carved or arcuate 30 longitudinal axis 272. The
hel i cal conponents%r ﬂamts & arcuate structure 270 have segnent s of

different |engths. For Ieadditioht sihile siriqtind@lss @aBmiptess 4d/6Hexp i aapniPpe enber
2004 WO 02/ 10535 ﬁS L PCTI USO1/ 23636 i nside of the curve can be shorter than
the outside segme t'i‘%alb’nm%ﬂ’ﬁﬁwhﬁéwexﬁ%éa@@fﬁwmprqss,@mfﬁ@blbn, t he

axi al menber® 278swiifg alebd, SHthMeK: m&&%@h&&&%&@gﬁ%@ Iguér.ved

. . . [=2
| ongi tudi nal axis 272. Such curved structures 2 oduce | ess stress
than sharp angles. 5 Referring to FIG 42, a circular iso-truss structure

280 may be formedan il gkl F uct ure 280 may be continuous as shown.
t%re'_haver'erxnay

The circul ar struc terior axial nenbers. The curved or
circul ar confi gur at i ondefafking heFIGs 404, 4 stestSilirhkditber 2500k showaekhieVRAimiri npart

the same structur ﬁl m&@%@s@&%@%ﬁhsogmgtggl lsntexrn%ielgﬂ)t deiscsn%_eé g,b%%rg, but includes two
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



10 structures to the curved and circular structures. Referring toiblifecedber 2004
an iso-truss structure 300 may include a curved portion 302 joining to
ot her portions 304 and 306 which maybe straight. Such a configuration is
simlar to the sharp angul ar configuration shown in FIG 40b, but provides
“curvature atvq4#8%8nnection of the sections 304 and 306. ThEVUAEE 15
section 302 is simlar to the curved structure 270 descri bed above. Such a
configuration can be utilized for nore conptex structures as described in
,further detail below Such curved portions may be stronger and prevent

stress concent r atinsidsofthe 6lie¢ @arbe ahdHee than TeDuiide $6dbn® 178Yn MR Ritdddyroad
curved section as shown i]g FI.G 43, or 20 may have a sharper curved

section as shown i'f®®#E: A‘F’diﬂeﬁaé‘?qqxﬁ?éﬂle@bﬁlﬁéSm,alsacmycdmitpmdlelwéthber 320
s shoun in whi ch thburddd Whdiiifialialh 770! SReifuiediatiel £10 oﬂcetéggrgugh

external node 324. Thus, a nunber o e conmponent's na pass
t he node 324. The SHéssithan shapepglaent s maybe continuously formed through the

curve. The skructure nmgbgd ter. xi.al conmpongnts 326. 2
Referring to FIG 45, an i #?E'?&ég(rt’uc g, B an g ebgdbflﬂ?yﬁl?&bﬁefsih
mul ti pl e bends or ThgcirenlarsbuctBR280 angbeo contintidusi® Elwa0 Mk cEallfdiradushar p

curvatures. For e lasee nsotgui@turetéermy be formed with multiple right
angl e curvatures. anotner g d?r?ﬂl S-a structure may be fornmed with sharp

curvatures, broad curv&he curveddriciiculat cohfdueatidné SBRERL-1BM shAbiifeSse | 1 ke an
2004 \WO 02/ 10535 34 PCTILJSOL/ 23636 Brai ded

S-shape. 30 30 Degergbg@ 236

Pre-Form As st at e@°XB6YE mpgtt {hespme grichnd pdvantagey ofifeastraishtise-tmess maybe
formed by t®sin kmwmuwggﬁ&cﬁgup‘rgﬂcmr%{gi d structures. Many of the
above- described structures may al so be provi.ded in a braided pre-form

configuration. 5 The sRefgingteEIGy4y, apdsottorseithchyre ddthaayigclste angeedof fi ber
together. In addi bi@bn 30208ikd 904 - of r?b r. e Ee w apped around
segnents to hol d Phe fi ?)_zgfra's g ogglteﬂé&rr{“%%%?s (}%d gl oy eesfrfalgﬁg\/\ﬁ\‘i@?,
wi thout their resPonfiguation is sinhibx fothe shagrahgulangontigureidd Be8ch BitH 46 panded as
desired. Thus, SU@QV}TL’I é’é@agﬁd ﬁfne' form mag be col ]l apsed or substantially
compact ed into a Lk ps Curvalure atihe ?Oélﬁgcg%?f) @F@?ﬂtm)é?t?@ﬂ- and 306. The curved
15 section 302 is similar to the curved structure 270 described above. 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



10 The braided pre-formmay then be expanded and i npregnated w t h3p@etdnteP2004
form the desired structure. Referring to FIG 46, the long fibers formng
the segnents or helical nenbers, nmay be sheathed in a brai ded sock 348

di sposed ar Qun fibers. Such a sock 348 mamintains the internal |ong
fibers t oge%eogflh{sg prevent tangling, 15 etc. In additioﬁ(,:T’IJ W2H3%er s or
segnents can be twi sted to conpact the fibers. Furthernore, the segnents,
or fibers thereof, can be wapped, such as 44n a spiral, wth other fibers
for conpaction. 20 Integral Connectors Referring to FIG 47, the structure
10 can be provi de@Braided Pre-FoRAdS W th connectors 350. Such connectors 350
can be integrally formged with the structure 10, such as by fiber
reinforced resin ext end®i§eddheenmanseihorboye-descrbed savetures eebe fomethd t he

connectors 350. The r&amgedeaned AR%s 36 formbid SHERHLs! Ma%h@ﬁ@g%e—coum e 25

the structure 10 to mmting connectors or structures. connectors
350 may be for medeEbH} SuCYES oy alse by pwidedin abraided pokfoas comfigaration f enal e

connectors, §or ARLI | | i ntations.or profrusions,
respectively, or feng@%%éﬁaﬁn%ﬁgﬁ%égﬁwgﬁ ‘g‘?%?’a“”*ﬁsegfc@ﬁh@é%%f%@l@aﬂ have a
ci rcul ar cross- seedditomal steindype fibet miy by wiappedIBoudil lséghibintsaa hold @RI € t ubes,
and be received Wt hjn ciycul ar.opening in.a receiying connector, as
descri bed bel ow. e’l'hglb?lf[%lee {rg‘rlés §g%beﬁ’j§?“ﬁgert iitheyt thair ey peera Hexiblp gad WO

02/ 10535 35 PCTI bi3)bd 23BRGAdAnBexpRiiddday Bestvd STRA subhh 82684 pASfoRl in

FIGs. 49, and thr adq%lﬁy mat@ wWith internal threads of a receivin
connector, descri BetP BRIERF subsfantially qermpasted infg @ small prep for ranspotietiosnele. or mal e

connect ors,10as shOk¢braided preorambyEenbad. &%daﬁé'gﬁr%@ ' o
Al ternatively, the connectors 350 can ha\I/)e a hexlellno _%F@@E@%’egﬁ onal
shape 356, or an fl%‘gréﬁﬁtru"&#@ss-sectional shape, for mating with a

simlar shaped connectif.dnds | | Gs. 48, |t is of course
understood that the con?lec%8r@ébﬁﬁ#g31¥ha%§sci§%P%Bﬁsmm§ﬂﬁg& ncl udi ng
for exanple, squamembess, mayibashpathed in Mamidedisock Bapeidporadiensl tH@HbRE Provi ded
for connecting Stédl’:ﬁta%ﬁé%';?arintains the internal long fibers together, to prevent tangling,

15 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



10 exanpl e, union 360 or 361 can have opposi ng openi ngs for recei MoM@cember 2004
connectors - 352 or 356 fromtwo structures, to couple the structures
together in an end-to-end configuration, as shown in FIG. 50 and 51. An
el bow 362 can &Z‘V% an angled configuration, such as a 90 degree angle, to
coupl ed two St Hi8t%dres together at an angle, as shown i nPEFENIBH [t 5 of
course understood that any appropriate angle 15 can be provided. A tee 364
or 357 can have a T-shaped body for couplingga structure at an angle, as
shown in FIGs. 53 and 54. A cross 366 can have four openings, as shown in
FIG 55. Qther conyssgbtiave BRMMAIANERTE! as'sASwS t 1GE UWoChdltBredded}as e #RA. 2S
shown in FIGs. 56., 20 Other Attachments Qther attachnents al'so are

possi bl e. Ref erri nigtersl fhreads ofmreegining eonneator, dessihep belowa Tk ovmmiestony 360
menbers 380 or 38 transwver. ne anot her.
The nenbers 380 a#ﬁ%’%ﬁ@%ﬁ?@“ﬁ# %ﬁ%@%@ﬁ%%@b&%a V‘t“’.‘%‘ge“éﬂg?‘?%’ §rne

anot her in an overfemplsicagpeciofsatAlivrmatively, theotonsocinp3 3, cah hives Ikagodd chaxde

structure, three an extend through.the, structure a mat e as
t hey overl apgone ano %éfshgﬁgﬁsgsorfgﬂmﬁﬁ?%%%sﬁg%ﬂgiShapteh Tﬁ’f?ﬁ%}”gﬁj%o f or
recei vi ng f ast enersimilsshiped sornedtd:s3 57 shbwe it FI0E. 48h Ay gheduhie valihiess 380
and into a base BLF% or 387 Thug, t he nenmbers 380 extend through the
structure, att acHPHEPTIBIEION PR BRY 40 2ppfePTAtethaps insludiyg fonexamplentsiTe2004
WO 02/ 10535 36 PGrkdsngiitrk3636 Signs Referring to FIGS. 59-61, such

iso-truss structures as descri bed above may be used to hold signs.
Referring to FIG 59, &aEpysshygied megbersmpydeprovided foreongotingstructueesy ot i cal | y

ori ented anglp have egarhple Snidé . surface, such 5 as
the ground, and an op%osi te sgég%ﬁdsgﬁga‘gﬁgbgﬁu%dﬁgﬁgggo{ﬁegelﬁngg?méa’%arﬁw. A
sign 406 may be affAenEW fram trastupipess, te nopidilie stfuchines tbgathet in@tendité-bad ur e
400. The sign 40 kel HUS hndici a ferring.to FIG K §0, an

i so-truss structurgg Odugg’yagg%é%ﬁ%g?%s'ég?? %falAll %é&#e???lhﬂ‘i‘?m"’t“ﬁﬁg

hori zontal conponeenfightation,anch & a®egde aRle) e @ipled ko stAniditbdehtr 4

vertical and horizontal .conpopent 2 and 414, The verti cal
anine, 3s shownh n Eﬁ? 53. ﬁ]is of course understood that any appropriate angle

15 can be provided. A tee 364 or 357 can have a T-shaped body for coupling 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 -



conponent 412 may be vertically oriented and secured to a support 3g@yta88r 2004
such as a road side. The horizontal section 414 nmay be secured to the
vertical section 412, such as through a curved or acuate section 416, as
descri bed above. A _sign nenber 416 nay be secured to the_horizontal nenber
414. Thus, %9216 15 nay be suspended or el evated aboVeVESHEIHCway.
Referring to FIG 61, an iso-truss structure 420 may include a pair of
vertical menbers 422 and 424 disposed on oppgsite sides of a roadway. A
hori zontal conponent 426 may be suspended between the two vertical

sections 422 and 4g4ns A sign nenber 428 may be secured to the horizontal

20 menber. Uility Poles Referring to FIG 62, an iso-truss structure 440
maybe vertical ly ori entRserring g HEs H01ddsuch ise-togpsioictures as flescebedsibote may t he
ground. One or nor . my ﬁ-intéet e K t

I SO-truss struct ur%%ﬁ%%a{it% fjd;m@?)'cgt{tel%on aggcﬁéﬁgh%s%%%éﬁgsﬁ%ué@f%@ may
gener al | y hori zont g vesticolly evéantiidynd Bueha fastrend 4@2semargd foe support susfacd, eudhhe

at t achnment nber cribed above. ilities, lineg 444, such as __phone,
cabl e, or ergctricagslqﬁci ?1%“?3 BROY §?8H‘ii@ﬁlql‘?v8 hrye therstens 40%keher 1 i ng

to FIG 63, the stsigmt06mady bearihed H4Be Ifér-Erid 04 GE (R Q5 -tnRO sERRIE 680, Vihe

attachnment nenbers.446 for .arlt ching .the utility lines 444 to the 30
Decenber 2004 WO Y IFuasCHT dr919a636 structure. The utility lines
444 may extend al ong aReRigdd FEb. 0N 16088 ulire DS mal BRUJdE 4SSrRslT UCt Ur e
440. Referring to FIG 64, an iso-truss structure 450 may be vertically

oriented and prO\HOEPBEﬂe.&E‘HZ.E the fayizasial corsponght 4l 4) qng curyed cermpanent 436 | i ght
sources 4541for Béiﬁfﬁg@ie}%gicﬁ Mﬂ‘ﬁlﬂﬁﬁdnﬂﬁ' F%I%lfri]l@rg%'é@ a3 TRS vy MBY be

secured to the top en , such as w pl ate as descri bed above.
Bi cycl e Franes Refcempénegt 418 nriys vedisaloricnivd andmeetred ea sipore susfas satdscr i bed

above may be 10 Ll f bi ke franes,,.and thus adyaptageously. provi de
t he advant ages of %gkdraggfgaf 'h?%len%f’qu’%tﬁ{sed olnﬁl‘*tg.maﬁ‘hgswg\{? ?hﬁr‘f‘gmf’ﬂé?‘%éﬂgs a
handl e bar |ocati @i2,506h asalrbeghethrted onafiardeaion @ 6,0 AestABYdUboTe. Wkigh OF K

504; a seat | ocat |moaglbgpﬁ

an%:{y- 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



attachnent to a seat stem 508; a pedal |ocation 510 attached to aspedadmber 2004
assenbly 512; a rear wheel |ocation 514 attached to a rear wheel 516. The
frame 520 15 includes a plurality of nenbers extending to and between the
handl e bar, seaéb pedal and rear wheel |ocations 500, 506& 510, and 514.
For exanpl e4%8%%Fame 520 includes a vertical nenber 52BCHYSUAHRg

bet ween the pedal |ocation 510 and the seat |ocation 506. In addition, the
frame 520 includes a horizontal menber 5243extendi ng between the handl e
bar | ocation 500 and the seat |ocation 20 506. Finally, the frame menber
520 includes a di agacale. MRERELYHAB: £RYHxREd a1BBE YB&Hok BED RAGLS of1RE

| ocati on 500 and the pedal |ocation 510. The various conponents or
sections 522, 524,5uEsssowctugdd0.sinilar to the iso-truss structures

descri bed above, and alj[@f@ﬁ@e[gtﬂé ! ' 2 e
frame 520 provides str(_angt h”an Ggﬁe‘%%é{égg%ﬁasgh@.u%ggﬂkga%g%&%ﬁga%%ﬁtg 66,
only a single di agodarov. its B endedoritislight simctules or ightadbwrcésads4lfacat i on 500

to the verti gal . - f . 530 forns, _sqnethin f a T-shape and

el i mi nat es agcorrpgnen@ngﬁﬁmr%%ﬁ%i %‘g‘{ﬁa}@? He @f?ﬁyﬂﬁ SF%“#‘@\%%?P e’éﬁot her

bi ke frane 540 maysErsathughovitinareend phiteas dernibed athé2 ext ending from t he seat

| ocation 506 to the pedal |ocation 510, and a 30 diagonal nenber 532

extending fromthe handl e bar |ocation 500 to the arcuate nenber 542. The

arcuat e nenber 543i¢R Frah& cl osely match the curvature of 30 Decenber 2004

WO 02/ 10535 38 PCTI USQ1/23636_t he rear wheel 516 and provi de additional

bendi ng strength. Ref eRFEHEERFIFcO5-g4 the isgrbussshudsisddseribed abGE manbei ncl ude

menbers 5521¢x! endiifialbiitd find ol ml QR ALuRRrb Aad 18 i RRlapHT!
ndi-ng 281

| ocation 514, and anot her nenber 554 exte rom t he peo cation 510
to the rear wheel stregtrang highimuecighis The bik¢ Smmeé imcludesrmthndle bar Ibwion $60 t r uss

structure. Thus, the; be. f f L ghter i ght

i So-truss structurgag{‘:ﬁge)t%grh%(ﬁ%f)@% o ,n?g)%g?fgflsﬁt%é}aﬁ’% 850 my
include a plural i eachxbentrieaket slentS08;n pedil dovdtion 518N tthohell @\RHEHE] sl I al

| ocation 562. A d'hgzgonal nnge{i 5%4 maéjggxtend fromthe handl e bar

| ocati on 500 to t R~ &EHY Hbesl lecationy] 4ached to ageqs wheel 316. The Sigge SA®ber 566
may extend f§om t helupedailubBg R Rmbke ckiBfiinS@Rhd Bltwerhl AfdRBAr, Eitnal |y, an

upper nenber 512 m?in eﬁtend fromthe 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 betwgen 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



| ocation 560 to the central |ocation 562. Such a configuration utisir#8snber 2004
straight structures which may be easier to manufacture. Referring to FIG
70, another bike frane 570 nmay utilize curved or 15 arcuate nenbers. For
exanpl e, an r_nenber 572 may curve broadly from the handl e bar

| ocati on 508{7]&%2]’3?35t he seat location 506, and to the rear PW¥&1V5¢38cat i on
514. A lower nenber 574 may extend in a broad arc fromthe handle bar

| ocation 500 to the pedal |ocation 510. Thesgurvature of the nenber 572 and
574 may provide additional strength. Referring to FIG 71, another frame
580 20 may i ncl udethardar whebl 416 sl Rovidsdagkiondl Bttt Lahpl. ReRmidgherimedl e bar
| ocation 500 to the _oel%llgl Iocg% on 510, while an additional nmenber 584
extends from the HPHGEEYES fiamear? mapingads mempers 354 extending fiom Boerahnd t ovar ds

the rear wheel | Q6eutib®B0&ikdAhe Raf Whdel 1BEhtoR 5T Gud Z:?otheg!ﬁ%ﬁﬂbgf sﬁiekﬁeg&ih me 590

may include an upwardly 25 curving menmber 592 extending fromt ndl e
bar | ocation 500 g5 tiepsdaldeation Hdde themear whedl docation S1dh exd trangleformed &F14,

while a | owes nemMygd ise QS temeks r.location past,the
pedal |ocation 510 and towards t'P;Ifg{lg@gfé&mtﬁ%%ﬁﬂg%%32??%’Hng‘iﬂt{hg%‘?ﬁg?lg{%e
entire frane 590 isp-fesssiedktwr. t he i so-truss structure. Referring to FIG

73, another bike frane ggra‘ ve an,S-shaped nenpey 602 extending in
a first arc fromthe hgg% egoéﬁ@'o@aﬁogﬁrégﬁgﬁtﬁﬁ§g%ﬁﬁ¥1?ﬁ{udi’ﬂ?]8fagtys‘gcond are
ext endi ng t owar ds mdnéepeddth éxartinvady idvardyh daRAToHEIRSS?, 30 dRRGEMer 2004

WO 02/ 10535 PCT/'USO/25°',6[636 39 604 extends fromthe seat |ocation 506 in an
arcuat e fashi on t QREIPFE YAmaxexte fimthe handlerbar ingationr30p &e the septaldocatian. 74,

anot her bi keo f r amg6$ 1SinfiRf1§Fa BRerSnentRBEs B OEnd Gotn %@@mmg&&g%y%m

handl e bar |ocation 500 to the pedal |[|ocat’ion 510. ertic

ext ends upwardly FH $eREOHRa Finallsaniupper Megiber §1@maayktdnd drosethe sdabcat | on
506. Finally, a rgRhidBEees HalenifX og the wertical..nmenper. 614
towards the rear wheel Ioc_aﬁ%on 51&’?5{%&‘5&?’“&%%%08 g@.mﬁlhﬁﬁ%é},’t anot her
bi ke frame 620 i sSEeBYRS Winchmpy be easisototmansfactate uct ures are di sposed bet ween

connectors. A handle P 62 e di.sposed.at the handl e bar
| ocati on 500 and conf %ﬁ?@@g?og rég%ia{)éh?fﬁﬁ%oé)ﬁ?ﬁg@ g Uy e her 624
and a | owerlXi agosretateupminbers.6P6r exAnpleRR&pper member 572 may curve broadly from

the 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 § 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 inember 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 extendiﬁg 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



hori zontal nenber 624 and a | ower diagonal menber 626 may be receijgastc&fiber 2004

extensions of the handl e bar connector 622. A seat connector 628 may be

di sposed at the seat |ocation 506 and have extensions to receive the upper
hori zont al 5824 and a vertical nenber 630. A |ower nenber 632 is 15
attached at 'the pedal |ocation 510 and has extensions to PSPV EhRe | over
di agonal nenber 626 and the vertical nenber 630. Thus, relatively straight
i so- truss structures 624, 626, and 630 nay3de utilized and attached to the
connectors 622, 628, and 632. 20 Met hod of Manufacturing As di scussed

above, the iso-tr 4 estendchom ém spi dfeaticntd0f iRiCart@tORShikY towhidR BeS-

i npregnated with r§5| o rheadﬁg)ét on, ,therﬁo-truss structures- or helical

conponents preferd Trgﬁﬁg?%ﬂ. Gt dhﬁ{f}“@gﬁ? dtensthepbilis frane 610formsmnsbpi ng

around the | ongi { ubiiahertbr 512ederl Bin MENARAONY 1Rk 05 B HEHTS
e for

structure. Such 2 a.confosite_i So-truss structure may using a
mandrel . It will BFatigm3il A xerdeal membendid cxiongs upnardylfroe dregtedsl Iodatiom e

i SO-truss st§uct ursgp RIas& WS tdr 100 | Referring.to FIG
77 A mandrel 7007 3 et s ofRR A A AN ROT LS RGPt ne
i So-truss struct uVedicgasunlep 6t talyade the Téne wimeldocatio®, can be 30 el ongat ed
and shaped to nmatch th j I hape the iso-truss_structure. For
exanpl e, as shown in F?&@S’S}J‘F,‘g?@ ﬂﬁ%&?’f&a“?g’@fﬁ@e@ﬁ@ﬁ%@ahowm@ai ght to
form 30 Decenber BOOrsYENRANGAEEEspbSedRchidiSedAnRBR. Anglk PAARhELRB

t he

strai ght iso-trussashrgctur&%{lt isj,@ of course, understood, that
mandrel 700 may b&*0F FEROsEH atthehandls bardpcatign 0@ ensqonfigigedste recsiveet or dance

with the dsiredusierReridhtal Membd @24 bSSlowks 8 | L] e, L he
mandrel 700 can be . rotationally di sposea sucﬁ&“&@?@%@%n@%ﬁﬁeﬁoo may be
rotated as the filf¥izentahmember4ps andaipwertliagonalovember 526 mayiol reteived@nmay

i ncl ude an el ongadgs, %Sfﬂéhg’@ﬁﬂ plLural it heads 706
di sposed t her eon. _Thg core or bo ?‘7%{1“3‘#}%?‘27%%8%‘%@3@8% or smaller
di ameter with respemosed a therreatilomtion S06ang hivexixtnsionstoedbeivd &l uph§ CcoOre or

body 704 may resi itNin the,jsq-truss structure without interfering with
10 any of the segﬁr%giﬁ%tg@{rmﬁ%ﬁr S%Jﬁd‘f“%@d’ﬁﬁﬁﬁ[éﬁ?l’é'?er PR Adaes npoderi3Bfier abl y are

spaced 15 attached at the pedal location 510 and has extensions to receive the lower
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




apart fromthe core or body 704. The heads 706 extend radially fragsR8nber 2004
core or body 704 and towards the exterior nodes 122 of the iso-truss
structure. The heads 706 are configured to receive the strands of fiber

702 as they_are wapped about the mandrel 700. Therefore, for an eight

node iso-trﬁ@%m%WFﬁcture, ei ght heads 706 15 extend radi aPFY/USHEHE t he
circunference of the core or body 704. In addition, a nunber of heads 706
extend along the length of the core or bodyss/04 in accordance with the

| ength of the desired iso-truss structure. Referring to FIG 78, the heads

706 are shown in gin&mr@ﬁte@ﬁtd&iu’ejghﬁé’&{}usshﬂﬂ&ur@ﬁi&}'b?&ﬁx%s@?&rbﬂe}sﬂ%ﬁﬂﬁﬁh@

plurality of indentations 710 for receiving strands 0" of fibers 702. The
i ndent ati ons 710 pt A9 pay brquened of grsualeos fasm offess pnglesde accardangeswitti 2 and
714 for receiVving thd@esibd e iEd- 0 Gud=0% 1 36: I | ng
helical conponents. Thus, the seet1 oﬁ%gep&?{ﬁd%{rﬁdgﬁo@n@g QJ&B%%Q&

pref erably extend re@ignatly disyosed sugh thahtk exandrehEi0ahayt Yeaotated hethe fibére §02
segnents. Bach s lndentations 712 and 714 preferably include two
al i gned 25 i ndent g%elng%g g%r?ée%' at an angle with respect to one another such
that each indentati onTbé mbdizel 960 miap irRide e Blonghtedl Bid rdb@prosso@ENt of the

same helical co nent...The jnner section of the indentations 716 is

| ocated at the egg ie)“rnﬁlgqfc'f %‘i‘e%@?l’%‘;ﬁgﬂw&%sah% $qye ar bady (184 preferablyrhagadi t i on,
the indentations rédicdddkRaide diameRe Wit SesPE® tdthe IBRISE | 1 ow

i ndentations 718 and 720, One set of shaS | ow i?\dent ati %ﬁgl%iugﬁ%aa;h%e

utilized to form PYRGT bakri7R4may eride Mathinghe fsotthies stmicture wisiusinterfeting with whi | e
the 30 De 2 1 36 ath | |
entats one 720 i by epniteelhefcel el LAl RedFrStl miedbieetl s o

i ndentations 720 may be u orm radi _
the iso-truss st raertfram thegomoderdyt704f Phehaads ToxCextcnd Saliadly Tread HE Bord Br

descri bed above, f fiber an b ed around the mandrel in
order to create tﬁ%cfyﬁ?g??%(gﬁowgrg ﬁé%?gr’?ﬁasm{@pcgé@rﬁwsﬁﬁ%ﬁ“@ﬁ Theeeads r ands
of fiber 702 nay 6 aw emfigtredbasdeivelthe SRR &1 fib570295 Hlck AR AR SH¥ttt N

respect to the helical CIO%O[}EMB‘E’, gc{ﬁaci,n the strands of fiber in the
i ndent ations of tHe Radsl 790, Therefors, fps ane t nade isedmsestruetupe eighttheadre706

A Ter nati Vel y. theatr an Cequid e SblARACe S B e b lTOF R el e
Wi t hout number of heads 706 extend along the length of the core or body 704 in
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



10 inpregnating themw th resin as di scussed above to form a brai dg®hecember 2004
pre-form The resin is then cured and the nmandrel nmay then be renoved from
the iso-truss structure. Alternatively, the iso-truss structure nay be
integrally with a mandrel and the mandrel may remain therein. It
will be appﬁ‘g%&‘;‘gga that the conplex geonetry of the iso- PFIEEN&Hhct ure,
15 and the extension of the heads fromthe mandrel, create a challenge in
renmoving the mandrel fromthe iso-truss stgucture. Various types of
mandrels may be utilized in order to formthe iso-truss structure. For
exanpl e, a di ssol valdrehallveriddentatiomy720endybeblzddto fdmtradifllor SR8 Wi th a

bi nder, which is dissolved to. B renove the mandrel fromthe iso-truss
structure. As anotfEPoH the isQsfpss PSSO et al s may be used which can be

mel ted away from the i 3QoddeMs Sorsd dnUsd-Hi&- h.@ghgf %SB? |l oon
mandrel may be utilized which includes a?san P?ﬁ@ e ed%ﬁ%&%ﬂm@eﬁs
packed with sand &A% ¢ ¥epned asemddee mandreimpidheto vreatd tie helioal dompdrentstahd

vacuum i s rebeasedeandhid Hged ' nd to renove the mandrel

fromthe iso-tr ussest‘r uctéu\r??. qgg%arﬁﬁggfd@%?g%m?ﬁ%eWgﬁ@ﬁﬁg@?@??ﬂﬁ%% may

be formed by wet dlescdibed abompwithmespdet toethshalicalosipadenis)iigdifiothe 8@4ids o2Nd t hen
Such a nol di ng

encl osed by an ex L, ot d, .simJlar t I nj,ection nol ding.

process can provi g@%%éh(f %‘?)eﬁ?gP?s&gl hedea -g@@gdltlgﬁal&slra%qsiq{' FoRay Bhd good

surface finish. Réfmegiarg with s RSy ard vespbd RSkl e ABRELRI0720 i s shown
be rempyed from an iso-truss structure and

whi ch 30 advant ageoqusl it

reused. The coll tgfnﬁ%ée %ﬁﬁéwds?ﬁﬁb‘?@“@ﬁ%“rpred groukthermavdre] wirigoi

d i bed abp i . | USOL/ 23636
S5 i chsdmcopot Al 0

i nclude an el ongated tubul ar body 722 an ura

hol  ow tubul ar bdBgresnss therreuradcing dhe manglel el ithien be fenvvké Somrtheiseariusy es 726
for receiving a i -l 228 therein. The.pins 728 nay be
Ruidhft Alyen%ftwag’%e PUras gtw:ﬁma(yﬁag 'ﬁ%ﬁ@%&’“ﬂ%‘y‘ﬂ?iz and

i nserted through the holes or pertar
the heads 724 di swastel aphthe npindrel/@8y renfainfthersin. t he heads 724 extend fromthe
tubul ar body 722 on t j.n 728.. An el gngated core 730 is renovably

di sposed within the tEgvﬁﬁfaqeaBWHVa@?atﬁ'ﬁ%maﬁé’FEWFY&foFEﬁOdmsﬁwwur’e,nserts

732 are al 96 r enoandhheexctinsipR&REe héhdd bt Ahnddd W catd 2o BrldigCOT € 730
and the tubul ar stdX. 7‘12“%. Th& insert 732 al so ‘ig’ncf;audez's?ha’hgﬁ &lﬁovmg
. ¢ tnandrel from the iso-truss structure. Various types of mandrels may be

. 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



a plurality of holes or apertures 734 for receiving the pin 728. Bo@Rcedte 2004
pin 728 10 extends through the tubular body 722 and the insert 734 to abut
the core 730. Thus, the core 730 nmai ntains the heads extending fromthe

t ubul ar. bod (Z%é gp the pin 728. After the iso-truss structure has been
formed on t §ePel 720, the core 730 may be renoved fFSMUBHECALUI ar

body 722 by sliding the core 730 outwardly 15 fromthe tubul ar body 722.
Renoval of the core 730 allows the insert 782 to be renoved fromthe

tubul ar body 722, and the pins 728 to nove inwardly into the tubular body
722. Thus, the pi ngchdgansiongated wbdianbatiyt?a2 atdibplhalityaddyadéZ24. Thywtes from

he i so- . ddi.tion, the. heads 724 b d,
Ref er i ng agai n 1 a PRy P22k e e uiSin)5hels ok aoefds 2 dramening 20
mandrel 700 at oneplamlityof pine7ZBSthélRY. GBb pind 728 naFbSREH ed RRYELE RhlbqrPect to

the FIGs. 12a and b, t e plate 120 _has a hole or aperture 124 through
which the core orap%‘ﬂfﬁh%@?g?t\‘m’@fﬁﬁ%??@b amighe bpads Tié disnosgdvanch pilTA28. st r ands

of fiber 7025 may Iﬂﬁe,nhmawmra%n@ﬁemﬂeﬁlg@gjtﬂewg%ﬁwﬁ @Ef’ﬂzﬁ tyrough the

end plate 120 to int egral~|¥ formthe end i SO-truss
structure. The coréPugatedenss 7305s paapveblydisposed mithial theBbulaelodylven e r enoved

010U e <Rer MIBEAZA B 80k 8 3 O TG BRGSO

assenbl ed by inserting the p i'nto "aper ube
722. Coll ars al so 7Aabeiwedi thpowe @3Gundtthetubuigicbodf 720 eThetibde: 782 2isb thefu@edn t he
The heads 724 are 30 di sposed on

i ntegral connector, seri bed abo }

Lhe o ns 798, The 2Ry SERI 0P HierRS 50 fF Mopomdanain 726 Ty tbe PnTRS

helical menbers aedesdsil@buglEhbRbslar bo adﬂhﬁdtﬁ@insérbmftiﬂaﬁ&t%h ofeﬂoapped

around 30 Decerrbeiel%sog]g WO 02/ 10535 43 PCTIUSQO /23636 the collars'to form
0

the integral conn corp{a0 mafiaie the Beadeendendingtirom thavubuldrbodst22wat ur e.
Addi ti onal Appli ceai g5 Referring to FIG 80, a support nenber 750 nay
utilize an elongated iso- truss structure 752 as di scussed above to hold
and secure precast conftit@ihe isertmss stragure hatees fpmed dn thendmtre? 31D, fRYoienc| ude

ot e bompect | A il 00 A LS AL
from the tubular body 722. Removal of the core 730 allows the insert 732 to be
removed from the tubular body 722, and the pins 728 to move inwardly into the
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



engagi ng the ground and the concrete form 754. The strength of the&oDecember 2004
iso-truss 10 structure 752 provides strength for holding up the precast
concrete form 754, while the light weight of the iso-truss structure 752
all ows the ri._menbers 750 to be easily manipul ated and handl ed.
Referring tgﬂﬁﬁﬁy&ﬁl, basket bal | support 760 is shown forpgﬂﬁﬂﬂpﬁﬁﬁg a
basketbal |l standard 762. The basketball support 760 may include an
iso-truss 15 structure 764 as descri bed abggve. The basketbal |l support 760
may include a vertical iso-truss section 766 and' a horizontal iso-truss
structure 768 conrthetadldrstio fortmhhe intoptadl calnestest Themztbelliofenvediodiavg tiehe
basket bal | standan%u&g% over the court: Referring to FIG 82, a backpack
770 may include a‘franme 772 which utilizes iso-truss structure 774 as
descri bed above. The frame 772 may include a 20 perineter forned of

i SO-truss struct ur!eﬁi.i nc: Edi n%, a pair of spaced apart vertical nenbers and

i nterconnecting h s. The iso-truss structure 774 provides

strength andslight wei gbte tb g5 mack [ g
i th R HOCK Gt %%ﬂbeﬂ%b%@]uﬁﬂzé%[%%ngatgg%b

iso-truss structure 790 may be utilize orma mst or port
structures 792 oftugs shuaiure/Ha ap disoushreraboreer to heldsind setwerpeecadiivendreaio fdrms s S

structure 790 may : i conposite materigl,, a t hys resi st
corrosi on. Referri7?§ ?1%5%%%1{&@%11%\% ?P&ﬁeﬂc%ﬁaﬁlgogﬂ’(ﬁ/ﬁmﬁ{"ﬁ i"ﬁg‘c&ﬂ

i So-truss struct u_p@tesga@onﬁeendﬂhefeaiﬂlﬁﬁecsiwbtﬁilbu’t'ﬁn&%limmﬁaﬂd%ﬁbﬁ and
various bridge co nent.s. _nmaybe.suspended therefrom Referring to FIGs. 85
and 86, an oil pl a‘gégﬁﬁ#%el%o agﬂi?ﬁﬁ?gﬁ??tfa?%“&};i d8e stegpethof e isortrysst ures 812
as support t®l unmstrfcarre S5eEovidés Mrehdi fo@ hbldRlgah iR re@dGoncrbGFbdh 784hese

i so-truss structurﬁlegli referably are formed with conposite 30 Decenber

2004 WD 02/ 10535 ¥ 215 96 8i6 iseetruss sipichure752allows thesnpnest members

addition, the Ope'ﬂS(ﬁtb'bH‘éﬁéﬂE{@na&puiaJﬂﬁa!n&Héﬁdﬁ Ss structures 812 provide | ower
drag forces on a structure. Referring to FIGs. 87, an iso-truss structure

830 is shown utilized R«ﬁfﬂﬁnﬁmlﬂ@b&hrbhsi@tbsmmppﬁﬂém mehown f8 sipottingdr e 830
provides the inte 245 rting th ull ,834 of .the submarine
832. Thus, the hu?a[ge‘ié%ﬁf{t&sﬁﬁ 4782, T BRReR A Hepa s t‘?"lYéE"eiE‘!erﬁ?diﬂa‘F'&S 830,

whi | e the iMteri owtruofure Ted s sesctibedsbosd. rThebasketbdB SuppdR Y60 tayitichidggd for the

crew, and interior _wall upport. addjtion, the hollow or :
veruca{ 1so-%ru€sp section 462 ancij a Lo&zontal 1so-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



open structure between the segnents or helical conponents of the i36®ebdnkt®s 2004
structure 830 may al so be utilized for equipnent, piping, etc. It is, of
course, 10 understood that the iso-truss structures may be utilized for
ot her structure 0 vehi cl es, and vessels. Referring to FIGs. 88, an

i so-truss s fU?%uP@ 840 may be utilized for aircraft or BEFPBEHS8evi ces
such as artillery or mssiles 842. Again, the iso-truss structure 840
provi des an exterior shell or exoskel eton f4gr supporting an outer 15 skin,
and an interior for containing other itenms. Thus, the i'so-truss structure
840 provides str entyrial @esidticghdsion 16 Mdditiot)ihe BpéiSstRaitd STuheisd-dudsef ul in
aircraft or airborne agg I cations. Referring to FIGs. 89a and b, an

i so-truss struct ufEiBs pads lower dragiforcss paastrepturene fusel age of an

aircraft. Passenger SeRb&niBMPPIGY 9F ah &8-thils {hErrEsoidlnodd fifda wigase of

the structure 842, while other conponents, 20 such as wring, hydraulics,
fuel lines, etc., sihmarive 837.sPessienttryds striature B30 provides the ertersal 2irichge| f, or

bet ween t he segnegy LGl S utilized for
Wi ng structures, an@ogtﬁﬁ?&%om%ﬁgﬁgﬁéﬂﬁkgégﬁ@%ﬁ?H‘%%mnﬁ‘ to FIG

90, the struct ur egrodedteidoddisafioetirat¥owhilythe intéridriof the isoitrusaSrRRIREEID
applications, suc - atellites.or other orbiting, structures 844. 25
The structures mglaggeﬁ%%g%%ri 1 BT AR FRICHF gva[lﬁuﬁ?ﬁfti h’?%éhtf"innﬁi? @ﬁ’c‘,"é 9o
space. The struct opeastrastaie bemyscdtheRegniana! or Yielidal tBRtbonSHICHY (ASiseiriésal ded
pref orm descri bed abovg3 and finally fornmed in space. Referring to FIG

91, iso-truss st riPEHFeS0angy diohs wiligeddfer eauinment aining, alet Biis, of ennese,

appl i cationm 30 Ferstovd that HesoSisy Shithie i s hddllefios and
construction. Referring to FISG 92, a r%o@%ﬁ%&gﬁ%gﬁﬁg%%ﬂﬁgi lize
iso-truss struct ufeicles #adivasseB0 Decermber 2004 WD 02/ 10535 45

PCT/ US01/ 23636 to thosgrdassld bov.e. | nclined hori zantal iso-truss
structures 902 can form 'aeg%osﬁtég' sgh%plgdrtfmsgsr o¢ eggél?m‘ Q?Pﬁ%{zﬁ?fqrso-truss
structures 906 cadirckadt arsigboras deviaeh suvhas hrtilleny[op Bridsiléd 8421 A@hinj e ish-MRsk

| SO-truss struct u%sa%{%% 'l_I'Q/e iso-ttruss rovi des structural strength, and
is |ight weight. & 390 9rqvdps an gxteripe s cxoffelgon fuUPROing A ouies * boat s

and shi ps. IRef er rskingand @ ifieffor BBcontuiriAY etkerIbihis C FRus e lidolfust ARRIRAYRA(SO- L T USS

structures as descri,ged ) . .
provides strength and light weight, which is 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



above. A frame 912 can be fornmed by an iso-truss structure that tapgResnitt 2004
each end. ‘A skin or shell 914 can be forned over the frame 912. A portion

or side 916 of a bay of the iso- truss can be renoved to all ow access into

t he kayak 910 10 _and allow the user's body to extend through the frane

912: and i ntt?¥5%Bol 1 ow of the frame. The iso-truss progpg@§mg??ﬁctural
strength to the kayak, while providing space on the interior for the
passenger. Referring to FIG 94, a solid fygl rocket 917 is shovmw th an

I so-truss structure 918. The solid rocket fuel can be di sposed about the

mermbers of the 15té thosddengibed kel BRLiidIWS HordzdRtaDishMrudSstiub@res 90X &in fhie!
burns, thus elim rocket casings. The nozzle 919 can be

at i falli
configured to tra?? Sqﬁéﬂﬁ’@ﬁé"?ﬁ?@ﬁe%@‘f# 1So5uise Fgughyyes 904rvan bewsef Biss bur n.
Referring to FI G c0mneid sappdrf thé tRF inRedd l&zﬁ)usﬁét?umeﬁ(ﬂatlﬁglstiw a

plurality of iso-truss structures 922. The iso-truss can be weighted so
that it sinks to PH¥desgrshialsiength, endis gkt weightr . For exarrpl e, a wei ght

924, such ass concr et e, TrAl,. t f. the The
other end can be free to g?(tngsnﬁ%pwar%lnbgu?r om F%%lgsbé’%t %ﬁff‘gmgt he
i so-truss can be tOrEIﬁs?)bratkaIleRiOk:heutdmstappnighsnetatss sttucturé g dekcﬁwmd

overboard. Severa 04t s,,can .be attached together. The
iso-truss struct u%eé’gcérﬁ g ﬁﬂ?‘?bgﬁuéwmsﬁﬁwa}!av% RGP epoxy

to 25 pronote gremt msiambmemsmdmms&mwevdr%ﬁmmzswmw&%@' SO can
rot ational novement. Referring to FIG 96, a

be used to trans t.or,
drive shaft 930 g%#ogg BP EI%W“FF%‘H Pwovﬁﬂ%@loﬁ@E@fW‘éng%fakﬁml ar to
t hose descritbed agdallow Tieusers e %"ékiténd%ohéptgé e 9 fgﬂr% B0 fiuk g%lﬂ)v%f

flexible. One end of the drive shaft 930 e coup 0 an engi ne or
transmi ssi on 934, thgfppe k@smmfmsémm@mhwhebayak,twmhsfer case or

wheel 936. Such for vehicles. It will be 30
Decenber 2004 V\Oapogﬁ%%gglgkégh%&%%gﬁgi%ﬁe g?)prem ated that such a drive
shaft can be u;ed in cR}efmnngtp[ﬂIﬂ}cﬂmawlﬁlfaelmﬁdei917Ilmshoml§muaﬁmso.{nggg . I
i so-truss can be il, wa and mning drills. n
such a conflguratlon o‘ﬂé gﬁ% &133“3 ‘%‘8 gﬁé‘fR?sgj%OFW?meWHWé fhge ot her
end is coupl ed tiso-Busdr The isbittussVan Gukintal the r&k@@ﬁ@lf BurdigthbPelfehitating falliflg ShOCK

absor ber 940 utilizes an isQ-truss_structure
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



942 with no axial nenbers. Thus, the iso-truss structure can cCONPREPcdibeR2004
| ongi tudinal or axial direction to absorb shock. In addition, a bladder

944, such as a gas filled bl adder, can be disposed in the iso-truss.
Referring t&/Hé} 98, an iso-truss structure 950 can be configured with 10
both rigid S6tt¥'8¥s 952, and a flexible section 954 to foPfFEVGPHE. The
rigid sections 952 can be forned with axial nenbers for stiffness or
rigidity, while the flexible section 954 ¢ggn be fornmed w thout the axial
menbers for flexibility. Referring to FIG 99, a tank or pressure vessel

960 can incl ude amppsciattd taf $185 a Fivdshal 0 Bded Hh olr GhpIRRMIGR 1A (Bl OMS
interior wall 964 is forned. The tank - or pressure vessel 960 can contain

fluids, such as | BEPo% Wriseussan brysed for dglls. such agoil1e@er and guining dijlis. em 970
i ncludes a pl ural ith ¥ucfa BREGDatRA one LRI HRD [1SP-tr t ur.es i ch
rotate and engage one anot h_era.t' 'I‘hélegx‘%%% S?Buﬂrl\%%gtsadg?’érfﬁ’y%gg?éw e/"\g‘}%r

i so-truss struct ucewpledipadnliditorp@teref erring to FI Gs. 10la and 101b, i npact

barriers 9745 and 976 c ' _ S0 s striuctures. The iso-truss
structure can be ori entﬁgﬁn{r%q%gﬁslg?r‘paasg%’éeﬂj 5%1%%#9 ugm[‘zersé‘ﬂ@ﬁ"ftﬂﬁ? HHREE  as
shown in FI G 101943 wishnb agiermaérhlyers. aRhus, himso-trisy skriéBure 1o BompReds @i 51 ng to

FI Gs. 102a and 10 the inpagt.barriers cap include a conpressible
material, such as%%géﬁnﬁnaéfg&éggeg{ﬁn%ﬂ’ﬁgg sﬁ?%ﬁ‘ﬁa‘:ﬁ‘fé"‘i 3 bladde; 9d4, surh
structure. In oneassgrdlled bladded,Qan b8k Rsbdin tRSRo-Gag. f orm a shel | around al |
or sone of the iso-truss structure, and between the internal and external

nodes. In another aspREFring PG dinapiodrisastnoRre ¥rap be dinfigosdavitin t he
i nterior ofigt he i|&aAR rnbiduss; -] t ..103 a-=¢c,. the
riEiduSSiont O30 bl Lol Bhb{s 18 b Fyoid TS,

i so-truss structure can be el ongated on one rection,
to create an el on¥aie 967 egshesformneadorith axBlimlembens Forgtiffadsk orrigidiay) while bRt t er
suited or nore effl.Gi -] plications where one direction has 30

d 1@% 61{'%%? .
Decenber 2004 WO 02/1 B / USOl / 23636 47 preferential |oading, such as

a floor joist. Thanbefifringdmithiwtheoaial hamberd fdfiiREBOly, Structural properties

in different directiorig? SO tpﬁééhe i so-truss can be configured for the
| oads of a particul ar ‘SPBIFER 9; & 1Bk OERIFTSYte vaesebItd con inednde an SpGs. 1

03a-c are dbm | artrisfistrmRie 9625AMich ah @ontinuous interior wall 964 is formed. The tank
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



5 the iso-truss structures described above and illustrated hereinzg8Re&asf 2004
the segnents of the helical conponents have been elongated with respect to
the others, or have a greater length, to create the el ongated cross

section. In_addition, the angular orientation between sone adjacent or
sequent-i al E@ﬁﬁ%ﬂ%@ is greater. Referring to FIG 103a, aR‘EVgHzHbde
so.truss structure 1000 is showmn. 10 Sone of the helical conponents

i ncl ude | onger segnents 1002 and shorter gegnents 1004 to create a
rectangul ar cross sectional shape. For exanple, the helical and reverse

hel i cal conponentmemntifildsadineghaich L4 ARG §distl TS OsTigeRGLA ORdlave &iBRe: O her
of the helical co%onegts [ ncl_ug%l ar%gr .angl es 1006 between 'sone adj acent
I

0
segments, and snalPEPELRGPELes|g REHORS prothatdhe ise-diyss cap preonfiguredy 15
create a di anond BhapehdSsQsfrtRakt hfylicatldl exanple, the rotated and rotated
reverse helical conponents can formthe di anond shaped cross section.
Referring to FIG 103dhegonfigirationsshpwmpin FiGssl03a-¢ atetsimider i w@ny espehistn whi ch

i's elongateg to RRYRo.- Rt ical s El% i.cal, conponents can
have both 1) segnent%?rgg ?]i ?@5%3%%“%@#8?%2@85%% 5'@%;1,, 'e#%’ﬂ?ggtﬁ‘él es between
20 adj acent segnspgmentsafithehelinglcempdrisats hetd teah elamghtedeviti sspettab ieal
conponents can f | rst | pngat.ed pent agon 1Q12, while _the_rotated
and rotated r everog{ee{:g’ ﬁrelﬁﬁvgglgtegt%ﬁ% P §’re$t8 Elfﬁ %”?@@8 Fss oPiinmg A% adfitiint agon
1014, whi ch t ogettiremgutimorientation Bdtivedhtsoma bdiaftaper seuibnal bdrh P is bRGeNE! i cal
conponents have five gg rrentts Kllgrm ng .a single, substantially conplete
rotation. 25 ReferringorBmERFIG d4ta, atgightnede jseduss srsmes 1000 isghewn.020 i s
shown whi cIo - has Stk bf (e GeldaDepbR&Hd iRBIRe RAGR Smehl9 083 kg 1020 can
es, and e e

i nclude both rectangul ar cross sectional shap ohga di anond
cross sectional SH#AFEE 1004tecrents 4 reetmgulaposesectionabshepd. dor exspgpisg tiies per
rotation, but utplizesats ' onents for every two helical
conponents in the ty%?lca e%??%abébg‘%pog%qﬁag ?%@'Fﬁf AUEN GRS §5°Ee s cr i bed
above can be uti fHapedOther eftthehelical pphparhis drguda darp@!ahgled TI06 DEHEBA Somd he

P USOr T 23636 nid oo Pog it A it angles 1o syt oL AGBsom SPRBERIS 1 uss
structure léan becreateh didewnd saped drbR@edpiont F¥ dxhmplef ﬂ:@ﬁnt&&i’ﬂfd@gtafeﬁer eto. The
I so-truss structure can he included in a fence post wth fence nenbers
attached t her et grcverse helical components can form the diamond sgaped 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



In addition, a skin, covering or wap may be di sposed around the 30 December 2004
structure. -Such a skin may strengthen the structure, prevent clinbing,

and/or be aesthetic. The iso-truss structures described above al so may be
utilized to_reinforce .concrete. For exanple, concrete may be poured or

ot herwi se fSYMBH"3Bout the structures, and may fill the Pﬁ?@?‘?l&’ﬁéf t he
structures. 10 The iso-truss structures have been descri bed above with
particular reference to an eight node strugture in which the helical
conponents have four straight segnents formng a single, conplete rotation

about the axis. | tmissoftdfboatwitti 5eiltodsles thefth. IRLsohRE smiARt taWeabd@Rgcan be
useful, including.for exarrplgg, structure with five, six, seven, nine,
twel ve, etc. noded?a{lggpestvith g flageoupleddhasetaodhe Betrussriuehcan beinchiltse d

arrangenents are GfthYencé poskiii Aty Fiefibord MacBRAbLEA! | 0N of he principles of
t he present invention. unmerous nodifications and alternative arrangenents

maybe devi sed by t hoseIn additioneaiskim covesng pt wisp miny bt dispgsad tionnd fheom t he

spirit and sgope g@f _ ' ntion. and the appended. cl ai s are

i ntended to cover &géﬂ@ngl&%%%ggltl}l%\s&%%%e @ﬁ%@?ﬁ%ﬁgg"g’r’l’ﬁsﬁn‘iﬁpﬁ’e t he
present inventionatslstibeen shown in the drawings and fully described above
with particularity anddetail ip connection wWwth what is presently deened
to be the nost practic 61%@%F&WF%&%‘FH‘?@&PW@@ESP&’}W&F“PhéﬁdtPFW@ﬁ{Cﬁon, it

will be apparent Abmctdﬁ@%reianmléjic&ﬁéfgmﬁgbéﬂm&&l&Q&eﬁﬁge folata HAHBEOYS

nmodi fications, including, but not limted to, variations i1n size,
material's, shape, SBMEs ad mayfill the interion ofithe starctusés. oper at i on, assenbly and

use may be mmde, W t hople isdd@RAL A s.and cqgncepts of the
invention as set faorth ieristhe ﬂcggﬁiﬁagghé%?g%%gfi@ggwtﬁgm&lgff‘rrrs: 1) A
structural menberrefeenepd ani cight nede stuctiveds whichithe txficd esmpprnts hateetbinc al

component s each hawiidieeml) n Longitudinal axis, 2) .a comon angul ar
orientation about &ftﬁ?% S gon Sels, 8%5?16?5{'}%% %ﬁ'été{l%;mgs i ioght
segnents rigi dly wemesdedoeittatiotheeoshfigiration hlbe aMRICRBRE ek adpiE.Or M NG a
singl e, substanti @llul Yo carﬂ)ﬁet e rotation about the axis;
structure withl five, six, seven, nine, twelve, etc. nodes.
15 It is to be understood that the above-described arrangements are only
Hlustrative of the application of the principles of the present invention.
Numerous modifications and alternative 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.



b) at |east one reverse helical conponent, attached to the at | eashJe¥@uber 2004
helical conponents, having: 1) a conmon |ongitudinal axis wth the at

| east two helical conponents, 2) an opp%si ng angul ar orientation with
respect to the two helical conponents, 4%nd 3) at least four elongate,
straight segnents rigidly connected end to end in a helical configuration
f or mi ng Glaigmsigl e, substantially conplete rotation about the 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)t o dwelruciyretmember, compesiegict i ng | ocati ons by over-1 apping the
fibers of th I gl J .2) A structural
menber in acg:eaa:&g{glﬁgtztl”\?\ja%%C%ﬁéﬁ%’%ellgﬂgpgﬁﬁngﬁg%%gﬁﬁ%:\grllg'corrponents define a
hol | ow i nterior subgteemmen lopgiusingl ekismaterial . 3) A structural nenber in

accordance W th clgimobmdbhsifiidt dribRialich EB&Ettﬁ@QﬁQ%’&FS defi ne openi ngs
menber

t here between. 4) struct uragfJ nlb I'naccordance with claim1, wherein
hel i cal conponent $3)@iaaskiouarlongalgi ataright segments rigidyeonogcted end o enddsa

section. 5) A St”l"\%ﬁié&l%ﬂf\f%l@%ﬁ f&:‘?rg E%Fr%?é]r%g?ég%r‘g%uilﬁngrgfe rotatiohMBbut the

conprising: a) at least t space part’, conmponents,
attached to and ré@Bted wth respect to the at |east two helical

conponent s arqu%t Ie%aﬁgért\e GersE HRNiSH &ﬁa&éht d@@%ﬁ@@%tmeg?c!aéagﬁw%uéﬁ

Decenber 2004 1 common rotated |ongitudinal axis, common angul ar
orientati on &oowWonems hayingt ed | ongi tudi nal axis, and 3) at |east four

el ongate, straighty %%gmrﬂofgeia}dgll%aﬁ@waﬁqlﬁfgt |§%§inpn{v@ hEREI Edinfond?fy,! c2!

configuration form ng a sing stanti al ete rotation out the
rotated axis; and2ypngpresiagangirr arientation witbvespast teche dwe helinapesrapenents,
attached to and rgjgted with respect to the at |east two helical
conponents and at |east one reverse helical conponent, having: 1) a conmon

rotated | ongitudi Fakat lpestiour elengate, siraighissgments igidiycotnenied ead to end in a
conponents, 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:



2) an opposing angular orientation with respect to the two rotat edobebdnsl 2004
conponents, and 3) at |east four elongate, straight segnents rigidly
connected end to end in a helical con |gurat| on formng a single,
substantially conplete rotation about axis. 6) A structural nmenber in
accordance with claim5, wherein the Iongl tudinal axis and the rotated

| ongi tudi nal axi s Tapsogwrrreisiated longitedindl@xisegnent s of the hel i cal
conponents  form aj, ' d‘rﬁér{?u’iéﬂtb‘ﬁ ﬁ{atlé‘FFHP&It GGy ﬁ‘:n@ft@oﬁﬁal%%t éu?d‘ Of an
ei ght-pointed star. A strudctural nmenber 1 n accord e wth

wherein the | ongl t&)lai st four slongattet plerightmegments rdgidly catneried ard ¢o anrém a
concentri c, @m&; g

Cross section gt:fatl Sonf uar esrmfn% éi%éddc]%n%l{r)%li “E'é}p;é g{p}% axi @n dLﬁ']th
one square ré@ta@édixﬁ-ﬂhdrespect to the other. A structural nenber |n

accor dance W'blt) Qat%é’étn&rf'e réterth%R/et%@nﬁélfcﬁf @ﬂmpﬂﬁtf nQﬁté&h@Heto ghd F66BRAY Fhtnhan
end of the helical conponents, to attac el ca conponents to anot her
object. 9) Arespegttaithd aheasériwprhelisaloeempenenis and ataleastsoneieyasse hefiesl

hel i cal conp h}fheeont i nuous strands of fiber; and wherein the end
plate is attggﬁggﬁ(iw W néf t he continuous strands of fiber around the
end plate. 10) A dt@ueeroman rﬁtambﬁorigﬁ@e@oammté e tat leasti twogrotaipd helieal t he
end plate includegompopgits,meter, a plurality of indentations fornmed about
the perineter to recel ve strands of fiber, and a plurality of holes to
attach the end pl & @nt PRAFINGHaRIWH] edentatiom Wik gasract dodie gwo 1rpfated helical
structural menber bR ar&R8 dmace wWith claim 1, wherein the helical
conponent s and segmants forma repeati n% pattern of triangles and

t etrahedrons; and3} at leﬁétrfoébﬁﬁﬁm%iﬁn@fa' ceamentsoigidiyce eed fhenthisl @ cal
conponent s and SeggRay Eonfiglrafibh ?&'ﬁlng% Qﬁ?leomlﬁ%@ﬁrﬁlaﬁﬁcérﬂﬁeﬁ%ha‘ﬁ% aBBﬁHﬁ@e”t S
and segnents, the connector being elongafe and hdving a substanti al
triangul ar, crossa%ectional shape, the connector extending through at

| east two of the triangles forned by the helical conponents and segnents.
12) A structural menber in accordance with claim1, wherein the axes are
verticably érstresiueal membesip aceaidance with claime?l wherein dumlopgituding! eais@nddhel an
upper end is t r [ er
obj ect att acﬂééﬁ*%?é‘ﬁ%t“a‘*ﬁgﬁﬁé I porBtic At y8 Mol g Pl cppBRay e

si gn pl acar dfaimtan fm@slr@naubalahmemt@nhawn@a|crqa3;sectlon 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.



menber configured to hold utility lines; a light source. 13) A stnBy@tdrnder 2004
menber, conprising: a) at least two, spaced apart, helical conponents each
having: 1) a comon |ongitudinal axis, .2) a common angul ar orientation

about the axis, and 3) at least four el &ngate straight segnents rigidly
connected end to end in a helical configuration formng a single,

subst anttifal | y‘\wqmrékmembelainia@nordbmﬂW'ltfhdainask,i s; b) at least one reverse

hel i cal comopeRiin tﬁ% h@ﬁé&?g?f%ﬁgr}le}ﬁs 3hd lsg %rnb%lrl gg%tl ?I?%P fa’ng!es

having: 1) a common longitu axi's WI
conponent s, deﬁfﬁ]@gﬁmshgmhhgﬁbemomnwmlon W|th respect to the t wo

hel i cal conponents, ., to?‘) cﬂeﬁat%t el'{eohgchllcg&‘rg?&?ent %g;‘fne%?sgwgnétﬁch

rigidly connected end to en ura rmng a single,
subst ant i al | ythasepiestsdotior h@llcehccmmentsrwd sa?gnentsc)h%morineetgt being elopgaledd

apart, rotat %ﬂd"iﬁk{?nﬁl ca'f&conp%{rén g%@%et:ﬁbr@i‘ghé ?ﬁeegoﬁﬂehg{ efd%ﬁ%ﬁt to

the at |least t ent I"ea reverse

conponent, edlugiaes ingst twy oétfedﬁwm%esr forraecbly therhgilicaldiomplonents eind 2pgraentsnmon
angul ar orientation about the rotated |ongitudinal axis, and 30 Decenber
2004 52 3; at | east four elongate, straight segnents rlgldly connected end
to end iR a Ahelruguwal mambesunsadcordanee mithgclains i Thgviereisuibet awesi arel verticalipl et e

rotation aboytliehtds, a lc%é%t @S ch@ ' dsuRort t&ﬂ'ﬁatcr OQﬁ’d %ﬁtl{;‘%&dﬁ }éelfaﬁgted

hel i cal conponent, attach to and rotate east
two helical @Qﬁiﬁnﬂ\@dﬂwe@ﬁ@ﬂ and| faelker Ieﬂedlne\aem@er h@ectoettache@tmmeemper eadi ng:

1) a common @eeeeaqrdn?w{;M@b%hs.efmgsowatér?ﬁ pec&fddv Haidid S &liz%hﬁj mmca'

conponents, - angul ar” orien Ion WI resﬁec
rotated hel i agmbete éﬂ#’é‘?ﬂ@h%etlm lings; a dghitsofitwgr el ongat e, strai ght
segnents rigidly connected end to end in a

13) 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 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 axis. 14) A structural nenber in accordance with claim 13,

wherein the longitudinal axis and the rotated |longitudinal axis are
concentric, and the segnents of the hePical conponents form an inmagi nary

t ubul ar nenber having a cross section of an eight- pointed star. 15) A
structural nenber 3@t dgasdfainrtongaiet btraighl seghBntwhgidlyi aenhécted endite edd irak

axis and the rot I ' ' AXL S [ S
Form an i magi nar y eCBer Aot BmiAsh St SEBRERR Crp R cialEn SRR

havi ng a common | dpigladakisiand axis, but with one square rotated with

respect to the HtBEL oddrothredt {e%?s%r ﬁé!'cgpﬁt?ﬁbon%,naﬁé&leegto ?’I)Id E}Bttaltegfia}itptm’
spaced apart, "heli1cal conponents eac haV|ng. a comon [ongrtudi na
axis, 2) a coesnsst andhe &t leastdwoahslical atropenarite andi at, leasidoBd reversedwlicalhr ee
el ongat e, strc@j.r%gﬁe,ﬁe .s rigidly connected end to end in a helical
configuration; b) at |east one reverse helical conponent, attached to the
at least two helidala cevmeonetated langitucipal ayis avilbodmeoat leastgivoudtated hedica
with the at |east uR-hglical conponents, 2) an opposing. angul ar
orientation with re}s‘\%ect t'o the two . helical conponents, and 30 Decenber
2004 53 3) at | eagd ahperosidAgaular, odentaliarhwith ggament do rtheitabyrotaded detieal end
to end in a heli %éhpﬁﬁ ts WHqation; and c) the at |east one reverse helical
conponent forming an angl€ wth respect to the at |east two helical
conponent s gr eat eB) ghlggstipugelgnaats, stigight/segmentst nigidly conmdnéed end tcend taace
with claim116, wh i ioh $&HH; - HEVES | | f an
angle with respec'?' B'f[?dgrl‘ '? rgf%gf'ét [Ioéast Q%gﬁgﬁ g‘ét?ﬁ%%%g%%en Igféqg%@gﬁgboufﬁé%‘;
approximately 75 @¥§rees. 18) A structural nenber in accordance with claim
16, wherein each helical conponent includes at |east four elongate,

strai ght segnents rigidl g connected end to end in a helical configuration
f or mi ng14) si Agstalctusgibsenther il aceottanpe adth dlaimal 3.ovhexbiphe tdngitastingl. axi9pnd\

flexible stryg yo@led THRALAINGCERE S Yoncentric, 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



a) at |east two, spaced apart, helical conponents each having: 1R03®ecQREER D004
| ongi tudinal axis, 2) a commbn angul ar orientation about the axis, and 3)
at | east three elongate, straight segnents rigidly connected end to end in
a helical configuration; b) at |east ohe reverse helical conponent,
attached to the at |least two helical conponents, having: 1) a conmon

| ongi t udi nal axi s Wiatleashtvres eloogate, straightekpmahtsaighy nemtested¥ndato empliosi ng
angul ar orientati quiitnf tah& the two helical conponents, and 3) at

| east three el ongate, straig ségnents connected end to end in a helical
confi gurat i ore) teat lepsttane l‘ﬂwr'seeklle!imnbmpsnaréifmrmirhgaamaagﬂeymifgi respédtdo thenat ar e
bendabl e bet : | ' It | |.n which the axes are
substanti al | ;@és\éti%%éﬁlﬁaf %%@0@{%&13%@)%’%?'Sdgrdceg'gef‘ées' position in which the
axes are substantially arcuate. 20) A structural nmenber in accordance with

| ai m 197yWh ' | e e | h o ate
boot {1 on'T) 21y Rrletbiaf pbier W oBEFBIS WhP bim 18 WMk e 8t RESGHe.reBbRET
hel i cal nmenbéwelicalicemppaenttfororsaan gngle gith raspagst to the =t teagt twodheliad! axgsne8B

Decenber zooﬁrééte?@ﬁgiépggf(ﬁr@%lg7§tdrepfete§.ra' menber, conprising: a) at |east

two, spaced apart onent's each having: 1) a comon arcuate
axis, 2) a common angul ar orientation about the axis, and 3) at |east three

el ongat Gg) St 1R LGRLLBCHERHoP ift bEAHAnEORRE Chif] A1 drbfli? Bdch heffeal RBhiRRb1
configuration; and b) at least one reverse helital conponent, at aeRed™t o
the at | east incdascatileast fourmignuatatsiraighi seaments)rigidly conmacted endite eadiinsawi t h

the, at | east ot BBhAcERlioR AT A S Polc? kuBaRRAPSS ABIORNGYARh BplERE csOn

with respect to the t el 1 cal onen ast ree
el ongate, straight segnments rigidly connected end to end in a helical

conf i gurgj i Ofx flexible 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
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.



23) A structural nenber in accordance with claim22, wherein the ay®esdsber 2004
axes are circular. 24) A structural nenber in accordance with claim 22,
wherein each helical conponent i ncl ud%s at | east four elongate, straight
segnents rigidly connected end to end P a helical confi guration formng a
single, substantially conplete rotation about the axis. 25) A structural
menber i2%) ac AWy ygwate siibetirat menmhep.compisingi n t he arcuate axes include a

first curval g icabiiyg, Sidcbarpak, RAEAMNhYAL Wath nafilg:” Lapering

structural menber, conprising. a) at |east two, spaceagapart, hel i cal
conponents each ha\iarfg@mman argugigdxisn | ongi t udi nal axis, 2) a comnmon angul ar

orientation about gB&ofmmhéh a@gﬂgtr@rieﬁ tibﬁﬂﬁ&uthﬁekf £8s &nangat e, straight

segnents rigidly connected en oendin a ical configuration; and b)
at | east one reveriat l¢apl bEge Yonginaitaioh segroentd rigidiv canngeted endtto end in a

helical conponentgjicdi@¥hiifliratibh; anfommon | ongi tudinal axis with the at
| east two helical components, 2) an opposing angul ar orientation wth

respect to t e atveastePia devearsenielieait eompaneat. 3tatbed b ethe 2alplpast tvgy helicaleast
three el ongategmpdhéms Hilvingegments rigidly connected end to end in a

helical configuration; c) the segnents of each helical conponent

sequenti al |y redud)Agemmansiigudic axisrwgth the at igpaidwelhelical samperentst r uct ur al

menber tapers andy)dh opHediR Andutsr diehidiigh wAR el RPN ARG heflal EGIPARAR, S

have conti nuous strands of I and wherein the helical and reverse

heli cal conponent&Pdre attached to one another at intersecting |ocations

by over- | appi ng t@?ﬁ{) %?&Ftﬁrééfeléﬁb%té‘,%ltﬂa@ﬁ{ s@gﬁlﬁi’er{t@f.gﬁg@%on%&hﬁ%hd‘iﬁgﬁgmeg\t S.

27) A structural ner in accordance wth claim26, wherelin eac cal
conmponent i ncl ud®8§liG corfigetaticBur el ongate, straight segnents rigidly
connected end to end in a helical configuration formng a single,
substantially conplete rotation about the axis. 28) A preform nenber,
conpri sPal: &) stfctyrabgiembgs in gesemiane avith, claig) i22awhetsip dhe reuataeieh ¢ ng:
at | east threggsggnents connected end to end in a helical configuration;
and

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 '



b) at | east one reverse helical conponent, attached to the at | eashHe¥@uber 2004
helical conponents, having: at |east three segnents connected end to end

in a helical configuration; and c) the _helical conponents including fiber

and being flexible and col | apsi bl e unt PP npregnated with a resin matrix.

29) A preform nmenber in accordance with clai-m 28, wherein the helical
conponents i ncl ude ahlegistithegd elpngsite sstraighd segrherfits nigidhboenmeéctedgeiite end 30 A

nmet hod for formn menber, conprising the steps of: a)
provi ding a nandrg] ﬂc%% verﬁga}fla%@ng a fi ber around the mandrel in order to

create at | ea&the mm@ttﬁs @éeacttmfpelrmmrmneehsﬂﬂueohqunedmermmm laggthtaldngatse
four el ongat %Qes ?thcftfaﬂhgﬂh BB Shenttdf ta t's Lgast two helical conponents
u

havi ng a conmo ongil t |na axls, a co angul ar orientation about the
axis, and fordhw@f%tnsihﬁdﬂlebcal w@waersedtetlgalc;@nmoeeets hayeatdantinuausosttandh eof

axis; c) w al?lelngan@ Whdsh t@lfeorﬂﬂ 14 %@Qgﬁeﬂellbﬁ n%ad' eh% B ﬁta%{né‘é 1 %ﬁgt
ur ongate, straigh

one reverse heli'cal” conponent having at |east fo
segment s haviangthgr abintassecdiog ircsdioneby Rv@dameng thtgilltausl phttle ketical andtreverse at

| east two he'h'eff@él ggﬁg}g@ts but in an opposing angular. orientation, and
formng a single, substantially conplete rotation about the axis; d) adding

a mtrix to the fiber; and e) curing the matrix. 31) Amethodln

accor dange wiat E'trtfdtt%mn%% bethPaEsRadme Wil 26! gh‘.bFQ:rP%aé‘h gsrt%t Bompbdher

i ncl udes: " provid aving an elongated core Iur y of
heads di sposé@'Udeér?g anﬁél"fCPtﬁl algnggirl atramhalsegmamiaulctimowcéed ead:to erchih a

configured t ﬂefc%‘l’@bﬁf u?dt‘gn?%}h‘ﬁng é'si?tg e g%éé?’ftlahf@o%p@%ta‘ﬁgﬁ%Pbt('fjk%@%uk.cal

conponents, and I ncl dlng ang I ons
i ndentations for each helical conponent. 32) A nethod in accordance W th

cl ai m 39gy f uhtrg}gforrgqlgmﬁb@ BShpringt ep of . wrapping a fiber along a |ength
of the mandrel I n order to create ‘at | east one | ongitudinal conmponent

paral | el witRB) gHeasténgi &naee%apara*egcalaﬂmpwmﬁeeam having:ep of providing a
mandrel furt d core, and
a%asﬁﬁteeg,egmemsoaenﬁb&ed BT agﬁéé a4 gﬁg?%ﬁgg%a

a plurality of heads posed I tudi naI out the core,
each head coRliajUeesd ene rexssses deligall apppgnent, attached to the at least two 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 a 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



fiber for at |east two, opposing helical conponents and at | east G0®ecember 2004
| ongi tudi nal conponent, and including at |east six indentations, including
two angl ed indentations for each heli conponent and two indentations

for the | ongitudinal conponent. 33) A hod in accordance with claim 30,
wherein the step of providing a mandrel further includes providing a

col l apsi bl e dmmélnaﬁan with the atdeasi|twe daticad comppneis.thub i ameopresingyargular

plurality of Jigh@Son, smdfaﬁn. ¢9@9@i@§us§%ﬁt‘alug%mg%m %tﬂbﬁ%ﬁ&ﬁnwa&#al n the

tube, c) a plurality I nse renova I sposed between e core and
the tube, haw)agdiag apﬂaﬁ"altf?tr@f@ﬁr gofes, d) a plurality of pins, renovably
di sposed in the 2 ik he tube and inserts, and e) a plurality of heads
di sposed on ﬁeu@fﬁns an(rjI further including t he steps of: a) renoving the
core fromthe tube after curing; b) renoving the inserts fromthe core; c)

di spl acizpg t Wn@tﬁl?d fﬂ"%@é&ﬁ&aﬁé&ewﬁ}?lcf‘a%' 89, %ﬁé}élngﬁlﬁée;é&eﬂﬁfl;{rf[&\;/qﬁ\églr%’rﬁé‘rﬁiréIUbE;

and 30 Decenber e) renoving the heads
conpri si ng: zi‘)rﬂ?ﬁﬁ'@“&ﬁ*@at ed menber, vertically oriented, having a

| ongi t udi nal [ r A
oot v, sEASKAng M éRBR] na0fly i@%‘%@)nﬁ‘%??°g§2ﬁmﬁ§ﬁ%a ] S Sbele digposkl
angul ar ori efRngitidinaliyend radially |abagf mcnqwea@iaﬂ@admﬂgur?dé@ re@a@t arfcbmald

el ongat e, st fgbghdr 80 WA ol 'cﬁbbgélbfg omea%&qp&%té Oand3r?r‘?clucﬂnqaf bﬁ@ba
configuration formng a smgq substant 1 al conmplete rotation abo
ait

axis; and 2) "?ﬂentaé@ﬁ% tyaang dﬁ@‘ﬁ’é‘éﬂﬁiﬁﬁlea@% linabeempanenhched to the at
l east two helical conponents, having: i) an opposing angul ar orientation
W th resBect to the two helical conponents, and ii) at |east four

el ongat &: )stMeﬁpd%@?ﬁéﬁ‘ﬁ%‘cﬁN@ﬁdl!%rm&@nﬁé@ﬁéﬁoréPFdﬁ"ﬂgﬁheéﬁﬁp ofh a heli cal
configurati ORrisHing 20 fierShidfl Ca |SHYRT ORMhé FhaNdrECPbRIGE to" Gb4Ak! NeAlPYhet NE
axl s; longitudinal component paraliel with the longitudinal axes; and
wherein the step of providing a mandrel further 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



b) an end plate, attached to the | ower end of the el ongated nenberygpecember 2004
configured to attach the |lower end of the el ongated nenber to a support
surface; and c) an arm attached to the5 el ongat ed nenber near the upper end
and extending generally horizontally, conf i gured to hold a utility line.

35) Autility pole in accordance with claim 34, wherein the el ongated

menber further i rRIrgiewng the haadseast two, spaced apart, rotated helical
conponents, attached to and rotated with respect to the at |east two

hel i cal conmponents and at | east one reverse helical conponent, each

havi ng: 3f) a AdifoRoletommsigingongi t udi nal axis, 2) a comon angul ar

orientation t I ! ! i -3 )y , r
el ongate, str i(%lghﬁlérgg%tgéﬁghgiﬁ%’ g‘;’lggil%ﬁ%&%ir%dt’ gg{/@%g%l@éggf#l%ﬁﬁigﬁ’%ﬁnd
conf i gur at i ofowerendsgand keingfosned gbst anti al |y conpl ete rotati on ‘about the

rotated axis; and Qg st 8@55p42R8 arggh,aﬁéﬁalﬁg)ﬁg{oﬁ?ntgPelal:l,‘[‘?agviﬁ .m)ggfnt ,

attached to and rotated wth respéect’ to tt east two
conponents and at | eastl) @aemmenangdlaneti¢riation ahewpthedengituiaal axig. aB0 Decemnber

2004 58 1) a CoMTON T 0t ifdedsPRSr i, S eblhehfiendlly| SRALEARHE o

helical conponents, 2) an opposing angul ar _ _ respect to the
two rotated helical ccfgdnenkelicabernfigyragion ferming fGinvle| sobgtantallyscomgilefht

segnents rigidly connegh@ofasblitheRds-idhgd helical configuration formng a
singl e; substanti al li/ conplete rotation about the axis. 36) Autility pole

in accordance wit1?) &l g ane rexpeedialicalirempegartnaiachiedde dire aldleagtdivo helical
conponent sequent i@lip¥nEREUERidgn | ength al ong the axes such that the

structural nenber tapers. 37) "A sign post, conprising: a) an el ongated
menber, vertically ori én@BdOPHEINENaNaUIaro pEentaliim aith asespecintg thepéwo defical
I ower ends, and being fgpipBHeME ank) at |east two, spaced apart, helical

conponents each having: 1) a comon angul ar orientation about the
| ongi tudi nal axis, 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 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:



ii) at least four elongate, straight segnents rigidly connected engOdc@em@ndoos
in a helical configuration formng a single, substantially conplete
rotation about the axis; and 2) at Iea%t one reverse helical conponent,
attached to the at |east two helical c?rrponents, havi ng: i) an opposing
angul ar orientation with respect to the two helical conponents, and ii) at
| east four el ongat®,a spmamaghtotated rergitidinayiadk ywittotheest edskeitwb rdatedrhklical a
hel i cal confi guratéogﬁoggg@i ng a single, substantially conplete rotation
about the axis; b) an end plate, attached to the |ower end of the el ongated
menber, configured)tan ocapesiag anbpular eentation) vath asped| tonthet wad notatied rhelicala
support surface; aRthdohefisShg), coupled to the el ongated nenber, including
indicia. 38) A sign post In accordance with claim 37, wherein the el ongated
menber further i ndlaldkest fao efwgeatehsiraigh0zegpmendy rigidlyl asasectedenddpaoddn a

apart, rotated helfcgal GRARPIRIMN Brmi 9@?@ ) ane, | t to
the at |east two he[icgl (l:orrponen?glﬁ%%§ ’Isgg%tt orqg%?@@%?estra t@i%bgﬁpmg
conponent, each h&@XSag: 1) a common rotated |ongitudinal axis, 2) a common
angul ar orientation about the rotated | ongitudinal axis,.and 3) at |east

four elongate, straight segnments rigidly connected end to end in a helical
confi gurd®i orft MB*F%WE? i greqifances wilk telgimi 3d.| yhereimpihet eegnarmds iof reagh dlicalhe

rotated axi s;copipdnbit &queRfisifly RRBcE G 3 ] [?Zdﬁa?;{ ﬁfeegféé Sakn M@gfﬂ?ﬁcwml

attached to and rotated wth”™ respect t ast two

conponent s areerakertapass. one reverse helical conponent, having: 1) a conmon
rotated | ongitudinal axis wth the at |l east two rotated helical

conmponents, g_an opposi ng angul ar orientation with respect to the two

rot at ed el i Faign pestpesantising:and 3) at |east four elongate, straight

segments 1! giaglak iR RENBEI vbcA brichited, nifihg & ndRBBhbAISEI PR LRNY 2
single, substantiall'y conplete rotation about the
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) a sign, coupled to the elongated member, including indicia.

38) A sign post in accordance with claim 37, wherein the elongated member further
includes: '



axis. 39) A sign post in accordance with claim 37, further conpri Sumgcer@®er 2004
an arcuate nenber having a first end attached to the upper end of the

el ongated nenber, and al so incl uding: at | east two, spaced apart,
hel i cal conponents each having: i) a cdnmon arcuate axi s, i) a comon
angul ar orientation about the axis, and iii) at |east three el ongate,

strai ght segrdratdeastdwal spassdraneriedoteied halicalesninpanentsh eittacdd tooaid quiatedi on;
and 2) at | e3gth QBBa&RYHhe St ré_%%-.f 67 naiRAPANnen ! 4RF BPRalCodd RvBlse, S [ 1O

helical conponents, having: 1 onmon arcuate axi s w at 'l'east two
hel i cal conpd@RBEwOgent pachdavingosi ng angul ar orientation with respect to the

two helical conmp ! ; three el ongate, straight
segnents rigidly ?gﬁmnéﬂvg)ﬁ%}b{%m%%%ﬁ%%&g’ helical configuration; and b)
the sign is coupl €l ammen argulirtasientatibe abodthdmiatat angitodnaleais4and A
structural nenber, b &4 Qi Al b LAk
conponents each hg’\)%ﬁr@:&%{ %u'?%Iog%%%tr%n@ﬁl;%etgl%ﬁsaﬁ@ggﬁfép ﬁg égegg%mnb)ﬁ&énnaul ar
ori entation about hefieal genfigurafion fenming asingle; sybatantiadly canglete méafioprabsut thgi dl y
connected end to ep@ddhds: ki cal configuration formng.a single,
substantially conplete rotation about the axis; b) at |east one reverse
hel i cal conp®eaitieagdt eng Felgtedoravaeseabelicah semporeriie itactied tvoapdretates] with

having: 1) ar&QEePio G isstiingb Retical ¥bhPorlddis ahd! S2Rhst BRe r?'Slleirﬁé‘lhelical
conponents, 2) an opposing angular orientation wth respect to the two
hel i cal conp&AEREReNt, BAING) four el ongate, straight segnents rigidly

connected end to el:)“!a bémoREloldtéd lorfeidihAUEES Waf ﬁmgré{" BSstotwd f td hefical.
substantially conplete rotation about the axis and; c) wherein the helical
and reverse hel i c&PMPBRPBRent s have continuous strands of

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.

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.



fiber; and wherein the helical and reverse helical conponents ar e saticaghed?2004
to one another at intersecting |ocations by over-lapping the fibers of the
helical and reverse helical conponents. 41) A structural nmenber in
accordance with claim40, further corrpt6iosi ng: a) at |east two, spaced

apart, rotated helical conponents, attached to and rotated wth respect to
the at M@hst A sioicheilmenbenospopising and at | east one reverse helical

angular of | g 8t Par B sbeR ebATTRNcd KB ARAL HAIRE T%s) ot T

angul ar orientation a rotated I'nal and 3) four
el ongat e, strai ght!) gagrnarslongigidiiia)aysnnect ed end to end in a helical

configuration for rﬁg)nggﬂﬁémgqﬁar%ﬁgﬁ%géﬁeég&h¥hé:g)g@Ia(ﬁPe rotation about the

rotated axis; and t l'east” one ro reverse 'hel’i cal conponent,
attached to and r & dewrlongate, streight segmentsigidly cornected end teeend il a helical

conponents and at | . g ..comon
rotated | ongitudi r?g ax?tgjﬁ\?mo{nﬁ}@%?ﬁ]gg Isgg%{ant{a\?l\g%?@@ %ﬁa@tﬂ@hé@gf‘t til)e alts!
conponents, ®) anleagpors mgversr)ielical ceoimpongni, cattashed) te dbpeatt lepst twre helical
rotated heli eahpof RGNS and 30 Decenber 2004 61 3) four elongate,

strai ght segrren{)s rigidy connected end to end in a helical configuration
form ng a single, 1$alsomman langiludinahpxiewih tha aitleast tub belicat ¢rmponiests, 42) A

structural menber ﬁﬁg@_ﬁb&s%j)\d‘ghgcl.gar d’i‘fen{aﬁ@ﬁ&vitﬁ‘?@sr{)ae%{)f?)ctﬁg Pﬁtgf}élg:akélﬁ#&@nts

conmponents each havi ng: mron | ongi tudi nal axis n angul ar
orientation about @8de axis, and 3) five elongate, straight segments rigidly

connected end to %P%drrblﬁﬂglﬁfé, is‘ﬁﬁiggt g%‘iﬁggg I}d'slfeor%‘gycgdn%oatoséﬁ@inea helical

substantially conplete rotation about™t . east one reverse
hel i cal conponent corfigusativadornaing ieesingle] substantially pempletl rotalionaheehthe, axis
having: 1) a commgpglongitudinal axis with the at least two helical

conponents, 2) an opposing angular orientation with respect to the two
helical conpé wheeein theRelical 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.

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



3) five elongate, straight segnents rigidly connected end to end i30 DRcember 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.



