WO 02/ 10535 PCT/ 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- swwoensisehal structural nenber which is strong anBctiugom23ess ght .
More particularly, the present invention relates to a structural nenber
having a plurality of helical COI’fg@Dﬁ Uss $FREPOURROUt an axis, each

havi ng strai ght segnments connected end-to-end in a helical configuration.
10 2. The Background Art. The pursuit of structurally efficient structures

in the civil, nechanical, aerospace_and s e S an ongoi ng quest.
An efficient truss structur%@M@ﬁlﬂngth to wei ght
rati o and/or a F}i gh %ﬁéfu‘feﬂf&ﬁh&ﬂw\éﬁﬁ&ht ratio. 15 An efficient truss
structure can al'so be~descriped as one that is relatively inexpensive,
easy to fabricate anghapgssibifentiditretitasgenaialiyasi threwdiatensibnal stnclysds are
typically stationary, fully constrained structures, desjigned to support

| oads. They consiesbenwhishisstrpng and higkt-weight Mdeteqartigularly; hedresent he end of
each nenber. The nembers. are two-force : j ; . i | ong
20 the. monber | BTy ER hun sl et SEmPE BELR LMD ARl 8 GRTeRE
tension and conpigsed ABout @h 6L, dabh hiangERdiglt sedregs esnnetted efd-enendsimch i n t he
construction of bridges and buil dings. Trusses are designed to carry | oads
whi ch act in thbeliqal eondigofatiphe truss. Therefore, trusses are often treated,
and anal yzed, as two- dinensional structures. The sinplest two-di nensional
truss consists of three 25 nenbers joined at their ends to forma triangle.
By consecutively addirQ9ghM@rodfl@ers to the sinple structure and a new
joint, larger structures nmay be obtained. The sinplest three-dinensional
truss consists of si Therpmiseit of §toicheallysefficichisitucanesdn the divilrmechericrlahedr on.

By consecutively addin hree nenbers to .t he 0,tettahedron an . new
i gi nt, |arger sPSTOSRAGE & $PQYS BN 4P QBEOING HP?%'[ ﬁpgtécd? S %ﬂlgﬁ‘“‘gfs

ructure

i's known as a spac@af ﬁ#ﬁaﬁl%ﬂ: §AABR to IR AR PARCAIIR ali S Silnes@oSvak#Qatio.

typically stationary, . '
15 An efficient truss structure can also be described as one that is relatively

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

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

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

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

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

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

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

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



constrai ned structures, but have at |east one nulti-force nenber with a
force that WD 02/ 10535 PCT/ US01/23636 2 is not directed al ong the nenber.
Machi nes vad @2/s158uct ures containing noving parts and are BeBU§NEI6360

transmt and nodify forces. Machines, like frames, contain at |east one
multi-force nenber. A nulti-force nmenber can produce not only tension and
conpression forces, but shear and bending as well. 5 Traditional structural

desi gns have be @Qlohhmcttﬁfjal&ﬁ%ﬁ@?wg{e beh. "PracHhEPAS sRARbreaBakKERS meg! i ng a

singl e | oad type or exa ans are optimzed to resist bending and
tubes are opti amdmmrd@e‘s bd toottismit. andinmodifynfgrebheMadhinesy tike ffamgsi s t o t wo

di mensions sinplifies the process but Iects onbi ned Ioadlng

Thr ee- di nensi onefintzinat lgastone mvgwqrpwrsm B‘éc‘ét‘j‘é"z 1fprep H?é”“% T AT REPEGe

concept ual i zi ng cal cul.atin P, st ruct ur es. In
reality, many s?lﬁ{'lg‘?ﬁl’ogsanﬂﬁg’fﬂp%éélg%?O%etqb@g?%%{m 1rinlj)ktl ?% | oadi ngs.

Conput erssare now beThdititil dtAeehril desipsiiavobeen imitpd exorstardeour es.  SUMVARY

OF THE I NVENTION 15 It has been recogni zed that it woul 3 advant ageous to
devel op a stru@monmbﬁewaﬁl%ﬂM%h’aééYH%rFﬁﬁﬁW Rdrbeae A%t i cs,

h d .
Chr ce- i menei onaiepn s e bps e O AN bR AT g e,

two, spaced apadsighiglalysilto GOTRRGSORS s1ﬁﬂﬂiﬂ3§ ttdesigh pf@agstbwneglwyer se
hel i cal conponent attached to the two helical conponents. The helical and

reverse hel i cal combipet batmgh Theealinensional payis lﬁdﬁﬁﬁ&ﬂlthﬁqaélse ¢fithe opposi ng
angul ar orienta about the.axis each h a nd reverse
hel i cal éBnponeﬁEl‘tﬁo ?}a%iﬂt"%@“@%’é jiging F‘f‘ﬂ:?q@‘d‘g%“ﬁt egachpe?s&p ag?'l strai ght
segnents ri gidl SnRRfe @%%Qal &Qsﬁrﬁ&ufe@ mBPb@ablekd fdist ﬁani‘puegm@ihg@n

form ng a single, stantl onplete rotation about the axis. Thus, the
hel i cal and rev@omputml areabwdmmgomhmdstofmodnl aor¢ canpleyamatwshaped cross
section. In one aspect, the structure includes four helical conmponents and
four reverse helical conponents. In addition, the iso-truss structure can

include 1) rotated helical 30 m@qtépmﬁlﬁ)vgmmﬁd reverse heli cal
conponents, simlar to, but r

15 It has been recogmzed that it would be advantageous to develop a
structural member with enhanced performance characteristics, such as strength,
reduced weight, etc.

The invention provides a three-dimensional structure or structural
member, including: 1) at least two, spaced apart, helical components, and 2) at

20 least one reverse helical component attached to the two helical components. The
helical and reverse helical components have a common Jongitudinal 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



with respect to, the helical and reverse helical conponents above. Thus,
the WD 02/ 10535 PCT/ US01/ 23636 3 rotated helical and rotated reverse

hel i cal owopoumset s form a second square- shaped cross secPCDUSOW6It ed Wit h
respect to the first. In one aspect, the structure includes four rotated
hel i cal conmponents and four rotated reversg helical conponents, for a
total of sixteen helical conponents. 5 The various helical conponents
ntersect al extehithellaffti Bhitd I EdWlicaltofifined (5 SRORLquatene
conponents formelg I'nternal and el ght external nodes. Longitudinal or
axi al conponent ghapey cresd utomactatedefith iesehttodhé Srsankh orieraspect dhq strugaire

i nternal and/or external nodes. |In one aspect, the structure..includes

ei ght external inekidss four rofated Belige! sosuppnents apd prrotafeddprnte BeHHE structure
has 10 unexpected structpral r eristics. In accordance
with one aspect “BFPHHE Sptéégé%t?f?ﬂ%\get% |1%§Pﬁt%ﬁg1$§{l%%ture can further
include ag end pl at eTRS Y@ tichéal abmpsrdntiinteiecttekienlal nodgsanéimtgnslo at t-ach

the helical conponents to another object. |In one, aspect, the helical
conponent's  rayndsiss§ b enspspectciba compeeatsdorm gight Bfernlsad clghhetieahy be

wound around the 15 end .plate. The end i 'Sr@ltder with a
plurality of in a Pl&g}ﬁl(ﬁ?&i%} %’8&c\%lpf)ﬁ%anq%ﬁrag%seh@?wﬁﬁet?.t%%{r)]ﬁ accor dance
with anot her aspgglecPiheliRRridl S5O extdiiAModEN In bhe asjett) dHelbt@ctuasincludes her

i ncl ude a connector nenber attached to the helical conponents and segnents

to attach ot her eighiatersaltrodehdlt has heenfoundrihassuelt an eighf nodg sewgtare iphe 20

connect or, nenber can i pcl ude triangul ar, crgss-sectional shape extending
t hrough tiPi anguwpwﬁft%mﬁﬁvﬁg&%%ﬁghﬁﬁﬁ% €fits. In accordance with
anot her aspect of thg, RLERBALe Wil 65Y dsPlot of BR predchEidiverdith, tHeuestar daal i cal
conponents may form an angl e therebetween greater than approximtely 60

degrees. |t hasfibtheninthdndnehdplasmtackadgit es chdiobthg heligré eomponents te ey ur al
or performance chargcteristics. In accqrdance with another aspect of the

present inventi &‘ﬁ%eﬁ??é CRIPPRAYS @rﬁoﬁ%@ﬁ?“g‘eﬁh‘éﬁ alf‘B?&r}gﬁg‘glﬂ%a?ﬁc%ﬂ&ﬁlgmfasxi ally
and/ or 1ateral | f hexhdledorRuluduRis kPt byfivd! Which nffjbesisulaimdmmy bend

between a first, Straight position in which the axes are substantially
strai ght ;15and aemskslated Tharend plate grasndlidern perimdtercwith heluxlgy ofimdentations

to receive the strands of fiber.

In accordance with another aspect of the present invention, the structure
can further include a 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. It 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 cén be axially and/or laterally flexible, but torsionally
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 structure may compress and/or expand



30 substantially arcuate. In addition, the structure may conpress and/or
expand WO 02/ 10535 PCT/ US01/23636 4 longitudinally. In either case, the
struct ur avoay188dre energy, and thus be utilized as a spPCTVgSomashasr . | n
accordance with another aspect of the present invention, the structure may
be arcuate, and the conponents may be forngd about an arcuate axis. Thus,

5 the arcuate structure may form nore conpl ex shapes than a singul ar,

| i near structur ﬁm A B%lt?&lc{agﬁ{ At eded ﬁfa SRk ?}eg%?,a iheabé 8ikzed N

accor dance with AROther “Aspec ’he present nven e structure rmay
taper. The segrrgmgpm{glﬁaﬁbemel i cal conponent may sequentially reduce in
| ength al ong the axes such that the structural nenber tapers., Thus, the

tapering 10 struct urénmyrdammwﬁbmoth@ragp@k0§?hamé@e%tﬁawnéﬂ°§1thaaflf%ﬁtmel i near
structure, and m%’?%gﬁpg ttec?lguﬁl?ftn%e’%%gn%r%éég%‘% ﬁmlﬁe@ dt(é‘ﬁtd*cggé axdsh Thus,

accor dance wi t h™4¥ I nven 10N he 1 so-truss

structuresnmay beelréddtZfhichRe il dordd MBFe coniplét §hapbd hes a sdgula, inta. The
iso-truss structure further may be utilized for_ bicycle franes, aircraft

and marine st rusirupters, andlrsasebe:bettArsmteﬁcf@rcfeﬁiaurprhpﬁ@n&n i so-truss structure
in accordance with t resent. tion cap,incl

around a mandrel in g‘??ﬁ?B a8ce%1 ‘gﬁ?rﬁépﬁcﬁégpwglpircsgﬁlg%@gﬁe gf?tg’{m}%t he
reverse helical yf %Pe% AR dractHielitAofpoREntita tialy fdaged inber and
cured. The rrandre? y bee?ermvesd ?%mel t0 erﬁ)structyﬁdrég@&Thgyrmndrel may

i ncl ude a pl ur alength a:lbng1madseschuslpdmeﬂletstrectarahmemheetaeme Thas theniepeting ber .

The nandr | may be a collapsible or dissol vable man Addj tion
f eat ur es 18nd ad?&f'ﬁt‘gﬁé@y P OTe FRBPIEY SHARGF fangst ar,?l Stf‘WhF aet ail ed

description whigh be'b'eRé‘issu @hﬁ'&ex‘teﬁn |cHRGHEd on With t he acconpanying 25
draw ngs, which t gget her | ust rate @ﬂway of exanple, the features of the
i nvention. WO 02/ 105RbadeaidabtGOd it 368ker aspd8Rb ke DE@@RIinrﬁiNn,Cﬂie BeENBRAW NGS
structure may be utilized to hold signs, utility lines, or lights. The iso-truss
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.



FIG | is a perspective view of an iso-truss structure in accordance with
the present invention; FIG 2 is a side view of the iso-truss structure of
FIG 1, W6DbIA0s35is a partial perspective view of the i SOPCT/WUSE/SbI6uct ure
of FIG 1; FIG 4 is an end view of the iso-truss structure of FIG 1,

FI Gs. 5a-5t are partial perspective views f the iso-truss structure of
FIG 1 show ng helical conponents of the present invention;, FIG 6 is a

perspective view of anot hgiRiFPpESEIAPTIONOW EHEDRAWINGSce 10 with the
present invention; FIG 77TS a stde view of the iso-truss structure of FIG
6; FIG 8 is an endFiG.dvis abetsprstive vicw ofsan ise-truss sirustuss inFcgprdancepyidls . 9a

and 9b are graphs denonstrating performance of iso-truss structures in
accor dance wi t hibeRESSERIGB¥HIO nvent i on; 15 FIG 10a is an end view of the

[ S0-truss structure BigliGy ol vidi G mdf-irfssdunitd ofFA9L oY the i S0-truss

structure of FIG 1; C1S an e vi ew of anot her iso-truss
structuresof FIG 6;FI(RI3Gs apartial serspestiveviewend thf isatosheiruciue of Fliis d;

structure of FIG 6; FIG 10e is ar} end vi ew of anotﬁnﬁ i SO-truss
structure: 20 FIG |F&.4isapend yematdhs isp-msostrerare bF1G-Jss structure of

FI G 10e; FIG 1lla i i e j < o, FIG
e 2 b a—gpge\fy%u?fgfls gérss‘fecﬁ% %@w%pﬁFelsigeb Erlﬁéél%ﬁyéthfFélJ&GﬂMpe

| Ibis a side view e’ so¢ ructure o a; lcis

an end view of @ sRdviaE halidal beApdedGf Stid present ventidn. 11 d is a side view
of the iso-truss structure of FIG 1l1lc; 25 FIG 11 a is an .end view of a

prior art iso-truss ElG.6dsaperspeqtiveview of arjothey isr tiiss SHRPISN f$ROTGANEE t r uss
structuri of FI G’t ihl e; eFL/‘Gver%tzo%'i S a perspective view of an end plate in
accor dandd vvithwtln e?fF%é‘ V' iention; FIG 12b is an end view of the end
plate of FIG 10a; 3Brdl7Gs alilleivievadf tbdsovirasy sariictare affRiGe6t pl ate of the

present invention; FIG 14a is a top view of another_end plate; WO
02/ 10535 PCT/ US01/ 23BHE® 8 i an end view of the iso-truss structure of FIG. 6;
FIGs. 9a and 9b are graphs demonstrating performance of iso-truss
structures in accordance with the present invention;

15 FIG. 10ais 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. 10f is a side view of another iso-truss structure of FIG. 10e;
FIG. 11ais 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. 11eis 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;



FIG 14b is a cross-sectional side view of the end plate of FIG 14a; FIG
l4c is a partial cross-sectional view of the end plate of FIG 1l4a; FIG
15 is a svaezwsew of another end plate in accordance w t hP€hES@rssisnt
invention secured to an iso-truss structure; 5 FIG 16 is a top view of the
end plate of FIG 15; FIG 17a is a perspegtive view of an end connection
in accordance with the present invention; FIG 17b is a top view of the

end connection of Fl gyglig o LR alediBalddbew Hlfé(éhﬂﬁ)ﬁ%e dPFId. P4a;182 IS @

perspective view of an end connectron I n accordance w't t he present
invention; FIG 18b FsGal4eqs b pativl @vssdectitral eivsl afuhaiewt plate offFIG] [a; 18a wit h
an 1so- truss structure; FIG .19a is a perspective view of a.ql %gd
connection in accor ddHeelSisesidensew pé ettt plats Bracegrancevith thg presenty
bottom vi ew of the end con ' E 9a with an iso- truss structure;
FIG 20ais a pér?vs?f)lg% T e\ai?‘g\%vﬁgsp'tg{nssgér@t%%hnecti on in accordance with the

present im@vention w FNGars jsaQop Viessofihe erd plateof BOG.AISG 20b is a side view
of the end connection of FIG 20a, FIG 2la is a perspective view of an end
connection i n accor d&Hgel aiis & perspestiye sicanef 4nend onusstion HhacsArdaae: Withs s
structure; FIG ,21b is ,a t vi ew of the end connection of FIG 2la; FIG
22a is a perspe&qwgsewwrﬁ?onan end connection in accordance with 25 the

present invention; Fipfg, 22hs hopvieRRf heEdidonhdtfof BEFIRNTE Gt i86-triubG
22a; FIG 23 is a perspective view of a connection in accordance with the

present inventi elmcties. 24a is a perspective view of a connection in

accordanc% wth the ?8 I%resent i nyention; . W0 Q2/10535 PCT/ US01/ 23636 7
1 FIG. 13ais a perspective view of an end connection 1n accordance wi

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 a bottom view of the end connection of FIG. 19a with an iso-
truss structure;
FIG. 20a is a perspective view of an end connection in accordance with
the present invention with an iso-truss structure;
20 FIG. 20b is a side view of the end connection of FIG. 20a;
FIG. 21a is a perspective view of an end connection in accordance with
the present invention with an iso-truss structure;
FIG. 21b is a top view of the end connection of FIG. 21a;
FIG. 22a is a perspective view of an end connection in accordance with
25 the present invention;
FIG. 22b is a top view of the end connection of FIG. 22a;
FIG. 23 is a perspective view of a connection in accordance with the
present invention;
FIG. 24a is a perspective view of a connection in accordance with the

30 present invention;



FIG 24b is a partial perspective view of the connection of FIG 24a
attaching two iso-truss structures; FIG 25a is a perspective view of

anot her owONBOBHN i n accordance with the present inventPOWUSG/BEIB 26 is
a perspective view of an attachment nenber in accordance wth the present
invention; FIG 27 is a perspective view of7an iso-truss structure with an
attachnment nenber of FIG 26; FIG 28a is a perspective view of an

i so-truss structure vw@zamls%a@ﬁaquerspé&w%w&ofﬂﬂe%ﬁ%ﬁai%m‘@r bh,the
present invention; FIG 28b is a pérspective view of the exterior shell of

FIG 28a; FIG EQQChl§g§V®§P§BESEMWS,eW of the attachment member of FIG

26; FIG 30 is a per |ve view of an i so-truss st ucture
att achnent merrberg sﬂg'eg ﬁsr?d’eﬁsipgftfvc?rvr’rﬁw Oi@qﬂi‘%‘:o’é‘lec IQHQ%P%E?Q‘W% vi ew

of an iso-truss th¢pregdrdifediél anot her configuration of attachment
nmenbers; FIG 32 is a side view of a flat nenber attached to an iso-truss
structure din accor deFrIGe%\ASt&pwmc@vaaﬂewtof anuttavhinent mEmGer BAcé®@dance
perspective view. t at nmenbers attached to an iso-truss 20 structure in
accordance with hﬁlpé‘i?@?ﬁ NY§NiQRi i on: FIG 34a is a side view of a flat

menber attached to amgsey i Sﬁ&ﬁ%‘%’\&?fﬁ ﬁoqﬁﬁ%@g‘?&&@ W\g}@h %nghlg gsent

invention; FIG 34b is an end view of at me EPG 35

is an end vi ew afenaberaf FHeI26ent of a flat nmenber to an iso truss 25

structure in accordaggié %gth the present invention; FIG 36 is an end view
i

of an attachnent of alﬁéﬂ?ﬁ’@Pe‘ttWeé(FPW QAN ISQriyyss sructvse With anrextesionr dance
with the gy esemshélpl\ﬁ%éélﬁ&lce%ﬁ;ithézﬁesltnﬁ 1€Y]énﬂgn\“ ew of an attachment to an

i so-truss structure in accor ance W f'esent invention; 30 FIG 37b
is a perspective vi ellGf28bHe apetspediivevievobf tﬁé %teﬁ&ﬁshell\@f@?(/}llﬁ%

PCT/ USO1/ 23636 8
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. 34ais 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. 37ais a top view of an attachment to an iso-truss structure in

accordance with the present invention;

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



FIG 38a is a side view of a tapering iso-truss structure of the present
invention; FIG 38b is a side view of another tapering iso-truss structure
of the pesynts3d nvention; 5 FIG 39 is a side view of a PCEYSW/B63650-1r uUSS
structure of the present invention shown in a curved configuration; FIG
40a is a side view of an angled iso-truss sgructure in accordance with the
present invention; FIG 40b is a side view of another angled iso-truss

structure in accor dar€le, 380is Adiddviewe fRtgReiRl idoty@s sir0dtimredfhe présdns a si de
view of a curved, |so truss structure in accordance with the present

i nvention; FIG 1212611191'1& 5|de VI ew of a circular iso-truss structure in

accordance W th the entio FIG .43 is a side vi of a
curved angul ar i so- truss S ruc ‘é‘e}”n'}aaé‘ggrta%‘ﬂ’@éléﬁ frﬁsﬁsi%lcﬁ?%%‘%ﬁ?
invention; FIG ptéschSingeritione Vi ew of another curved angul ar iso-truss
structure in accordance with the present invention;, FIG 45 is a side view
of anot her?i so-truss B 8 iss side vieworfor il isnitniss stinectur2®f hreguesent

i nvention; FIG ﬁ 1% a, detail ed %f%ﬁ.ectlve vi ew of a braided sock in
accordance wi t HEYGREOR SO § GUErd Cuisurfion; 47 i's a side view of an

integral connector iIFIGCEGS Hangde Wbw R bigngl®l BS8ks SPMARL P coﬁénfé\%t p48 is

a side view of another int egral connect or |n accordance wt resent

invention; FIG thﬁgpnesermlrmed@om ew of another integral connector in
and 51 are side views of a

i onconnector | n' adigr KENSE S HEw Sb ngiaetGeBR i i ST Bre M ESBHMEDS 35
PCT/ USO1/ 8636 vith 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 52 is a side view of an el bow connector in accordance with the

present invention; FIGs. 53 and 54 are side views of a tee connector in
accor danoeOw/1d333 he present invention; 5 FIG 55 is a siBeTVse&®36i6 a cross
connector in accordance with the present invention; FIG 56 is a side view
of another connector in accordance with thegpresent invention; FIGs. 57
and 58 are schematic expl oded views of other attachnments in 10 accordance

with the present inveRlG.o%is Elsi@evfb%vbﬁan%l%v@@orﬂie@f@rﬁfa&oﬁfaﬂ&ﬁftﬁ{ gZi ng an
i so-truss structure in accordance with the present invention; FIG 60 is a

si de vi ew of anopmeeant givgntier;i | i zi ng an i so-truss structure in accordance

with the present inv side vi eW of anot her

utilizing an iso- tru(sa@tdést S%,&?‘ﬁ?{aﬁeﬁlcgé’é%(gf i8R CORNCeRioF H’eacﬁP’élé%‘??tW‘l }hg’énti on;
FIGs. 62 and 63 pegnbifieniydgWs of utility poles utilizing an iso-truss
structure in accordance with the present invention; FIG 64 is a side view
of a lightSpole utiliBiCh§5ana sideviewusta cbdsswohngctoriin accddamce orttlaneprevdnt h t he
present inventian, FJ Gs. 65-74 are side views of bicycles with frames
utilizing iso- t ¥R r yctures in accordance with the present invention:

FIG 75 is an expl odggq/isg\y ﬁgldﬁVgWM%h b @dﬂﬁecﬁ& I a%écg'gfm_\} %QNI%&‘IA;S ?regent

structures in accordance wt e resen i nventr on;

per spective vi ewmasfntnoh;a bi cycl e frarre of FIG 78; FIG 77 is a side view of
a mandrel for formn i so-truss structure in accordance with the
present invention; 37% and 38 ye pchismiatic gxplodaslyiews af etbarptraghmentsimdr el

for form an i r cordance with the present
L) a%@orgéﬂdé%tﬁﬁlewfésgﬁtqn\'/éﬁtlgﬁ

invention; 30 FIG ective view of a collapsible nmandrel for
formng an iso- trus<EFI6t ISQIdHalsfl&e vlﬂwajffi@f@aﬂﬂﬁlﬂg'zhhsé RessNt@SRIS inl Nvent i on;

WD 02/ 10535 PCT/ US01/ 23636
accordance with the present invention;
FIG. 60 is a side view of another sign utilizing an iso-truss structure in
accordance with the present invention;
15 FIG. 61 is a side view of another sign utilizing an iso-truss structure in
accordance with the present invention;
FIGs. 62 and 63 are side views of utility poles utilizing an iso-truss
structure in accordance with the present invention;
FIG. 64 is a side view of a light pole utilizing an iso-truss structure in
20 accordance with the present invention;
FIGs. 65-74 are side views of bicycles with frames utilizing iso-truss
structures in accordance with the present invention;
FIG. 75 is an exploded view of a bicycle frame utilizing iso-truss
structures in accordance with the present invention;
25 FIG. 76 is a perspective view of the bicycle frame of FIG. 78;
FIG. 77 is a side view of a mandrel for forming an iso-truss structure in
accordance with the present invention;
FIG. 78 is a perspective view of a head for a mandrel for forming an iso-
truss structure in accordance with the present invention;
30 FIG. 79 is a perspective view of a collapsible mandrel for forming an iso-

truss structure in accordance with the present invention;



10 FIG 80 is a support nenber utilizing an iso-truss structure in
accordance wth the present invention; FIG 81 is a side view of a

basket baWosuppast utilizing an iso-truss structure in apcoUS@armsesowi t h t he
present invention; 5 FIG 82 is a side view of a backpack utilizing an
iso-truss structure in accordance with thggpresent invention; FIG 83 is a
perspective view of a boat wwth a nmast or support utilizing an 1iso-truss

structure in accordanpg; Wat: Lavention:  Fl 84 i.s a side view
of a bridge utilizing gﬁvg}os‘ga:s%s?g R %tr&%g&“f"‘a‘éﬁf’&& G EHATCFe
present inventi owijthEhdéGoreSmt irfretigi; de view of an oil platformutilizing

iso-truss structures in accordance with the present invention;, FIG 86 is
a side view of an oi | FiF-flrispsidamviaw of aepsketbali suppertstiliniogan éwo-truss

accordance with invention; 15 FIG 87 is a cross-sectional end
view of a subrrarstinﬁlguﬁ% ﬁfigcrza?rﬁfﬁn%enwﬁléﬁletpfﬁggt INYGHIOR; yre in accordance with

the presen§ inventi onFICKI8Gis 88idk Sicd ¢¥eI 1542 k%ﬁlixﬁlg%?{?-ﬁu@s&ﬁét ifr rocket
utilizi ng an | SO-truss structure in accordance w th the presen I nvent i on;

FIG 89a is a peicsprdangoitly thewpresentanventiony aft utilizing an iso-truss
structure 20 in acc e Wwth the present invention, FIG 89b is a
cross-sectional end \%Ig?v%gfls?ﬂ‘as%ﬁcaﬁerﬁf"f"OgﬁtbPF‘@‘”tg9§?an‘-‘l’r(§uPW pializing an
perspective Vi evis®fruss Saichir iﬂﬁ:célhhﬁdez\i/ig?tg@%éféﬁ-ﬁ]{;éﬁ% structure in

accordance with the present invention; I's a side view of a water
tower utilizing iso-tils84 ixa side viewofiabridgsutilizing dmisoeruss studulre ipr esent

i nvention;fl G I partial side view of a roof systemutilizing
i so-truss ds:truc?%?dergm%’lerngctb&)ﬁ?é NGRS he present invention; FIG 93 is

a broken away side viFw. 9% ish o ky Webh b bRGrkS i ShLugtyres in
accordance with the present invention; gglpﬁgfam&iﬁll&ié@zsopgﬁsiSngtﬂerSI%%n away
si de view of a m@eeRédancgtwith the presérgdnvientisly structures in accordance wth
t he present inventi ony C . e
G. 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 structures
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;



WO 02/ 10535 PCT/ US01/ 23636 11 FIG 95 is a side view of an artificial reef
utilizing iso-truss structures in accordance with the present invention;
FIG 96 iwoapmsiial side view of a drive shaft utilizi ngPCHOSEIr23636
structures in accordance with the present invention; 5 FIG 97 is a side
view of a shock absorber utilizing iso-trugg structures in accordance with
the present invention; FIG 98 is a side view of a flexible joint utilizing

i so-truss structures j 2 COL: i : ol nt.inveption: FIG. 99 is
a cross-sectional endF 1@? 69?\/9%?51?1981%2&/833“#1M@(gl%lengffjlﬁlllg%QS%{‘rsti Syglyres 48
i so-truss structacceslance witle thegpagtest iwvdniohhe present invention; FIG 100 is
a side view of a gear_systemutilizing iso-truss structures in accordance
with the present i nver-(?ﬁ;lS Fpacgial sidprview Iof adeive slepdt wiilimingoiso-tmrpsesttuchues i er s
utilizing iso-tr; in accordance with the present invention;
15 FIGs. 102a ar%g%Ec%?é}&g&g{s@ﬁ%%aﬁ’@%mg% views of inpact barriers

utilizing 5iso-truss B 92k S8 ViBwaFARhSANAR oMt Btifi e RESRRD | on;
FI Gs. 103a-c are end views of iso-truss struc'?ureesli nﬁ%ccgﬁﬁaﬁgdg%g%l# t he

present inventi d§cordanqopvify theprasesOMIGREOION For t he pur poses of pronoting an
under st andi ng of the i gt pl es of the . inyention, reference will now be
made to the exenpl ar yﬁgﬁgg&ﬁo %Séﬁi"t%‘em aﬂe?iﬁ)}f%t?mti“ﬁh?wg 130 LY SEEcturgs dn

speci fic | anguagecorthnceletiihedresht d@Rptibde the same. It will  neverthel ess
be understood that no limtation of the scope of the invention is 25

t hereby intended. AnyFlgl PRisat drosssseetimhal end view offe grdsswra tvesselorainkd Witilizing
i nventiv features illustrated herein,.and any additional applications of
the pri ngllopl es Oéo-fr};.s Sh’luﬁ%%t“? 69?05{53“?q Wﬁgtt ediré%’nh@t"@i“mn;mhi ch woul d occur
to one skilled in th el ®Vanats i i f | S.:

FIGE| @0/ Rlsidedidw B elA Y fon RARSEI N MR erl b in

di sclosure, are to be considered wt e’ scope rnven
| nproved | so- Tr geeprdancastitrtbe MEsedP nv@BtEN; PCT/ USO1/ 23636

FIGs. 101a b are side view of impact barriers utilizing iso-truss structures
in accordance with the present invention;
15 FIGs. 102a and b are cross-sectional end views of impact barriers utilizing
iso-truss structures in accordance with the present invention;

FIGs. 103a-c are end views of iso-truss structures in accordance with the

present invention.

20 DETAILED DESCRIPTION

For the purposes of promoting an understanding of the principles of the

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

25 thereby intended. Any alterations and further modifications of the inventive
features illustrated herein, and any additional applications of the principles of the
invention as illustrated herein, which would occur to one skilled in the relevant

art and having possession of this disclosure, are to be considered within the scope

of the invention.

30 Improved Iso-Truss Structure



12 Sone basic features of an iso-truss structure are described in U S
Patent 5,921,048, issued July 13, 1999, which is herein incorporated by
referencavoA¥10583 | ustrated in FIGs. 1-5, an inproved i so-PEDEFSOIEA3636CE Ur €,
i ndi cated generally at 10, in accordance with the present invention is
shown. The structure and geonetry of 5 thejpreferred enbodi nent of the

i so-truss structure 10 maybe descri bed in nunmerous ways. The iso-truss

structure 10 i ncl UdeSS@n@BééﬁcafeBﬁxYesQ)ffaﬁ:is%%%gﬁétuﬁer‘ﬁg@&rcﬁlﬁfizigﬁﬁ.?ﬁlggg& ina

repeating pattern along the lIength or |ongitudinal axrs

structure 10. Thd921.94f% issned iy bdy)1989, whiok aytencih imethoraied Beaderched A5 a
plurality of hel 20 wrappi.ng about the |ongitudinal axis 14.

Lcal .c ent
Each 10 heli cal 1@8%&6?&@%@6 li'grcﬂnd@@ﬁo‘fi’dmi%msistl}wt@fe, fdicafegrgeneraleht® 22

connected end- t;Q- ' : i ' tion. one aspect, egch
hel i cal corrponenlti'ja ag%&g%gﬁ?dggié%ﬁ%?ﬁ%hg%gé Shfgw?‘eig? Stryckire a@‘ﬁ gg\‘?’ﬁ%fy of
segments 22 whi che prrferred enibogingent s0bBtisg irhad shvicGRMY BhPbE AbRlib&lin about the

axi s 14. Thus, when viewed along the axis 14, the four” straight 15 segnents
22 form a squar e"SFOUSNAYS o Theisartarss pigugiured Qtinedndds aghapbty dfetimentsor i n

FIG 4. The heli : .continue indefinjitely formng any

nunber of strai éﬁ?%ﬁg%%@%@ }Iggﬁegg%tfnrgaﬁaé}ﬁ?i ﬁ{[eé’gg’zoralg’églﬁﬁdi‘@ﬁg’é@ at an

angl e with respdétofitke thuetuax1G THe stRicaire @Blay belchfcepiuafib ﬁnd%ﬁgé@déﬁﬁﬁgzl are
n

rigidly connect eg‘é{a}'tl tggir ends to adﬁ{gacent_ or sequential segnents.
one aspect, the PHHeRLY ofpelicat ¢arapasentsZ8 wigpping ebeut she longitudinal Gxisrid| Edels 1)

at | east figno hely and. 32, apd 2). at |east one reverse
hel i cal conpongiﬁ{;@%ﬁ?ﬂg@% Hw%a%&ﬁ%ﬁs %p%ﬁgypﬁgraé@tge@qmq élz eenuesied eadpect |
the basic strum—améinjﬂeiliﬂﬁdddﬁ%u:&ﬁoﬁ.OUF helical conponents 30, 32, 36 and

38, and 2) four reverse helical conponents 34, 40, 42 and 44. The heli cal
conponents 30 and 321bonsspgstaechhelidaheomporenti2) advantageatislydadli@ss at ik

exanpl e cl ockwi 1 verse. helical conmponent 34 wraps around the
axis 14 in the gﬁ%é@@?ﬁ&%‘?g‘% ?g ﬁ"?“c %Pné’féﬁﬁ&%é“%%kaﬂy ePBRleis rotatiorhe
hel i cal conponeaiait 8 axis 43 2Thus WheEEBREL Slon thelhEr €0 ommon
angul ar ngﬁl entation and a conmon axis 14. ‘(I)'rﬁ% reea\?grl?é{hﬁefpﬁ%sgaﬁ%lonponent 34,

and seg ts th¥BENts 22408n 8 square,loahanes squate cr3&}-seotidrial) stiapt | et den e

E’ecl'l' ; (l:ng) 1/C gggggeﬁf@ 4 th@ %glig’a% boggéne%tns Z%D ,%%? !:onn in%g 9nlfi|e%1r1ite\i¥1) f(?nzn/ir}go a51§y5
number of straight segments 22. The straight segments 22 are oriented at an
angle with respect to the axis 14. Preferably, the straight segments 22 are rigidly~
connected at their ends to adjacent or sequential segments.

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

25 wrap around the axis 14 in one direction, for example clockWise, while the
reverse helical component 34 wraps around the axis 14 in the opposite direction,
for example counterclockwise. The helical components 30 and 32, and segments
22 thereof, have a common angular orientation and a common axis 14. The

reverse helical component 34, and segments thereof, have a similar helical

30 configuration to the helical Components 30 and 32, but an opposing angular



13 orientation. This basic structure 10, when viewed fromthe end or axis
14 (FIG 4), appears as an inmagi nary tubul ar nmenber of square cross
section. WVRebB10SBhg to FI Gs. 5a-5v, the various helical corpDUSNHIS6H € Shown
being individually added to the structure 10 for clarity. The first

helical component 30 5 is shown in FIG 533 The segnents 22 define a
square tube 50, shown in phantom|lines. For purposes of FIG b5a, the square

tube 50 i ncl udesoréenteiono MhidWaBic stistutefd, wiRRYidwed o] 8! The
first helical conmponent 30 i ncl tfdes a fi rwst slegrfenm}OﬁE%,ee%fir?P%ﬁg 1Iagglgﬁ'pl ane;

a second segrrent4)5ﬂpneﬁr5taﬁénlim@ip¢ramldzulamdm'lbmlofengmﬁmdiroﬁisebﬂibn.the ri ght

pl ane; and a fourth nt 58 in_the hottom plane. The helical 10
conponent 30 may contslls%ﬁmﬁit? EI%R?QND vareeislisal componeniy argshormmbeing2 of
the helical conmigdierfuaBPaddTd et L Rkd 9. ahQut the axis
14. Referring to FI Gs.pgb- 5d, thelﬂgdggeoln%?g? al?ibg Fgl%dtﬁ#olﬁe:j‘ltcﬁl%ﬁqoggﬁ%

segnents 32, 36 iafpwisd BGe5shBhwsegmehtsl2 definpe eiiavehbe 58,9511@€Vhiiﬁ%h£rﬁoﬂ G
d 15 The fi

5e, the first regversg helical nt 34 is shown in bold. i rst
WS oSS

reverse helical CompoliditPsss iKY gadhe squaratube 8¢ inchidesa bottom; top, ansfleft

pl ane; a second aa8¢IRNEid&207 e X Ld ment 64 in . the

right plane; and a@oulrt hos%laﬁrféegngﬂg%ﬁ?n@e?%]aggﬁ%g&ﬁlg%é?mﬁﬁgs?g\%rsg%nﬂ’él i cal

conponent 34 nwy, nche lefiudand; &lscavad wegmern SaeqURNMbS plaAlia: thBdseaRAIBALS 22 of
the reverse hel, cal onent .34 forma single, conplete rotation about

conp .ngl e,
the axis 14. 20”#%’?@}1#’?%?5’%"6‘%ﬂ?@hS%mgﬁﬁwrhgleévett@mw,lmehmﬁhahwlf ourth
reverse helical g8 . 4 are shown in bald respectively. |,
Referring to FI G Ei : g??ﬁlgy%gﬁ%ﬁﬁeﬁpga n}ég%eogg:gﬂltegts?)g,he ; S%ngﬁﬂZ%Sfare
shown hi ghl i ght . heficatidoaupbyent Beffexni h BidgledcdthSietcTbtatish kb H&éhgli fyerse
. Re

helical conpongnts .34 , 42_and 44 are shown highlighte erring to
FIG 5k, all of gf?%foﬁ%ﬁnﬂ)e%éhq secontb thigharshfgurth heticap sepnentsadZ 36 hadwn

hi ghl i ght ed. Refgnfd AOwAGR 1, building on the basic structure of
the iso-truss structure 18&83%&5%@51 ‘above, the iso-truss structure 10

advant ageousl y i ncl uBefrrimgtodiGas; etk Masievest halfchUE@mesl L i
i ncl udi n?gl) ro,}ﬁ%ﬁd hel i cal , conponents, ?ind 2) ree\%énreseﬂlrfgtsa?‘ggll%%?lfibal

conponen The 15 ESyelse pp]é,c&i CIBpRISHERt B1ckides B0rst sagniant 60,Gn tiivelehel i cal
ST Tar Tyt he PERE LS it B hhe oL Bhnf P e
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. 5f-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
components 34, 40, 42 and 44 are shown highlighted. Referring to FIG. 5k, all of

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

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

30

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

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



WO 02/ 10535 PCT/ US01/ 23636 14 reverse helical conmponents, but rotated with
respect to the reverse helical conponents. The rotated helical conponents
and t he oo ar/ed3s everse helical conponents also forma spORUSOMI3eRs vi ewed
along the axis 14 (FIG 4) which is rotated with respect to the square
formed by the helical conponents 30 and 32 and reverse helical conponent
34. Referring to FIGs. 51-5u, the various rotated helical conponents are

shown bei ng i ndi il to t struct.yre 10 i th the | i cal and
reverse hgl i cal I\Qggﬂgrrgg%ﬁe/cr??goqﬁ orrrlggtédﬂ?&fr%tra{eglvg ?@960&@31‘? rervgfsepgﬁcg;l ed heli cal
conponent 80 i scahsmentsN The fatated heildd® c&a Ffii(sﬁ%né%héi?ﬁété@re@eﬁ@ﬂ@lfcgl t gge 82,

shown in phantom 10 |ines. For purposes o e square tube
i ncl udes a f or wafMIORERtA glso forma weuade When vigyed aldng iperxiatl (FIGWEYr whigk isng
si des, or planes first lj,cal ¢ onent. 80 jncludes a first segnent
84, in the for vvarrottja-[‘%}g‘g}dﬁ(f]eSB?Cgﬁ%{,heéquEg%egg’é(dh%]ﬁﬁh%lﬁcqf@oﬁnﬁ@s Bewed 32aci ng
pl ane; a third Sﬁﬂff@fﬁrseﬂ&ﬁbﬂ&%oh%r34f acing plane; and a fourth segnent
90 in the upper facimr;é;@pl ane. The rotated helical conponent 15 80 nay

€

continue with many wagheFlGs. SFhe, thevarias goteret ieR& 0bmpbentirat ed

hel i cal conpone 80.form i ngl e onpl ete rotation about the axis 14.
Referring to FI .owgr?%ltg,lmﬁﬁ@uglgé%,ﬁ t‘?ﬁﬁersHu%FHW K0 witthihe belipabandyeversal

segnents 92, 94eapdl c8§1p§ﬁ§1t§§éﬁ%e&,rfppahxgtr¥é ﬁ?ﬁg S@&t !réft?i!eﬁglﬁﬁggl géﬁli)ﬂgeg% 8@1 Fla

5p, the first rotated reverse helical se iS'Ss . The
first rotated rdvehoye indliGcsl Therspgmentt 29 8efimcd siias tabé 82, Shows SBRHntond 00,

inthe fo rd faci | ane; caond segnent. 102 in the upper facin

pl ane; a{ hi rdlglgﬁzgq{ﬁmmp&eq ‘?\f Pﬁ%@ é@rsqgél@iw@ﬁiaﬁléde%ﬂ)r‘ggﬁddming sggment
106 in the | owegarivagd I r verse helical conponent 98
may continue with rranfgalrlr%’ragaggsgrl}e}ﬁtd 5}9&’%%8'{1 %g@ggé’ﬁ ?Sscg? %Ftrﬁ)q%@aelr ot at ed

reverse helical co@poump86emiudesaifiostregmeitisg) ﬁ,th@ﬁimhﬂﬁcihg?%k,?ﬂhse%&?y: Ejhe
ourth rotate

axis 14. Referring t FI Gs. 50-5s, the second, third and
reverse helical S%%’Fﬁd‘g Ad 'g%i%?f faqing plane; aithurd segmests §%in the roaifecing plane;
to Fics, 15, thid PlodbRcgRERANR . Bub Rl hing: dharvelpdgelcaisonupian
conponentld 20, Bholaydbntinuelyitf meany hord fameaRNIAL ElrSeglent$22 0B 31dedS:
helical component 80 form a single, complete rotation about the axis 14.
Referring to FIGs. Sm-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 inbold. 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 segments. The four segments 22 of the rotated reverse helical
25 component 98 form a single, complete rotation about the axis 14. Referring to
FIGs. 5q-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



2) four reverse helical conmponents 34, 40, 42 and 44; 3) four rotated
hel i cal WO 02/ 10535 PCT/ US01/ 23636 15 conponents 80, 92, 94 and 96; and 4)
four rotavedxresserse helical conponents 98, 110, 112 andPdLAsSoimrisess, the
structure 10 has a total of sixteen helical conponents 20. As descri bed
above, the straight segnments 22 of the helijgal conponents 5 30, 32, 36 and
38 have a common angul ar orientation, a comon axis 14, and are spaced

apart from each lgadli neas i) ardl nt f .t he
reverse helical co gﬁlgt%ltggg%%,%%,abﬁ?&gnﬂ f(%fqh'!aa%g réveé%eﬁéﬁg%og?ﬁs 9§’
orientation, a LidyibDamkl Bl Phuspthd stii@uRNBARE 2 dal df sixtesh IpMes] ot her at
equal distances. But the straight segnents of the reverse helical

conponents 34, 49mpppeR{nd044 have an 10 opposing angul ar orientation to the

angul ar orientation o . f. 1 hel i,c opents 30 2, 36
an 38. Again, this stéﬂé%glr@, ﬁgﬁsﬂ\}l@g\%%ﬁﬁ%q%? o‘gﬁg%ﬁcagﬁ?’?p‘i’iﬁn%appears
as an i magdnary 30,82 3 ande3stiewe afcof Al RehlaP&Serdfion] £Bomnfdh a2 ROW ahdarE! G
4. The straight segments of the rotated helical conponents 80, 92, 94 and

96 15 have a cORATHY aRAGHIoar cashiother at ¢qwal distanessnSimuatlys thedsegmants af thes paced
apart from eac | _di stapces, i t he helical conmponents 30,
32, 36 and 38. ﬁﬁ&&?‘eeé%@n%%?f%?eﬁﬁéh g?é@?éﬁ%‘%e“ﬂ%% gzvgtﬁaa (PH6ReHe o8,
110, 112 and 114 domtRordaxic pATAQ aRSHLAT arftl M dchther 3y EANTRRIAXS B, and
are spaced apart fromeach other at equal distances, [1ke the revéerse

hel i cal conponerb®stBdght segmetts effilic deverseheledl comporsintsedag o, 4egiiefitimvetnt he

rotated rgyerse heli.cal conpanent.s 98, 110, 112 and 114 have an_opposi ng
angul ar ofq/ent at B%Sl?%aqgr‘fgarzgﬁaﬁﬁa n {0y the ghelar gpiepiation af the sgerents ofthe t he

rotated helical hehéayesapsient30, 92, 3694 ?S?dAéagxl, B Strh QR g@fngg{eivgalfrom the

conponents 80, 92, 94 and 96 and the rotat reverse h cofponent s
98, 110, 112 an@ndonaxis ¥, rappeareds s inmgirspmbulat metnber &dguarlcrossd sedtidaponent s

30, 32, 36 and %gslﬁ{]d reﬁé rge hel i cal conponents 34, 40, 42 and 44. In
ot her words, this®SPYU& dPe™ when viewed fromthe end or axis 14, appears

as an imaginary tubuhakirABmeEmehts %ﬁﬂérr&#%g?éﬁcﬁgg{gh&g?t{)% ohSof Qi8I

wth respect to the imaginary tubular ne Crea

reverse Héli cal haveongsomuon sngua osientation, dohfiordaxid D4kt Qke spabel Abattifdmh
reverse helical bacﬁi%tﬂ?etr%%jequal distances, like the helical components 30, 32, 36 and 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



30 helical, and rotated reverse helical conponents appear as an inmagi nary
tubul ar WD 02/ 10535 PCT/ US01/ 23636 16 nenber having an ei ght-pointed star
cross sewwoomosden viewed fromthe axis 14, as shown in PCBUSE/23¢%0 oOr
nore single elements 12 connect or intersect at joints 120 (FIG 4). The
el ements 12 may be rigidly connected, flexijgly connected, or nerely 5
intersect at the joints 120. A node is fornmed where intersecting el enents

ol enonts 12 moet Moo R BN fal oo il IhGh oL FoB3R PR 16

4. An internal naxkhowd4n FEG. 4.0rned where intersecting elenents 12 neet at
the interior of the structure 10, as seen in FIG 4. The iso-truss
structure 10 may be rEVePF Bi9re singls elpmentsglt connett ot Mtersert atjoiras 120n(FIG.

referring to itsyeight | nodes. 122, b een in FIG 4. A bay 128

(FI Gs. I 1gand I2) Sfll)'s Il?lgre}?eﬁﬁng{/@nﬁ%g%ggﬁdi}bc%ﬁf’(ﬁg%rﬂ%ﬁ’i’tbf I%?Wec%ég dRegelyi nyt he

direction bf theinteesegi dtulth joaits @M.SA%deﬁf@ﬁﬂedw&rggﬁ&@é&ﬁggléﬁ&%)ﬁ arQa]E tern
0

formed by the elenments 12. The structure 10 may conprise dny nunber
bays 128. |n addionnesied. 1A extermngt hodsf122hefonmpd whsreninterdeetingelements 15 nfdt

cor  espondi ng. el SHSHELTLERSY 1 3B RER Linhott St IGy ndrdnistabtods 1 24posi ng
el enents of the foane Weirt ABLEQMe TS S ' deseribed as
a nunber of triangles or tet(ahgc?r onél. T eE%t%?%%%%@BQ%@%8{?(?%%83%%8 are
of various size$o@ NFISnA [The isoAeuss sirentgledd maychet refonrtes LORNS cipRiLMe
intersperged a arger triangles and tetrahedrons. The structure 10 ma
be congep%al i gteaggfééur?'g%],’ r‘?é@’é‘ﬂﬂ%#ﬁ Hb‘?i‘it%{?lal 1988 B4 best seenimtdGed.oss g
section overlaid to f2ps) BSFNGE.Q JnABY! )k .cross section |ike
an eight-pointed star, -?s s??\(lgvm in %%ﬂgw)g eglﬁgé\}}@%ﬁorﬁa?mom the end
or | ongitudi nal meswed i the doestonufiths lengitudies akiea 42 RPBAF BIBCRninsd single

plurality of triangles spaced fromthe axis 14 and oriented about a
per et et €0 BPIAJOTHAGSE Semawslldr The AbetuarOpwytsiss any Dssbeect | o
embodi ment - ei ghe et angl b el Sicath B g b TR R Rt el i s to form
an i magi f@ry tubul ar Amentesral afigle 130 (FIG. 3) is formed by a plane created by two
corresponding elements 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
members of square cross section overlaid to form a single imaginary tube with a
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 structure 10.



30 octagonal cross section in the interior of the structure 10. WD 02/ 10535
PCT/ US01/ 23636 17 In addition, when viewed fromthe end or the axis 14, it
i s possi Weorwms3zlefi ne ei ght planes parallel with the axi BCLASoiIse36pl anes
extend between specific external nodes 122 in an eight-pointed star
configuration. The planes are oriented abgyt the axis 14 at 45 degree
intervals. 5 Furthernore, within a bay 128, a ring of triangular grids is
formed which are bely - Lo . Stron tructural prgperties,. This ring
of triangular grids ]gll%\r&g %’E‘tﬁggﬁlﬁfg’# %Pl%otﬁefﬂ 0 %’Pﬁ%‘@&raeltisd’QSﬂb{eﬁg center

of the bay, as siefinmeight plaGes ghralldl with3hdalié exeghd ﬁl%estéiite?ld%%s’%%g%ﬁedé%c due

to a greater nunber of connections. The helical conponents and
38 intersect wi tSisraRldodes R ingaeight-pointadmtarennSgBdtiont OThedslares dredoticated

ext ernal nodes Lm.d.arl rotated helical conponents 80, 92, 94 and

96 intersect Wi tjaﬁgtrltot g?]élgq#e%g?gggrﬁee’l“?ecf‘éﬁeis'corrponents 98, 110, 112 and 114

at externdd nodes 12Zurihegnére! whiih : . .and. 38 1 ntersect
- ST S o ricifla B Ul ARd [

with rotated reverse helical conponenhts 98 rnal
nodes 124. Si ni 13 psfievedito havs strongastenitual Iprapekticso MG ERY 6f Bidngd g and 44
intersect with rcﬁ?!ﬁrtﬁeinhe“cﬁl csgrr"rl*gone@s 80, 92, 94 and 96 at internal
nodes 124. The helica (E%ﬂ%é) Hhstrugiyre Hbin thesCentcr ofgheir, ascshawedn FEFi 4 al

conponents 80, It92 beldkedht ¥fis 4@ is! L KEW the reverse
hel i cal conponents 36, TR R 4‘2dgﬁgffg‘t%éﬁeéwwéﬁ8mﬁ8ﬁ?%|

conponents 98, 110, The halichl tampaientsd0, 323 6i ant S8SBEEscct WitlREEAE 80 LP t he
pluralityqof helci cal m[ar%gﬁ , fhe structure 10 al so may have eight

i nternal axial SERBEICLS; ?ﬁ?c%f!d%aéﬁatezyal nesisatldd. Shnilaly, iatated helicabf  t he
structure 10 angompdRhESH) bh Lyr al ity of %e i cal mbers 20 at
internal nodes 120. The éxi’g%iﬁn@n%é#%%fgﬁlé ot S(hﬁqvls@?rﬁ%i“iaﬁc?‘ﬂ%onems

| ongi t udi nal ax?% 114, 11 Psarifhid 4t eeterial nated 120t er nal nodes 122 and 124 may

formrigid connecti Oﬂﬁé or. the conpanents ma()i/ be rigidly connected
together. In additi oht® PH¥alsqmponents 3032 46 3nd A8 ynterseat wgthdiotatatioapdresd to t he

composi te. mater i ol el g 10 end 13 AIBRT R Es LB Sbevbermies ¢
particul & |y welbofated fieliedl donxponemp 0] 40242 and 44 intersect with reverse helical
components 80, 92, 94 and 96 at internal nodes 124,
The helical components 30, 32, 36 and 38 and rotated helical components
80, 92, 94 and 96 do not intersect. Likewise, the reverse helical components 36,
40, 42 and 44 and rotated reverse helical components 98, 110, 112 and 114 do not
20 intersect.
In addition to the plurality of helical members, the structure 10 also may
have eight internal axial members 132 (FIGs. 2 and 4) located in the interior of

the structure 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

30 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



30 construction. The conponents are coupled together as the fibers of the
various conponents overlap each other. The fibers may be wound in a

hel i cal pa®vBE105330 02/ 10535 PCT/ USOL/ 23636 18 about a nardr@sofaskicow ng
the helical configuration of the nmenber, as described in greater detail
bel ow. This provides great strength becausqgthe segnents of a conponent
are formed by continuous strands of fiber. %he el enents or conponents may

be a fiber, suc mb%ﬁtihﬁﬁﬁreﬁfo?ﬁ%ngctﬁé Qa1 {?8{1%%8%&?)%5 !ﬂ%ﬁ)}%rg ‘ier\e/ﬁlls?&eé?r&bf’ﬂ, or

(aramd), in a matrix, such as a%hernose

even a  ther nopliagréater(detdibietdver Thip poviled @ydae BiesngfViocaieGha seghfin@al i ON,
an additive may be included in the resin or matrix, such as~UV protectors,

or chenical repdPfHepent arpformed by pemtinpous sieands ofiherr hd elenmyitsloe const r uct ed
of any suitablecgp[;p%' woqd tal, plastic, or ceramc_and the
li ke. The el enents OPE&%Sla?#ggn@ﬁﬁg}}%ﬁ%Bﬁ %tca‘%Pn’d?oé?%tl?Pi‘ A deEViTeces

that are jined (sragadféf a watrlx, s@ONBAGhGIDsA(ehd)s, HAPES el 24c.) DREvGonect or
has recesses forned to receive the elenents. The recesses dre oriented to

obtain the desi tRAMgBkte (plyssterrpatypropylete, RV Cj atc.heln mitibnt hieadditie: why tiple
symmetric and hibQ%é{ &e%qgglgant. nat UE{F of . 15 the structure 10 provides an
attractive, efficient. Cand Jf5HRGEMaTe suhasdyY peetestars, onghemigaheepellents.

thr ee-dimensi onal ~comnfiiciehomeQindiit BihAPiU et 0ol Mgl figgubst ant i al
S

resi stance to | ocal _buckling. The structur I'ncor por a

geometric for nsMajgriah syelrbeweod, mtalsplastizl of ceramiciand € & I THRQMmMIRSEE on i N
opposi ng @i rect | ound a centr cavity. The helical and |ongitudinal
nenbers are re pl[ehgpggflg&%ax (‘rﬂnélrs(/\?ry\k[l’é%l?br?‘iaéqdcﬁlﬁifs shahpegtipiped sapethgnwithand

stabl e confi gur eériredterd A tiasglidet . & r kes .advant age of the
nmechani cal properties of conti nuousﬁkﬁoggr&%ﬁéfﬁeecjegsre%mdﬁ%ﬁeﬁelﬁfﬁﬁﬁs. The

| oad is transf efle@gnishibagecessss amosienied nd sbthaim thOesimnl ESR6HY Mfembbiere it
di sperses throu ot her beam segnments. Each nenber carries prinmarily axial
| oads, taking ful'l advantage of 25 the inherent strength and stiffness of

Carry the. torsion ang trarvut PRSPkl shifelll s dignly risahpaiic of ”
| ongi tudithal et etrsctargalionuovidescda dtngetwbastribioad 8 ddinddeqdlef At ﬁfuctlﬁé,i al
conpressi on, while tl}er}gretapégz%!args?odnlaln ggnﬁgg%ce)rrl %f E)hreI s?r‘iur:tluirg 1 OCSrro:/i)ZﬁrEg sib?tﬁét?zll ane
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 central cavity. The helical and longitudinal members are repeatedly
20 interwoven, yielding a highly redundant and stable configuration.
In addition, the structure 10 takes advantage of the mechanical properties
of continuous fiber in the primary load paths. The load is transferred through
beam segments to the intersections, where it disperses through other beam
segments. Each member carries primarily axial loads, taking full advantage of
25 the inherent strength and stiffness of continuous fiber-reinforced composites.
The helical members primarily carry the torsion and transverse shear loads and
stabilize the longitudinal members against buckling when loaded in flexure or
axial compression, while the longitudinal members primarily carry the axial and
flexural loads and stabilize the helical members against buckling when loaded in

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



flexural |oads and stabilize the helical nenbers against buckling when

| oaded in 30 torsion or transverse shear. Multiple interweaving of the

| ongi t udiw@b2/ansas hel i cal WO 02/ 10535 PCT/ US01/ 23636 19 nrah@sel/2636t he
joints or nodes provides a strong interlocking nmechanismto enable this
type of interdependent three-dinensional bilization. Furthernore, the

hi ghly redundant nature of the structure 10 nmakes it very damage tolerant.

Renoval of a si ltgea?‘faﬁr- | ts d Nl act.i onal, .5 degyradation of the
overal | struct uir?%b%len actj?{n‘r?sz#r?\?g?%%}fb 9@6%/%%%?1@1 %El(%lgnggﬁgféaéxés%t%e

ef fective propeedabksthiytypesfiatekdepbmiont thidd-dinfeasiondlst8Riz8860t S t he number of
nodes in a single cross-section. This damage tol erance capability provides

a significant perfoFwilrs@ored therighfy resuadant paigie ofshestrushet 11 0 sakes it vens .

Fai | f i 1 S0-grid st tu typi cally displ . ductil
10 overall ben-oimechRhnf kgudea of p PuiondBig tevtsin e BSudibos: e
structures. Al ddpeadatioh bethe %Eﬂaﬁ'strﬁ&ﬁﬂ%pf]ﬁ?ad't,sfeﬁblril'ofhicBﬁ?Ieteeﬁ&ﬁtr&&uc%Q the

ultimate | oad, the subsequent behavior after damage initiation Is
gener al | y nonl i hegffective prepamiesdysipproximitely Mdnivhere ¥ iepyesgets érealumyber nf| udes

a roughly 1/N drop in l.0 each ti t he nmenbers through one of the nodes
fail. In fl exyr%o,d%f He2 flgglgﬁr%ssisgctﬂogg?h&s;m{: it‘ﬁ%",an%q 9?8@1 1HYPIPYEes 2 s
concentrated i rsiganEint BTSRRI aRce Ecﬁ'ahté?@o{'&'tfddﬁfdng{kggggfé'ﬁctﬁl%ﬁ | oad type

causes only mninmal reduction in strength when I'n anot her
direction, although Khlursef doimpesite isesgridetrocuees tydeadlysidpyaya fafeat ddctile

Furt her e, failur f th rincipal |oad carrying nenbers has little or
no effect” on tr%’e%ﬁ ‘y"%&la{’) Fﬁegegsr@ﬁﬁegwyqudaad&wr:«}pwgpm@u@m- 20
resist sinple |QmeiRg- g : i f ks little effect
on the torsion cagggiﬂtlé;ﬁgaytgﬁgmss? rﬂ%&lﬁl%e,a% gﬁ%ﬁ%éﬁéﬁhgﬂgﬁ%gﬂ%ndi ng
toughness is rsebiseqeeht behavadriefier damnsi initiatioh isf @hérdenoflidede |ri mary menbers

has little effect on . the capacity of the secondary menbers. Fromthe basic
configuration SPTPRESOD, bgtllﬂl‘gnef@tidé@ﬁqlbéﬂdla%\?épu&lévéﬂ\éﬂfopzs logidteaelnat i ve

confi gurati ons {fhEmRASH | I 111 OF1-10 .tipnal. menbers.
Referring to FIGs. thg- 8, %(ftgﬂ r;lgp ogg:ﬁgﬁxgqnfg%sg@g. Egg’gnjﬁ%/ tg? gaéluﬁeelg?egﬁat ed at
the peridret er dottilehenet thebtadriecchOertired intfeweaiaaémbdis. pl urality of helical

menbers 20 at the external nodes 122. The axial menbers 140 are parallel
with the |ongitudi niﬁallure mitiation under one load type causes only minimal reduction in

strength when loaded in another direction, although the stiffness 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.



axis 14. In addition, perineter nenbers 144 may be | ocated around the
perineter 30 between nodes 122 that lay in a plane perpendicular to the

| ongi t udiwab2/asss 14. WO 02/ 10535 PCT/ US01/ 23636 20 The peT/isetss3erenber s
144 form a pol yhedron when viewed fromthe axis 14, as shown in FIG 8.
The perimeter nenbers 144 may be | ocated angund the perineter of the
structure 10 between nodes 122 on a diagonal wth respect to the

| ongi tudi nal 5 ay t ' ' r er d by
segnents of adgli(tﬁs%%lg?e e %@% 52%‘9%?6‘eaﬁ§‘2&%%%°§‘p%$ar‘8‘ﬁ§%ﬁ§ #ejtﬁ%é)r?llg gg’taér of
the plurality ofshohalin®G. &onmponents 20. The di agonal perineter nenbers may
extend between adjacent nodes 122, or extend to alternating nodes 122.

Such perimeter menberEhe ReEmetesmsnabrss bid mpx be lacated awund dhe pesinagienaf there

first, or a dou j I re.. Such .g confi ation creates a
rel atively smoot tﬁgtﬁ%%éé%%%lgo%% 15&%6?%"1%"%@ V%’ﬂﬂfﬁqeﬁi g’%ﬁ;ﬂngg}lﬁtﬂgﬁi es
appl i cati dh of axil#.eTheskiiagml pedasRE memBrs rSdy BiCoHhEd bPseghraSr The
doubl e iso-truss structure also provides enhanced stiffness per unit

wei ght . As st at édddiopglhelicicomppneniewrapped around thetpetiotetarof dfe plmaliprafs ent
invention 15 pnet. j si.xteen helical c onent i ch each
i ncl ude four sggh%ehn{légﬁgirl%‘lﬁn%&?&euél?g@gp%ﬂ%ﬁerdﬂ%gggﬂgyﬂég FWESf or m

square cross secidjsas nodesi] 278yr exddghd tﬁfaﬁéﬂhﬁgné RoRS 129! Sﬁcgl]merfﬁ%il& mdhbit ur €.
an

A si de-by-side conparison of the eight Si X node configurations 1s

shown in FI Gs. maypformapetherisertrugs strugture alaque theifiret, yr a dditde mbghitss node
structur Ois i I e and .l b, while the six npde 20
struct ur:mils shgﬁaﬁ% ﬁé?%&ﬁ%“%ﬁ’&l %iatﬁ.a@kﬁ%émaa}%ewﬁé?%r 140 and
peri neter nemberss ndemenle tat SehEdies bhHchSorSdf 4 i It BkGCs. |
Cc and 10d for th%ﬂogmifht node strg%?ufse,ﬁband Fl Gsf&u‘ﬂ!rﬁ%mifﬁfé%xlﬂegwfogr t he

si x node st ruct §Fecturspwrpasesd The dowble ishdruss steuatiark alipadvidessmhenced140 and
anot her iso-truss structure 25 about the

1P|e: !s{mt g: geggﬁrgﬁfeﬁ}éggg?%ﬂ{s‘géigh ucture. The internal axial nenbers have
node | structure. and Fr e iy S BORoVR o iR B Hhesb i ipliABof e
ei ght nodé conf Peplerably dneludss sixtesn hali¢dh eomponeantswlich Gadhainélnde foak sédn@dnts
forming a full rotation about the axis 14 to form square cross sections, and may
be 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-1 11, 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 better suited for applications

30 which prefer square geometries. For example, the eight node configuration fits

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



si des, which nmakes the structure nore square and better suited for
applications 30 which prefer square geonetries. For exanple, the eight
node confW@uratssdn fits better in a box, due to its paral Pel/vand3636

per pendi cul ar sides, permtting greater WO 02/ 10535 PCT/ USO1/ 23636 21
suitability for numerous internal stiffening applications where the

di mrensions of the structure are constrai . In addition, the increased
nunber of nodes increases the angle between adjacent segnents or nenbers
of each hel i cal SeiiabHEHEormumeroug internpd stiffenieganplisations wherg thaidimensioss of node

configuration, C i cal onent woul d have three segnents or nmenbers
formng a conpl ;&?eeﬁﬁug@g‘%%gﬁ?&ggap etatri angle, with a relatively sharp angle

bet ween adj acent segiadditict, tHERBRASed nRbber 611RJdes BIREHaSSE 1B ingdSbetR@émt s Of
stress concentration, and nmay be subject to failure. Wth an eight node

configuration, Bd@esnépegmeattoria¢mbers ofeashbakical comporfeotirIt sdl e apprediatedenber s
10 form ng a suBstanti all 0 ete.rotat.i or a square, Wth relativel
wder angi os. i S HoberREguauen s Sdtealeniherrl Moue it lbicFor . 't he
nodes may be Npsndn@itdRsmbes fdtflitlEs cdBSlEGoRlibs TP a GOME Wil d RtiveR

ei ght node configuration, with wder angles, facilitates rounded nodes,
and thus reducesharpangle betwoec adjaceat sagneentsid nhemtzedsli Stchsharpheagles géitasnode

configuration has. pore, unobstructed internal . .space.(free yolu as a
per cent age of tR%‘F{LD&fSFe%rC8§%eﬁg‘éE?l?’&ﬂgFﬂaé{gééyblﬁértﬂ?@ﬁ#ﬁg 1 'eéngﬁzt node
fabrication andexifmheliRg, KW ek, Bh8 Filcal @hitiRerHhs RN SEhAURL M AbmBUS POSES

than the six node configuration. 20 Per aracteristics Referring

to FI Gs. 19a- 9f , farméngpaesubstantiaityecomipléth eothisan, or & squasd, with retativaly wifler t he
present inventi onli S ?lhcgwn ith eiqup ct to other configurations, As
i ndi cated abov#8'eSh¥hjcamay haye reduced stise andfagpre; furthermaqrpy the Rodes mayn

i ncl udes ei ght rr. 3 n ei ght node
Structure. In ol oo g Rar kg BE QAR oRBub IS AR e BB0ET 2t

i nventi on i ncl ucedigeiatibeenitiheddet ahgleq fdlivatet soundbd addeepaid thicledgesf our
segnents form n% a full rotation about the axis 14 to form square cross
sections. A basTICSEEIGERITANONS| scl osed in U.S. Patent 5,921,048 includes

only twehye helical HONBERRENHS eighffildd¥dnleRlidn hdY G6re bRl caS SRR S

space (free volume) as a percentage of the total 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.



formng triangular cross sections, and thus includes only six external
nodes. A 30 side-by-side conparison of the eight and six node

configur aWoonssss shown in FIGs. 1 Ca-f and 11 a-11 f, rpep@seiseisy. WO
02/ 10535 PCT/ USO01/ 23636 22 Referring to FIG 9a, the bending strength of
various configurations of structures are shown. In particular, the bending
strength of several structures is shown wdZch have six, ei ght, nine, ten
and twelve nodes. It can be seen fromthe figure that an eight-noded
structure has the surRefeBinggodid. 2 ehsndiag sireagih of vriogs spafigurations of y

i ncreasing the bendjng str.engt Referri t 0,.Fl 9h, the torsional.
strength of vari %ﬂ@hg%rﬁ‘r? &ﬂ‘ﬂ%:}&m&“&ﬂﬁ%ﬁﬂgbﬂﬂl&&wﬂgﬁ‘ #&PY%&IS“W&%E%I"% of
nodes is shown.shdgaivhich haveddix, et 8k, tdOMditielvk nedée 1t &t beRefivomitherode
structure 10 has the surprising and unexpected result of significantly

i ncreasi ng the tidgwe thathn eight-redgdistroftuteteas sher sweprising andl, ungkpécted mantteefsi ng

t he nunber _of nodes_.beyond ei ght,10 causes ap ipncrease | t endi ng and
Lorstonal 3t r engURipTEy praristh? BeriEie Srrodfh JETRER iy Pt Snthe el

i ncrease from sigrehSth@Ir9hioAbaE gurdiORY Fstri@ifcs SHfAtrRRs RehBES bPBoRE3 N tO
FIG. 2 and 3, an angle 130 is fornmed between a helical 15 conponent 30

and a reverse hefhowal Ageimpitreenbe 3¢sn foom thecfligee thattag eight nedsd strucRrel @hasb| v,
this angle 130 i reater than or equal to .45 deqgrees; nore preferably
great er than 60 BESTBRSNE aRuRGREcE] Eeul abrigngranivancienine e sont (o 75
degrees. Refer rétﬂ&ﬁ%tﬁgﬁ'tﬂb dfictur& O.QWhiIEQn&@dgix%QhéﬁlﬁﬁbérhﬁﬁloH&% Sxﬂijéigﬁl
strength surprisingly and unexpectedly Incredases a significant anolnt as
t he angl elQ30 betawsssantiineeddd ihkdthbahdiag and wvsiomsd stneigih; dhe inorepseriendts 30 and
34 is increased. Simlarly referring to FIG 9b, the torsional strength of
the structure 10#I%as %‘E‘F‘ﬁf’?‘giaﬁ&}eﬁng‘ﬁ%e fipra sixde ei8lf Yodesicr eases a
significant anount when the angle 130 is 75 degrees. The torsional
properties appear to be greatest at an angle 130 of approximately 90
degrees. 25 FromigdwarfGamfigemtiont can be seen that the bending and axi al
(tension) properties of the structure inprove as the angle 130 increases.

Qther properties, hoWd¥ENS 2gYR O EIGs, ¢ apd n@l%ﬂﬂéﬁ 1&%9@#@@%8&?@“@@6@631
reduced agsthe ac'aﬂltp‘?)%eﬂt @ﬁggggg%m%nemmn%&h 58 R mETRaR ©

structures is thei oor .
Preferably, this angle 130 is greater than or equal to 45 degrees; more preferably

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 properties 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.



properties, or they bend too easily. The structure of the present

i nvention, 30 however, and the increased angle, denonstrates inproved, or
stiffer, voenziosgs properties. WO 02/ 10535 PCT/ USO1/ 23636 PCBUSEHMI636
Connections Referring to FIGs. 12a and b, an end plate 120 is shown for
attaching the iso-truss structure 10 to other structures and objects,
and/or for facilitating manufacture of th&3iso-truss structure 10. The end
plate 120 is attached to an end 5 of the helical conponents 20 in order to
attach the helldﬁLﬁﬁmnﬂmﬁmﬂs and the structure 10 to another object. The

end plate 120 includ erture 121 t hrough which bholts or
the |like may be usedﬁfgﬁ@ et"*‘né 1agiead phate 12{hig showp donatfachisgther yss
SLructure 10, L xp0msimicnly Folo bt @Gl bSO Rty o VoS 2

perineter 122 with a plurality of
123a may recei venatuéachiuk of the ismtthiorstmemes Hal Tledndl plate 1RO ixeitadhedab ahaad

strands of. fiber. faormng the heli ext ernal axi al conponents. For
exanpl e, s r andLt e %#F%\e@m}?&pﬂﬁw&&w&e@ﬁ@m@h tha deli¢d C@mﬂﬂl@nﬁ*ﬁﬂddm t he

i ndent ations 123gcHKcld théﬁBthﬁf gﬁe&nq'hg ngl l;ez%torlﬁclh&é 5 1 h\g}’n ¥ aggﬁv%gémnt t he

the iso-truss structure pI’OVI ong at

end plate 120 ari@lthreugtswhichibsits ﬂ\f)th%thﬂ(ldﬁiayﬂ)% utéd to%esﬁlealﬁuﬂe 1itk heo, sxy pass
t hrough one indent ion 123a, wap around the end@s)l ate 120p and pass back

t hrough anot her d"rﬂcsattf"éﬁ“me 10Agranpterehiect. imeadditien, theend pidte 123Gy
include a centery@pREhL %ﬁn&?e‘x" 15@&% glﬁﬁhr@oﬂﬁ‘d a?%hgigéaqslf ﬁ%%?gpg%f[ Ihg?

the manufacturing proc I SCUS grea

i ndent at i ¥hs 123R3amyy adcsxvelnlee Islioui aiﬂd)rfeﬁferrra@@ﬂblxlddh@p&@ﬁts%thé‘&t%ﬁ@bf axi al
menbers 132, or he strands, of fiber conprising the internal axial
menbers. Referr f fopmipg the hejicaber %‘ﬁﬂjmé@x@héprppmtsli‘br mxample, stiands afed f or

attaching to th e wth.re ct to the

| ongi t udi nal a?{ilb&sﬁflzj Bél{ﬁgu%&nérpﬁ%dj{h% P%‘%e t%]i%ﬁ%é Fﬁtﬁ%qnsslﬁgﬁéﬁﬁh thapect s
to the end pl at thekd@ plie emspmegﬂaayf@hedaﬂm tﬁgls%%sﬁlsﬁfh@cmjezﬁ) {msel ongat ed
in one direction tp accommodate its attachnment at an angle. Such an angl ed

end plate 125 nE§Pvisingagsongattachment betwgsn T@ﬂﬁm!mg 120 puid therigstrossget her  at
an angl e.jsFor exapml€10! ReANE lo?ﬁbgrr}ga}p pass ﬁlrough one indentation 123a, wrap

around the end plate 120, and pass back through another indentation 123a.
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 structure 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.



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 angl ed end

pl ates 1300p158s m 30 a 90 degree angl e there between. VECDRAL38H

PCT/ US01/ 23636 24 Referring to FIGs. 1l4a-c, another end plate 126 is shown
for attaching to the structure 10 in order to attach the structure to
another object. The end plate 126 include¥ a groove or slot 127 for
receiving the structure. Preferably, the groove 127 is octagonal for

recei ving the inner peierias iQFIGsélae ranothar end piate 126 4y showan for atdcbing1@7 can

bori meter ot 1 Tshndhat 3o b GBER aholring Sl BehalE dhert 36 el ok &
plurality of flape imludes ra%%csveje%%_twﬁ?ré@%ixkg%(gl%'s&ﬁit@}e.e ﬁr&'&{%ﬁﬂﬂt}fém war dl y

to receive the structure, and resilient to bend back inwardly-d6nce the
structure is r&evedd7 iseatsgonhlafor teheiviigritbe inneepdriompdtheistrictufeh@hgr oove 127

bet ween t@e plate 10 126 Zﬂj fi ngiers 0. ghgar rooves or_ indentations 131
may be formed i f 1°N& pFgt L2458 b5y On??d%%é?}"st ¢ Bt7te he 13k thesdsa pp@HREeR ed t o
recei ve the var tRu8nS£068MES iihe i1, t h
fingers 130 "snap" ré?fognd thfﬁ%grl?%ugﬁi%éé%ﬁeﬁ%@%gﬁﬁg{ﬁ& ef#cgrﬂ:gtl? gé Eorrgl to
the plate 126. pplusslity®? flapmortfangens i30cwhivh oneytbet flexitile rolddl clbwaddBs tot he

groove 127, and in.totthei{'ﬁh‘%te é26.to receive bolts or screws to further
secure the strufEVE Hes Grag8 vesilient'to bed baek wavardly oneethe seuaterg isuch t hat
the bolts or sgeNed.RASE tHahf &« v ari ous, s nts
t hereof. Such a confi gur at P(%l%lé a%th hgﬁ%vgﬁgghgeg%%mg\ébe&g?eﬁﬁﬁlggecan be
snapped ilfAt o t hE26dmi fingeRef3xring to FIGs. 15 and 16, another end plate 136
is showmn for 20 attagtlggnt to the structure 10. A plurality of U shaped
bolts or members 137V EERYcHPGudNtations b3k meyademedan theplats 186 of he
structure 10 angh,ar&15F llate 136 to secure the structure to
g;el?] Eﬂarﬂro l?gatécpandt Ra3b Tepgiye ?,V&B‘g)uéﬁmﬁl?%qftéﬁe

the plate. The Ushaped ts or nenbers that bolts

or menbers 137 swictmeltircadth,asutly tHahthe Ygigers 180 “Sriaptadh@ tHkOyvaafds §ér%r§ﬂn%r{9| e
| ongi t udi nal | yéglci&)g ally towards the end plate 136. 25 Hol es y be forned

inthe plate 1 Strye s torfhe plate 1961 tHolesr 1 33m0ah de Sorhs:d, thronph the fimeyrsbe
secured By nuts;qh 0 ends, t hereof . The bolts or nmbers 137
may be | ocat ed 03t19f fshl%?gg%gﬁgt ?I%JJ(:I ot e%‘?e TR ERREAvC balts 9p jorpws to further

secure the structure in the groove 127. The holes 132 are located such that the

bolts or screws pass through the structure around various segments thereof. Such
a configuration has the advantage that the structure can be snapped into the plate.
Referring to FIGs. 15 and 16, another end plate 136 is shown for

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

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

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



| ocated inside. In addition, the bolts or nenbers 137 may engage the
structure 10 at external nodes 122, and engage both helical nenbers, and
ext er nal veabalos380 nenber 140. Such a configuration may bRCTES&/BEensi ve
to fabricate. WD 02/10535 PCT/ US01/23636 25 Referring to FIGs. 17a and b,
anot her end connector 140 is shown which includes a base 141 with a
plurality of fingers 142 which extend into2$he structure 10, and are
received within the openings formed between the various segments of the
structure 10. The baslgefmmgrtaﬂ@ Amandl, anofheherdeonheaigrer4d) 1&412)Vd1wbmhed 5

dth l. 14 d di.ngl |
Pr ot orabl'y, - 1 hd 0E atppe 14T 8o PIERYTY TRBTR 2 o tesindiniode Sriphie

space between th@ asPaeeeleivediwillh tedDpeiB [ ction
140 preferably i ncl udes el ghtWIfl nge(r%lgem toe%kgt‘eﬂﬁggltﬁr?t\%{aﬁstﬁgmgﬁﬂg%

tri angul ar openlthgsnmtuwdpdéfhﬁbaweldl ntme'tbmnulahevﬁeﬁméimgsrsdﬂz tltsposﬂr ucture

10. A center rin is dis t he ent.r avi t and i s
attached tﬁg t he 3??‘1{‘@3]1 g@t%‘ﬂ@?‘?n H’ﬁ(i m& Y, %&}/‘{aﬁy ﬁ%g ablyp e
center ring 143 tmséqaﬁ ?@ﬁé&it&‘}ﬁ“ﬁﬁﬁ{‘{h@cé ch\ﬂ%ﬁﬂ%p%%?gw& gse 141 to

the structure 10. O her objects maybe secure to-t to attach
such obj ects t o stgmengs pubtlicabméfiberfhin additidng theatonnettiof 140 prefarablg didhades 140
all ows the base. jﬁg% and f'&n ers 3,42 to b eangﬂ_slld into the end of the
structure, and PEIAIRRETRAA211B exignd intg thercight faangular gpenings or yerdsdemed1 44, | n
addition, the c i i i i erence
o perimiter of Thaonoptic U bRy 1P RRIREEME LY 8 ADe b BT
protrude ther ef metﬁral'ﬁhetyf omspeces amdbig atiechedl h@theﬁlrgeﬂﬂdeb@r&hdté@fﬂlMQsm daent

i nwar dl y asthef st aretlgghiﬁned rippi % t he structure.
Referring to Fi &glis-q cgntexén FRfER L4 chh?ﬁngfﬁ%)mmwpch a

Cclam type f aslh?ﬁ?fhe%ﬁﬁcthfe 1 '(bﬂlﬁret%é%f‘?s Bgs&&f?qgﬂ?e%%gh” n#ta&ﬁl?’

descri bed above. In a ti1on, ers are secure
protrude from t kech dHJctgjsetosthédtﬁlcand 16x The dorfigueationef iR dondectidaidd kilews space.

The C-clanp 147 urr ds, L he angl ed portion of the L-shaped nenbers 148,
securing them Z@qﬁ@@%%&u}d ]r‘f%sm?é@ﬁfrl]}’rféldtlﬁfé the engkoidha sfpuching asdse 141

e S i e Y e SO it ™

ti ghtened. Thus 14@ iseentirely disposkd 2vithay the circumference 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 alloWs the fingers 142 to bend inwardly
towards the center as the C-clamp 147 is tightened. Thus, the fingers 142 may
grip the structure 10.

Referring to FIGs. 19a and b, a similar connection 150 is shown in which

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

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



grip the structure 10. Referring to FIGs. 19a and b, a simlar connection
150 is shown in which 30 the fingers 142 are paired together, or connected
i n pai rsweéw/sshaped nenber 151 is attached to, or extehPdpUBsI@Ip36each
pair towards the mddle of the central WO 02/10535 PCT/ US01/ 23636 26
cavity or space in the structure 10. Opposing L-shaped nenbers 151 are
coupl ed together by fasteners 152, such a86bolts. The fasteners 152 may be
ti ghtened, drawing the L-shaped nmenbers 151, and thus the fingers 142,

i nwardly. Thus, Ca’t’lﬁémf spagreingha gpucarg 10+ Oppesing Etshapadmembas 151 ®efcerpledg t o

FIGs. 20 d b, d i ..h d pl 54 i
plurali tf/l SP fi r%%%l Sér%&&asi%egﬁﬁiﬂ%?@hgﬁg]ft%gﬁ]?qaﬁstgﬂeés iif tﬁ’lgyﬁf" tlgl&t\r,‘?mﬂﬁt’({]ugi nal
direction. Pref efabing thd Nehdjed deinthehOPs 1206d ﬁfu§%’ﬁrt§r%ﬁpﬁﬁ, Ardi9cahgd to

extend into the openings between the segnents of e structure 10. Thus,
the connection the Bhgarab43maygtiptiestracighd 16.i ngers 155 with triangul ar

- td | sh ta fit I letely in_th i
between ¢ e sagment o KatfiTaEH Fitin208 He >, SBogcen saomdipn s plgeahoer
156 di d ab 3 ¢ t : - qf t

PO SOy B s B b A i

narrow portion or the I nner a ring 156 are
attached, such asebtyorf. dytfermbiys thet fingeascifiSeart bieed)ab#ped phdloattd4o trehdinto
structure 10. The fingers 155 y have slots or indentations for 15
receiving the r !‘?l?‘Fg"H?Eﬁ’(gé?’e%@? Hﬁ%ﬁ*e%ﬁm phthe siragiure 1y Thusidhe camschieny be
segnented, or f : § CER ] o) [N the ring
vember 155 about THa> ST aRiE et BpRde 184 G by Bl S RS ERRRE b B

Ref errindOt o Fl Gsugl@ér eompldiely,in shesopenings beweoe el sepmbrits.Shosdition, Wi ch a
plurality of retaining menbers 157 are attached to the fingers 155 to
retain the 20 S§PHusetoR WchidennringmembsybyGdispsed pbous sheeexpiriorof t64. The

fingers 155 can_i or the.lik for receiyi ng the
retai ni ng menbers %E;q’?héljrege%%ﬂrl%%%?%hﬁgwrpé){té?nn?r eWB%‘é"%ES-l %eﬁ%r%xtend
through the fingss and fifgmch®eSEH®RObBachbd, subleashy fAslerrs, 1d Qecufd s batdre
fingers 155 and base plate 154 may be slid onto the end of the structure

10, and the ret Blaff kfg“ﬁéh%%wt%?&d%@ﬁga@s { Y may haversdote or indenfatiensifes and
truct 10, t - . t .to,the structyce. Referring t
PG oaSana bfecBfit e HIE pRARR: RaE 5 phlligh wb BiaThcnilier {5 G may B o111 19 O

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 the 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



base 161 and a plurality of fingers 162. The base 161 may be annul ar, and
sized to extend around the exterior of the structure 10. The fingers 162
may extemdo or/msas dly fromthe annul ar base 161 to be receP@BUSIIR3IGIBe Sspaces
bet ween the 30 segnents of the structure 10. The base 161 preferably is
octagonal to receive the structure therein, and to extend conpletely
around the circunference or perineter V[)0§710535 PCT/ US01/ 23636 27 of the
structure 10. O her objects may be secured to the exterior of the structure

10 by attachi ng diastisfusei@ Other plicets sy be secured torthe exfetior HitBsstnrByre a
simlar end con j .64 | ho 64, W a base 165 which extend only
partial |y about rl?ﬁoé}ag@?}iig & é’?%eé%s\gp]ﬂbeel?qsﬁégbr of the 5 structure 10.

Agai n, other objects Remtribg tSEI 28 o SmillCerditdoHRHbE 169 idMhoRhl 13RI such
objects to the base 165. Referring to FIGs. 24a and b, another type of end
connection 170 ibase Kowhich exterd ouly ipariiplly abow thecitcunderci@® empritiéterofget her

preferably in a -1 Or %? canfiguration. Such onnection 170 nmay be
usef ul inxsassengfrlﬁér}gren%'tl B OTH" gﬁlreﬁtéf]ﬁ?ryg’se si@ngq@ t%?itr‘l‘%‘érétlﬁé’ry YICHIBE m a
| ar ger struct ur guchldtgedtORNBEbasLN6370 i ncludes opposite first and second
ends 172 and 173 configured to engage and couple to the first and second

structures 10 and 17ReferasptocklGsel4p andlthe anatherdype affend téhndctioh Ud@s an
or

el ongat ed, axi alhneng)er 174 congqglured to xéind | ong the_ axis

| ongi t ude of th& SV} (R APEwneFostgctes 10mnd 17} tegethaemielerablwingnendrian) v i s
15 segnent ed i negd EddfBlurice. § : | ' her by
an adjustable attacﬁ%glrr]t mnggfﬁ%@g&ﬁg&ﬂ@%%b@@@l%@%&@ Elggplltuﬁgﬁé and
second pPOrti onstreciwrey &0 and Ehdegstharttp lfernt héargdrtsaadtorntTherohedctib376an have

opposite threage eni ngs.recejving,th roxinmal ends. Thus, turning the
at t achnent mnﬁlgfudgggppé}sg%gfs?aqé%go&i@n ilrggtangr%@ s@HpyEdderengageandoget her
or further 20 senplédoahe HRe R 43 configured to engage
and attach to the stru%tlurgﬁsdélggg%&aﬂg%li%?glr espelclzztaf{/eg#%.t&%gbﬁ%gﬁwgo%nd

173 preferably 14 ieludeshan ¢longated, idekmbinker ITarbhfguirad tosktérl alGREME G t O

t he segnents of tlhe. trug ures. The ends 172 and 173 can include an
angl ed, U shape® ﬂ@ﬂf@rﬁo sfryptuEssdqnd d 74 h&he sxigmpmhersl Tfpreferabit isuct ur es.

Thus, nembers 1£6nRxiaMlo frQ%hd B ohE gﬁnioﬂg\@&qutXbly 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 together, 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 attached relationship.



towards the structures, and then angle longitudinally or axially, to forma
hook. In addition, the U shaped nenbers 176 nay extend al ong either side
of an axivad 02/nesaber. Thus, the U shaped nenbers 176 can brChoskiextcico t he
structures, and the first and second portions of the axial menber 174
drawn together by rotating 30 the attachnment nenber 175, in order to draw
the first and second structures 10 and 1728together in a secure or
attached rel ationship. WD 02/ 10535 PCT/ US01/ 23636 28 Referring to FIG 25,
a simlar attachnent Refgring ta RKww25; a sintilac httécbojest bIS is shops inl which heopsoorned
at the ends 172 r_surroundi se s of th structures 10 and
171. The hoops 3@&1‘%&3}7%}41%118@% tﬁ%e?ﬁn%&@gg?gﬁﬁlsgﬁowﬁgﬁmnm%s Wi th
ends received i ptiétarksaandt7ih | nmenber
174. Internedi ate Connections Flrllggd isﬁzgor?%tgg7%(z)%ln€é;€olhﬂgdtﬁ%g@’ g%p{nrauss
structure 10 at shapsdemetebers witheydsweceinetindsankytsat thdenis &12 and D73adfitheh ot her
obj ects at. an internedi atia7 oint of the iso- 10 truss structure. Referring
to FIG 26, an &f‘{ailﬁﬁﬁ%’ﬁ’i rf'gnber 180 nay be provided for attaching to the

i so-truss structure 10 at an internediate |ocation. The attachnent nenber
180 may have a triangular cross section, or a portion wth a

triangul ar-1ike i nmgetiodshus, the triangular cross section of the

i
attachnent nenber 18?%r7(%.be recei ved through a tri anch;ul_ar opening in the
i so 15 truss struct urb34ilono coppsmting thepsestrussstrupiugs & atitsendsribmay bangul ar
shape of the ahtashrestd : 1 ) tri.angul ar shape
of the openings thrgﬁgh q?ﬁgmg'gor%t%gggg{eig,gﬁf%Qf%rﬁrl#egmg%gt&p%& (giﬁ?erﬁs?'i t. A

pluralityOof grbussetrut®re. Refprring tb FIGEDD, an aftivhnRhi ACRBENTISOREPSS f o
receiving the heli (}:@I conponents. .Therefore, other objects nmay be attached
to the attachmeRPVHiEAferatighng fo dedsa-trussstrueiues k0 an inermasiaie lasation. t he

I SO-truss structrhg sitabimehidh r ttachnment nenbers 180 may
extend through the strugtur%ﬁﬁ%ﬁ%!togn?ﬁlf)a%oratmg{gﬁgafcrogf)fq%zgf’g’,orml%& Cross

menbers of util with apohmessldrdikewppeéctiohi IThiy, thd tasgulatGoss sRaf@IdARY to FIG
27, the ends of &hﬁmattach nt _menber 180 nmay have indentations 184 forned
in the triangul ¥cimgadmenberi§A may hegeesived thivygh adiianiguler epering irtbe ise of

fastenerss185, guERrasuROl0) 8s shbW i8N A b RRSabl) S BaL SaPtab@be fis2N0e

attachment member 180 matches the size and triangular shape of the openings

[

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



186 for the fasteners 185. As stated above, various other objects may be
attached to the structure 10, or the attachnent nenbers 180. Referring to
FI Gs. 28avanzids3s an exterior shell 190 nmay be attached tPCTW801$A3636Ct Ur €
10. The shell 190 may be utilized to protect 30 the structure 10 or as a
platformfor attaching other objects to the shell 190, and thus to the
structure 10. The shell 190 can have any apbropriate shape. The shell WO
02/ 10535 PCT/ USQ1l/ 23636 29 190 may be octagonal, or have an octagonal
cross-section, tl80maydis octagonals enliaye an octagmnal enesesection,tth enageir the exterorl 0.

Attachment members 191 similar to th descri bed ,extend t hrough
the struct ure 10" beCtEsi fo@horiR ngan By semie 190 Gniarie tonel | 190
may be provi ded degtribad Ve, %ﬂ@ﬂhﬁ!ﬁf@@é&h@f& 1(?,}&)?/133?%11&%@511 1@ hssecond

hal ves whi ch each extend | ongitudin or axla ng the Teng of the
structure 10. E&edtiohs| TheshetlHO0ghmiHe oddedhin literahbt eadind gottiont, sacleadfrsof t he

attachnent. nenbers 191.. For exappl e, apertures. may be fornmed in the shell
190, and ttssor es ‘ff%an%k‘i‘lﬁ?ﬁ Vﬁ’l‘:ﬂ%?@eexé%ﬁgoﬁlmflﬂ@nﬁ&ﬂ adiatheplongihedergth b1, to
recei ve fasteneks stabiike B t ' r es an
bores to 10 secureS t he sﬁgl%&%Iftdgmtheﬁ%eg?tbgg%rr%yn{lt%rrgﬁhb{é{}ge%Ef%.otf fe shel |

190 may prevent attashinehi mgmberst19é. For examples apéurey mbebé fdrhed s théghell e 10, or

have vari ous ot jects attached thereto, Referring to FIG 29, it wll
be noted that tﬂ%d’éfl‘?gé’f‘?ﬁé?ﬂneﬁ@ﬁ%l%n thgendget thégﬁhmﬁ‘@gnﬁmb@@,wﬂaﬁ? be

configured in g i It 14O t ' of . 15 attachnent
menbers 180 nayfeggpgrf#ger?? gﬂgtt&g a%)g?ﬁ%@&%}%%r esndg[ﬁré’% gh(@?%%’l’?,ﬂu?efi?ﬂ&ﬂrﬁs %

hour - gl ad§ pr of sdcare the stabialp0fto ol MREhmatiibers DYIT T shelli190RNY prhiRRE
profile. Furtherlm)r.e, the attachnment nmenbers 180 may be grouped and
oriented to extEAYNE PR hoistire A0.airefeet thastanchire A Gdirdwuse saiausothey on nor e
than one or twogphisd four orthogonal sides, as shown. 20
Brackets 193 ca%bj‘t%)detgglﬁar?hégﬁlrere ‘to surround the ends of the pair of
attachment nenbers IREferriartd BUS. DRjiteillheRYedtBatthé AEBhchPmbRBeRNREKEL S
193, such as eyes.for suspending other objects, as shown. Referring to
FIG 30, platfofSieibedsbaes, may bercoafigered itogrones qrajairs. bf additiom terpmirs ofrember s
180. 15

attachment members 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 of
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



25 Referring to FIG 31, nultiple attachnent nenbers 180 can be confi gured
to extend through the structure 10 in a square configuration, allow ng
attachmewo 0f/10383 nul ti pl e sides. Each attachnment nenber 1BOT/@W&M/i3n ude an
el ongated protrusion 194, and be attached to adjacent nenbers. The
attachnment nmenbers descri bed above preferably are triangular to 30 match

t he openi ngs extending through the structud@ 10. Referring to FIG 32, flat
attachnent nenbers 200 may extend through the openings in the structure.
The WO 02/ 10535 flatattashorenbmegbers 200 chminchide andicie rhd canteutliz20@s signs,oncl ude

Uhol 15 201 can B obLBREGE TRnin Reall 200 e RE inhep o b Aledokipont

segments, such aserith® 208 tesdgiendX bith SRS ior RehEMEhRgt © FI G 33, ot her
flat nenbers 206 can be attagg{ﬁed to tahe 5 extoér'g?lgr g#rmtﬁe structure 10.

Hooks 207 can be f or Mederong ¢tmEIGi3deothér fldt enchtars 206ecindreattadiediiotheengagi ng
or hooking.to the, se ts, of t ructure 10. Other object can be
attached 1%0 t he® 'ieﬂ8$ g@ﬁﬁétr%‘?mﬁﬂﬂ(@' ﬁ%’ks%r@ ofggmedpn prgyside af thaflabe
provi ded on t he pddRes S0PS f ' : : , rs 210
can be attached to thsé lorgigdgﬂggdrﬂg?ﬁl? ﬁgd @?rsféﬁﬁ}tgg%gtﬂr%tﬁlzeilﬁgr&ﬁ“
attachnment menmbebjctxhi besitathedrto tie dtharsiie of encildt hesnsd 206, or@idcie 'ina?fﬁ'ee

e

at t achnment marrbers.dZeél r{ﬁé Xt egd through the structure 10 near t
exterior. FasteREY LR ICACRT €S- U-bolts, can extend around the attachnent

menbers 211 and att agRfdQng gbeplﬁsaya%giggha@é%g)&gg?o gﬁ Q%ﬁ%ﬁ%ftﬁgﬁ%g

t hrough apertures therein.” 15 Referring’to ers 216
can extend t hr oexferior thestruetire i@ utiiziap dtahieahmeinbetd1y, dimilar fol tARésemenber
217. The attachnent. ers_ 216 may be configured in a bl ock U shaped
configuration tSeEHRetPONEr On§0r meEe atiachment nembays 2N mey satend dirgughrtbended

U sh d attach t.he st 10
Shown' 1n FI G a6 DETERCHE Y FaERAERD S AR e BElet i ave

been descri bed s attachnemt imremtchs 21U gind tatschsib tbC flatrRerdBer 2R6f fich bgy t 0 Fl Gs.
37a and b, atta%‘g?r%r]nt hrr%%ers 220 may extend into the structure 10, and be
coupled in the ngt i3PEIiyes gk wi t hout ext ending entirely through

the strugsure 10. Thﬁeferring 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 structure.
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



menbers 220 may be provided with flanges that are attached with a fastener.
25 In addition, the attachnment nenber may have ot her cross sectional shapes
and be comdoyuwsedl t o extend through other cross secti onal POpERITR3S36 N t he
structure. For exanple, the attachnent nenber may have a quadril ateral
cross sectional shape and extend through a quadrilateral opening in the
structure. One or nore nodes may be renovedlor left out to facilitate
attachnment of 30 an Obj ect to the structure. For exanple, |eaving out one
node presents a Sideatln @ddiionomposisa®deornisdeft 286R6 fladdr, eppbsite sidesadietiani on,

opposi te nodes ¢ }?ﬁ u flatter, opposite sides, for an

at t achnent thro&gtﬁ %ntg]?rlpﬂgtfh\ﬂé&ueltgrﬁerl ng | so-Truss Structure 5 Referring
to FIGs. 38a and 38b, iso-truss structures are shown which are simlar to
the iso-truss structure 10 descri bed above, but taper in one or nore

di rections. Ref ciapemng Iso-Fihifs StBR4urean i so-truss structure 230 tapers froma
w der f|r t end 231 sec end 232. The individual segnents
12 whi ch or m t he he}#‘?(%ﬁ‘ﬁllngg%ﬁ%ﬁﬁé do’fr&%t 15a-tedss sigpqivtes areshown which arengt h

f rom being 1 ONgRimild 13ihd 8 thbd StuchRC') #ddscl B iRlve Hut Blpel o Qe eNd 232,

such that the entire structure t apers. e helic conponent s may
continue to w apillactmmd Retfmfnngtm@(leﬂa RAalisoaixiss swuttird 159 ta56Te framaiivRler
orientation. strﬁ%k:re 230 may al so _include_ axial nmenbers 233 which
are not paral I eI Irgfiep o FB?‘@‘P‘Y‘EY(?F?P&‘FI egd 232. 1Ih%¥ndl‘tlﬁ@al§ﬁmfulr7ewhgb 15

Referring to FI , 23 have. narr ow
ends 235 and 236%%%%6%%?&% %%?s&%@%&r&é%?%%’ %‘é’li‘ﬁd’%@m Y’ ’§‘§ ats 12
formng tKe hel iaték fistrand28nts shvktér Mahysdebnd ERDLID, Eﬁ&ﬁhﬁﬁﬁgaﬁlr@%n&&@mm ddl e
237 to shorter Rgé/ t he ends 235 and 236. It is of course understood that

the structure tapgise rIhedeligad compeneats maicantinge fravespwirelnd thnds and a

1 ddl I t f t
PG 30, a f1ex SR e £ e GhYAR Tl Gftnliioh a5 5cR G e o (s
simlar in manyinchrleexial niembiehe23350hith 1806 harHldlWhith the Iﬁfgﬂ‘ﬁﬁinﬁ’lecgus pbow e,

but does not ing¢lude any axial nmenbers. Again, the individual
the structure 230.

15 Referring to FIG. 38b, aﬁother 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 middle 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
Flexible or Bendable Iso-Truss 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 longitudinal axis 14, as in FIG. 5t Referring to
30 FIG. 39 and the curved position, the segments and helical components bend and



25 conponents 12 and the helical nmenbers may be rigidly interconnected, but
the segnents 22 can include a degree of flexibility. Thus, the iso-truss
struct ur ev@4pi1osany bend | aterally between a first strai gheCTosé/3ed6at i on,
simlar to FIG St, and a second curved configuration as shown in FIG 39.
In the straight position, the structure 240 includes a straight

| ongi tudinal axis 14, as in FIG St. Refer¥¥ng to 30 FIG 39 and the curved
position, the segnents and helical conponents bend and WO 02/ 10535

PCT/ US01/ 23636 flg® sighdhatdthe ntirh atrudtime 24f bends Isteraliytabpet dddiciaenstcuhatler al | y
about an arcuat gxig?ﬁurved axi s 242. The lack of the |ongitudinal
conponents allows the structure 240 to bend or flex in a |ateral

direction. It has beghetcke@VRII8shitAMBYGhpochRtalBlvs ARG LR 4P Hehb Ct U ©
240 is capable of bending in a lateral direction, the structure 240

continues to maPhiled i 4 kateralalirettioma It kasibebmdissovered, hewewt, thatathough thbout t he

| ongi tudi gal axi,s 14. Lp.additio .Ssimlar structure also can conpress

and/ or exgand a%%%lfrff 23BIS "?"’Bﬁ@FPEh‘?ﬁ%ﬂg'ﬂalW ,(hr?%@nst%mtwwr@%ﬁy expand

and/ or_conpr esscortin@beloahaitahPitoloRid APk Dor rdfle Hifod Si8uShEUC Ul @ Ccan
Angl ea | Ele

function as a sgrl_ng menber . so- Iruss Structures erring to FIG
40a, a struct urkengiedihdraxsSiéh.i s shown which is simlar in many respects to

the structural merrbehl 10.descr j de above, but includes two 15 sections 252
and 254 which forma Yion, dionlar seysie alsg c3nsomprshEid/orrgpandamigileor ¢ he

two sections 2513n%‘i'ﬁﬂ1i3ﬁﬂl. MERGs 1R Eﬂ'lﬂ:tl,hb/ ﬂi‘é\gre?@%{cﬁand%} c@ﬁﬁ%ﬁts%,g)g?fe%lg two

sections 252 and 254 can be integral or the onents of
one sect 19n 25Xtering énengy, so tHabthestrhatuteatah Calctionap asphigmenbéhe second
section 254. Thus, the structure 250 forns a continuous angled structure
whi ch may be 20 stronger than a separate structure formed with sone type of

connection. Suchn@Bd IRITRAMGERRAeP" configuration may be utilized in
constructing nore conplicate uctures. The structure 250 nay have
exterior axial menbeRefe2big tafi@citaga steuctiial mexbar238lis SRaswlidR is similar
Alternatively, .a structure 258 maybe angl ed, but w thout 25 exterior axial
menbers, as shd{R4nY TeSPESts sgile structural member 10 described above, 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 Iso-Truss Structures

Refgn-ing 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



Curved Iso-Truss Structures Referring to FIG 41, a curved iso-truss
structure 270 is shown which is simlar to the iso-truss structure 10
descri beav@bwws3s but has a curved or arcuate 30 |ongitudP@BUS@XI3636272. The
hel i cal conponents form ng the arcuate structure 270 have segnents of
different |lengths. For exanple, the inside segnents 274 on the WO 02/10535
PCT/ US01/ 23636 33 inside of the curve can3be shorter than the outside
segnents 276 on . the outside of the curve. In addition, the axial nenbers
278 are al so curluee eifhe puvacasbe stiorthr tham thepontsidaisegoregist2iondhe autside 27 2.

Such curved str 7 roduce | ess tress than, shar les. 5
Referring to FI gﬁé%?éa%c%flgﬁ%a e%lﬂf?lf{ﬁ'ggrsszfigﬂﬁec gy %Pélypg'éﬁag\”ﬁ‘bd
The circul ar st thedurvel BRLGinMRYal Beis 29t Sﬁﬁlpéiﬁvﬁﬁstﬁl%‘f‘&gﬁ}ﬁa. rbditedLss
structure may have exterror axial nenbers. The curved or circular

configurations ofresstiear shemangds. structure are believed to inpart the sane
structural: advant ageg ?f .t hfe@%{&’?ht. i so-truss 10 structures to the
curved and circul ar SFAEREI%S " Referr uﬁ’ﬂglﬁoétn{tqsgrugg{e%&}m@bbqugggd. _
structure 300 NAYekitehlE@nRnESIEH, 995%&&%%% sh8lA! H¥e bRl Fuc R E,' one

304 and 306 whi ch nmaybe straight. Such confrguration rs simlar
sharp angul ar cByyibgue exteroer axfdmenibersk| G 40b, but  provi des curvature at

t he connecti on of thg.hsecti{i)ns .304 and. 306, The curved 15 section 302 is
simlar to the curvedP&FHYEd oF @resiag copsuratingg of sveo-tragsstrugtureasaf i gur at i on

can be utilizedbéRiedvs BfATRé %e%?tfddﬁfr&lraﬁ%a@?&fggﬁﬁ{eis?r?%gt Rollisd her  detall

bel ow. Such curved portions nay be stronger reven
concent r 30i ons #fuchires feethe amybdand cifvalas structtrese may have a broad curved
section as shown in EI 20 may have a sharper curved section as

.43,
shown in FIG 44. Refé& P?’}ﬁgtotﬁgéﬁ%an??@:tr‘ﬁs sguetues I0anayigelvde a gmoeds shown
I n which the stfdifibhBe2 RAdnk e Jrfi&ﬁ%@%h%%%ﬁ‘cq}lﬁé}gﬁegﬂra?ﬂg.xﬁgzggz?EZZ?de

324. Thus, a nunber of helicCa onent’'s may = pass

The helical co agiomgsysiléactohe shagiisrionldr onfehratidy ABER ik FRG. UObYEut The
structure may incligde external axial conponents 326. 25 Referring to FI G

45, an i so-t r udEOYEFs eyryature et thepoynection of thegselians 304 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 a right 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



nmul ti pl e bends or curvatures 332, and/or with nore conplicated or sharp
curvatures. For exanple, a structure nmay be formed with nmultiple right
angle cweoaruwses. As anot her exanple, a structure nmay beP€DURER3GI6t h sharp
curvatures, broad curves, or with nultiple different curvatures, |ike an
S-shape. 30 WD 02/10535 PCT/US01/ 23636 34 Braided Pre-Form As stated
above, many of the above-described structu¥es maybe formed by resin

i mpregnated fibers, to formrigid structures. Many of the above- descri bed
structures rmay &raidedBredfamyi ded in a braided pre-formconfiguration. 5 The
structures may be for W|nd|n sof fj ber together. In addition,
addi tional strands of® ?915%1?/ aboye, TR vﬁfté%?) veidgsraied elghrivres may be dergnedh e
fibers togetheby rekiifingiré E{IQR}I,I esin,

remai n flexible, yan n?ayg%%%acfg{eriy;%gnﬁ expangléNI as Ec’llfe@!;"r(?ﬂééc;llver Thus, such
a braided pre- fd?&ﬁflhﬂystﬂbmrwﬁaﬁﬁs@tje proveledsn abtdiddd precformachBgurbtidy a

smal | ar eg for F’ ns tatlo etc 10 .The brai ded greformmaythen be
expanded and i ng 83W¥ eﬁ by gvinding-stranls of 8¢t tagethery de addition

Referring to Fl &iditdéhal & r ical
menbers, may be srlleatahetgﬁlldélgg r al %ﬁ%\ %%@E&g%gagfs%ggﬁgqé?%@ tge ﬁhg 5f i ber s.
Such a sock 348t0tgaihnt dlhesstiahds ofifiber, riplwel e g/ithblieth&ir teelie tdhgdin fbLQibRY, aNENt

tangling, 15 etc. b ddifion, the fibers or segnents can be tw Sted to
conpact the fi bEp¥be ‘ﬁ%fpls ande é‘s§6§¥?éntT§us éﬂchﬁb@icbdtme;fwmalcan be

wr apped, such age édlia Eseﬂmrrsﬁ‘lgstantl‘ﬁhép éﬂf)%ém fg all DEa cpast Igﬁugrézegcf ovi ded

Integral Connectors Referring to ructure

at its ehds wi tTFhe braitded pteofosm3ndy. théiubéle@ﬁﬁdﬁﬁrﬂhﬁmﬁ@gﬂa&dﬂwhﬂehﬂ&@ﬂfrﬁi ly
formed with the,structure 10, such as by fiber reinforced resin extending

conti nuously beGdEHredREUS feuct ure 10 and the connectors 350. The
connectors 350 are I upl.e 25 the str ure 10 to
Cl@é}fsfrﬁ’l t& . %@L}}eei&q'% ﬁﬁer inlg %1; geg\%%ﬁﬁﬁlijh J

mati ng connectors or stru tures eligal  or med as
protrusi ons or memdbersahiyobsshestiehinasbiaiied saﬂdSAfSQﬂE}Jo@e&%ﬁﬁ&ih@rtﬁ)ersf or

Such a sock 348 maintains 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 as in 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 connectors 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 connectors, 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



mating with opposite indentations or protrusions, respectively, or female
and male connectors. The connectors 350 can have a circul ar
cross-sewoonais3zshape, simlar to 30 cylindrical conposipPeTwsbess36and be
received within a circular opening in a receiving connector, as described
bel ow. The connector 350 may be threaded WO 02/10535 PCT/ US01/ 23636 35
353, or have external threads, as shown i n3¥1Gs. 49, and threadedly mate
with internal threads of a receiving connector, described bel ow. The
connectors 350 338yordaveextemakihosads, asrshomh i ElGisn4; tand shreatedbimme withr  may be
i ndentations, or., fenple copnectors. Alternatively, the connectors 350 can
have a hexagonallntEWE@r@d§ 8@% FeSRYINESoRBECIars ‘?506?3‘%1??1%{ a8 renmectors 350
cross-sectional : i ' L . r 357, as
Shoun i n Fl Go. 45T o Rioitehl Bl thhibefbr S o, oF HERBLSRABERhELr 00 ave
any appropri at e fehalpepnneatoirssdAhgnétively Xienqontectsi§ 380 €an Bdveta hexagotahéross-

Var i ous s&aped menbers . nma &2 provi ded for connecting structures. For 10
exanpl e, uhi on 831091 shane Oh g, ectagnnekerass-ptonahshrpe ofor making withg
connectors 352 ki t : C r

together in an gfr?\lgll}?g-ﬁ?ﬁg%%%ér%rgé?’a isgé‘?ﬁ é%ﬁgifoﬁné!piﬁ?s &rceésugeé%ﬁérﬁ{?%él. An

el bow 362 can héhat thercoangltes carcliviiagy apgroprate Shupb, iasludingFofl@gigte, 3gedre, to
coupled two structures together at an angle, as shown in FIG 52. It is of
course under st o8HIPREHR Ny appropriate angle 15 can be provided. A tee 364

or 357 can have a T- i ructure at, an angl e, as
shown in FlGs. 53 anmg&dskg @%@éﬁ&g@?@nﬂeﬁgﬁ;}d@:{w Co%@ﬁ’i’%ﬁ&f“‘gg& wn in
FIG 55. 10t her examydetumicn 360yor@en meﬁha\té%psﬁhglepeiﬁ fbPreeivRR@nicdors aS
shown in FlGs. her Attachnents her attachnents al so are

20
possi bl e. Refer ?g%ar 130 feredwo strucivigs.dg counle theassraetures togethsr im ait frdytosdnd
menbers 380 or mﬁﬁlﬁﬁgasts%&ﬂ%ﬁ@s‘?sﬁtaﬁ&'gi urége*gg&a?%(?rﬁevé\‘g?%]%ﬁcgnot her.

The nenbers 380 an can 1 nclude grooves 3

another in an owerfigappiongsuck bah DO AEEeO andt)lto XD Ko dtRktResSbFetker A aFle
structure, three nenbers 380 can extend thr ough the structure”and nate as

they overlap ond'@as Mawn indilgs5238Y inefcoyesefundersidod that hey appromiage 280 f or
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 Attachments
Other attachments also are possible. Referring to FIGs. 57 and 5 8, 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 relatidnship. 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



receiving fasteners, such as bolts, which extend through the nmenbers 380
and into a base 386 or 387. Thus, the nenbers 380 extend through the
struct ur ay0 0A1t53Ehi ng the structure to the plate 386. 30 WO/ORILBEBS

PCT/ US01/ 23636 36 signs Referring to FIGs. 59-61, such iso-truss
structures as descri bed above may be used to hold signs. Referring to FIG
59, a straight iso-truss structure 400 may36be vertically oriented and have
a first end 402 secured to a support surface, such 5 as the ground, and an
opposi te second Sgn$ el evat ed above the first end 402. A sign 406 may be
attached to the upper; end 404 i so-truss structure 40Q, The sign 406
may i ncl ude vari ous ilﬁfg?rﬁ‘fl&?o E@%%S‘%Ag“ﬁ%l%@rté}sséw}ctms ?%6‘?%‘3?1{?&"3&?‘9?’? ure
410 may i ncl ude i : JeiareTen hZ:o0 4,
and a curved co%gﬁﬁt{o%mgﬁ%nﬁgoi ni é&ti: e %?f?@g*ﬁg&ngﬂ Soﬁﬁlg@&r)l?g@mé}
conponents 412 &advertitally Fhentetbartd loave adostend d02 sekifedtay sappore sirizea) duyh

oriented asnd secur.ed tonﬁﬁ sqL;pport surface, such as a road side. The
hori zont al” sect i2 M gndyen eRRasHesecrpd enkelgated sbave theclitsbind 4020 A such as

t hrough a curveg; r40@%’ﬁlﬁ% i ‘?e]’ﬁ{l 1! i é i nber
416 may be securlegg to the h%@?@égﬁtgé %g@g@ﬁ&ﬂ@g%@ﬁg@%@@@al Hgmaty be
suspended or el sigatddd nedyoueude varimhswadiciaRef erring to FIG 61, an iso-truss

structure 420 nmay in&lgyde a pair of vertical nenbers 422 and 424 di sposed
on opposite sides of REGERHIREIG- R0, Hso-Hyss duchisephhmay inphulepaprtinal

suspended betwe { i 2 | nber 428
may be secured t% %nt)%genﬁgﬂ’\z{%‘{rﬁdﬁ h?béﬁﬁe%nggﬂlﬁf .a?‘??g“ ré%?%%%egﬁﬁg to
FIG 62, 1&n i sojdiningshestertical undhdrigdnim ¢omponcatsid10amtiyigr Masvescaland

attached to a suglgort surface, such as the ground. One or nore arns 442 may
25 be secured ofOHPeREEhAL? may beueitisally oripniedand sequiedtosummpaert surfaseasuchn

342 may be- oi i Ao SREha e IR soticl sl R ety B st e o
| i nes 444, such4¥ such as through a curved or acuate section 416, as described above. A sign
member 416 may be secured to the horizontal member 414. Thus, a sign 416
15 may be suspended or elevated above a road way.
Referring to FIG. 61, an iso-truss structure 420 may include a pair of
vertical members 422 and 424 disposed on opposite sides of a roadway. A
horizontal component 426 may be suspended between the two vertical

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

20 member.

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



phone, cable, or electrical lines, may be suspended fromthe arns 442.
Referring to FIG 63, the structural nmenber 440 may include non- 30
conduct i weo ar/i@shnment menbers 446 for attaching the utiliPgTAUSNEsS63644 to
the WO 02/10535 PCT/ US01/ 23636 37 structure. The utility lines 444 may
extend along a portion of the lengths of the iso-truss structure 440.
Referring to FIG 64, an iso-truss structu$® 450 may be vertically oriented
and provided at its top end 452 with light structures or |ight sources 454
for 5 providi ng sirh¢turei nheivditity Borshi4d inggytextend mbeg a4iostiomyf the lewgthsrothet o t he
top end 452, such as with an end plate as described above. Bicycle Franes
Referring to FI &0-UESS ?tu{%‘g‘lqso-truss structures described above maybe

10 utilized for bike RFGHRS to p@__ ﬁtg‘bﬁﬁﬁg'@?ﬁ%ﬁgﬁyﬁwm%%ivgﬁ{gﬁly%fge?ff‘%m ages

of strength and |ight weight. rame | ncludes”a han
| ocati on 500 atndpteedladat ds hopnatidet SBavittblight simbimes br Bghit sbaicks &Mfor a seat

| ocati on 6 for at.t aggﬁ-}nt .to §1 ﬁg,a stem 508; a_pedal |ocation 510
attached to a pBHRIYES pgtions puchdighsouragp def may dg se@hedtohetopLafed to a

rear wheel S16. Fheubd 8wi2 chPpianolsiflesuaagiyycal ity of menbers extending
I sgat, pedal

to and between the handl e bar, and rear wheel |ocations 500,
506, 510, and 514. For exanple, the frame 520 includes a vertical nenber

522 extending b tvveie t he pedal |ocation 510 and the seat |ocation 506. In
addition, the fgéﬁﬁ—&i-@lﬁw cludes a horizontal nmenber 524 extendi ng between

the handl e bar | ocat rén@% t : ' Q6.. Hnally the
frame nmenber 520 inc gg:es tocaielz‘g;ébﬁ%ﬁ’ﬁ@n%é?%%%%ﬁ%n%“gﬁbe a&?&%ﬁ’ﬁy#ﬁe
handl e ba0 | ocatiilimedF00bike draties, anddials ddosaideotsld pibvidd e Yavan@igss o£LONPONENt s

or sections 522, 524, d 526, are simlar to the iso-truss structures
Stf%ﬁl 1808 werght-o 4he bike Srme analudes adhandle ber loseli@d0 The

descri bed aboves

frame 520 provi r J 4. 25 Referri o FIG 66,

only a single d?tg‘gg?lﬁfo %%%ﬁﬁg@%@ﬁ%g@%ﬁ% haégeallig%ﬁ{l%n g@r}(’rocati on 500

to the verti cal attaehinent t6 23ecatTdngn BO&%eﬁ&Qoéz@fbﬁSlO%ﬁﬁ@feb&@g&@dal assémbliape and
I

el imnates a copponent for_ reducing weigh. Referring to F 67, anot her
bi ke frame 540 s airearwhesl logatigncli4tagtached to a rear wheel 516. The frame 520

15 includes a plurality of members extending to and between the handle bar, seat,
pedal and rear wheel locations 500, 506, 510, and 514. For example, the frame
520 includes a vertical member 522 extending between the pedal location 510
and the seat location 506. In addition, the frame 520 includes a horizontal
member 524 extending betwg:en 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-shape 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 510, 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



menber 542 extending fromthe seat |ocation 506 to the pedal |ocation 510,
and a 30 diagonal nenber 532 extending fromthe handl e bar |ocation 500 to
t he arcuaveonwersder 542. The arcuate nenber 542 nmay nore cPop®R§1/23836Cch t he
curvature of WD 02/10535 PCT/ US01/ 23636 38 the rear wheel 516 and provide
addi tional bending strength. Referring to FIG 68, another bike frame 550
may include nenbers 552 extending fromthe3&eat |ocation 506 to the rear
wheel |ocation 514, and anot her menber 554 extending fromthe pedal

| ocati on 510 t o therear whgel ahe end provideiadditisnal bemdlngstrtnwlngRefetrmgrtetHIG%&S t he

t t f .the f d ht
werght i so t 1 yeboen oY Sl by ol hARbes BEa SRian bR Boriretdy ane 560
may include a plssatbh 506 8 the FRFRBES 1¥¢AEH 58X 0 AnbMusHK Qhﬂsﬁ %&@d&fentra'

| ocation 562. A diagonal nenber 564 mmy extend from the
| ocation 500 t oftopet @ﬁddllwa@oaﬁil@)to tho réa6 YhedilogcdtianiSi 4, ar d tnasgle foented bf 566

may extend from,the edal on to entral section 562. Finally, an
upper men%er rr91 §&Sé’ﬁ‘8 ‘lsh’élo?ég}the ﬁé‘é‘ﬁﬁadrpe%@n? fylightes veight|

| ocation 562. S;g@hrlgsggﬁgth&ur atl on utilizes straight structures which may
be easier to manufacture. Referring to FIG 70, another bike franme 570 may
utilize curved or 15R&femag®Eiéirrﬁﬁ,ramothlénhkefxaml%ﬂmymplp&fapHxlﬂilﬁpoB?Z may

curve broadly fro t ndl e. bar ocatl n 500,  past the seat | ocati on
506, and to theml’egéf S\Rﬁé‘@ﬁ“@&%ﬁ‘t“i F“(SW@FP 2574 digggnabyt end i n

br oad f bang 5 10
The curvature of TR nonnel Ees! %ﬁ@‘*ﬁ%f}ﬁﬁ%’a%é%e."ﬂ%@ e chRETbLRBa,

Ref erri ng0t o FI §%2. Bimikarlys zhhwwet nmembebS6b RAy sxtynd ﬁGinuﬂEpedabl&aﬁbrﬁtbQH@t e
nmenber 582 extendi n from 41 ndI e bar location 500 to the pedal
| ocati on 510, \A‘A‘ﬂnfré t’%a Binally, s pprer megal eé)?ﬂ%ﬁt@é’eﬂﬁ@mftoﬁétheémiuate

menber 582 past) tio! | ocation
514. Referring t0 gaflgné%%g tﬁ)ﬁ%t éegilgﬁe ?’rg%ﬁi gﬁnﬁr@? aon qtlhée %]}bvvardl y

25 curving rrerrb@mcﬁ@@swhmhmhyrb@ebmmomut‘mndée bar Iocatl on 500 pass the

seat location to tgﬁgrear m@ﬁ@ Ioca ion 514, while a | ower nenmber 594
extends from the handf czﬂ’?%‘?f erduke frame S&QmayuGliag pwweda0 and

towards the reafrcydiRbmbers. For example, an upper member 572 may curve broadly from
the handle bar location 500, past the seat location 5 06, 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 510, 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 upwardly
25 curving member 592 extending from the handle bar location 500 pass the seat
location to the rear wheel location 5 14, while a lower member 594 extends from
the handle bar location past the pedal location 510 and towards the rear wheel
location 514. Thus, the entire frame 590 is formed of the iso-truss structure.
Referring to FIG. 73, another bike frame 600 may have an S-shaped
30 member 602 extending in a first arc from the handle bar location 500 and bending

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



| ocation 514. Thus, the entire frame 590 is forned of the iso-truss
structure. Referring to FIG 73, another bike frame 600 nay have an

S- shaped w0 ozrerisher 602 extending in a first arc fromthe hPandgbe/13a36

| ocation 500 and bending into a second arc extending towards the pedal

| ocation 510. An upper nenber WO 02/10535 PCT/ US01/ 23636 39 604 extends
fromthe seat location 506 in an arcuate f¥shion towards the S shaped
menbers 602. Referring to FIG 74, another bike frane 610 forns an S- shape
member 612 ext eABH g¥teRdsolomItke seanlarationat06]in enaicuate Sahidnctowharls piexiSd

| ocati on 510. A rtical, mepher. Ql4 ext rdly fromthe pedal
| ocation 5 510 F}\‘éa&/gérllé‘ge%ﬁ?és atR9 %&%?%ﬁﬁggé?%%hy‘yé%n? éﬁ’rff’%@%‘é& 616
extends fromt hglapeexﬁéﬂlwlslﬁ%ﬂ@ﬁ‘din%?n%tﬂwﬁmﬁe nggagm 500%& e pRGAL | on 514.

Referring to FIGs. 75 and 76, anot bi ke frane I's shown“in which
i so-truss struclogpiéen 8k Aivepissladenberkd dextodnepwaly. froin tisnstdel loedtion

connect or 622 be di 0sS at t nd| e bar | ocation 500 and

confi gurea to rgﬁ%‘fo\yvear‘g%tﬁgée%goﬁé?o%gfq' gﬁgﬁﬁiﬂ’a bsp 216 gxfends fganp the

di agonal _menber v@agal mifinbdeh ovid HERLR WHEBNBRioAZ 4and a lover diagonal
menber 626 nmay be received on extens?ons 0 tﬁggloﬁﬁél e bar connector 622.
A seat connector 628Rafeyritgeto RIGs.fosamd 781 artotiser bélat frdrpe 620 RRh&VS irtwHichave
extensions to re&gi ve the u hori zontal nenber 624 and a verti cal

er,,
menmber 630. A |'SORTUSHERLe %2 disposed betwesaicennegtors.hA hadigibar ensae¢ton622.0 and
has extensions {9y h8QRbY&! I i 626. and the verti cal
menber 630. Thus,gyrel aPi%glaeﬁlseth(raizgiﬁéR?Id]f)gzg{-%%ﬁogs@gg&r;%%rfﬁ%sre%eﬂ'ﬁan626, and
630 may Bb@ uti |ippedhenizbna nznited 620ardelonen dRebmdl snenf?2 62628n uppst 632. 20
Met hod of Manuf acturi? A%Fdi scussed above, the iso-truss structures
preferably are HOPABH %&‘?m T ok and; arlpwenydiaganal wientber 626 may beregeiated pon, t he
i so-truss struct r 4 preferably are, formed by
cont i nuous strar?ggslﬁf)oﬁlgﬁggrﬂag@g%ﬁc%?%ﬁ%%d‘{‘ﬁ%a?f:%’ﬁ’ﬁi{ttom?%ﬁ’lay ®is and
al ong the | engtdispoked htethé st 1dcatiESS 06t dnd Gavié ExteRidi t6 Peclive b€ iso-truss
structure may 36 forned using a mandrel. It will be appreciated that the
conplicated ge pytabmemper daysgiost mamber 630pr deversnembemdBifsact uri ng

chal | enggs attached at the pedal location 510 and has extensions to receive the lower

diagonal member 626 and the vertical member 630. 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 mandrel 700 is elongated and straight to form



Referring to FIG 77, a mandrel 700 is shown with fibers 702 di sposed
thereon formng the iso-truss structures descri bed above. The nmandrel 700
can be 300et/osght ed and shaped to match the desired shapPCDUSeIR363650-1tr uss
structure. For exanple, as shown in FIG 77, the mandrel 700 is el ongated
and straight to form W 02/ 10535 PCT/US01/ 23636 40 an el ongated and
straight iso-truss structure. It is, of cot¥se, understood, that the
mandrel 700 may be curved or arcuate, or formother angles in accordance
with the desiragclopaged afd sthaighit tso-truse stsuctureu &t i, af cotrse,anhdbtsiood, thathibe

mandrel 700 can_hb tiopall i sposed such that the mandrel 700 may be
rotated as the ﬂaﬁgrlpy?@(gx?ay e&‘f'rée‘g\?%\% ’ﬂﬁg?rgb?f. Criang ‘%héﬁ‘@{deal?@ﬁ)wﬁhy

i nclude an el ongRtd@Sir&P 851 hO Y-tAR8 str@tfhed In PAMEGH

di sposed thereon. The cor% or body 7%2 pr efeer ag(?d);ﬁﬂ{ééﬁ&/am%ﬁdergﬁ@g%aéggsml | er
di aneter with retgeoally disposed seadrthatthe matdret 700 may belediatedad the Hfi®erscrane or
body 704 gay reside within the iso-truss structure without interfering with
10 any of °the s¥GYEAPREAIPCIR¥i cal conponents. The heads 706 preferably are
spaced apart from tige £9h&eLT0 : I _radially from
the core or body 704 %nd tS\A/aroag%{ﬁéﬁéi?%?ﬁgpﬁg(gg(gé%%@%ﬁh?ﬁ%@?so-truss

structure. The plecadity ofi@@daT(s digubedthesdnt The e6ior ©olNPOSpcRdly Bis { | ber

702 as they are \E/lvra@tped aﬁou, t he mandrel 700. Therefore, for an eight
node iso-truss SEPEESEallen dametprayHl regpert 1o thesisetassistastard, suchrtbatribie t he

circunference qf - .addi tion. a .punber of. heads 706
extend al ong the rﬁ% gﬁ%ct&ﬁ/r@# 91{13}@8%%? g’ﬂgfrn tbg%ﬁ?q%i S&'r\dturgd"@g’roﬁg%eépeﬁn’gﬁwahe

| ength ol0the dawiofeitt degmrehts 48 Belfval ethiptentsREhS hEARF 0k BrdrhGhly 4P sialey heads
706 are shown |né%reat er detail. Each head 706 preferably 1ncludes a

plurality of i rfdéhdm Bissoriey body 704 cBhe/heags 306 extend ragiullyffrom thercers/@2. The
i ndentations 7 I § e.two se of .deep indentations, 712 and
714 for recei vi]l%élpgﬁgg{é@gavynaaasﬁg% g}g?%%rrm?]ﬁ%tl?%?tgﬁhﬁbsoémb;éﬁ‘imﬁ?m' dppberdsq

hel i cal conponé&ifbare dinfigurddhe rezeive dhe HQBAs bNERNYED LMDy Z%ﬁgl?’ed%b%ut
preferably ext eﬂd downwardly at an angle to match the angle t he

segnents.  Eachiswangel ¥ plherafern: for e nighta®ledseitrissstrafs right Feadsdoaide t wo
[ d i nd i t. | it h t_t th h
That ek | nacnief i SoTEag birdt RS phink Gots IRL 70 Pgdgfont 3 of ¢ he

sane helical  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 preferably 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 segments.
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



conponent. The inner section of the indentations 716 is |ocated at the
exterior node 122 of the iso-truss structure. In addition, the

i ndent at ivom92/7685 pr ef erabl y i ncl ude one or nore sets of BOTARal/1363¢

i ndentations 718 and 720. One set of shallow indentations 718 nay be
utilized to formlongitudi nal conponents of the iso-truss structure, while
t he WD 02/ 10535 PCT/ US01/ 23636 41 other shallow i ndentations 720 may be
utilized to formradial or lateral conponents of the iso-truss structure.
In order to for Rhenshallewipdentations 120 may besititfeettoi i ralivd we Jatsrak ands  of
fiber can be w r d. t he ndrel in order to create the helical
conponents and C@ggé%ehnﬁgﬂqﬁg-?%ggnﬁ ®strands of fiber 702 may be wrapped
about the mandr el as hISHef ioffBen R Rearitds bludifiee GbschiBed RoVBCRAL of fiber
conponents, placing the strands of fiber in the indentations o e head.
In addition, th&aske wrappedirofindthe mpadrd)én oideptoayerd the helitd) compomentsaridney

d t | 700, Alterpatively, the strands of fib
may be.ur Spped SR PHEDhafhnRids otfoist 7ebmeer DitRees AboH Abhandrel 5ol n
as di scussed abaribed ARvEVAHREHeCAB (hY Fetlcof HmpohBfls Fiifl: 18 shiiffl Gpur ed and

the mandrel may then be renoved fromt I SO-

Alternatively, fiber inghe indeations ofittelreed. nhyaddition\he gtradsyoriibermey v t h a
mandr el and the. mandr el r.emaiﬁl therein. It will be appreciated that the
conpl ex geonetr&?l%?gqageéi@éeﬂnﬁé Stareeuapsd aropgd hegmengselsd0ensi on of t he

heads from the ARBGLEVoly GhESL I | ' the mandrel from
the iso-truss struct ure” Variagggott::@%éés gf %n%%@e%g%r@h%@mﬁgﬁw téauti n order
to form iPe i sompregstisg theot witk reskoas discasgdebod: @ifBa0h baklidl preBssk el My be

formed by salt,or sand with a binder, which is dissolved to renove the
mandrel from t hEq SN § ther cwied apd theanandsel apast thenr beseaenté from the éorrus20

metal s may be ugggiwhi &£ ! fromthe iso-truss structure.
As another exanple, a E%@%@#%Eﬁ églﬂssﬁ%ﬁ@%h CWVF’F%WQ\W@WF"QW%S a
sand-filled blmadieel antiitiehmasirglanie@dnid theaf)d and vacuum sealed to form

the mandrel, and then the vacuumis rel eased and the bl adder enptied of
sand to renove the rhWit RS ampresigtedithal thecomplex gebmatry of the i@btrigs sadetutd, on,

the iso-13uUss shied Ui TS ﬁe%&gﬁ(ojmbt}lxe Vn\Fagldr%{, cgera e X‘gh%ﬂgﬁgrégm removing

the mandrel from the iso-truss structure. Various types of mandrels may be

. utilized in order 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 strucfure. 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 internal 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 reused. The

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



fibers around an internal nold, and then enclosed by an external nold,
simlar to injection nolding. Such a nolding process can provi de good
consol i dawoonyosgbod shape definition, and good surface fPar/@ko/RBesoerring
to FIG 79, a collapsible mandrel 720 is shown which 30 advant ageously may
be renoved froman iso-truss structure and reused. The collapsible mandrel
720 is similar to the mandrel 700 descri be¥ above and can WO 02/ 10535

PCT/ US01/ 23636 .4% { ncl yde an el ongated tubul ar body 722 and a plurality of
heads 724. The MHI'Y sgie rtulu%rawzﬁ%awan@rala}ét)ﬁhq&ria?&ﬁ The kgllavol es or

726 f By : (HAYE ' /7 h . The .pi 728
Ty bo | nser ted LRaneh {Rec bt Fhhud beRUBSorgRb vt Rustitfiuhi Ao,

722, and the healisalitg 6f plins 128 edredn.  Th@pins 728 may De Thidfied tHasughaRERolé2dr €xt end
fromthe tubular body 722 on the pin 728. An elongated core 730 is

renovabl y di spo@Rdties Tonfthstubylaibedy Badgndrthe heads 724 disposesion apipl7a8al i ty
foi tg 732 I i t | b 722 bet
The core 330 ang el TN A AUSRREERu S 0 e BB Dt Kifies & -

plurality of hotlesgaied ee30iisasmédsbly BlspbRaStiMinthetMuIRI bAY282. Fhus, the
pin 728 10 extends .through the tubul ar gody 722 and the inSert 734 to abut

the core 730. 4on, prplirality of rmertsrgdhergiatse remevabisadispesed émaliubglat body t he

t ubul ar body 72 in 7RAR. Alter the isq-truss.str ure .has, been

formed on the rrgznéc?eetw E%BQ C%eﬁggf‘l@thef%ul%e?fxﬁgu&eﬁ%‘éé‘&feﬁ%%akﬁéﬂ‘ﬂ%ﬁﬂ ar

body 722 by sl i slphgalitynef kslésor a3ertaxes W4 BrYecehingd ﬂh@g]ﬁ gy | BE r%hfﬂ% 722.
e

Renmoval of the core 730 allows the insert 732 to bé renoved fro
tubul ar BBdy 72extendsdhrongh thefeburadody 78 ead thevmsed] A3 4itabittthecors GBoI ar body

722. Thus, the $jins renoved and the tuhul ar body 722 renpved from
the iso-truss s’plrldt}tihg% ér.eblgtq Iﬁ%}ﬂﬁa{qséﬁ? ﬁlﬁ?ﬂ%‘”ﬁé‘é‘ggg g?@ tﬁﬁ%‘@@b@%%&m
Referring agai nht@in128. 77, an end plate 120 may be di sposed on the 20

mandrel 700 at one or both ends thereof. As discussed above with respect to
the FIGs. 12a and bAfteribe isadruss strectir2 Gasbeendommddeorothe ap@dial 720, 1Rdcdrbr ough

Strands. of 11 E0 IR G e bpimBe fPif Badv.ounce s tha et H0icupeirds
;[ 22?3985?’1; Sﬂg{dairl g&%ﬁg&c%@g 7%)2?.'[ Bkgé‘s;lvlllyofftﬂé Brt 750 £ PhB TGk W b the
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. 12a and b, the end plate 120 has a hole or aperture 124 through which the
core or body 704 of the mandrel 700 may be received. The strands of fiber 702
may then be wrapped around the indentations 123 through the énd 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 in 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



25 704 of the mandrel 700 may then be renoved through the aperture 124 of
the end plate 120. The mandrel 740 may be assenbl ed by inserting the pins
728 intowapmttsesFes in the core or tube 722. Coll ars al soraryStie3dicsposed
at the ends of the tube 722 to formthe integral connectors, as described
above. The heads 724 are 30 disposed on the pins 728. The fibers are

wr apped about the heads 724 to formthe el ical nenbers and axial menbers.
In addition, the fibers are wapped around WD 02/ 10535 PCT/ US01/ 23636 43
the collars to fssallamdofomtheantegishesweesprs. Theaandradisslemioyed torlearsdhe o

| eave t he strug@g&&e Addi tional Applications 5 Referring to FIG 80, a
support nenber may utilize an elongated iso- truss structure 752 as

di scussed above to hold and secure precast concrete fornms 754. The support
menber 750 may include an jso-truss structure 752 with end plates 120 on
t he ends thereo L a ection nmenbers 754 and 756 for engaging

th dth f 54. Th t f 1. i -1 10

L oS, oei R0 E B Spo T i iber P b3l whilie Adindeliisd-or m

754, while thetrhisgiucked T astfisdubRdiapBvd ol aidréeeﬁle@l?ecééc%gﬁ#ﬂe&%nwe
ed. e

support nenbers_ 750 to be easily manipul ated and han erring to
FIG 81, basket Bt | Thaguppert neaher 356 awmdlote apigptmss shyctre Bidswith bad |

standard 762. T b etball s ort 760. may include an iso-truss 15
structure 764 agﬁgfgggéloﬁ %{‘S&%&Gﬁﬁ%rm’gﬁégmv%ﬁ]ﬁ@ﬁs 7P460fdy6 foic) ude a
vertical iso-treghemgché AOudbondihe candtok &Ny, Tl?é)s'tlteh%%%bﬁﬁ ieg-hldﬁe 768

connected to the vertical section 766 for extending t asket ba
st andar d 1962 ov#ruciuie 76 pravides Re¢ngth fardotdingipGhe $Rscast coaciepalorn 734, nay

include a frame_{/42 i uti]izes.iso-truss structure 774 as descri bed
above. The fr ang@ei?%p‘fvﬁ@h{ﬁjéﬁﬁ150?5155éWWF«gﬁE@b?W%g‘eo?“PP%nlem§’§
structures incl 8 §®e2afifi haShyRRAGRE n3RAL. Vertical members and

i nt erconnecting horizontal nenbers. Tﬁe I SO-truss structure 774 provides

strength and |ight wRéfghingtto FiGieS haasketak sipfbrt T is showg fdr%uﬁi&‘tin@fé,
St ruct ures. 702 SRBEIEaRaKS 5% Tha WeRethall runeos R0 Sty rastudnen e st s
structures 790 ngicke 764 as described above. The basketball support 760 may include a
vertical iso-truss section 766 and a horizontal iso-truss structure 768 connécted 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 a mast or other support structures
792 on a boat 794 or other marine structure. The iso-truss structure 790 may be
25 formed with composite material, and thus resist corrosion.
Referring to FIG. 84, a bridge 800 is shown utilizing an iso-truss structure
802. The iso-truss structure 802 may be arcuate and various bridge components
may be suspended therefrom.
Referring to FIGs. 85 and 86, an oil platform 810 is shown utilizing iso-
30 truss structures 812 as support columns for supporting the oil platform 810.

Again, these iso-truss structures 812 preferably are formed with composite



25 formed with conposite material, and thus resist corrosion. Referring to
FIG 84, a bridge 800 is shown utilizing an iso-truss structure 802. The

i so-truswevyussure 802 nmay be arcuate and vari ous bri dgePCOmparsnics naybe
suspended therefrom Referring to FIGs. 85 and 86, an oil platform810 is
shown utilizing iso- 30 truss structures 812 as support columms for
supporting the oil platform810. Again, t4ese iso-truss structures 812
preferably are forned with conposite WD 02/10535 PCT/ US01/ 23636 44
material to resmaterigbtoresistomerropiana tiuaddition, thernpen pevctarcrafthaisetvss t he

i so-truss strugtures rovide | ower drag forces on a structure.
Referring to FI .CElg?sj ?%m{%g _etlc?wugrsdcr)%g Hi??&ﬁé’%@tur% shown utilized with a
submarine 832. The i Refeins® FIGEUPT M BodRRs BERYIE 830 i\ Golwalifii hucture
5 supporting the hul | 694 G Lhs oubmaojss B Thus,%gﬁh‘ﬁl?@dsﬁ s

formed around submarioe 882.uThe fsortruss srecti@s 330 phuvidesttheintenha siroctuef t he

i so-truss.structure 83 ili.zed. for _t Ccrew, dinterioor wall
support. Pn add?"#’?%ﬂl,ngglﬁeeﬁr‘ﬂzig?&’/#h? S“%?egpzu&g%éhsg{é"(l Stf‘H@ege_gmants or
helical conponegbendhe ifetrigQtrhétdfiSsIdt WHEL Ho8nRA0 HBke gslg-stt sggm&l}lgﬁée'séﬁd for

equi pment, piping, etc. It is, of course, 10 understo the iso-truss
structures may 1ay be itilizeddof te covhend stterinrtveallessipport.ehi aldétion, thiedhollewse! s.

Referring to FIGs. 88, an iso-truss structure 840 nmay be utilized for
aircraft or ai rcf?SPﬁg“‘H qﬁeé‘é’e%éﬁseﬁneé‘ﬁqrh?{%?@ comppreads ofdhe padruspngain, the

i so-truss struglbhse 84PmBT AL BESit; i 0f;.€ | for
supporting an outer 15 skig, and%gﬁ%dﬁ?%aﬁdéé}ﬁ?%’?ﬁhgﬁéatf;'nli(tg%l%gfﬁ%rggi tens.
Thus, thé0i so- tundesstosidrthattthe Bo8ABs starcittsiagy 5 ntigidfopstter st@bfuresei ght ,
which is particu aEI y useful in aircraft or airborne applications.

Referring to FI'EBICI®oadegsels: an iso--truss structure 842 may be incl uded

as part of the fusell&g@mﬂ%tﬁp%(%gérggreﬁlfig?_tﬁﬁssg&g%%?f@ggpggﬁn%gﬁﬁ%ocat ed in

the central void or space~o structure nents, 20
such as wi ri ng,aitsadir anditbome devizks hiches artitlesy or niByilda®4di Jpanetheibd-fhdg t he

structure 842 itself or between the segnents. Such iso-truss structures
al so may be utFPRES40qrovidesanexteniar shelkor exeskedetpe forcuppustingasower t he

35[ |r Iclr ?feél 5 Ref e rskfn[‘anf fh ﬁ:ﬂte%or %l" coh{lﬁlh?é 5tﬂgxt i!r'errr?ss. ”Hﬁlss,c tlillce E)s%(-jtn?stg %t\{'gctggesf&%onay be
provides strength and light weight, which is particularly useful in aircraft or
airborne applications. Referring to FIGs. 89a 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 construction.

Referring to FIG. 92, a roofing system 900 can utilize iso-truss structures similar



in aerospace applications, such as with satellites or other orbiting
structures 844. 25 The structures may be col |l apsi bl e/ expandabl e to

optim ze Wont/1es6s car go space. The structures al so may be parws@li3gssf or med,
such as a braided preformdescribed above, and finally fornmed in space.
Referring to FIG 91, iso-truss structures 846 also may be utilized in
water tower applications. 30 The iso-tru$8 structures can be used in

bui I dings and construction. Referring to FIG 92, a roofing system 900 can
Uti |26 1 so-t r Uedhaserdgsarined sbevari elinedor bow DA ESoHORS WB0R3 665 cantrmo

t hose descri be | he orizontal iso-tru structures 902 can
form beans todbse%%%\é(??uﬂﬁ ?éo%) ogg@{. wlf?zléa'g\lsss&%’?lf’wgeéﬁpF%B%P?fg %06 can be
used as col uMm@limnstepRepdrt tHeeosMAaElined ¢4d-7ed striutdsWes. The weltises 902. The
iso-truss provides structural strength, and is light weight. 5 The

i so-truss strudrayides geetusal strcegthi anduelightiweightoat s and ships. Referring to
FIG 93, kayak 910.can utilize tappi I Sp-trus tructyures as descri bed
above. A frame 912 21;}}-? 15%'%?185} mt%ﬁfp‘gﬂ%gélﬁq lﬁll)’§§se§$ f’%f ) Shc‘ﬂ’?aﬁ{ecf%{ﬁﬁgr s at
each end. A skbFIQro% rA%a{yal@@_‘b CMtifSe faﬂf)iﬁggsd?ﬂ'ﬁsrs sttljﬁgtlﬁers%g:af:&}iged A portion

or side 916 of a bay of the iso-truss ctan be renoved to allow access into
t he kayak 910, abovend feane2 dap bedemied bycuyisd-trussdtmntire thavtagpers ecabli ane

912, and into th ol.l.ow qf e frape. The iso-truss,_provides structural
strength to theenaalf}‘aﬂ(,m%?‘ el 9t1gr"6’%{’ﬁl%egﬁﬁ?éﬁ%ﬁa@ﬁ@?ﬂﬁé_?%?n‘P’bﬁld‘? he

passenger. Ref enpiofd baf oFieisfuss@ait Bt ké?né%?lto Fﬂ&\%% codifitd ThedB i th an
iso-truss structure 918. The solid rocket fuel can Cbe I sposed abolt the

menbers Bt he ang allew-the usss’s bolpta extendrimoagl the frame9 B ahdinto tekellofd]

burns, thus elijynpating, fallin rocket casjngs. The nozzle 919 can be
tgéa&@f“e'a%ﬁ Qfoftﬂ@g PRy R‘éﬁ sigycfurabsirangth to flag kayak, Wil ¢ r uss bum

configured to t

Referring to Fifovidify siteBhithd sk (59RE podh e be created using a

plurality of iso-truss structures O-truss can be wei ghted so

that it sinks to thd®ef@finptd Fiinodf a sdiel faclaotited 917 isshovaXaatiso-au¥ei ght
924, such as concret ,attached to one end of the iso-truss. The

C be
other end can B ‘?t}l@g‘yllsoa}né‘fts Q% MP‘%}I"?U be ﬂiﬁﬁ?f’teﬂ_éib%tdhﬂf mesibersTHitks t he
I so-trusg can B i8N TR doSituds Cart Bfin U8 fle 18 8ke: AL, thus eliminating falling

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 fiee 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 promote growth on the iso-truss.

The iso-truss structures also can be used to transmit torque or rotational
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



and dropped overboard. Several iso-truss structures can be attached
together. The iso-truss structures can be fornmed with an environnental ly
friendl yvepoxywssd 25 pronote growth on the iso-truss. ThRCTAS1A3636S
structures also can be used to transmt torque or rotational novenent.
Referring to FIG 96, a drive shaft 930 can be formed with an iso- truss
structure 932 similar to those described dfove. The drive shaft or
iso-truss can be rigid or flexible. One end of the drive shaft 930 can be
coupl ed to an 3@peeriatae thet suohaardrivieshafh pandi3xiysediin bihet dppliostivms aemellcdm be

coupled to a trapsfer .case, or eel 936., .Quch a configuration, can,_be
useful for vehi %@é‘.’nwﬂ?‘* 1§ tusg,gan "6?‘?’%6%@5’%@ 935@)‘&/"'2%@33@‘1 @Bl%pﬂiglrlgci at ed
that such a driggyshalcbng UsEshd Hndehs ] Wolal:

addition, the i so-truscsncgtgabe’useﬂq%?l dri Pll)lgd?mséﬁc éé‘séalglllfﬁle%egrm%{r%d
mning drills. cauplesifora duilckihés apitemt i on, one end can be coupled to a

driver, ile the other end i upl e 0 drill bit or cutter. 5

Ref erri n\ggto FI G 971,ie %@ﬁgbgﬁﬁﬁg?‘gﬁa%oﬁ’ﬂ P10 wdlizgs an isg-tiysg sEuctiteuct ur e
942 wi th no axigd2 WRABE kial HaHbers! Npd, 3 6. SAf ress in a
| ongi tudi nal or axial di rection to a‘l:l)%’or b éﬁ@% %L{Cﬁﬁgg%’ﬁl n?&gggl adder
944, such as aoggitudinglloedxidl dictdton tocabsotbeshdeks pladdition, 4 bladde @4t ) $ush .

Referring to FIG 98, gg iﬂsﬁﬁ-truss tructure 950 can be configured with 10
both rigid sect¥drRasdlsd bladger, can bodiposedinthe ése-t058 to forma joint. The

rigid sections 952 rrHFg it h axi s.for stiffness, or
rigidity, while the lQ@Pem t{)gﬁ@f%%ﬁéﬁkg{%éwgrcan%geﬁﬂf%fﬁ%e‘?ﬁé axi al
menbers 1@r f| exitlorigidtsgctidafoseydndg Axibte 6ectidB 952 td otk Djoirtl TESHER vessel
960 can include an isgg 15 Ergss structure 962 in which an continuous
interior wall S$89191S %4 cap e formed pithiaxiab megrhessior stiffiesss of rigigdy,cunilectbat ai n
fluids, such agidigitkdsioRosgases. Referring to FIG 100, a gear system 970
includes a plurality of gears 972 forned of iso-truss structures which

rotate and eng@g&betﬁammdo’triﬁmutthﬂaeiaeiﬂeﬁibieﬁrforﬂ@QBﬁiGngf the gears 972 or
i SO-truss structurez{i ntermesh. 20 Referring to FIGs. 1da and 101b, i npact
barriers 974 and 978IeHNZHEIG @8, 2 ok or pressuse vessel GO an Tivdudesin-isa-uss

structurg can BesOLh&niE%65 %h Rfich an continuous 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 plurality 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 axially 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



i npacted axially or longitudinally, as shown in FIG 10 1 a, or laterally,
as showmn in FIG 101b. Referring to FIGs. 102a and 102b, the inpact

barri ers wan2/i0set ude a conpressible material, such as foraT/UdiEEesmed i n
and/or around the iso-truss 25 structure. In one aspect, the foam materi al
980 can forma shell around all or sonme of the iso-truss structure, and
between the internal and external nodes. 4h another aspect, the foam
material 982 can be disposed in the interior of the iso- truss structure.
Referring to FPusderentiad doading puchiasg-flaon inists {Tha configiration den hevodigietestt on one

30 side, or in i i .8 create..an el gngated cross-section... Such
confi guration S@Qﬁu%!aﬁ’ﬁgﬁugér]ins{]ﬁ?ISHF%FeCF%@?Se S%ﬁ??&eéﬁ)(ﬁ?% ap FFB%@%?% wher e
one direction fethd¥0a026ADFetfcuér Hppiatiod3636 47 preferential |oading, such
as a floor joist. The configuration can have different structural

properties in diffedéacorfigueaiionssnwisin KlGat 1Q3ae dre sintitan §smemynrespectsotof i gur ed
for the lkoads gf .a particu] ar lLication. .The configurafions_shown in
FIGs. 103a-c ar g l%?"ﬁ?]fsﬁmfhlﬁéﬁgquég_ﬁg‘?:‘fesa“fidﬂu%raﬁ%é‘e?%%- emeef &er uct ur es
descri bed abovgegatiitd dfltHShéIRhEGniPInEAE hamn%fong%‘téd Eﬁgt‘flgﬁgﬁhsto%e the

hel i cal conponents have been el ongated wth resp others, or have
a greater | engothers; or kaveatgreatdrdengitio g atcets the elosga@bdrossection. dddiddition, t he
angul ar orientation bet ween. s%r@l adj acent, or sequential segnments is

atipg e 1

greater. Refer er?ag‘flarﬁe@_ CCRORF §hiac QEsgauentiyl segments is Grete- 1000 i s
shown. 10 Some of Remif iveat, AMIPANERhI IR Hoidiks Y Y TPRIR,!002 and

shorter segnents 1004 to create a rectangular cross section shape. For
exanmpl elOt he Heme obithedntical eorepeentsdhélodd longensegaaits 106Narkdshartthe
rectangul ar cross s%glioiqgnal sha her of the helical conponents include

| arger angl es T€U8" é91°r§§ﬁ€rg‘§§}$ (itosg sephiamalshangn d'os peamele, thagl es 1008
between ol her Rsedcalre AEGIIRALS cohBoAch CE R i LRI, RS 00S

section. For exanple, the rotate rotated Teverse onent s

can form the dihapen@tlehafihd helicassompaiensrincluefagict hfifed WO6IHetweedIBmea t en
node iso-truss structure 101Q is_shown which is elongated to have a nore

elliptical sh .Ce"ﬁfégfﬁémﬁégﬁ SegHgFomelfsd 008 hetwieaw ethobadiacent segyentst o of
differem |enailige a afithotli sk eﬁ%f&ggec?iﬁgl $3r %?%\é\-ﬁ%glheg%itﬁgdc A rotats £ 9TENT -

For exanple, the helical and reverse helica
reverse helical components can form the diamond shaped 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 have five segments
forming a single, substantially complete rotation.

25 Referring to FIG. 103c, 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



forma first, elongated pentagon 1012, while the rotated and rotated
reverse helical conponents forma second, el ongated pentagon 1014, which
t oget her wéor/msthe el liptical shape. In addition, the hel PCRUSTI@IpIBNENt S
have five segnents formng a single, substantially conplete rotation. 25
Referring to FIG 103c, another iso-truss structure 1020 is shown which
has multi ple cross sectional shapes. The A ucture 1020 can include both
rectangul ar cross sectional shapes, and el ongated di anond cross secti onal

shapes. The heMmastaf ahwabwik atsail newpded tharetes cbhream-prugssstructiratandre, inbluded
tili th Lcal t t hel i cal in th
Pypi cal st ruct ult 1Ebost SRBORE G Baled it ot RGadss riRmziay be puidsd

utilized in othffa feapdbdst HithTBiRedRetiirt attdoREd GYANP! €, the iso-truss
structure can be included in the WO 02/ 10535 PCI/ US01/ 23636 48 nmast of a

boat with a sail couly asiditidnea ekio, covarng eowtapusasy st dispised sroaaditbee i ncl uded
in a flagcpost wth a fl oupl ed thereto. The iso-truss structure can be
i ncluded “in a &’é‘ﬁglge'p%g&%ﬁi?%g’%ﬁgﬁn%% ¢ strugfyrggHeveni glamping, andiordydi t i on,
a skin, coveri ngssfietiyy ap may be di sposed around the 5 structure. Such a
skin may strengthen the structure, prevent clinbing, and/or be aesthetic.
The iso-truss struct Tieiso-timscstivoantesdmtibed sboveaaiyo BRy bk utiliz&to réinf@édf or ce

concrete. For exanple,_ concrete may be poured or otherw se fornmed about the
structures, and®WPEiFS ifar cxgraplentamcress may be peired pyethemdse forpedahout §15- t r uss

structures havesheRiResdSREMAPRE - WM [cular reference to an eight
node structure in WniS(’:h thepﬁell?ééy&g\émon}%@ﬁgﬁ[‘é&%gve four straight segnents
form ng &0single, cofipisd-Gussattmtiuges tabebéent dbscribed bovd with pafticulaPur se

under st ood t hat ?t her configuration can be useful, including for exanple,
structure with PIe@ceiqan eig ¢ sipgiare in whichehe belical epyapanentshave faus t o be

under st ood t hatg ﬂ%ﬂ] L r nts. ar dl]ustrative of
the applicati onSIt(E)l : \érﬁfsﬁgﬁlglﬁglsa%grfgﬁ ﬁ@ggrl%g{r‘gﬁ??“’flﬁ@%‘ﬁﬂ‘%?ﬁw- #I ous
modi fi cations aodrsahdsrstadd that atheea@EFEALSn BRYbOSHR VinsadidaYol le,Skilled

in the art wi thout departing fromthe spirit and scope of (he present
i nvention and tHECHS &ty EYe. i seHsenaniae, tWebitoeiel nodessover such nodi fi cati ons

and 15 It is to be understood that the above-described arrangements are only

illustrative 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.



20 arrangenents. Thus, while the present invention has been shown in the
drawings and fully described above with particularity and detail in
connect i owow/ids3mwhat is presently deened to be the nost perOSIICEb3cand
preferred enbodi nent(s) of the invention, it will be apparent to those of
ordinary skill in the art that nunmerous nodifications, including, but not
limited to, variations in size, material s49%hape, 25 form function and
manner of operation, assenbly and use may be made, wi thout departing from
the principles and concepts of the i nveGLIAMSis set forth in the clains.
WO 02/ 10535 PCTW%P?J«:?&%?&'SAQ CLAIMS What is clainmed is: 1. A structural
menber, conprising: a) a Peast two, spaced apart, helical conponents each

having: 5 1) a commpn | oaGthsdial fenfbt 2o }isﬁgpommn angul ar orientation
about the axis, and 3) at |east four elongate, straight segnments rigidly

connected end to end in aa)utldastdivocgmtedapast halivafl @mpongnts es¢higlvéng:
substantially conplete rotati og about the axis; and 10 b) at |east one
reverse helical conponent, att2@ROIIReN oRgIudinglaxiss two hel i cal

components, having: 1) ‘a_commog Jaaghtginal oAk bt e Gl Least 1o

hel i cal conponents, 2) an opposing angultar orien on W % & bect to the
two 15 helical conponents, arg)aBjeasttfoliedsigatesiraightapgatis rigtdlpi ght

segnents rigidly connected end to end in a helical configuration formng a
single, substantially cd®preted snditaendm ahelisel eanéigusation forming a singley uct ur al

menber in accordance wt ' | I he . hel.ical conponents
have conti nuous strands %Pﬁét?rgiggl}cg}ﬁ@%vﬁ@?%&hatbﬁéatth%fuflﬁ’aqnd conponents are

attachedl@®o one anot her &) at hhgtone edvien@ heleAcbMPENdRY, 284 EHedlt@BRY A %ast he
fibers of the helical %Hg?nents.
a

two components, having:
1) a common longitudinal axis with the at least two helical
components,
2) an opposing angular orientétion with respect to the two
15 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.

20 2. A structural member in accordance with claim 1, wherein all of the
helical components have continuous strands of fiber; and wherein the helical

components are attached to one another at intersecting locations by over-lapping

the fibers of the helical components.

25 3. A structural member in accordance with claim 1, wherein the

helical components define a hollow interior substantially void of material.

4, A structural member in accordance with claim 1, wherein the

helical components define openings there between.
30



25 3. A structural nenber in accordance with claim1l, wherein the helical
conponents define a hollow interior substantially void of material. 4. A
structura¥onyni’es in accordance with claim 1, wherein thePChEkIzb36
conponent s defi ne openings there between. 30 WD 02/ 10535 PCT/ US01/ 23636 50
5. A structural nmenber in accordance with claim11, wherein helical
conponents define an imaginary tubul ar neer of square cross section. 6. A
structural menber in_accordance with claim1l, further 5 conprising: a) at

| east two, spaced apart, Adtmctwlmednibeain asomlanenyith clath d¢ivlereint leeliasid

rotated with re t at. | east hel i cal conponents and at | east
one reverse hel ?@ﬁaﬁn(?%‘?r%ﬁﬁ%‘}l% tlag m %e(rio YNASEIPSSaetom.

| ongi tudi nal axis, 10 2) a conmmon angul ar orientation about the rotated

| ongi tudi nal axis, and 3) at |east four elongate, straight segnents rigidly
connected end to enddin aAtsthétusl neoifer guacabidancefwititlain a, Rirthed e,
substantiglly cogi)p ete rotation about the rotated axis; and 15 b) at |east
one rotated reverSE S i cal conponent, attached to and rotated with

respect to the at |east tyg:Rakical @ﬂﬁn | east one_ . reverse
hel i cal conponent, havi ng%l) a coh‘sr%géﬂr) tatfe t%ﬂ%ﬁ%b@%ﬁ%‘?ﬁe i %ttf\ﬁﬁet t he
at least two rot ated ahéroteta withmesprenioshe 20ed) tvasTheliRBOSI shrdAd Uhd bt

orientation with respect to the two rotated helical conponents, and 3) at
| east four el ongat e,slg%SEP’é‘?@HFrsggﬁlﬁh?@npqrtjnﬁﬁ%hlw@mct ed end to end in a

hel i cal configuration formng j le% nti.ally. conplete rotation
about the axis. 25 7. A structlgraz({oaﬁheﬁbrg}a%l n é@é‘b‘#’%ﬁ%@ with claimb®,

wher ei n the 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

15 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) 2 common rotated longitudinal axis with the at least two

rotated helical components,

20 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.
25

7. A structural member in accordance with claim 6, wherein the

longitudinal axis and the rotated longitudinal axis are concentric, and the

segments of the helical components form an imaginary tubular member having a
cross section of an eight-pointed star.
30



| ongi tudi nal axis and the rotated |ongitudinal axis are concentric, and the
segnents of the helical conponents forman inmaginary tubular nmenber having
a crossweorisss of an ei ght-pointed star. 30 WO 02/ 10535P@€TUAIR383623636
51 8. A structural nenber in accordance with claim®6, wherein the

| ongi tudi nal axis and the rotated |ongitudinal axis are concentric, and the
segnents form an i magi nary tubul ar nenber Having a cross section of two
squares having a common | ongitudinal axis, but with one square rotated with
5 respect to the oth&r. 9A shrusturalgnembxdr imasebatancewith chaimdpwhensirt thecl ai m 1,

further conprising: ; nd plate, atfached at an end of the helical
conponents, to fdfgg% l?@c ! aﬁ@t %W@S‘H"B@‘r‘r‘ﬂfgﬂgﬁiﬂas aﬁ%c%ﬂqﬁ‘éraﬂﬂﬁ%ct. 10. A
structural menbsdenichtsAfoaA" bt i i . i.cal
conponent s have cg(I)ﬂnti nu_ougg??ggﬁ%i‘gtgﬁﬂéﬁiﬂg&rgﬁ@ﬁgﬁg?%%sEgﬁtwg%glrtl‘ggpl ate is
attached by wi ngjuatpsthiaeing ereommmuisngitudimed axiof buft iy orrsquard réthed enth pl at e.
15 11. A gtructural qﬁ?e in accordance with claim9, wherein the end

pl ate includes %?S%%FFE 83 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. 20 12. A structural nenber in accordance

with claim1, wherei9 theAsguttosl neatpeeicatsrdandd wiglgoRih 3, fidher a repeating
pattern of triangles.and tetrahedrons; and further conprising: a connector,
attached to t he®*WHTSC® conmponents and segnents, to 25 attach other

objects to the helical c he ..connect or bei ng

el ongat ed and having a sﬁag}s)t aﬁt%tg’lﬁ@gl%e??ag%gﬁg(gﬁ&g?‘8%%‘1?0%183?1}68?‘7&° shape,
the conné@tor ext enditagh therteligil campbaass totanethef objb&. triangles forned by
t he helical conponents and segnents.

10. A structural member in accordance with claim 9, 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.

15

11. A structural member in accordance with claim 9, 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.
20

12. A structural member in accordance with claim 1,
wherein the helical components and segments form a repeating
pattern of triangles and tetrahedrons; and further comprising:
a connector, attached to the helical components and segments, to
25 attach other objects to the helical components and segments, the
connector being elongated and having a substantially triangular, cross
sectional shape, the connector extending through at least two of the
triangles formed by the helical components and segments.
30 13. A structural member in accordance with claim 1, wherein the axes

are vertically oriented, a lower end is attached to a support surface, and an upper



30 13. A structural nenber in accordance with claim11, wherein the axes
are vertically oriented, a lower end is attached to a support surface, and
an upper Waon5390535 PCT/ US01/ 23636 52 end is | ocated abpewuUshi23bmmwer end;
and further including another object attached to the upper end sel ected
fromthe group consisting of. a sign placayd with indicia; a horizontal
utility nmenber configured to hold utility 33 nes; a light source. 5 14. A
structural nenber, conprjising: a) at |east two,. sipaced apart, helical

conponent s eacheihisilpgpted above thedmwerendosrs] fuidipmiarluditiggnothr ebiess tteshedngul ar

seqment s i gr di i 6 ek ndiseROEn o e TP Rour e fF SR woadul on f or m ng
a single, substrmlitiaail ﬂdﬁz@ﬁﬁDhﬂﬁth’iéﬁib’& t&Tigabsub HoltPutdlity Sined?) 1i3ht doBAR!t one
reverse helical conponent, attached to the at |east twbo helical

conponents, having: 1) a conmmon |longitudinal axis with the at |east two

hel i cal 5 conponent g, 2), an 0sSi anqul ar orientation with respect to
the two k%lelical con{l)%nenf‘ss,%mﬁﬁlgﬁﬁe@%r’lc WYSH8ur el ongate, straight

segnents rigidly connect graiaag: iwd, §hied Bpat, RBlidaf BbmpsHEhis@bRhAvaEE:f Or M ng a
single, 20 substanti all yg}(::i%rrpl ete ?%?atiﬁ%n abo&t th}g axlltss; cﬁ‘ @Eg | east
two, spaced apart, rotated hel iratomoopbmegibdipalatdigched to and rot ated

with respect to the at |east tﬁf hel i cal C(frrponent,s a&g t | east one
reverse helical conmponent, each hERRER angular otiGHAYAN AR s ¥ AR t udi nal

axis, 25 2) a common angul ar ofy £3tRt icAPe18R &%ﬁ-ﬁe -k 90gi tudi nal
axis, and 3) at |east four el on)gate, s??r%i g%#’ssggﬁed}t:]t rlﬁ%inf:l(gy connect ed
end to edl in a helical cowhiged etd orenflon ahelicahcaifigytsion forhiag aningh, | y

conplete rotati on about the rotated axis; and .
P substantia {y comp)iete 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
15 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,
20 substantially complete rotation about the axis;
¢) 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,
25 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



WO 02/ 10535 PCT/ USO01/ 23636 53 d) at |east one rotated reverse helical
conponent, attached to and rotated with respect to the at |east two

hel i cal ovopunset s and at | east one reverse helical conppaPEB)1/33636 Ng: 1)
a common rotated longitudinal axis with the at least two 5 rotated helical
conponents, 2) an opposing angular orientation with respect to the two
rotated helical conponents, and 3) at | eas® four el ongat e, straight
segnents rigidly connected end to end in a helical configuration formng a
single, 10 substanti al | ydcigssicne rotetedrevsrsedisbioal componsitsattagiied toand

structural nenber i ce with claim 14, rein the |ongitudinal
axis and the rotate °fag§‘g‘?” ﬁ? Sﬁ%ﬁ“% eé'l{ %Pg%&g%ﬁ%ﬁ,ﬂ?@?o%ﬁlgﬂ ot %g&%nts of
the helical conponentserk®hdlicalconiR@bitahiavingibul ar nenber havi.ng a 15 cross
section of an eight-pointed star. 16. A structural nenber in accordance

with claim14, wherein the | ohgicondnonaiotated longitutlindl exisotitt id at leagitvoadi nal
axis are goncentric, and f ) nts forman i magi nary tubul ar nenber
havi ng a %ross section ofrop\i%ﬂfggg‘éﬂﬁﬁp@ée%vi ng a comon | ongitudinal axis,

but with one square rotated wihp oﬁﬁ@ﬂ%&ngb&r%ﬁ@nt%ﬂgfvith specttSHeYhur al

menber, conprising: a) at |east two, spaced apart I cal “conponent's each
having: 25 1) a common |rotatfdthglical ebmamnesits, 2dd a conmon angul ar ori ent ati on
about the axis, and 3) at Iea3§t 1thrﬁe el ongate, straight segnments rigidly
connected end to end in a hel i%2&t g igyr ficosiraight sggmenisggidbne rever se

hel i cal conponent, attac Qggngcgédtegg t@é‘}é %ﬁglig%%%lﬁ@?@%ﬁ fOEJaﬂ.inC,%gé}nB lggge nts,

havi ng: WO 02/ 10535 PCT/ US01/ 2363 ongi Ps with
the at I¥hst two helical substantially complete rotation about the axis.

15. A structural member in accordance with claim 14, wherein the
longitudinal axis and the rotated longitudinal axis are concentric, and the

segments of the helical components form an imaginary tubular member having a

15 cross section of an eight-pointed star.

16. A structural member in accordance with claim 14, 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

20 squares having a common longitudinal axis, but with one square rotated with

respect to the other.

17. A structural member, comprising:
a) at least two, spaced apart, helical components each having:
25 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

30 two helical components, having:



conponents, 2) an opposing angular orientation with respect to the two

hel i cal conponents, and 5 3) at | east three el ongate, straight segnents
rigidly wonnmess®d end to end in a helical configuration;Ppa@ndsSel)23sise at

| east one reverse helical conponent formng an angle with respect to the
at least two helical conponents greater than 60 degrees. 10 18. A
structural member in accordance with clai m#7, wherein the at |east one
reverse helical conponent forms an angle with respect to the at |east two
hel i cal conmponents greater thah apprwen langghdingmxdeyitl dw.at 1@st tivodtelivalt ur al
menber in accordance with claim17, wherein each 15 helical conponent

i ncl udes at |east four el§ I,ltsstrai ght segnents rigidly connected end
to end in a helical configurat»om dPbsth i : t Lal | npl ete
rotation about the axis. 20. A):‘Jdlheﬁbl egg?g‘dﬁdﬁ%‘ﬁhﬁgmr’?%%ﬁn%ﬁ{%ﬁﬁ: 20
a) at |east two, spaced aledical comglonents, andnponents each having: 1) a common
| ongi tudi pal axis, 2) a commp angul orientation about the axis, and 3)
at least three el ongate, strai eeongals; sirajeht segpavs @gidbnd to end in

a helical configuration; : | i cal, component,
attached to the at | east "?"?\’A’g‘)t%ﬁ‘%dctg?ﬁ%é’?rggﬁliﬁrgﬁy‘ﬁ%&@:ﬁﬁgf?ﬁ’% a common
| ongi tudinal axis with the tht atllemsondreversehélival congsupaTehig a8 hndle vARPOSI Ng
angul ar orientation with reﬁge(it to the two 30 helical conponentfs, and WO
02/ 10535 PCT/ US01/ 2365t igghegt legst twojaglicahgampanrpts gesater thanrtdidgsteesegnent s
connected end to end in a helical configuration; and c) the helical
menbers being laterally flexible, and are bendabl e between:

10 18. A structural member in accordance with claim 17, wherein the at

least one reverse helical component forms an angle with respect to the at least

two helical components greater than approximately 75 degrees.

19. A structural member in accordance with claim 17, wherein each
15 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.

20. A flexible structural member, comprising:

20 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;
25

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

30 helical components, and



5 1) a first, straight position in which the axes are substantially
straight; and 2) a second, arcuate position in which the axes are

subst ant ived by1@stuate. 10 21. A structural nenber in accopPdmUS@®/28636h cl ai m
20, wherein the helical nenbers store energy in the second, arcuate
position. 22. A structural nenber in accordance with claim 20, wherein the
hel i cal nembers are rotationally rigid ab®dt the |ongitudinal axes. 15 23.
An arcuate structural nmenber, conprising: a) at |east two, spaced apart,
hel i cal conponents each havi ng3) atlgasttheesratengate; streaglhe segrients @nnacted embn

angul ar orientation about the.axis,. and .20 3) at |east three el ongate,
strai ght segments rigidly©% gr\?léb’?ré‘ﬁ&g?fgl&%atl;ﬁdar% a helical configuration;
and b) at |east one reveré)@th@ﬁéﬂc%ﬁﬁleﬁfaem@ﬁ@tlateéh FeRfptk, bhd bapi£ast

two helical components, having: 1) a conmon ar cua?e axis w %‘%Ebteﬁe at | east
two helical 25 conpbgtestrs, 2) an opposing angular orientation with respect
to the t hel i cal conponents, apd 3) at |east three elongate, straight
segnent sV\gi gidly connected enH &Sk staight pesHioniip Mhichdhe A¥asrase i on. 30 WO

02/ 10535 PCT/ US01/ 23636 B steftial t.ugal nenmber in accordance with
claim 23, wherein the ar cu%telaa@esg‘ta%ﬁg a%:ilﬁr cular. 25. A structural nenber

in accordance with claim 23, vl)ersetondachatepokicibh bbwhichiRoneRhrd ncl udes at
| east four elongate, straight s?gmants rigidly connected end to end in a
helical configuration forfPsigntiellyiaggpate. substantially conplete rotation
about the axis.

10 21. A structural member in accordance with claim 20, wherein the

helical members store energy in the second, arcuate position.

22. A structural member in accordance with claim 20, wherein the
helical members are rotationally rigid about the longitudinal axes.
15
23.  Anarcuate 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
20 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 arcuate axis with the at least two helical
25 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.
30



26. A structural menber in accordance with claim 23, wherein the 10
arcuate axes include a first curvature, and a different second curvature.
27. A tapeobngs3iructural menber, conprising: a) at |eastPCWISOIEBamed
apart, helical conponents each having: 1) a common |ongitudinal axis, 15
2) a common angul ar orientation about the axis, and 3) at |least three
el ongate, straight segnents rigidly connébted end to end in a helical
configuration;, and b) at |east one reverse helical conponent, attached to
the at least two hetd cal Asbrgiuradmembenindcagrdane wifh elawo Adowhdreinghe udi nal
axis with the .helical conponents, 2) an opposing angul ar
orientation w f‘zﬁ]rcéagg%éeg:a\!%’%mtu “two helical conmponents, and 3) at |east
three el ongate, straight segnents rigidly 25 connected end to end in a
helical configuration;, and c) the segnents of each helical conponent
sequential |y reduci md-i n Alsengiutal meu‘%gr ntescendaestitthelsina? 3, twierah eagtt ur al
menber tapers. 1%% al’% structturil megper fl naezccordanc with claim?27, wherein
each 30 heli cal & SBREAT inclidss &k east fow slongpis, siraighy segments Heidly ght
segrment s ri gi dl aonM€t&QPénlQ63Rd B @%ﬁ% rﬁﬂ‘ﬁ? : dina
helical configuration fo??n’ ﬁ% I?é?ﬁg}lée&l u gﬂﬁ%l a ?&Bg%h%ﬁgt[aé&a}l tation
about the axi s.coppletargatisinaboutthetaeis, conprising: 5 a) at | east two, spaced
apart, helical conponents each having: at |east three segnents connected
end to end in a helical configuration; and b) at |east one reverse helical
conponent, attached Jigo t rgplg J havj,ng: 10 at
| east three segnent s%congg%éd en Eltngéegﬁéglgdﬁh%ﬁ gﬁﬁgﬁ&%%‘eﬁﬂ? ion; and
10 arcuate axes include a first curvature, and a different second curvature.

27. A tapering structural member, comprising;
a) at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
15 ~ 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:

20 1) a common longitudinal axis with the at least two helical

components,

2) an opposing angular orientation with respéct to the two
helical components, and
3) at least three elongate, straight segments rigidly
25 connected end to end in a helical configuration; and
c) the segments of each helical component sequentially reducing in

length along the axes such that the structural member tapers.

28. A structural member in accordance with claim 27, wherein each

30 helical component includes at least four elongate, straight segments rigidly



c) the helical conponents including fiber and being flexible and

col lapsible until inpregnated with a resin matrix. 15 30. A preform nenber
in accor demor1083 h cl aim 29, wherein the helical conmponeRCEHUSHE36HE a
plurality of strands of fiber bound together. 31. A bicycle frane,
conprising: a) a handl ebar |ocation configured to attach to a handl ebar and
20 front fork; b) a seat location configuréd to attach to a seat; c) a
peddl e | ocation configured to be attached to a peddle assenbly; d) a rear
wheel |ocation cionpecies e tpendin abelineheanfigoration deming e eingle, 2bswhtially

plurality of ne [ each extendi ng. to and between at |east one of the
handl ebar, seat %%@Z%?é&atéw)ﬁ%g&e\ﬂggel | ocations; and f) at |east one of
the nenbers including: 1) at |east two, spaced apart, helical conponents
each having: 30 i) a common |ongitudinal axis, and WD 02/ 10535

PCT/ US01/ 23636 58 ii29. at A pudornf membet, oogptiging:st r ai ght segnents rigidly

connect ed fnd toend in a Se“ﬁcal configuration formng a single,
substantial |y conpl ete rot’Aft GASLABBLPeNPast; helical rgmponents eachheyvinghe

reverse helical conponent, attaghgg t}]geglg%?ﬁs coﬁmg&g(?%n(g ﬁengﬁﬁ%%@fi%alt "o

conponents, having: i) a conmon longitu axis w eas
hel i cal conponents, and iicpnfgurht@stand our el ongate, strai ght segnents

rigidly connected end to,end in a helical configuration formng a 10
singl e, substantially conﬁ’Séﬂéa#i&PaquéﬁeaM cempongh, @ttached o themb bgbing

angul ar orientation. \32h.fDeGhEben '

Fsr gmn%n accordance with claim 31,
wherein each helical conponent™inc tdes &t |east four elongate, straight
segnents ¥ gidly connected 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.

15 30. A preform member in accordance with claim 29, wherein the

helical components include a plurality of strands of fiber bound together.

31. A bicycle frame, comprising:
a) a handlebar location configured to attach to a handlebar and
20 front fork;
b) a seat location configured to attach to a seat;
¢) a peddle location configured to be attached to a peddle

assembly;

d) a rear wheel location configured to be attached to a rear wheel;
25 e) a plurality of members, each extending to and between at least
one of the handlebar, seat, peddle, and rear wheel locations; and
f) at least one of the members including:
1) at least two, spaced apart, helical components each
having:

30 1) a common longitudinal axis, and



15 end to end in a helical configuration formng a single, substantially
conplete rotation about the axis. 33. A nethod for formng a structural
menber, oVOPYiEBsBHg the steps of 20 a) providing a nmandr ePCTOROMI3&WPI Ng a
fiber around the mandrel in order to create at |least two helical
conponents, each conponent having at |east four elongated, straight
segnents, the at |east two helical corrponerﬁtgs havi ng a common | ongi t udi nal
axis, a common angul ar orientation about the axis, and 25 formi ng a single,
substantially conplete rotation aboul) & feastionslopgateustipightigpgmentsiigidlar ound

the mandrel in order to create at |least ..one.reverse helical.c anent
having at |east four elongate, %Wgﬁgcﬁ?ndt&%%mgeﬁﬁfw 1gyralig g a

| ongi tudinal axis with the at |gase, sbRafiRllyeaplGORRANRHHSut tblxik hnan
opposi ng angul ar orientation, and formng a single, 30 substantially

conpl ete rotation about the axiZ)at et cuddévegsezheltealrdompterttywtathdden theatd WO
02/ 10535 PgJT/ US01/ 23636 S%PFS}‘@CH&]% ngct he rgat'fsrlllx. 34. A nmethod in
accordance’with clai m 33, P ACHRECURRNCEE: MYINEi di ng a mandrel furt her

includes: 5 providing a nmandrel haViiﬂgc@iﬂnﬁhqwﬁgﬁﬁa‘P%&@wﬁQﬂeﬁl@ésh'f\ﬁclei ty

of heads disposed longitudinally and radially about the core, eac ad
configured to receive and hol d Kelib&rcohponeatts,lardst two, opposi ng heli cal

conmponents, and including four angled ipdentations, tw angled .
i ndentati ons for each heli cal corrporfgrﬂ.{leai ogelongals stizight syements rigidite with

claim33, further comprising t N@nilft enfio hARPI Allicl {dfSlcaftb Mtnfind £NOL

of the mandrel in order to create at |east one longitu conporten
parallel Wth the |ongitudinal singhs substahtiallpconplets wotaitioa abowphedxipinami di ng

a mandrel further includes: . . .
opposing angular orientation.

32.  Abicycle frame in accordance with claim 31, wherein each helical
component includes at least four elongate, straight segments rigidly connected
15 end to end in a helical configuration forming a single, substantially complete

rotation about the axis.

33. A method for forming a structural member, comprising the steps
of:
20 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

25 forming a single, substantially complete rotation about the axis;

c) 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 longitudinal axis with the at least two helical
components, but in an opposing angular orientation, and forming a single,

30 substantially complete rotation about the axis;

d) adding a matrix to the fiber; and



provi ding a mandrel having an elongated core, and a plurality of heads

di sposed longitudinally and radially about the core, each head configured
to recei weoanskdl d fi ber for at | east two, opposing heliepal/uSc@spssnent s
and at | east one |ongitudinal conponent, and including at 20 | east six

i ndentations, including two angl ed indentations for each helical conponent
and two indentations for the |ongitudinal nponent. 36. A nethod in
accordance with claim 33, wherein the step of providing a mandrel further

i ncl udes providing a col | apsudngtheanatiel having: 25 a) an el ongat ed,

hol | ow tube including a plurality of holes, b) an el ongated core, renovably
di sposed within the tube, ¢c) a plurality of inserts, renovably disposed

between the core and st he 4 b iulddfafolith dih¥%a0hnf)AlShe s} of PLUTalltY

of pins, renovably disposéd I'n the Serts, and
e) a plurality pfovidiaga netinglpsd $igrchepincludes:pi ns; and WO 02/ 10535

PCT/ US01/ 23636 60 further including the steps of: a) renmoving the core
fromthe tube after curin@OVi§ing pawpdichhaingan ploagated ¢oreand paharelity;ofc)

di spl aci ng the pins i 2 fube: .5 d) reppving the
tube; and e) reaningg%ﬁgﬂﬁggggéﬂaggﬁwkyéﬁ?F??%BﬁgﬁgﬁhBS r??ﬂﬁ'%Pa) an
el ongat ed menber, veconfigirédtoaedeivi d holtbfibetForat/l@RbIvd)dppdting Heficax1 s and
upper and | ower ends, and being fornmed of 1) at |east two, spaced apart,

helical conponents e&emPongs gl inpldmsdowrangledrindinsations,itwntaagiedn about t he
igidl Ed'lgﬁ'nniﬁ't cu oiefbhe foPbock WG4 c8batl Sur at 1 on formng a
35. A method in accordance with claim 33, further comprising the step
of:
wrapping a fiber along a length of the mandrel in order to create at
least one longitudinal component parallel with the longitudinal axes; and
15 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
20 least six indentations, including two angled indentations for each helical

component and two indentations for the longitudinal component.

36. A method in accordance with claim 33, wherein the step of
providing a mandrel further includes providing a collapsible mandrel having:
25 a) an elongated, hollow tube including a plurality of holes,
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
30 and inserts, and

e) a plurality of heads disposed on the pins; and



single, substantially conplete rotation about the axis; and 2) at |east
one reverse helical conponent, attached to the at |east two helical
conponentvQ otransdhig: 20 i) an opposi ng angul ar ori ent ati onP@rAROYBsPect to
the two helical components, and ii) at |east four elongate, straight
segnents rigidly connected end to end in a helical configuration formng a
single, substantially conplete rotation abdut the axis; 25 b) an end pl ate,
attached to the |ower end of the el ongated menber, configured to attach
the | ower end offurthes indleshegthedtepeaber to a support surface; and c) an arm

attached to the el ongated nber near the upper. end and extending
general |y horizontally, CSEEP@YP%E?SorﬁBTW &fétﬂ‘}?q eyeyings 30 WO 02/ 10535

PCT/ US01/ 23636 61 38. A B?}felrﬂévﬁl%‘}%%sieﬁs ﬁg&qﬁflg&%e with claim37, wherein
the elongated nenber further includes: a) at [east two, spaced apart,

rotated helical conponent s)displeciopthe pinsotheough itied ladleintl th tubespect to the at
| east two_.helical conponents and ag %el east one reverse helical conponent,
each havi Rg: 1) a conmon PbEeg¥gtBeaibeydidhal axis, 2) a cormon angul ar
orientation about the rot i t.hal axis, and 3) at |east four

el ongate, straight segrrent@)}sl%{r;llogilngqgé&%qck:'onnect ed end to end in a helical
configuration formng a single, substantially conplete rotation about the
rotated axis; and b) _at | asé'i one rotated reverse helical conponent,
attached to and rot é?'ed Wty pelpecomprisinghe at | east two hel i cal

omon 1ot at ed 1 ongi tadi ol sy e anctfs i RTRPRRR v B el
conmponentl§, axis and upper and lower ends, and being formed of*

1) at least two, spaced apart, helical components each

having:
1) a common angular orientation about the
longitudinal axis, and
15 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; and

2) at least one reverse helical component, attached to the at

least two helical components, having:

20 1) 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;

25 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.
30



2) an opposing angular orientation with respect to the two rotated helical
conponents, and 3) at |east four elongate, straight segnents rigidly 20
connect eavenzi1ases end in a helical configuration form ng aPET/HgH1E23636
substantially conplete rotation about the axis. 39. A utility pole in
accordance with claim 37, wherein the segnents of each helical conponent
sequentially reduce in length along the ax8k such that 25 the structural
menber tapers. 40. A sign post, conprising: a) an el ongated nenber,
vertically oriented, 3avi d’guﬁh‘b’@ﬂ{ﬁ inageardance asithsclzinB 1y pyhereim Ht dlangatedends,

and being forne X 1) .at | east two, spaced apart, helical conponents
each having: @@@Wﬁggﬁ% 301/ 23636 62 i) a comon angul ar
orientation about the | onghf st A, BAéed-apatdolated lﬁiicz%]l%@ oh&H§ a?h&{égat <,
strai ght segnents rigidl connected end Po end in a helical cdnfiguration

forming a 5 single, teaigbiotaied withyespectpd diemt taastatviodeliedi @ompbhentaxidsat and 2)
?.nent, attacheﬁ to the at |east two

at | east e reverse he{ical cogﬁa
helical conponents, & M- reY§elieligalfomnogeningAsh BAViBRi ent ation with respect

to the two helical conponents;y2B8msfnirbhidl el ongate, straight
segnents rigidly connected end)to e‘:\r%nirn a h%+§@§fﬂa¥:%ﬁ§’i guration formng a

single, substantially conpl et e2yataninon aapaat oridneatidniaboutithe natedd pl at e,
attached to the | ower end of.tgle el ongated nenber, configured to attach
the |ower end of the el onlfRelHIREAYS: 20 2 15 support surface: and c) a

P O L2 5 RIS A sy o o
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:
15 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

20 connected end to end in a helical configuration forming a single,

substantially complete rotation about the axis.

39. A utility pole in accordance with claim 37, wherein the segments

of each helical component sequentially reduce in length along the axes such that

25 the structural member tapers.

40. A sign post, comprising;
a) an elongated member, vertically oriented, having a longitudinal
axis and upper and lower ends, and being formed of:

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



menber further includes: 20 a) at |east two, spaced apart, rotated helical
conponents, attached to and rotated with respect to the at |east two
hel i cal ovopounset s and at | east one reverse helical conpPaBEUS)1/Baish
having: 1) a conmon rotated |ongitudinal axis, 2) a common angul ar
orientation about the rotated 25 |ongitudinal axis, and 3) at |east four
el ongate, straight segnments rigidly conneé®ted end to end in a helical
configuration formng a single, substantially conplete rotation about the
rotated axis; and b) at |east one r oxatasmergrgudar onighiatiah abatfienent ,
attached to and 30 rotated wth rtegi%egqt .to &he at least two helical
conponents and at |east one r e YR IRANL AN conponent, having: WD 02/ 10535
PCT/ US01/ 23636 63 1) a common rot ajgg: e G- YbinBak, @otlight Wddkedtd\8cialy | east
two rotated helical conmponents, 2) an opposing angul ar- orient atl%n W th
respect to the two rotated hekowemrtedengtnendtis a hehichl sofigatiorefoshingaur
el ongate,tsstrai ght segnents ri gljg y conn’(;al t ed pind to.end in_a helical

) u

configurafion formng a singl e N8E,Hbsaptially qomplepptation shoupthesisapslt t he
is. 42. A si i i i i sing: 10
axi s sign post In accor QP&Q@as%%é}e%@é hggltcé?tx)td{?tnléﬁtr aftftHPd gﬁhggt the

a) an arcuate nenber having a first end attache e upper en

el ongat ed nenber, and al skastebhdliced cothpoments, badhg:t wo, spaced apart,

hel i cal conmponents each having: i).a conmpn arcuate axis, 15 ii) a conmon
angul ar orientation about the axis,! 28/98P9sing angular erentation with ssppjde e,

strai ght segnents rigidly conﬂﬁq;vgqileg&qlc&gp&{égtsi M@ helical configuration;
and ’

10 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;

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
15 support surface; and

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

41.  Asign post in accordance with claim 40, wherein the elongated
member further includes:
20 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
25 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

30 rotated with respect to the at least two helical components and at least one

reverse helical component, having:



2) at |east one reverse helical conponent, attached to the at 20 |east two
hel i cal conponents, having: i) a commbn arcuate axis wth the at | east two
hel i cal owopounsets, ii) an opposi ng angul ar orientati on wChUs@ssesst to

the two helical conponents, and 25 iii) at |east three elongate, straight
segnents rigidly connected end to end in a helical configuration; and b)
the sign is coupled to the arcuate member .63 43. A structural menber,
conprising: 30 a) at |east two, spaced apart, helical conponents each
having: 1) a conmon | ongit udi Ak cemmen ryigied dongindmabais wSbthegddest tvey 2) a
common angul ar orientation ta%g%%.trl\e axi S and 3) four elongate, straight
segnents rigidly connected®8d tical gorgPoMhis: hel i cal configuration formng a
single, substantially conplet j 3 IWSiy | east
one reverse helical corrponent,Qg?lt?g%dgg@tagg?ﬁ%o%t tg}gsv?thﬁgecﬁteﬁq%wcalo
conponents, having: 1) a coatedhelicahgomhpatients| arski s with the at |east two

hel i cal onponents, 2) an oppgsi ular orientation with respect to the
two 10 heélical conponents, angfétglg?sg SﬁBﬁ@t&tséﬁalgglﬁﬁms%%é%nts rigidly
connected end to end in gohRkicahd &P&Hd iBYRIER ok Q5T ArfindY $nol
substantially conplete rotati gn about tlﬁe aé?s. Oﬁé%MAﬁstrn (%turga?’ menber
in accordance with clai m 4@stdntinijrevmpletonptation steput e axts. | east two, spaced
apart, rotated helical conponents, attached to and rotated with respect to

the at |least two helical conmponents and at |east one reverse helical
conponent, each havi pg:

A sign post in accordance with claim 40, further comprising:
10 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;:
1) a common arcuate axis,
15 ii) a common angular orientation about the axis,
and
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
20 least two helical components, having:
1) a common arcuate axis with the at least two
helical components,
ii) an opposing angular orientation with respect to
the two helical components, and '
25 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.

43, A structural member, comprising:
30 a) at least two, spaced apart, helical componeats each having:

1) a common longitudinal axis,



20 1) a common rotated |ongitudinal axis, 2) a common angul ar orientation
about the rotated |ongitudinal axis, and 3) four el ongate, straight
segnent s wo g/disgs connected end to end in a helical confiBarasei@seicor mi ng a
single, substantially 25 conplete rotation about the rotated axis; and b)
at | east one rotated reverse helical conponent, attached to and rotated
wWth respect to the at | east two helical céf’rponents and at | east one
reverse helical conponent, having: 1) a conmon rotated | ongitudinal axis
with the at least two 30 rotatdd degimampingutarpoiaetation abobt i2/ak (536

PCT/ US01/ 23636 65 2) an opposi angul af ori.entation with respect to the
two rotated helical conponent s‘{} %‘Hoe?%ga{eoﬁfa@l‘téﬁ@&?’@ nigidlneopnected eirbio s

rigidly connected end to enddn bRelcal8di oAb t| ' singl e,
substantially 5 conplete rotation about hae a%@ﬂéﬁghﬁ%’éﬁsﬁgpgk@l menber,
conprising: a) at |east twompigerdationmhount thbekispald conponents each havi ng:
1) a commop | ongi tudi nal i 0. 2) a comyon angul ar orientation about the
axis, and 3) five el ongat ’ceb)j ai??ii"ﬁﬁ%‘@@ﬁ%&?@C‘P’iﬂai)léﬁnﬁ atiachedde the ablmdstt o end
in a helical confi gumbih@ncdjeérﬁi,mn@ fiAgl.e, substantially conplete
rotation about the axis; and b) at |east One reverse helical conponent,

attached to the at least 15 twpahehimallongiudbnentis withaNé Measliw@haREon
| ongi tudinal axis with the at | east two helical conponents, 2) an opposing
angul ar orientation with F%@B@?ﬁnsto the two helical conponents, and 20 3)

five elongate, 'straight segmenbsaf bgoding aﬁgtﬂQlec?rtie%qat%?ldwﬁhorespect to the two

10 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.

15 44, A structural member in accordance with claim 43, 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:

20 1) a common rotated longjtudinal 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

25 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

30 rotated helical components,



end in a helical configuration form ng a single, substantially conplete

rotation about the axis.
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2) an opposing angular orientation with respect to the two
rotated helical components, and

3) four elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially

5 complete rotation about the axis.

45. A structural member, comprising:
a) at least two, spaced apart, helical components each having:
1) a common longitudinal axis,
10 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; and
b) at least one reverse helical component, attached to the at least
15 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
20 3) five elongate, straight segments rigidly connected end to
end in a helical configuration forming a single, substantially

complete rotation about the axis.



