WO 2011/ 087732PCT/ US2010/ 061183 | MPROVED DESI GNS FOR TURBI NE ASSEMBLI ES
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates generally
to turbi rwoassashiszes useful for harnessing wi nd and hy®CoRiSp@vioc1i8her gy.
More particularly, the present invention relates to inproved 5turbine
assenbl i es, which are easy to assenble and service and used for wi nd and

hydr oki ngq Mpngw%mgjﬁgtpéﬁsrd tl‘AggﬁMéLﬁfg)ws a conventi onal

turbi ne asse generatin ener gy Assenbly 10 i ncl udes

a s'ngleBR'Fﬁﬁo %ﬁﬁﬁgﬁﬁ%PT k,the radlal armand blade 12 with a bolted
u a

connecti on I's mounted on a | ongitudi nal shaft 16. Wnd
acts upon the bl ade and 10causes themto nove, generating electricity.
[ 0003] Uni¥0d Linatléf presanhmvedivn eglttcograbratly igivpéncasseaptibsussiut fos haméssiomn sever al

dr aWbaCk%v cﬁ)ﬁ Xroﬁl‘}le&‘ ’J%BGMD e'b%h al‘lQth;?IQ%/ Fi{‘ﬁlbé?{?l%h rHERL N RSSEDl T es i s

a |long and’ ar us tas ecifica i ns

si ngl é- pitebige bisadbiwamhldadﬁ adsy&o deelslﬁ gml feoviee dnd tusad§01awmr1rcmd bwhalumiting t ask.
As anothe&ﬂexanﬂaﬁ such an installation requires specialized equi pnent.
15[0004]55 %%$?ano er exanpl e, shipping of the conventional single-piece
design is also difficult because the parts are | arge, odd-shaped, and

di f fi cul {0002] pa@i@gel glows e comgetidngl turtier dstrarthp FEysed (e gewerating voohglesgy. nat ur e
of construc NP C entio 25| S t; pi eces
s i gh. AoriRCH lebiR PRI R Thh iR Gy Bhal PELRREIRRL Bl 000
mat eri al coltrlettl(mad) hbnb ﬂ4J$altls) rrfoantbcgmm lomgitei$nal ﬂﬁft[l@OWﬁidMastupbls thee béde bt e

needﬁg an %qgrove n§‘q§bhod of assenbling a turbine assenbly
whi ¢ doggmﬁb ¢ d?@8w3? 1?%8 F'aWbacks encountered by conventi onal
desi gns. SUMVARY OF THE | NVENTI ON [0006] I n view of the foregoing, this

i nventi of0098bvi desormowtely, mys®@ml®auuMehs®mbi}muffers fronasemeskdragbaskn Byand
hydroklnetlc ene roved.turbin

SS | ich are
2 5easy t & 582 X ngllpﬁ:ymst&fhn% COHVGHIP n[alotﬁ assemb?les 13 a?ontg E%(fl ﬁ%uoég%sg t invention
pr ovi des Spedifitrably,nigstalllipea stmg”lebpllaee bladd- zuﬂaﬁdlaléarﬁn d@sign to a hub is a time-consuming

task. As another example, such an installation requires specialized equipment.

15 [0004] As yet another example, shipping of the conventional single-piece design is also
difficult because the parts are large, odd-shaped, and difficult to package close together.
Furthermore, due to the complex nature of construction of the conventional design, the cost of
replacement pieces is high. Further still, the conventional design precludes non-conventional

material utilization due to fatigue issues.

20 [0005] What is therefore needed is an improved system and method of assembling a turbine

assembly which does not suffer from the drawbacks encountered by conventional designs.
SUMMARY OF THE INVENTION

[0006] In view of the foregoing, this invention provides novel systems and methods for
harnessing wind and hydrokinetic energy with an improved turbine-assembly design which are

25  easy to assemble and service.

[0007] In one aspect, the present invention provides a turbine. The turbine includes: (i) a
shaft capable of rotation along its longitudinal axis and capable of connecting to an electrical
generator, and the shaft having disposed thereon at least one shaft hinge; (ii) a radial arm
including a first end having disposed thereon at least one first hinge; and (iii) a hinge pin that fits

30 inside a cavity formed when the at least one shaft hinge of the shaft is in an engaged position



shaft capable of rotation along its |ongitudinal axis and capabl e of
connecting to an electrical generator, and the shaft havi ng di sposed

t hereon awolemss7sre shaft hinge; (ii) a radial arminclpatiusgoi@/obiisst end
havi ng di sposed thereon at |east one Rirst hinge; and (iii) a hinge pin
that fits 30inside a cavity forned when the at | east one shaft hinge of the

shaft i switA i@ at RAGIPE GrdBiBkd bORe ral) Zehl IADB 1ie3ehREebd PSR BdDhO 6ihg8pin2 W th t he
at | east one first hij ngt?ﬁfo the radial arm and in the engaged position the

hi nge pi AeREBISQbrensstingdiradiplasy te His shali al armto the shaft. [0008]1n
certain enbodi nents of the present invention, the turbine includes a
secur i ng [0088hanils Brfalr enibdINntsi of tHRGrésbift ificAGEn, felurbine Mnchided 4 §eSuiinpsi de t he
cavity. The hinge pin is. 5 preferably a barrel -shaped body having at a
first endeshadsabioptrpoRibring e Rings Rig ver itiugingitle the satgn dhaipgen Sper t ur e
whi chsexprGshiRh 80e:1.3he@ BBIyalaviak at NErstdnAG@eRd PorBén 4daaSias bsheddth and
wherein the securing nechani smincludes a securing pin which is capabl e of

bei ng i ns¥PReeNdFBLIgHe tVhish spends gl wiemetss ot tie higee pinrt ths seqeasl o epk cavity

in the engagfOnPQShilHechdhtn SRAMES NG ARGNAN WAh MBSO HelGlikdRep Washer,
and in the engaged position, the hinge pin capable of 10 belnahpassed

t hrough tiHeughdsdipertiye frdee thethengs @i invgle therrabisy inriscegngersdphyiberg Hhe freuring
aperture ael%%%%ﬁl Jﬁfalérd;i\ﬂaﬂaé ¥ Gadhbl, gﬂd‘i‘ﬁ tﬁ@éﬁg?égg ?oéi@(ﬁl, Hid&uifde Ipﬁlséaﬁgﬂl(pgf assenbl y

which in es a cla portion and a hing tion, the clanp portion
capaliDe btingpapagyi thrpugh thh washebbéfneg teosenetizah is ansartdsl hppglc dappient. of t he
turbi ne and the hinge portion engaging with at | east one hinge di sposed at

a_second l[(ﬁmd] of THO&EAHE &AL May REE I RIAP Ia¥astetnﬂlg JNeAAR Pash Achgls S@lmshape.

15[ 0010] I'n anot her aspect, the present invention provides another turbine.
The t ur biperion ped allage patiin, ghechdipetortammpapabdd efdngaging Wiilr gtbemadornedied tosicond

end, Fhebfaﬁé’{;)cﬁah o"i]l%ﬁpoﬁhetuﬁginfe ia{iétthe ﬁﬁ&ge bfm&?@@%ﬁ Q,Fth%&%%ﬁé&ﬂﬂ L RyBsnal t
that is capa or ‘rotation a ong 1 ts T ongitu imal axis and ¢ pa%)le of
connect i agy teoorg@lrend bédt ridgd krogdneerablyr the blade hdse hebail slapar m at t he second end
has di sposed thereon at | east one second hinge; (ii) a blade that includes

or has coRiBr! et LALLhLLNE, PPl BRii R0 dndihdr o WHOGGHRL N LAt TITS
inside a cavity forned when the blade hinge is in an engaged position with
at | east izheles: Kig a salcad adn ichidmg offirstivad aaith stomlreml, thqddiaharinheg therfgsiged is
position the hin i n. capabl f nan i he . ial .armto the shaft.
Prot er anFy ATt AL sl S EORN By Mo RNTEbRRBR £ AONBbe Bl dal ERBT

t he presefitonnenviaptd oreldcuidahgmeiane, and € ralisacuni thg sevenhan wmligixfsed

i mrobi li zin thg hi nge pi.n.when. i fi@@.i si de Fhe cavjty. Pref bly, the
ninge pi 1 @nal bay P Sodihu B o)A PR TRE S bbb By AP on ane
havi ng dafngaied ati) ahisgepinthaefid isideapar ity foemydwhdn tRxbleddsng iotmnangigadet er
of the hinge pin at the second end, and \/ggq(jr ein the securing mechani sm
"ol udes PGB Rt e i ek SR ST “BeitRg M HSGHEH DRLBULN t he
aper t ur e hidae pintcBgablii sT@6nrRLing tBe tadRl gén bl WawiHryfeiably! e bROGRGAG RS ti on.
The securing mechani sm may include a

shape.

[0011] In certain embodiments, the present invention further includes a securing mechanism

25  for immobilizing the hinge pin when it fits inside the cavity. Preferably, the hinge pin is a barrel-

shaped body having at a first end a head portion and having defined at a second end an aperture

which extends along a diameter of the hinge pin at the second end, and wherein the securing

mechanism includes a securing pin which is capable of being inserted through the aperture when

the hinge pin is inside the cavity in the engaged position. The securing mechanism may include a

30  washer, and in the engaged position, the hinge pin capable of being passed through the washer

before the securing pin is inserted through the aperture.



30 washer, and in the engaged position, the hinge pin capable of being
passed t hrough the washer before the securing pin is inserted through the
apert ure.woM128172087732PCT/ US2010/ 061183 3 [ 0012] I n prefTarse@d/oen®ddi ment s
of the present invention, the blade i8 connected to the blade hinge by a
fasteni ng assenbly which includes a clanp portion and a hinge portion, the
clanp poreoien cappdlcgre@tmBRIAGIHNG e blscanGvEionghs Bl ie dordbcttd thd @g® and

t he hinge portign including a bl ade hi nge that enga es with at | east one
first hi AGSS BY &H5saiae gysembly;whith iagydesp cfamp pogiignand 3 inge BOBPRRG AHPD  t he

cl anp pobbiteR cApable oendaSigs vﬁﬁfﬂn@@&l} {cbfre@ bRIR bRAE kM BRgaFGEoNnERdhbe
bl ade, the two legs are inmmobilized using a u-shaped bolt. [00134In yet

anot her adpdehinge Rat engages withjahlpash PReorseRe dwesed b p Hfst end dhegpdiplk arpg

capabke @&m&%ﬁﬁ%&gﬂmﬁﬁg&ﬂoﬁﬁét%@ﬂ%&%Mﬂ%ﬂﬁhh@&&ﬁp@&ﬁoﬁB&&g%%%&ﬁhébﬁéi end
and a second end. The Tirst end is capable of connecting to an electrical
gener at othe tapdees A inawbiidedyitngfasshaped dist one shaft hinge 10that is

designed to connect to at |east one hinge disposed on a radial arm The

shaft maypgisg! Ugey@ a8869M5heENthetRatniiMehusigsoliiaanshatt skifngeHablast eon,

each shaft hinge connects to at | east one hinge disposed on the radial arm
The radi &tatgpnmiapgyts longjtedieal gxis prdipclades adhgl cad sbpiseonsipgd. thedirsticpdis end

i ncl udes g,biel8 LoldbAGE (A1 3EF QR Rl NG LASS eAa ARG N5 WD dRs e first
hi nge isC gpggié)o% cgﬁnec%?%g tg a%Sh%Pt%ﬁ%nge e.?cﬁﬁﬁs %art o# Jgé
conneft ethat & desigivdfie conaed Lq Hdeasiemo ezt Blsporgé on g ragligh ainl & hoshagionmeioelidrp t 0 a
bl ade i 06 YOI R i1 RAL by isnB nSORARELEAR iR onRE R GLABLYandt N
radial arm s nade from at 1eas Ne nmaterlal se ted froma group

consi st i hggoflispdsedromiimyradial bew. Tk askal acambp imcfudbe first ond dndeeeandiend, elrec ed

plastic. .[0014] 1 n. yet. anot her . aspec t.h resent i.nvention.discloses a
Fact ot ngraekChiPy S iy £ B8R Lo G R FRGR RV IRRIISE T on. ")
a hi nge pgrbleoficormpeingitd & Jhafdhedgeiwhidhhie pat g c@theped td adhafit,sand apabload of

engaging W th or being connect to. a blade and _.the hin tion is

ot o e ant ophe o adtet Sirde RPRES Anap e EaE Wik or o ¢ adi
alr m  The pfaahani tﬁk?raai&&ﬁﬁitlb Mllaﬂ@.ﬁtora lasRasi bad m&l@ﬁ%_sfl_e(SéthH alflup ﬁoﬂ.\ﬂfbﬁhﬁ bn tCI he
cla ortion includes two |l egs that are i ilized using the u-shape
boIPP FOG@%TWH@&@’Wgﬁ%ﬂﬁgpnégg%eﬁ}“?ﬁ%mBFﬁggﬁﬂwinvention giscloses apnethod
of assenbling a 25turbine. The nmethod includes: (i) obtaining a fastener
havi ng a{mHAﬂp p@ﬁﬁ?ﬁﬂh&g@mﬁﬁhﬁ@gsapmﬁmmgnuﬁ@he?anﬁanm@m%ﬁgmyﬁaﬁabIe(pf)
engagi ng Wi.th a ade and  t I nge rtion 1 ncludlng.. ade_ninge; (1
segu?i ng TgsHee Bpeppy H]GPJ?FSO(ILI) g %%Boq{“h‘g%b)l %H%geﬂﬂ?ﬁé}’i‘gﬂlj‘lg(ﬁé “ft?’ﬁ@“b%ﬁ]ﬁ Bortion
around t Bertibh ad@patfd dfichgRN@aGG HolngdendetR@e MbIbde Al teasde poRRnsecond hi nge
di sposed on a radial arm and (iv) inserting a hinge pin through a cavity
for med whdERbleRécIagine Withagleas REaljase difropedat onpendel 4 radi armp-pidie d&EJHE hi nge

di sposed ,QBmBly R o iATMeANAHa PRI RDRY WEBA Vet Al pHEohAdEestiRo 138 that are

immobilized using the u-shaped bolt.

[0015] In yet another aspect, the present invention discloses a method of assembling a

25  turbine. The method includes: (i) obtaining a fastener having a clamp portion and a hinge
portion, the clamp portion capable of engaging with a blade and the hinge portion including a
blade hinge; (ii) securing the clamp portion around the blade by engaging the clamp portion
around the blade; (iii) engaging blade hinge with at least one second hinge disposed on a radial
arm; and (iv) inserting a hinge pin through a cavity formed when the blade hinge engages with at

30  least one the second hinge disposed on a radial arm and thereby connecting the blade to the
radial arm. Preferably, the at least one second hinge is part of or connected to the radial arm.
Securing may include: (i) inserting the blade through a u-shaped clamp with two legs; and (ii)

tightening the two legs to immobilize the fastener on the blade. Preferably, tightening includes



radial arm Preferably, the at | east one second hinge is part of or
connected to the radial arm Securing may include: (i) inserting the bl ade
t hrough awo-28hisets2cl anp with two | egs; and (ii) tightemrcmgskée/o6183| egs to
i mmobi li ze the fastener on the bl ade. 4Preferably, tightening includes WO
2011/ 087732PCT/ US2010/ 061183 4 using a u-shaped bolt to clanp the two | egs.
Pr ef er r edsiggrb adhapeabslt @fcldniethphvase. PrdfdtRateh®OdifR)its bbbt Pekert Mtkads hdye step
of immbilizing the hinge pin _inside the cavity after the inserting the

hi nge pi Arthst lé‘glgﬁe thp atep Bl antryobilising the hiage RiRsifiettayitpaiter fis ipeang e

I nvent | ORinl Min}fﬁbu%ﬂkhé BSfity] MeleHE@chRRIiHERPohe FORACIGTINAGN By h&aSkhepne fir st
hinge on the radial armto a shaft which is capable 5of rotation around its

| ongi t udiftsdide Higisepohgonaggiimglagleatt opphielingeny thoradisl emdlershfhvhige perpably |

[ 00161 n yRkaiBRAMNRd it@PREGRMInaf P& RUSERBLe JrR¥EREERNo 9h SELASESeRPRer met hod
for assenbling a turbine. The nmethod includes: (i) obtaining a shaft having

thereon at | east one shaft hinge; (ii) engaging at |east one the shaft

hi nge wi (0018t | &nxtt appBerepnest tRiprgent drspédetischicsrnelar arthed oy auradlings )

i nserting,HinbliThg el ifdMaRUID oBrafi@l 4 Haf ﬁ£\ff§§ith%§rpattléh‘§t sahdr RhAg@iengages
e

with at | east one 10the first hinge di sposed on a radial arm and thereby
connect i ARRagng askeadt png he shadl hinggiveih a4 foast opp Efsehiapt disposerbongd rafliabaym; agfe t he
first hi S ~ ~ ~ rpdi f

ermhodi ment 8T Lo A g R SRR el O RO PRy R L f s e

i oDl i giedgstthinge Wispered ph A ridied e andiiberelpdongecting the shifetoitinsiadipl a1g. t he hi nge

pin thro i . i . f tion of
the i nve%%?%%@ﬁﬁ%eam%\}%ﬁ On’% 3%2% %t-e%}%%gf%%@&g%@?%%ﬂﬁg ﬂ%ﬁ%@gﬁﬁ aﬂ%%%gant ages
t her eof wmbdbdifnenthelthe prestar sivesen fragindille tiolultbessteg of esoohiltinguhs hoe pipeci fi
enbodi nent s i,n.connecti.on vvi.rwlrt hﬁg acconpanying figures. BRI EF

S

Escr prieile i BRa B St By BER

OWS ‘& conventional turbine
assenbly. [0019]Figure 2 shows a perspective view of an inproved turbine
assenbl y[dZE] gn TheOastudticn gl methodhel @etdi nietht ingéntiohehquwreesregetherwatht | on,

o SECLRNR §A5LaHy hERE AN SRR N TR AP

per spect bYgevifiewnbbddimeitts whemeadimsenmizcyon atic e decogphoyioniegueesbodi ment of t he
present invention. [0022]Figure 5 shows a turbine subassenbly, according to

one embog ME e Lkl & fifieTkawines

[0018] Figure 1 shows a conventional turbine assembly.

[0019] Figure 2 shows a perspective view of an improved turbine assembly design,

20 according to one embodiment of the present invention, for generating energy.
[0020] Figure 3 shows a top view of the improved turbine assembly design of Figure 2.

[0021] Figure 4 shows an exploded perspective view of a turbine assembly, according to one

embodiment of the present invention.

[0022] Figure 5 shows a turbine subassembly, according to one embodiment of the present

25  invention, which includes a helical blade component that is connected to a radial arm component.

[0023] Figure 6 shows a detailed perspective view of a radial arm component, according to

one embodiment of the present invention.

[0024] Figure 7A shows a detailed perspective view of a connection shown in Figure 5.



25i nvention, which includes a helical blade conmponent that is connected to
a radi al arm conponent. [0023] Figure 6 shows a detail ed perspective view of
a radi al wormtiasposaent, accordi ng to one enbodi nent of tPrhe/Usc@sAnt1s3
invention. [0024]Figure 7A shows a defail ed perspective view of a
connection shown in Figure 5. W) 2011/087732PCT/ US2010/ 061183 5
[ 0025] Fi gno2e] 7Breheds ehotds arinferbigh, acasdiag di g ehbodien@Tiedireent of the
present invention, which at one end is fitted on a helical blade conponent
and at alSEUERVEKE g SBeE filet A & helicabRladsicopperadt g 242 perandendzanggees
CoNPOoNeNtyith[13928 kb addt 8n 8Aads ams canglabai | ed perspective view of a
connection, according to one 5 enbodi nent of the present invention, between
a radial grm conponent and a shaft of an inventive turbine assenbly.
[ 0027] Fi é@?g] 8BTEH %POP"é&idﬁiaﬂﬁ‘I PRIPSTHPS ST OldrfgaReHoD RrFofiRO P PRRice wit h
one egbodinBBhiinchiof iRGrRRERBREGINV&REEO adM drh RnpBRht and LOBbFAQUre 9 shows
a detailed top view of the turbine assenbly design of Figure 3. 10 WO
2011/ 087 739BCT/URDO #65£0BY183 6 Detail ed Description of the Preferred
Enbodi ments [0029]In the foll owi ng description nunmerous specific details
are set {evh i FRFOES sHowsArQNilden dohpdkflahadade hsdoandiengittddnet he present
invention. It will be apparent, however, to one skilled in the art that the
present FROSHDEY P! gypresentppvapiiore 4hwiskHbut 1imitation to some or all of
t hese

[0028] Figure 9 shows a detailed top view of the turbine assembly design of Figure 3.

10



5specific details. In other instances, well known process steps have not
been described in detail in order to not unnecessarily obscure the

i nvent i orwO[200387B2gure 2 shows a perspective view of aPpCwriseoie/04083
according to one enbodi nent of the preéesent invention, used for harnessing
wind or hydrokinetic energy to generate electricity. Turbine 100 includes a

shaft 10%%@'? ﬁl%g &tl%nr&ﬁ%ﬂ’rgﬁf ]f)nll&qleméotg As will be explained in

10gr eat er connects'to radial arm 104, which |n turn

connect s GBgp! agr?thl]: Q(ﬁh)w-[(% &eQér?ptl%H Hum&o&&%@&ﬁé hﬁﬂlsbd‘?é WRAh SOk & o ?

radi al arm 104 denote in Frgure I's shown I n greater
Fi gur es 8/caongh@BlerSinvingant Itlye presegtonyvaton. drvill e wepsment.doivayer ap @nquﬂ@innl bI ade

106 denoihee%ﬁﬁﬂﬁ"tﬁ réﬁ'%nt ihedliGh 1%%& Be &F %{Np?&ft %ﬁt@:lﬁon%ts&hé of 41 4h Jriguies 7A and

7B. Figure eac eren ocations ong a length
of shaft splfiaﬁl,c chtaﬂeﬂn othet 1h$tere:esr a@lldthowﬂﬁroaﬂfsmepm&hnalbmrd&s@tbedl idetaileher ence

nuner al 104) di SROS ? I not ewort hy, however, that this precise
. to i Lunecessatl obscure he inyvention,
confi gura{l on | essary and at each | ocation al ong the | ength of

shaft 102, |ess or rmre than three radial arnms nmay be di sposed. As evident
from Fi g[ﬁOéOIZ Heireal shamvs psBpacavd ﬁewoﬁmenbinst@f acc@BiPng to obd adlendiioét ahd,

t her ef or ?Heé)reser?t 1nvenponn gseﬁﬁ(ﬁ%ﬁ?negégé \91:1}8 af‘ H%(F Okll’leth ePer%)é{o(%n?rate e%attl‘l(:}t hree

bl ades, orre
facilit afrerbﬁﬂeeloodmﬂmiei 4 gnaft202 betueleamt I0¢ ald ablleSe HiodAs bvaf be exﬁ)mﬂf&al]iﬂvbr eover,

oo 4B PR SR D bR SRRRo Bt B Bre SR8 e g gk Bt

drives haowtimme, & astinddtioamaByveadt ShaftelQR iafi®ediaDarst thdbhdt@i thyres’ i a@erelmgler
operation. In preferred enbodi ments of the present invention, howe t wo

radial aPhAVIEPEEAET depl 1nsFé%}H?ség/%%1@I§BoISHPI‘?HYOEBC‘IDBG“élHBI’?tWEWadlaI amm (04

25[ 0032] Ahd &Mmaduﬁ&émy 40 Qn Fagnrebzeis 1ﬁ drdaRF dsisieini mgdwsdmlsﬂdnm IFfoure
appl i cations, Fre erab used for harnessin nerﬁ1 To this

end, bl adéh %Seth%rsaé%ﬁc AT Iw%ff‘%réntm@tw@%éﬂmth%f gﬁ‘ft éOQhéPfft@é Al The

presgpt LAYAEihQARN H@&Q&irﬁyzr@ﬁre&lt@ﬁun?erQQbh)cﬁé d1§;51ﬁ@d3<ﬂt 1@11@@9@01{11% iflcﬁyl}ev@iD [Hat
efficient than conventional blade shapes to harness w nd hydr oki neti c

ener gy. [HOO@Sjiscesiigirpipntipngingepsanpand jheash lespaorpalpngihe kﬁhﬁhlof geit 103, lesspabl e
of rotat t I ey : to
R s e R o B e N e AL 88
conbi nat comegfshaft t@Prthiblade dpfdandntheleboge, ifi ctatbingalvsigmtlicrates ase gHesanr nprefhagur e 2,

ol cotri o R A e TRAAAIN G s SO R AL OB BT BTl e fesion
el ec2fi cattwgemide hltades andovaft. t 0 t hose skilled in the art that is capable of
converting nechanical energy to electricity. By way of exanple, an

electric ne I I I

Technol onaSF o Mihaf SRUE! fL R Sy SR O ARG RE Elhoper
Est at e, Dalmt hewmsg Thodiaegsdrarnt Nerbigdo athmp lraprgtaﬁtlfﬁﬁt@ahmﬂm% homomkrsy ragibll .
2|[ 8?7]3;11] %hra‘r{ls:_lar%‘ Pe%ullred S ATRRZERe gfad et & Ira%orrimﬁl %gelferred em%%crﬁmaerslts %% & pre(gernt

invention, however, two radial arms effectively secure each blade 106 to shaft 102.

25 [0032] Although turbine 100 can be adapted for use in hydrokinetic applications, it is
preferably used for harnessing wind energy. To this end, blade 106 used in turbine100 preferably
is of a helical shape. The present invention recognizes that a helical shaped blade is far more

efficient than conventional blade shapes to harness wind or hydrokinetic energy.

[0033] According to Figure 2, under operation, shaft 102 is capable of rotation and is
30  connected to an electrical generator (not shown to simplify illustration) that is housed inside hub
112. As a result, the combination of a turbine and an electrical generator, as shown in Figure 2,

effectively converts mechanical energy into electrical energy. The electrical generator may be



effectively provides support to and stabilizes various turbine conponents
(e.g., radial arm 104 and bl ade 106) during operation. However, shaft 102

i s preferablzgimeas2from al um num Al um numis not used iPaTIUSR01I0OBMENt | Ona
design due to netal fatigue issues. B@ot the present invention's hinging and
cl anpi ng nmethods permt reduced stress |evels, nmaking use of al um num
10appr opahypélectridl pefeRwnkhswpioahe akiled fuke 4rothhtis cdpable asRelertihg inbaRaRalAN

| ower production costs. Further, alum numincreases the end-of-life val ue
of a tur BRH®Y Bedesicdy ity wanelissample (a8 ¢leqsical saheraireeraupereiglly giafahle from

appl i cat negpo difSP] RRAGIH2id2o.C1a0., BANE 388 Ye kbl TROSH, 00 n N RIRIRY EdRe t he

requi site support to the various turbine conponents; however, the dianeter
of shaf t Progheng XipngsandBnghogheiiangail SHIO Guire. Motksgvedingage 15wi th hub 112,

whi ch houses the generator. Consequently, shaft 102 has a dianeter that
ranges begosgen 3RAUI0Ss cHahRed SNy dBRIUHatidl NGAES. stefl br@NGhiRuAf hhe shaft
preferably ranges between about 96 i nches and about 169 inches.

[ 0036] Raﬁf/f%ﬂtw‘?alb’ RforEskes PuppAE Hernd SERi eV aRar R Pl cOpRpneasi(e gy radil §m {iks shaf t

102 and Qﬂﬁgﬁkﬂﬁﬁk@ﬁﬂg%@&a§&§i@k@wﬁhﬁa@@@?ﬁ%&%ﬁmﬂ?HQ@£ﬁ&ﬂ%ﬁéﬁhﬁﬂ-
Preferably, radial arm 104 is made from at 20l east one nenber selected from

a group ednsingmiingptysedan thricanneptignabdasignelinfopeialdalpguadtsies, Beithepreyhass, and
car bon fh&%ﬁtion‘\@[ﬁ#%g% ﬁllfdgcﬁa@@iﬁ’g métﬁ%g;hm%[ b &aTRAS 1Jvé@,fPBeﬁJiﬁgﬂs9HfT&1u dhal arm

104 has a length tha . t ween ut 48 I nches and about™ /2 inches and a
t hi ckAesspurperiatd. dluyeingwe érprafomsibie die inighiesreasadistdossang lowee pessluctjc@833-Bl ade
106 is ¢ . | al, tet | i.g] 6. . rgy
251 mpi oy iR e TR o JrHR i e RE0 | QMG ke R
accor dancaisa fohotbereipplidaochsment of the present invention, blade 106 has a
hel i cal shape having a radius of curvature that is between about 1.0 m and

about 3. A lfig h hRARE 0080t RhSH HloRE YheFESMEERuHRAYS 4l i dlsand
about G.gxﬁF%ndsa t é%ﬁ%ne%? o? éﬁaég ﬁ%@’$gcﬁgg¥grdﬁ1y bgﬁabentaﬁb%tsl.o
i nch and tabioetor@p@entsdlowsyer3be (@088 #isgalt €023is predaasblponegpatallews vfo ¢ngegnt i ve
turbipe 1 0 jgure 2. 1n th nbodi nment .sh i Fiogur e haft 102 is
conndat et h500 £ PR s e R SOCEARTRR R ISP 0 BB R, 50 e
106 at dbétveereatioul Dimalids andatont ¢ inehds| &dangthidieher shhinpieteeatity mogydatweod r adi a
arms WO 0;%608773%Pq§{U§%ﬂ% /061183 8 104 at different |ocations along a
length aA@P'A”? HEPGEE SO Uh I > are denoted by "C, " and are shown in
greater detail in Figure 9. [0039] Figure 4 shows an expl oded perspective
viem/of UMBB]neRﬁmﬁlmnnﬁﬁmnm&hghpmenenhadﬂﬁmn@ﬁmﬁwﬂhHMthaéﬁuemd%@ﬂeion
Simlar t186 gnr}iecarq ggslta%p the r3(())r\1l\r{rf]:ctllorrll u'ﬁldgrl'(l)&)eeraglén. %Pel%ghbqg, rgl'cggl arrgfl 04 is made from at
20  least one member selected from a group consisting of aluminum, fiber-reinforced plastic, fiber
glass, and carbon fiber. More preferably, radial arm is made from aluminum. Radial arm 104 has
a length that is between about 48 inches and about 72 inches and a thickness that is between

about 1 inches and about 3 inches.

[0037] Blade 106 is composed of any material that is rigid enough to handle the energy

25  impinging upon it. Preferably, blade 106 is made from aluminum. In accordance with one
embodiment of the present invention, blade 106 has a helical shape having a radius of curvature
that is between about 1.0 m and about 3.0 m. A length of blade 106 is preferably between about
3.0 m and about 6.0 m and a thickness of blade 106 is preferably between about 1.0 inch and

about 3.0 inches.

30 [0038] Figure 3 shows a top view of inventive turbine 100 of Figure 2. In the embodiment
shown in Figure 3, shaft 102 is connected to six radial arms 104. Each set two radial arms

connect to blade 106 at different locations on the blade. The relative placement of radial arms



5 Figure 4 shows an assenbly of simlar conmponents e.g., shaft 102, radi al
arm 104 and bl ade 106. Furthernore, Figure 4 shows in greater detail the
connect i omohetvasersashaft 102 and an el ectrical generat oPCTAB20Mb061IR3 | S
housed in hub 112', via a connecting 8ubassenbly that includes coupler 116,
bearing 118, stub shaft 120, cover plate 122, and various fasteners 124,
126, 128,104ndlifl3éht 1dc@0HI MM A 1¢ngthaind atr@iGTRERGE 102n8e @hho@il b ecenhd hecat i ons
along a length of shaft 102, Figure 4 10shows a turbine subassenbly 500
(descri b&PWngreakf dsaigidiagire el ow with reference to Figure 5) with radial
arm 104 connected to bl ade 106 via bl ade connecting hardware or fastener
108. Fi ggms9]4| algg?rémmﬁaﬂe?xmeo@adpecﬁwi% oswhﬁs\?mmﬁlaycoﬁlﬁﬁ)gd&@escg [ bfad in
greater detai, elow with reference to Figure 6 i ¢h includes ifal arm
104 and V& ?‘iiﬁ‘%nté)éﬂﬁé’&‘is?lﬁgnV@Bﬁl&ing%a% “Ghe es&%‘r?ﬁ%‘ﬁ‘? R T ] a? shaft
102 op ongufiisHaRd af QRAGETY of AnithAdenpbAONs. { hef ebNeddif Rt 105404k ogure 5

shows subassenbly 500, which includes bl ade 106 connected to one end_ of
radi al aFfHitcRow; Hewe 4aBowommEdtar defaih fe garicetiaybepvasn shadt L02@8d arplgiiried 7a

and 7B shawrhbhade, caRN8abidRd i HAMAr 6ia QleohRetifN@basdQfbll hafinfRli& codgtai | -
According to these figures, blade connecting hardware or fastener connects

to one endd.bfarngdilslstirshift OA), apngr plate 1PAcing aprtiqus astenprs d 24, 136.c128mpddép+ i on
704 and a hinge portion 708. As clearly shown in Figures 7A and 7B, clanp

20 porti pgpagP4 ofinfiegitt & Bnfddid®Sa Qi RenPl RN MBng 4 Rnbhios siRRABISdRO31 i ON
of hardware 108, hinge portion 708 protrudes outwardly from bl ade 106 and

i s exXPosélpvsa tabinswulasserddt P detctibeddn piepgedergbbedivs ot edersprerialigare Sar m 104.

As hinge _\x}?tﬂrr&ciizﬁ Rrod 964 &;nng@éﬂ%[aﬁe 1898yig Qﬂﬂ@&;nﬁeétﬁg RLQEGe (P BisRhe1@di @l arm
104, a hinge pin 710 occupies a cavity created by the engagenent of two

hi nges ahutrsedtehoys ahixpdusledviewed nrssteindly, 6001(deserifsd éf gieptettlegaiidelivnent of a
"hi nge- pi,r. t.1en" >Qrdi . 1 nv I t wo

ni ngeg. hadrareieage Mo RGRR RRG: Ry iy PIESE b ERA Bk R,
shaped oBjagcinpedtaadiahgrngd éd4 tnebalt HErami ane andcandi coynechiatblads 1¢@pathk ethef endecei vi ng
a pin, such as the one denoted by reference nuneral 710. It is noteworthy

t hat " - pi [WeTpWs ~ f | e
presdnt Foa R s R DS A s SO R e 84,008 10
make conmelot piom$0hat hedncanaedtiogibardea on énteaerd)s.i nguaen 1/v end3t ol bivsle

assenl | ggnnect}ﬁg ht%pd:leaéeoo%?fz %e?ﬂeprql(-{glJ§ él%gftg( ((i.’e%ﬂl %gcogr%ﬁﬁg ?0 t%@sg f&h&%‘%&el?dgfs By way of
exanpl e, "an apéerture is defined néar one end of hingée prn 710. A securing
pi n 714, cevmiectingihardshiafd @fasninef connecks thgee @idrof 741 aing 10heeiheovd furidangh.et,he

aperture en hin in 710 occupi he cavity created. |n ngaged
oot ¢ ontSPTm i EATOR e gR N 1B HbSisGR nifa F FEHRELA fud B8 R dner cur e
of hi2nge ppition 7000f I8@ce Bistigespiver biddé 106 lkhi$ épaseddositibh ofyergidie Bikingde t he

por i on POBOH [GOASR AT PL PRI BhBb MRt P “DRECESienD Pr/BAEI on,

washer i g0618i€sbsEdOMRBiaBERUINUNGs Fihge poldon BSionaatved 108 Eanghs tdeng@ e bir e.
Specificall¥, as hinge pin 710 occupies the cavity created by the engaged
posi t i onT¥fdl An 4t psimer iR 7'}@8C%‘ﬁk?_s ﬁicﬁVgt_é( gt d b_Piiﬂ?‘Fg“?‘é‘gi‘ﬁeHlel?tl‘ﬁ P Bigeysad es

t hrough areW@shefingel@in b&h@é@@ﬁﬁuFptdﬂ&aaleﬂlb_zaiﬂlehtsof!aﬂ‘ﬁﬁlg&.ggl doRkRiibdre aperture.
The washer 10 provi des additional protection against novenent or di sl odging
of hiZAge AfsioRTINELO U RIpRCRIHBY@EOT-ych A (i BigRest e s heretknaiklb dbodswisklst nge 706
and hi ng%ng%%éEdf%ﬂnZ@ﬁrel[s&%éd’fMj&ct,‘ IviRRUEMRI Yeih RadviliinA & APAIdSPRSGE, ONn
radi al arm 104 can be either part of radial arm 104°or, in the alternative,
i s conneepedsuch aatheads ednotedrpy r&preaiefrugral y 0. ilirs aelevertiydtitnehingopint he
present 'c@ﬁﬁ%gﬁo'no 'Peprersérgé Qbre?e&ﬂgh eﬁﬁo&iﬁpﬁtlo? %%%%seﬂt@ﬂeﬂ%? aftf th!lt%?iﬁ:} sitfifar hi nge.

In an alternative
embodiments may well be used to make connections between various components of inventive

30 turbine assemblies.

[0042] In certain other embodiments of the present invention, pin 710 is effectively secured

using additional components inside the cavity created by an engaged position of hinge portion



15enmbodi ment of the present invention, however, a plate is fabricated to
i nclude a hinge and that plate is attached or connected to one end of
radi al arw0DR0t/08fB3045] Fi gure 6 shows an expl oded vi ew ofPCa/usadiomabiias m
subassenbly, according to one enbodi nent of the present invention, which
includes a radial arm 104 that is designed to connect at one end to bl ade

connect i ngs haringresay asbéeRenpld . apSiurs 8clenfkdafas onc6d at hlﬂgel”ﬁlﬂ-@ﬂ) @onnect s
20to shaft 102 V|a shaft. copnecti ng hardware 110, which is shown in greater

detail i nCCRTBLPBS IAMGS ghicErakico hinge B 0{, is rseuss] trioget be 8peTBH¥Es on an

expl odedh g@)ﬁln@flo Bcdplel dRfcannt déRidNg nWhasse nyonvmlhﬁige HiEbh desar Higdi al
arm 104 and a connecti on between radial arm 104 and sha t 102, as shown in

Fi gures 20@Rasigonemsidedmaetiise! BReupini7h0.Seguing PBA 1 dmaobilizgighe lngs pin

connegti gfde t@ca@kﬁﬁﬂ%ﬁﬁ%rg&a&@% cofifecOPMRvER h'lzﬂggw)@a&ﬁun toﬁﬂﬁ 7Rd of a
radial arm a hinge 806 is disposed. H nge 806 is simlar o hi nge 706 at

the other end of radial arm 104. A shaft plate has attached thereto or
fabri cat é¥4her &b ﬁtemaﬁg%era‘@@l%lt ehfagessit ttweImOﬁg@eW@éier ippselgios arm  As

di scussedec it dpiR7€Y isQkRreihREen Qier&p&ﬁﬂ@%&dlf?&ll J§'h RN 03eQipRE PRI es the
cavity created when the two hinges (i.e. an _)p are in an engaged

posi tion ca‘gé@mareﬁ@yphemngqgﬁd aﬁﬂtlmmeamloaﬁ% @rglslemﬁﬁl 06, Besiin OlAlwt e t o

secure hi EBQé‘stHfoH g Qadlr PSRl QouRRRY 188 iREEH ihddnd] 1L ATiRnchsp@sher 712
of Figur VD 2011/ 087732PCT/ US2010/ 061183 10 [ 0047] Shaft plate 816,

whi cHOul prqmieeaqdlt&tntalau"hte@m@ganstamvameralonﬂlslatlglaghfdgngemusﬁwﬁomcm caghng a
flange 8 onnection fastens shaft
pl at e 81202]%re Pange %%E%Q[EJS%%@?%%}(%%%&B%?%B&U& l%]Odggt ailed top view of the

inventive turbine shown in Figure 2 (i.e., 5 the portion of Figure 3
denot ed P4 It 1$\e@to\r/@tithygh4tdmrtgh7@6 isppsedon gl arm1i07 cembmadiespagtof gadidlr st

Location,t01@ &8 dd flerdli ndcfdii3 ra% B PR fle f?&ﬂgfifl]%néaém@od %?Hfj Ar 1T

vd, Fkrc%ﬁ [
| ocation'to a bottomtier ree ra ar ne. tier
ar e sepatwtpegeigyn@piemn xadhtel, ps lpOcatddn 1qghldéseat feast coprbmge.rhepn gliermtiee r adi al

he. b I di al f th
a0 9 o RGBT St L PATAC LB R Bl of e
t he radi alatcas agacivii @lvodi@atet! acdnetead af miliadre WHade are the sanme | ength.

[0045] Figure 6 shows an exploded view of a radial arm subassembly, according to one

embodiment of the present invention, which includes a radial arm 104 that is designed to connect

at one end to blade connecting hardware or fastener 108. At second end, radial arm 104 connects
20  to shaft 102 via shaft connecting hardware 110, which is shown in greater detail in Figures 8A

and 8B described below.

[0046] Figure 8A focuses on an exploded view of a part of a turbine subassembly which
includes a radial arm 104 and a connection between radial arm 104 and shaft 102, as shown in
Figures 2 and 4. The connection shown in Figure 8A is a “hinge-pin connection,” as discussed
25  above. As shown in Figure 8B, at one end of a radial arm, a hinge 806 is disposed. Hinge 806 is
similar to hinge 706 at the other end of radial arm 104. A shaft plate has attached thereto or
fabricated thereon a hinge 808 to engage with hinge 806 of radial arm. As discussed with
previous “hinge-pin connection,” hinge pin 810 occupies the cavity created when the two hinges
(i.e., 806 and 808) are in an engaged position. Securing pin 814 and washer 812 are assembled
30  and operate to secure hinge pin 810 in a similar manner as securing pin 714 and washer 712 of

Figure 7B.



[ 0049] Al t hough il lustrative enbodi nents of this invention have been shown
and descri bed, other nodifications, changes, and substitutions are

i nt ended.woOcoowdr3gl y, it is appropriate that the appeneet/usb@onslibe
construed broadly and in a manner con®i stent with the scope of the

di scl osure, as set forth in the followng clains. WO

2011/ 087 76WAPLCT/ Y52A031Q1 368, MA3cHLditi febllyMBadioato d 1adial @inMRehches to dhaftAOR Usifd ne
conprisingf a shaft capable of rotation along its |ongitudinal axis and
capabl e 8flapgfivacts HigWpsleary Bdiigee pB chpin gerertinndpstens splniatg SEngitangiyvi ng

di sposedgthereon at | east one shaft hinge; a radial armincluding a first
end havi ng di sposed thereon at | east one first hinge; and a hinge pin that
fits inside cavity formed when sajid at | east one shaft hinge qof said
shaft is l[‘ﬁ‘ﬁlsﬁn Si%é%%ﬂmﬁééid@ia’é?ﬁq g P iy BYen s bR REOYD ki ?’uéb‘f-of sai d
radi ak agH@positd df mc%aﬂs' FiaLaged Posdchidy 18 idfifir@GRaP10? LaRaRklaa afst
connecting said radial armtg said shaft. 10 2. The turbine of claim1,
further CSAYHIN SRAYP Ger SEBTRCiTMERFEBNANWICORRTHRL # phOM] IFSIORE SREUPHIHEE pi n
when it fHdSralidfdrfe. Ahch ERhENT arm3 are TOSArddI %ﬂﬁr&fma@él?ﬂm"zm pahek&i n sai d
hinge pin is a barrel-shaped body having at a first end a head portion and
havi ng déempedinrenis, oae sdind pign elrfbic baitoapéar {¢us- eradia} am Wxtlerand oa¢ mdigl armuefamet er
of said hj Rin,a j : ' ' LH ] hani sm
nct ades s e g B B e e o
aper tl0r e atdvéro & single hladgere hersaing ldngdi de sai d cavity in said engaged
position. 4. The turbine of claim3, wherein said securing nmechani sm
further FMﬂDT!5@ﬁm@m&ﬁﬁﬂﬁﬁﬁwﬁﬁﬂxhﬂm%%kﬁﬂﬁ@ﬂ@&ﬁ@nBQ&M%&Pﬂmw%%hgd&bﬁ&%,P'n
capabl e of being passed through said washer before said securing pinis

i nsert edothhr woadjhcatiany chavges, ardesubstp@ionT ke inteirdeil. meccofdinglya ity Apprdpuiptetieat

conpri si g 3,54 ARG 5RGUR] volf) Gl ih AGLUAGS oA GLATRL BRILLAN,ARA 2 hi nge
portion, sa e anp portion capabl®e of engaging W ih or bel g connected to
a bl ade dodpament seforgan thetfoldyingclamt. sai d hi nge portion engaging with at

| east one hinge disposed at a second end of said radial arm



6. The turbine of claim5, wherein said blade has a helical shape. 257. A

t ur bi ne conpri sing: a radial armincluding a first end and a second
end, sai dwpadiizis7sem at said first end is capabl e of comoeatseog/osnsa shaft
that is capable of rotation along itslll ongitudinal axis and capabl e of
connecting to an electrical generator, and said radial armat said second
end has di spoegdimMser eon at | east one second hinge; 30a bl ade that includes
or has connected thereto said bl ade hinge; and a hinge pin that fits
insi de a cavi Whafiochieaihien sai d bl ade hinge is in an engaged position wth
at | east (Ong sai d second hinge of said radial arm and in said engaged
posi ti on 'sdt B AMAEE IS apabl e of connecting said radial armto said

shaft. 8. Thea thurbidpeplofof ebtaion alongMieTonkitudsal dxibladdeagasr @ JoghdcGad toshape.
359. The turbine of claim7, further conprrsing a securing nmechani smfor

i mrobP | | £eHECYSPRPTHI ! saifehoohayiRd IS e 108 e 1S MBeChi n when i t

fits inside safdiacav ﬁl&’ludlné-QﬁrsTQﬁi Ra¥3idl ﬂ?oﬁéﬁ tsdr@n it ﬁast‘@ﬁ@fn%t RMn&2hksh hi nge
pin is a barrel-shaped body having at a first end a Portlon and havi ng

defined at a %@@émnélrraflérrrnsa(ﬂfewaer%fqmrewhem%éeaaqQslﬁ@haé ipgeraftsaid sbatt sai d

hi nge pi f iatp %ﬁ‘%&@e@ﬁﬁﬁﬁq Ve aWhRE GiinSal 6 SRCHALNGMTERNARLS Bhdpe] udes
a securlng pin 5which i's capabl e of being inserted through said aperture

when sai @otiligigeiddiirgeipsn ¢apshlelel wanestipasid fpdiahargeiodaié npdged pOSI tion.
The tyr bb“erh fubin@lof Jiﬁh 1 %ﬁ{?b&n@%i% a%@&H{n ARGIARL ﬁﬁ%ﬂ% %&@Hﬁ ' ses

a washer, in sal engage posi t sal I'nge pin capa
passed thmowgmiehsdwmbsmepmwefore said securing pin is inserted through

sai d ape FURR tur%%%éf c%_rrl)ne R)l s%ucgﬁlg%lsqaﬁ!l fu a%arr%s% eg%l%oﬁ%%u% a%gl? stend a

connecte "to sal nge eni ng ass I'ncltudes

cl anp pohawqmnamdnahMmqg&ﬁpaiMM@axmsaaneqmnmepﬂmdmmumaapa@hehmﬁaengag|ng
w th and bgh g secE %f d£$ %ge ancé1 sai d hlnﬁ §ort1 n includin

bl ade hi Y& VRGP ISHHFEGEEOM P B WhEREY B SRV S PSS e "RE PY 1 i | rst
end af saihethriachpaible af teing inserted throufh@aitl upddiurewladn saidavinpe pih is vﬂsene @4id cpaiyd
clanp porti has twa .l egs and when said clanp 15portion engages with said
bl ade, s&1ﬁ“ﬂﬁ§“¥ d&8sUen i mobi | i zed using a u-shaped bolt. 14. A shaft

capabl e af TRt@binedf ahiany whefeid QRHetwthgHdlch@tdns fuddhel dokipeikesiangdskidemdan f i r st
end and a second end, said first end is capabl e of connectrng to an

ol ect ri oAt GRHERbRBIION A hinge dIapugo Rt herpas ed hrpueh SHid SHENEREPE nge t hat

i s desi gR&QdrihOpia NiN&Gkd iRodh shi@apdrn@ne hi nge di sposed on a radial arm
2015. The shaft of claim 14, wherein said second end includes three shaft

hi ng@8 t Aersriubiag ehclainh tuHenganptsigadagening atenbaghich sudpngda@p sposed on
said rad b@ﬂtloﬁﬁﬁﬂ a hinge portion, said clamp portion capable of engaging with or being connected to a

blade component of said turbine and said hinge portion engaging with at least one hinge disposed
at a second end of said radial arm.
6. 'The turbine of claim 5, wherein said blade has a helical shape.

25 7. A turbine comprising:

a radial arm including a first end and a second end, said radial arm at said first end is
capable of connecting to a shaft that is capable of rotation along its longitudinal axis and capable
of connecting to an electrical generator, and said radial arm at said second end has disposed
thereon at least one second hinge;

30 a blade that includes or has connected thereto said blade hinge; and

a hinge pin that fits inside a cavity formed when said blade hinge is in an engaged
position with at least one said second hinge of said radial arm, and in said engaged position said
hinge pin capable of connecting said radial arm to said shaft.

8. The turbine of claim 7, wherein said blade has a helical shape.

35 9. The turbine of claim 7, further comprising a securing mechanism for immobilizing said hinge



16. A radial armwhich includes a first end and a second end, said first
end includes a first hinge and a second end includes a second hinge, said
first hi nge 20si/8apabl e of connecting to a shaft hi nge wercthiseeopariss of or
connected to a shaft, and said secondi2hinge is capabl e of 25connecting to a
bl ade hinge which is part of or connected to a blade. 17. The radial arm

of cl ai mpikGyvhenheiteinkidssdidcavagli al armis nmade from at | east one materi al
selected froma group consisting of alum num fiber glass, carbon fiber, or

fi ber - r eilif B @i PhSpin?. Whetein %idf BiRgcaUR g PaEelehare bodnping g lirssead &1 anp

portion; haadPoRaM dRQ hkviANdefi@Bdat a second WREELAPRrSRivchi Gl RFRIPAGHD Larh&erCcAPabl e
of engagi ngéwth or being connected to a blade and said hinge portion is

capabl e &fd Biigapinrgsad erongenflend tvheisen Ridigerriie pssBBYPRINC YRS erTER PH r adi al
WO 2031/ Q/%Ycﬁ?f@&%ély 1Q§ilttl,@§1r01u§h scid apeTt_}ﬁ?e \t/ﬁ’e?ltsgi@ihﬂ%e PASE iRla¥ sﬁﬁ c&di@i m 18,

further conprising a u-shaped bolt, wherein said clanp portion includes two
| egs t hatn @rdengpgedpP$ifioed usi ng said u-shaped bolt. 20. A nethod of

assenbl i @g'ﬁletﬂﬂ{)gh Bﬁﬁaiﬁpm,)whglje{hgsﬁid securing echanRhfaiiu L&Qofﬁ ﬁ?e%%%%e ,Q@IM '11{19 a
clanmp portion and a hinge portion, sal (I:rfarrp portion 58apa e of engagi ng
wi th a bkadengpd! maitidntvaiddengepin ¢apable oidieiudipagsed tbwtieaidiwager beferuridng sai d
clanp porti r QU i a gagi ng said clanp portion around said
bl ade; erslégcélgﬁ%énbﬁ 1§ ééﬁlhﬁ%ughvs\ng?ﬁgéaﬁu??east one second hi nge di sposed on a
radi db anPyThamabinaséclbinng whelrimgel Pade it bonoegdl ta said biatly hinge hedfasfhsing sai d

bl ade hi nge en s with at | east 100ne. said .second. hinge.di s ed on a
Cadi ol arneaRa R bl s Sy A DR AL DS IR AR g The
met hod otngkikMiBGnd whies siciredon k@ddladofel sailihings @oniod itvluige 4 idadeadiiigeof or
connected to sai

securing® aﬁ%qgﬁ%%g”i{haagieﬁéé’%‘% H]ﬁ g dimrediE 6 ?chl %hg‘gfz‘lo B el amp it h
g ath bhiags gsmss iRl 4 dp8d clanp with two
| egs; and3. The turbine of claim 12, wherein said clamp portion has two legs and when said clamp

15  portion engages with said blade, said two legs are immobilized using a u-shaped bolt.
14. A shaft capable of rotation along its longitudinal axis and which includes a first end and a
second end, said first end is capable of connecting to an electrical generator, and said second end
has at least one shaft hinge that is designed to connect to at least one hinge disposed on a radial
arm.

20 15. The shaft of claim 14, wherein said second end includes three shaft hinges thereon, each
shaft hinge connects to at least one hinge disposed on said radial arm.
16. A radial arm which includes a first end and a second end, said first end includes a first
hinge and a second end includes a second hinge, said first hinge is capable of connecting to a
shaft hinge which is part of or connected to a shaft, and said second hinge is capable of

25  connecting to a blade hinge which is part of or connected to a blade.
17. The radial arm of claim 16, wherein said radial arm is made from at least one material
selected from a group consisting of aluminum, fiber glass, carbon fiber, or fiber-reinforced
plastic.
18. A fastening assembly comprising:

30 a clamp portion;

a hinge portion; and
wherein said clamp portion is capable of engaging with or being connected to a blade and

said hinge portion is capable of engaging with at least one hinge disposed at one end of a radial

arm.



tightening said two legs to inmobilize said fastener on said blade. 23.
The nmet hod of claim 22, wherein said tightening includes using a u-shaped
bolt to cWvemrprismrm2t wo | egs. 24. The met hod of cl ai m 2@cTfusedloms1183
conprising imobilizing said hinge pim inside said 20cavity after said
inserting said hinge pin through said cavity. 25. The nethod of claim 20,

further gonprisd NGeri@RRSEbRgofdlaihe s tru@ie chbipSdind1h OB okl heRM @&lid ar m
to a shaft which i s capable of rotation around its |ongitudinal axis and
capabl e 6]Iam@cb’ﬁﬁlé’€t“i‘°|1f§1€f BVOalﬁgséP@éferlfl%bﬂ&é%ésrﬂé& wid u-staged holtypt hod f or

assenbl i ng a AYfdddae:r aGORBRAsS] Rhine2@MrRiddl Ng a shaft having thereon at
| east one shaft hinge; engagi ng at l'east one said shaft hinge wth at

| east one fi rehtaipinggelagicngsdunade onclamp girtiin #dng hipgg portion, sqichslapmpi PRILUGN hi nge
pin thro b i @I;@g‘, hi ith at | east one
said fir g%ﬁ?ﬁg%&%ﬁgﬁﬁé%ﬁ@gﬁ?ﬁ%ﬁg ar m(glnlga?(%ggr ggga(glgﬁgnée{mcti ng said shaft
to said radi afecating saBDAFME pertipataeuid shidchladenky2&12agihg seil ielaatp paraet avned sai d
first hi Qﬂ?biaﬁ .part of or connected to said radial arm 28. The nethod of
claim 26, fu tHer conprising imobilizing said hinge pin inside said cavity
after said i nseagingyladahidgdwitlgg 1pistone heuod hingadidpased/ort yradial arm; and

inserting a hinge pin through a cavity formed when said blade hinge engages with at least
10 one said second hinge disposed on a radial arm and thereby connecting said blade to said radial
arm.
21. The method of claim 20, wherein at least one said second hinge is part of or connected to
said radial arm.
22. The method of claim 20, wherein said securing includes:
15 inserting said blade through a u-shaped clamp with two legs; and
tightening said two legs to immobilize said fastener on said blade.
23. The method of claim 22, wherein said tightening includes using a u-shaped bolt to clamp
said two legs.
24. The method of claim 20, further comprising immobilizing said hinge pin inside said
20 cavity after said inserting said hinge pin through said cavity.
25. The method of claim 20, further comprising connecting at least one first hinge on said
radial arm to a shaft which is capable of rotation around its longitudinal axis and capable of
connecting to an electrical generator.
26. A method for assembling a turbine, comprising:
25 obtaining a shaft having thereon at least one shaft hinge;
engaging at least one said shaft hinge with at least one first hinge disposed on a radial
arm; and
inserting a hinge pin through a cavity formed when said shaft hinge engages with at least
one said first hinge disposed on a radial arm and thereby connecting said shaft to said radial arm.
30 27. The method of claim 26, wherein at least one said first hinge is part of or connected to
said radial arm.
28. The method of claim 26, further comprising immobilizing said hinge pin inside said

cavity after said inserting said hinge pin through said cavity.



