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12 MARCH 2007 1 "A SYSTEM COF UNDERWATER POWER

GENERATI ON'  FI ELD OF THE | NVENTI ON The i nvention

relates to a system of underwater power generation. 5
~In particular, although not exclusively, the invention

relates to a systemof converting the kinetic ene%?MARCHzom

of noving water to electrical energy. BACKGROUND T
THE | NVENTI ON Cl ean power generation has becone a
maj or concern due to thel effects of gl obal warm ng.

. 5 :\r/] :Y?bb%gsﬁgﬁ'ﬁé F@EN@& Fg&igﬁgg Wﬁfﬁ%ﬁggmgu" wave

turbi nes. Howevengl BOEFIRE iNVEN wabl e power
generation sys;mﬁ‘MI oped using ocean
e o e o & et BRI afot generation
In pRREALE A Bh Gl BalstrPlndhesinspetn cdates the system of
convertiagrthé kinetic efe IV &TH | are attached to
thegvvi ng ar:g are rot a?\gég g\{/a‘?%ﬁtlg eiécci%\%’@ﬂﬂgé(nt. The
rotati on of BAEKGROUINDRTE THEINVENTIGN on of a
genera enerate electricity. The problemw th
~ this atggaarnabgg’gf 9epRigtiop has,became @smaipr aescemadie yo the
effectsnwé dglbbalc dagmirfr RBA. i e b F S dr PR, Qg2
d urrents. Furt heg?, t hg@gglﬁe?!ﬂe{apoﬁg%?_%é&eg?}%ns%as Been
eVeRPREnURing sorcelise wind duehimemantewavs tbineel | Bowvever, an

F 2 of flow US P
e, 2 R LEndefo W Bl b ueinenuig

oceap@gurregtsner ati ng el ectrical power using ocean currents.
The tugRine,i riven by the flow of the water
curr en!‘}gazB ,ag)%ri ﬁﬂe"’tﬁ%é giscloses tan Bpparatusy fomgeridrating

power dith dtean &dug | CiTihg ed . roportional to the
area of wat er%éat wegéiur %ﬁ?egp*@ﬂgdiag‘d 55”5%1%9‘5)60 The
oceag figpr A.nunsheraf riopelters arsatiadid tdithe aBgand are rotated by

e A DGR P P R o b Bt o gt

e O s BBl
not e#,g; @e\é%fﬁtq:gﬁtp_éfqr§han@e%mfth§direnﬁqrt of organecuriemits OF urther,
the gEHE/BNOR of Se i€ BRHERIAR TInth the e aribimbarorupBpves to
catch@gpﬁ:@ﬁq attelae)f@ueaen_t flowrent area that is _uti lised is

equi Vab%nﬁ’atte%t H?)‘.s 4',&5'3%04%%2!0&23 ggintdg:\ge;tgre iurbine plant for
generating electrical power using ocean currents. The turbine is driven by the
flow of the water current across the blades of the turbine. Again, the level of
electricity generated is proportional to the area of water that the turbine plant is
able to capture.

US Patent No. 4,335,319 discloses a hydroelectric power
apparatus that includes a powerhouse containing a power generator above the
powerhouse located above the surface of the water. A hydraulic turbine is
lowered from the powerhouse when the ocean currents are sufficient to drive the
turbine. The disadvantage with this apparatus is that power is required to extend

and retract the turbine. Further, the ocean current area that is utilised is
equivalent to the inlet area of the turbine.
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2 12 MARCH 2007 US Patent No. 5,440,176 discloses a
hydroel ectric power plant simlar to that of US
Patent No. 4,335,319 in that a series of turbines are
extended and retracted dependant upon the velocity of

the ocean currents. Sim I?r di sadvant ages exi st WII%Q%RCHNW :

the power plant disclosed Tn US Patent 5 No. 5, 440,

as wt he a atus disclosed in US Patent No.
4, 335, Qié E@J@%i‘[%n%%ﬁﬂ@, disgloses aiihydrogiastricy power yplant

BB D oUPRER W, Koot LG AF Wkl

extendedtad réteacted.depesdanesipoh thaneslosityeof adeieatl E@rents.

. #he nmotor., The vanes are rotated by the ocean current

Simiigy - divaduaripges rpdst Witho e pawest Mlasti, disclosed in US  Patent
[ [

No. SRRty Ut SobdbR AR U8 SRR 198510

of curreBtPateat Noh®, 109)863 aisticiesea fully sadidrsibldBpparatus
f Patent}q No. 4,313,059 discloses a systemfor generating
or ganerating  elegtricity mibecapparatusdnelydesisebupysnbairuiuee hawng a

mot_@i_i{] g%?}’jngégﬂeh%ﬁf ﬁgn%gﬁsggf gﬁﬁ’eé’ BP@?{Bﬁﬁec‘?%cg?%?ﬁ%%&gpl ®fhe

W apped ar ou
vangge A eatated Dhthedocasn aureehtoloecrmei eléctritityetoose generxded. A

. ved fro . dra 0sSi t,i to a ngn drag position to
disadydniags Wi isAnime S&E'}ag@\%sﬁm%?ﬁ%e{ elgﬁtgs%wm%dant

upoWithidlafddl 6f Gir@hetRat thd Pitles AR MRS edfireMust be able to
generate energy when rotated in both gl rections.

Furt her USt iiatenieNgy 43981069 disnlesescansystem dor tgenerating

e Flochtn SORRRAL S 008 Mot Py, 4 Foneces

to dppositd@ndessii agabieierTHe ailidiat of te Eablé ds fl@pped dund a
aFc_Rarat s includes a continuous belt having a nunber
gengralgianeldie ffRgscar ilomeied 1o rthe regaas) ard anpiad fiom a drag

i gadgr . ls c ri a
oS S5 foron HE) pRsoRCE) MappieCRRIBRERS of dné ot 2, The
disagvaatage| with dkis csysterh ds \thatethet genbratoe rhist tae bbleatyd generate

' t at 5 th | i pd T bl ith thi
erlPeISbE T ki ol Sk B v
cong&ineas &ulgémaatdr iy SoitHtartly Ginghf difdctiyadies on the

conti nuous belt. This creates ter turbul ence in

wat er t R PriestAnplicatingh 2,244,230A distlosss \anepparatus for

har e BhNbENTRGI ! PO, U Ty Beb sl B R & tamibucus
beltt favingea numibevof ghhew.i The cohtiheast balnéencireles ® pair of cyfttiers

bove di sadvant ages or ovide the consuner with a
thaﬁg[ﬁ Qpefﬁilveg'oﬁﬂg?qqgf t@p [veea generator. The continuous belt is

orientated so that water flow across the vanes to drive the belt and hence rotate
the cylinders. The problem with this apparatus is that water flows through a front
set of vanes and then through a rear set of vanes on the continuous belt. This
creates water turbulence in water that passes through the rear set of vanes and
hence efficiency of the apparatus is reduced.
OBJECT OF THE INVENTION

It is an object of the invention to overcome or alleviate at least one

or more of the above disadvantages or provide the consumer with a useful or

commercial choice.
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3 12 MARCH 2007 DI SCLOSURE OF THE | NVENTION I n one
form although it need not be the only or indeed the
broadest form the invention resides in an underwater
power generation system conprising: 5 at |east one
i ne menber noveabl e al ong a defined pathway; a

plurality of foils attachéd to said |ine menber; angMARCH 2007

at | east one power take-off operatively connected to
sai d |ine nmenDSCLOBYRECOFSTHEIUWSYENTIRONI ne nermber to
be rmde al onf% t he defined pathway due to a flow of
wat er cOrPtformo ajfhergh rt tﬂ@@ddefpﬁ Redtheaoniyapr lindeed Ahe

broafebl Bt bt iRt ol ot ik gBnattiohd s
comprigingcck, pair of wheels, plurality of pulleys or the
The Ij ne nmenber nmay be a cable, belt, chain or

I ik
ﬁP@%@n@dm REBREr ﬂmeﬁelmaécﬁng FHefineshpathvaye- of f may
t
thaeBFﬁé'ﬂ?Sﬁﬁ"lé'é?‘%‘ﬁﬁ??%&ga{ﬂ@g?"?e‘eﬁi@e f90%e present
| natdeastamevpdweriteke off quepativelt cdnheotteditb @afdoiideonwenter;

de ai d descri &i on. 20 BRI EF DESCRI PTI ON OF THE
iolisoRssa. 4 e MoeriberciodkmavRg Aong (e, defineshpaihway

due {2 BAVrvAePEIPOt: Skilled in the art to put the

invention into practical an enbodi nent of the
i nwbereimnthewidefined detheaybéids bin waylafe ethatmik e sobdtantially

wi t.h fe enc the a conpanyi ng draw ngs, wherein:
perpfgdtglué h cﬂiré”ageﬁ‘t‘)'ﬂr ®N'ew of an underwater power

gener at T dawét;%thway‘ Qﬁﬁly % H@ﬁn’édf b¥ o traBROPSH 'B?rwhégls
resent invention; FIG shows Tront view of

P'UF%‘HYOEPWiﬁYﬁé)Tﬂb?HkQ}g part of the under wat er power

Ject onie ufEHébe may He o catfie Belc RAR"E e e Bopiingous
memshatemof FIG 1; FIG 4 shovvs a side sectional view

of the w;dervvater g \? eneration systemof FIG 1,
e power tak may be operatively connected to a pump or

generator or the like device.

Further features 6f the present invention will become apparent from
the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
To assist in understanding the invention and to enable a person
skilled in the art to put the invention into practical an embodiment of the invention

will be described by way of example only with reference to the accompanying
drawings, wherein:

FIG. 1 shows a top view of an underwater power generation
system according to a first embodiment of the present invention;

FIG. 2 shows front view of two drive units forming part of the
underwater power generation system of FIG. 1;

FIG. 3 shows a side sectional view of the underwater power
generation system of FIG. 1;

FIG. 4 shows a side sectional view of the underwater power
generation system of FIG. 1;

FIG. 5 shows a top view of a track shown in FIG. 1;
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FIG 5 shows a top view of a track shown in FIG 1; 4
12 MARCH 2007 FIG 6 shows a cross-sectional view of
the track along the line AAA;, FIG 7 shows a
cross-sectional view of the track along the Iine B-B;
FIG 8 shows a top view of a wing reinforcenent plaj
and a connection arm 5 #l G 9 shows a front view 0o
the wing reinforcenment plate and a connection arm

shown FIGH GhoWs afdrées-d&btnagied. &F tHE trabieRonh thdfne A-A:
connection armof FIG 8 FIG 11 shows a front view

of a fbiF. tahewagsrosseeiiopal view ofthe trackwaloagtiopline BvB;
f th ily CAL[] nbly of. FIG. 11: 10 FIG _1
Showe E18) B SPU, ERoF VB G = ki bl 6 -

connBtiien df; FI G 14 shows a bottomview of the foil

carriage assenbly of FIG 11; FIG 15 shows a front
det ai | &EdGvPeshaws aHeontoiew afdhe-wing reinfercemenh platevandra

I ystem 15 FIG 16 shows a detail ed
Connggw%ﬁgﬁé%\}v&g“étqie power take off of the
under wii@! 10 8WeWs aalidd dilvast th coRRbctithrfrl &% FIG7 gshows
a detailed side section view of the underwater power

gener atfilon 1§ phowsna frantvievgokadoikcarripge epsartblye vi ew of

2 secondatEsaPRE R op R B ET0l RAnRUSARER ARG SrEIE 145
shows 16l 43 shows pasidé alewpshthpdoll Cawiagh @ssarhbly s FIGI YE:

units rmn art of the underwater power generation

syst em%&‘- gﬁghg\g,s F|ogttop vigys@f H"esz!'ECW'éﬂﬁ aAssembly of
FiG.yAder wat er power generation systemof FIG 18; 25

FIG 21 shows a plan view of a drive unit of an

under wdtl&r 1509kows gefinentadétaited wixive rof dbe podiendakesoff of the
iment of the present invention;, FIG 22
'undegrﬁ%%g%gwsg?%gng‘faéwgyﬂgmyndervvate!r power generation
syst emRIG; d6&hadsteddétalldt sEctRINAP JieWEsT the bolBPtakeFEHt the
i nvention; FIG 23 shows a plan view of the underwater

UNdeIWRET RQVYRS ISNPERION SYslePt a8 of FI G 23; FIG 24 shows
a fronted ey QholdOa Ydidifed' Vde sL2hidH VP ¥ thd uldSwater

power generation system.

FIG. 18 shows a perspective view of an underwater power
generation system according to a second embodiment of the present invention;

FIG. 19 shows a close up partial perspective view of two drive units
forming part of the underwater power generation system of FIG. 18;

FIG. 20 shows a side view of the underwater power generation
system of FIG. 18; |

FIG. 21 shows a plan view of a drive unit of an underwater power
generation system according to a second embodiment of the present invention;

FIG. 22 shows a side view of an underwater power generation
system according to a third embodimént of the present invention; _

FIG. 23 shows a plan view of the underwater power generation
system of FIG. 23;

FIG. 24 shows a front view of two drive units forming part of the
underwater power generation system of FIG. 23;

?{ARCH 2007
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underwat er power generation systemof FIG 23; 5 12
MARCH 2007 FIG 25 shows an foil that fornms part of

t he underwater power generation systemof FIG 23;
and FIG 26 shows a side view of the underwater power
generation systemshown in FIG 23 having a rear

funnel and forward funnel hounted 5 thereon; and [ ARCH 2007

27 shows a gl an view of the underwater power
gener at Fién 28\shows ahdoeih that fir@s part ofltke @ileshates power
spective view . gf a further enbodi nent of the foil
oen BB BTN B o

¢ G 29 shows a top perspective

vi ew of Fidegd Qf M Ri ; .
further per SEQP Yv\%gé) méwl%g‘w ?g]etﬁf&nﬁgév}%%sgpﬁlgp‘é%&@ranon
systeg sEp\@ iB1FKho23 havirey aprearifurneli & ddrward duhissl Weohted

T formng part of the foil showmn in FIG 26; and
therfe@ﬁ%%@ 32 shows a top sectional view of the

attachneg. E 2 :
DESCR PT}%\%F%HE ?Wﬁﬂﬁ@%&. dﬁﬁ?%%fe&?ié‘l DR ggneration
systgRukhont erFigoR&t generation system 10 that uses water
current o,produce electricity. The_upderwater power
gener at Flocéw 2@ 589‘9'§ FeReTERer G Wé\éfs"fe? furtheg eptpodimentyeithe
foil sHbwmain#(®. 26t ty of foils 40 and a power take-off 50.
The frape 20 is formed froma main cylindrical body 21
with twolC.4tshavws atampenspactiverview btheMail showhiim B1G.28;

body 21gj I d centre fin t hat. .
ext )éndsF'rée'a?\%a%@%Sa% r g%%ﬁgj?{gﬁ)%mﬁ(?l ‘f'lﬁ‘ﬁr ﬁ%fgéne 2%;?“9\10 in
FIGR@e fins 24 are 25 |located at the sides of the main

cyli ndr'EF@I gogg 21. The arcuate arns 22 are used to
hol d t hE'@mddr fBRWS B ReEsPedivacYiawi oh 2y ettaghment member

forn@@bﬁﬁ&ﬂ(gfoﬂ@‘w}]dﬁmgﬁé. d to ends of each of the
22 an

arcuate arns are anchored to an ocean or river
fl oor tblGoBa shows antder sedtenapeiewr of) ¢ine ratthchimesy sisber

in hthon. Alternatively, the cables are 30 nounted
shot/vg "g?g‘r;‘l%%e, boat, or the like structure. Track

support NPETAISER DESCRIFTIONOA THE NYERThut war dl y
FIGS. 1 to 4 show an underwater power generation system 10 that
uses water currents to produce electricity. The underwater power generation

system 10 includes a frame 20, a track 30, a plurality of foils 40 and a power
take-off 50.

The frame 20 is formed from a main cylindrical body 21 with two
arcuate attachment arms 22. Main cylindrical body 21 is hollow and has a centre
fin 23 that extends rearwardly from the main cylindrical body 21. Side fins 24 are
located at the sides of the main cylindrical body 21.

The arcuate arms 22 are used to hold the underwater power
generation system 10. Cables (not shown) are attached to ends of each .of the
arcuate arms 22 and are anchored to an ocean or river floor to hold the
underwater power generation system in position. Alternatively, the cables are
mounted to a bridge, boat, or the like structure. ‘

Track support members 25 are attached and extend outwardly
from the main cylindrical body 21. The track support members 25 are used to
mount the track 30. Each track support member 25 is formed from a track arm
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fromthe main cylindrical body 21. The track support
menmbers 25 are used to nopunt the track 30. Each track
support nenber 25 is formed froma track arm6 12
MARCH 2007 26 and a track cradle 27, details of which
are shown in FIG 17. Two bolt holes 28 are | ocated

through the. cradle to atach the track to the cradff ARCH2007

27. The track 30, shown in nore detail in FIGS. 5 to
26 ard a'tﬁa&‘@hdl’e@ﬁ RRSls of-Wﬁcﬁ BAE Ehln iis FF@rWEd ;lgﬁltt %@es

side track plates 31, bottom track ate3
28 arellocated Haroughitiee aiadie o attam th8 trathdo th@m‘ndt&@? in

t t [ ha
channel MRS ST BN Mare HeikinTiEnd b ol G M Ips-
The tHack 360 %rmed o tvid sudeﬁgq%k%l E%@ICB' oftf ﬂéé@pl?@‘@ and

two w ngs are rearwar a ed respec
two bﬁbﬂp@d mmmgmlat&sésa na’hertead:kcaﬂ/mn\/alamsyemetdnossesmloh tsoa

nec n arm10 42. The wings 41 are formed from
rectqqggpé 5?8@@65 ere of a tear-dr op shape when viewed

in trar@d&f&&hélf&%&t@%%f %frgﬁ%é’@%smqssﬁo%ﬂ%p 17,

rei nf or cenent E ate 3, own I n
and aooanertiontaroudd. The twerwmgs &1 ardn eeawvagily&plaveé wiithirespect

o o537 B A e, AAReI A B @ ebon am

42, rrhs Mmrg?wt arnftinedfroth fBrePglateand are 6he t&pHISE ShaPe when
tes 45 are used to nmount respective

V‘ewlegl VBF%%%PT%ﬁa?e@QOQS Fi bregl ass | s noul ded ar ound

45 and Tt VERTRES LU eifrred IS LI ERSS. 8
and ;9: thl exteartds thooughathe cerdrecofahe dving mgs TWe $ail catheetion arm
T KSR T FEARLi6 o B GBI Kb o

two ihtclnfl’edll6@:‘1:’(&%%50?1r\)&lh?3 pYMté$‘45€?|H§%nBQC n(ﬁ @vm@?léfeﬁ% are used

assenb carri age asse
to mmhresmﬁtlva @fOnCBrmwlt]pdates 45. ﬂabr@ﬂaa‘srlennwldbduamund the

cinf B, AR s S S RFE AL 55 6 0 R
connaxtionrpiate 445td prodade thie Miltardd asdipfdd Wil?‘sn eh. seﬁes of holes

e connection plate 71 is attached to and

carri a .
46 g lpraled t theoughthe dei CoRpestionelateatd Jieplaoles Aﬁnaf@rusp@ to

‘moﬁ% ﬁﬁl it Qedés B ﬁ@ wit ?{sg%l: ﬁgag%gtﬁo g?#lg))]:

rotati oﬁhawlhmaga plpesngtzab Gﬂnebho?;\rhh ih :a!etar:hp FlGSgﬂtl t8 H4,is

t e S S a ee channeil,
formaif iofea KR, SPpRE Thedber RO AR Naee Hhsombles Bo.anetfwo
bottbat whes! dssenbes BDeahe dhairpd\thpoRembRibes 70fid f&ﬂ\e%]frorﬂ_ leC-

carriage connection plate 71 1's used to nount each top
shapgdrehanpeleh A egrriage connection plate 71 is attached to and extends

upwardly from the chain support member 70

Each of the top wheel assemblies 80 is formed from a top shaft 81
having two top wheels 82 mounted for rotation adjacent opposite ends of the top
shaft 81. Each of the top wheels 82 has a wheel channel 83 located within the
top wheel. Washers 84 are located between the top wheels 82 and the top shaft
81. The carriage connection plate 71 is used to mount each top shaft. Each top

shaft is pivotally mounted to the carriage connection plate 71 via an attachment
pin 85.
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shaft is pivotally nmounted to the carriage connecti on
plate 71 via an attachnent pin 85. 7 12 MARCH 2007
Each of the bottom wheel assenblies 90 are formed from
a bottom shaft 91 having a bottom wheel 92 nounted
for rotation adjacent the end of the bottom shaft,
The bottom wheel 92 is a fll at wheel. The chain suppo
menber 70 is used to nmount the bottom shaft 92.

Washer €308 Qirtlme bottemamémtase@mbﬁé@% aPOIGr RIS aHo%8m
h aﬁﬂﬂht he bolgt aft 91, and the bottom shaft 92 and
shaft 3L hayag Sheekatsmeunted far whatian adjacaritibe eodioéthe

c nber 70.. The
bottoff shat.C TRE i Whckl'52 LA (RUIBART Sng SBARwrpRE moher
70 lST\B&Bd trmoentthei botidn ekakeiods Washerr9PERY bbcﬁfedtﬁ;&wbéﬁ?ljﬁe
bott th I Q)qe# t he wheel channels of the eel

0 05?&’ pls 2 heopptiam shaf 94; aed thesbattqsn abat 92and the chain
supp@hlrﬁé\fnbgﬁ 7§ 0i | carriage assenbly 60 to run along the
top of e channel 30. The bottom wheels 92 run

snoot hlAy chamngmouhtmg msrdbero?3 i wnAb&eaab tRe- chEliHa  support
me% &ﬁ 'l\[li'/'n s 92 ar held W thin the channel by
MO&hr Pea %gh%{‘ rSiUBP9 ¢ wr@mﬁmepteé tpcﬂodmﬁaeha;mﬂﬂon’fhe
dnvet&mwm@xiéﬁﬂg'tﬁéﬁeﬁ?mwﬁ] ggnel 30. The top
car r| a

shafts 81 pivot as ge assenbly 60 noves
ar ound In geatheuaheelsehannels offthe tep wirels 3@ piktéd oA dop of

the SE2ack BRE R BAM neclaiiridta, apseradi o urusr Sone the
top dfrtae IchaB@el 3he Thewsttohiihesls! 923 Purk 59 ‘ggtﬂli‘ aﬁnﬁhe ]iﬁ’ss@é‘ o

des_a main 20 gear nmount
the ’PPA} . THe r?&iﬂﬁ"géﬁ\ee!ﬂwgﬂt aaz hietd wdthitt dioe ahlaanelhby a

it 78" R Bl S e iR STt e
charmeb aat eTE;@ dop shafts &1hp|vbr as Khe Toi cgﬁiafgegﬁﬁsfemlﬁ} 63 moves
age rjve | rrven rrve
arouff #58 85yali sdtioniasife bggk 3aqiGa18 shaws fsSheNes! piveting
2 U AT SE B0 FOP S WL Sl Rl ook

i ncludes a botto ear
0. opposite end of the mai n gear shaft 52 to that of the

e L UNC R S
e oo s LA, Tiam 898 fEg 2% e
via tﬁgltragﬂoél(b g mﬁ@r@ggggruga@qdygbhr Timmabtg)gbarosha?m 52 hs
mouffed 56}5'&5&%& thiddle of the arcuate section of the track. The main gear
51 engages the drive chain 74 and |s driven by the drive chain 74 as the foil
carriage assembly 60 moves around the track 30. The power take-off 50 also
includes a bottom gear 53 which is attached to the opposite end of the main gear
shaft 52 to that of the main gear 81. The bottom gear 53 is located within the
centre fin 23

A speed increase assembly 100 is located adjacent the power
take-off. The speed increase assembly 100 includes a speed increase large
gear 101 and a speed increase small gear 102, both of which are mounted to a
speed increase shaft 103. The speed increase shaft 103 is mounted for rotation
through the main cylindrical body 21. The speed increase gears 101 and 102
are located within the centre fin 23. The speed increase small gear 102 is

M{\RCH 2007




10

15

20

25

30

speed increase shaft 103. The speed increase shaft 103 -
is mounted for rotation through the main cylindrica
body 21. The speed increase gears 101 and 102 are

| ocated within the centre fin 23. The speed increase
smal | gear 102 is 8 12 MARCH 2007 substantially

smal | er than the bottom ggar 53. The speed i ncreasé? MARCH2007

small gear 102 is connected to the bottom gear via a

speed [.ncrease e eat 101 is the
subsfalliafly ffned WiarE RS Bolify 6d5°s 3 sniSE indRdve Swal par
102 wnebnhaeteal to the battorh gdhrwant cidif 1@neeme spedGh&@aase large
assenbly 100. Each punp assenbly includes a respective

gearpmpsgﬁsamgﬁge@wtmottmgead to a respective punp

125 i s TonAMhpafpoties 1IBHRECt HiouBeelBo BHFounuihe g

incrddsedssp #65.c BBkl plhh ak Ig@ad
113 tha'tmj}ws nmounted to thewgﬁ’gghﬂgﬁéﬁﬁﬁfﬁibg P

111 apd idd Jaoynipd éo geaspadtiveiptirep ahalt 1 €21and 12Re Eachsresn@:tnve
15. . Th f 3
purSTROERY o418 chr e i e ML 54959 1A e

first pdimp dssembipiip0 BRsodnoIngEs adrdrfet dear 1 B ehat (8 AounRIMY the
The foils 40 are attached to the Toil carri

pumpsshafb i §2.60Thessrred isreass large gaan ABhis spamgcgedio thye dirst
pumi)gé;‘%a? M1 Wgeéﬂalﬁlﬁtﬁesﬁé f?ér‘?ﬁ&"gg&ctl?g id %o Bhg%t{e&%ﬁ the

connection plate 4 Friage conn
secgidapemp lgearti® 1aviglaecledint 185, f Bath #Qmipsisajohaetiedlte a turbine

t g‘h ied using the series of holes located in the foil
(no(§ tion plate 44. The angle of the foils is

det er m TRé fdils 40U4FRr RtEThBH WBY foil c%wﬁd;geaéssbhﬁ)uweb geintgytwo

of the water and the direction wat er current
foil attachsrentimateg rﬂc‘(’erﬁh@ éallqoatﬁmhwm!atesdl? angscamet®d to the

o LR g0 A U8B0 S e L7 96 A e

foil @0r iseable leebev\@tjﬁstewmmgt tt@:tséné@ dfNigolé®ilbcatéd ianthe foil
cause the foils to rive chain 74 around

CO"B%WHA@*@ 5. The, énalﬁ Qféhe ﬁalsas mtarmme\ﬁ#w avmeEaystelements
suc 'S'fhé’%’ibcﬁylg ﬂg'%tépéﬁit@zdlm %?Er%%&%?ﬁuﬁént The

ot t om gear I Ves t Speeq  Pheresss 47 ge" gear
101, spbed:sen(tmeeamdematbk e déierativh spstech 28 is located

| h he
witrt B GERE gt 59 Wt heceack B i€ Sihariiian nesmSRaiclar fo the
wateealirrdrit2 Wédwéu@e @drréﬁ@é&@%ﬁ thE #ils 41@§nd éa\%é)ﬁieafaﬂé & Hdive

| arger than that of ermln%ear 1, mai n shaf
the give rhaino fh giraund ghe mks'&ea erilriveachain Zdge tyandrizes the

maff o475, Bouf it o2 68 5 90 10 boRiTReB) S5 arbig e
spekedr micrease large gear 101, speed increase small gear 102 and speed
increase shaft 103. The rotational velocity of the speed increase large gear 101,
speed increase small gear 102 and speed increase shaft 103 is substantially
larger than that of the main gear 51, main shaft 52 and bottom gear 53.

The speed increase large gear 101 drives the first pump gear 111,
first pump shaft 112 and transfer gear 113. The rotational velocity of the first
pump gear 111, transfer gear 113 and first pump shaft 112 is substantially larger
than that of the speed increase large gear 101, speed increase small gear 102
and speed increase shaft 103. The transfer gear drives the second pump gear
121 and second pump shaft 122. The pump shafts 112 and 122 drive their
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30. punp gear 111, transfer gear 113 and first punp
shaft 112 is substantially larger than that of the
speed increase |arge gear 101, speed increase snall
gear 102 and speed increase shaft 103. The transfer

gear drives the second punp gear 121 and second p‘fgﬁARCHzom

shaft 122. The punp shafteg 112 and 122 drive their
12 MARCH 2007 respective punps 114 and 124 which

[ reys r |
rosp UK REPTITRT W TP W plkidid sSyiell Wl [P e -
turbuse)tcttraateteiectlnoﬁ)atl on of the track 30 by the f0| I s 40

does n caus gtablllstlon 5 FIG 18 shows
power ai"ﬁ ‘ﬁ # 3 %ﬁqstgééeﬁmtﬁgetr@tag% of the track 30
by th%'feWéjb,ejTegés ﬂ{)t &g]_ﬁ;eode%zﬁgrsaaggentl on. Power generation

system 2 as an four cables 203, a
suppor tFIGr dBesitivy af mawerf gereraidin systémve01 detordingudi dne

d 208. h 202 |
embeg' |f§a‘ﬁ? (renent @kgﬁﬁgkwrg%@q& év%eéié?m hagoan
ancl‘f'@ﬂ oor fc?&%db?e@w@% sﬁgﬁm ?raﬁﬁf gg% eng)é"'ﬁ{lé fkto‘ﬁshs IawEr ande

hence anchor 202 curely
umtZ(I)Bendao&ppaadnwahim%anchor 202 may be forned from
concr et r eav%/}3 met.a

h . that th t of
anchor r | SECUFRIX ﬁtégﬁ%% i‘h ‘gwlceg@ §|°Pﬁ Izggnt ggqferably,
anchirtd02t Rea Q@@I@%n&h@oés D RnoWR YA tﬁé@rﬁﬁn@%n@é GanthoH Q@byls

attached to anchor 202 at one end hown 1 n
securgly fasigned tothe egeantfoss 20. Qntmaall)amahor %Bftmay tmof@rmed

F 0 t 0 203 an en
ronfE AP0 o iedl' SRS BRIl a9y o Cecly
Iocatusramhot 202 irecdrdact ddPthergteandoop20a ht m?ffbef s 210.

Each of cabl? 03 are attached at each intersection

of hor i ZYHCRP fle spgyrednattachsd; t@iﬂncf’r@h%@ at ongepd as
showh WI@% GRolERRYB £ ke ke QMVJ%%X‘?B Hﬁéoﬁ' r FYa%eZ* 304
ranme as Fi ns

unit 207 are attached to
is atiaches toaeanidof cakles 1268 atrah ehd mmalrtodamchﬂrmm Eefne 204

205 tached t th
comprifies B Pouzdriat Megpet<aEs 57 e vrfiafl fndrse 318, Racbpf
cableB 20¥ ardlaitathed at @aich GRfersueabh Yof Hdréﬂﬁta?%mld@r%eﬁog and

drive unit 208 and |l ower drive unit 207
uprightrgembers 31 G ablraree@94a boat, or be fi xed to the fI oor

o i1 Q5B 0ion BN 0B 20 Al e
204283 shawnbeFlaStzﬂﬂﬂada attathea s 2iMer empaf uppey irlvei dniB208.
simfgiy, Pira0s ais Atakhea 6 5ada Iower GhVeuyBit 20735 Fapun.
Thigivilltdediscussed in more detail below.

Optionally, frame 204, upper drive unit 208 and lower drive unit 207
may be attached to cables on a boat, or be fixed to the floor of the ocean without
being anchored by means of cables attached to an anchor. Alternatively, cables
203 may be attached to frame 204, upper drive unit 8 and lower drive unit 207 at
one end and to a fixed structure, such as the pylons of the bridge or a pier, at the
other end.

FIG. 19 shows a close up partial perspective view of upper drive
unit 8 and lower drive unit 207. Upper drive unit 208 and lower drive unit 207
each have two power take offs in the form of circular structures 211, an inner
guide cable 212, an outer guide cable 213 and a plurality of drag members in the
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other end. 30 FIG 19 shows a close up partia
perspective view of upper drive unit 8 and | ower
drive unit 207. Upper drive unit 208 and | ower drive
unit 207 each have two power take offs in the form of
circular structures 211, an inner guide cable 212

outer guide cable 213 andy@ plurality of drag merr‘oyrl%[ARCH2007

in the 10 12 MARCH 2007 formof foils 214. Each

: formEffo?lH'Z% structure 211 is rotatable and has a coni cal

215, a generator (not shown), an inner wheel

(not SlEfawh)czrcalar etlieturavzas!is %ﬁatalﬁé &nd l’FHsUé %bhfc&l Rébusing
spokes 217. The inner wheel (not shown) has it

215 @e@ﬁ’ﬁiﬁt%ﬂ‘@ﬁ shoven)t Ae ineen wheelattot sbmu) anolw’@r vheel 216

o R E TG

the aentral aklec(rot whawn} tof Wircula® st%iurwz&maﬁa % @bﬂata\blé)f Outer
spokes 217. Quter wheel 216 and inner whe

whee) R&@nﬁ rotatable and isoslippontedssen the centsal axid @f c(lrwtar structure
h
211 FA%Dlyaiy, BEARARE %17, SROREIAERY 513 ap A il o o)

rotatd fabogit rthe asame @ntranwgle gndthehdwai)at iao pahera&ﬁr BYOﬁératlvely
ener It

aﬂa"&ﬁ’ fo :&@é 5%%}%‘{ Catxg @@%ﬁa‘wi gfeglltjfgﬁé{slég&urﬁ 241arThe generator
conv@H@@ﬁé ksta |0f%%ﬁé¥gg°&%|&uﬂrt%ﬁﬂe f‘quﬁﬁteq?&gﬁ 3l energy and

transporting t | ectrical "energy genera
it wilbbewapprepiated ethato&hnesgesteeatozmastm electricakeutplit ua@lesaitdmhed

theret3, . PaRsTocfie, hY s SlpciRal reraral gRiseriadoAwaKaIG power
gencigtivty syNem 20URSaS 4l ofLSE Stk 3k ARGHOE d’lfﬁé'%’lioﬁg%ermal

components from damage. As can be seen in
electjgalgridedge of coni cal housing 215 of each circul ar

i 11 e hORERE 228 Plodis abe: derlerdF afidaine generators

subsequent elee‘sncéllamt/er seehanichl ompatdhto flofT damabbe As can be
uration as shown without 20 the distance

See’b@trg n% R8 Quter-edas okgenieal housing1215, of gachycirquarcstructiye
028,

s screp iR Al ol AR, (P08 bt i grour

strugteies Phate apaom;feom daracheotbm in th8.comfigeration wsdshowabiithout

the dipnGe Bpfiesh i CUkERIcERRn £1DraVINg: an | nner gui de

cabl e 2Rafefriry toClpper idhive run‘ﬂ'"ﬂ%e lah cﬁﬂé’ft vide 8901 3% ncircles

each pair of circular struct ures 211 s%hat form part o*
the paipof CHFP‘@& stiHetures2@%1 thatpformapart of eppendtive anit Z‘&)r Ruter

guidBaddol® 18 RRAtact ieColtB WHaBP276 Dr 35&h circular structure 211 as -

shown.  Additionally, an inner guide cable 212 encircles inner wheels (not

shown) of each pair of circular structures 211 that form part of upper drive unit
208.

‘A plurality of foils 214 form part of upper drive unit 208 and are
attached to outer guide cable 213 at one end of each foil 214 and are
releaseably attached to inner guide cable 212 at the other end of each foil 214.

Foils 214 are spaced evenly along outer guide cable 213 and inner
guide cable 212 and are able to operatively turn outer wheels 216 and inner

wheels (not shown) of each of the circular structures 211 that form part of upper
drive unit 208.
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‘attached to outer guide cable 213 at one end of each
foil 214 and are releaseably attached to inner guide
cable 212 at the other end of each foil 214. 30 Foils
214 are spaced evenly al ong outer guide cable 213 and
i nner guide cable 212 and are able to operatively

turn outer wheels 216 andjnner wheels (not shown)?¥gfRCH2007

each of the circular structures 211 that form part of

upper Y [ 4 &2, MARCH, 2007 . It will b
appr eciltgwgldg? @P‘?‘ﬁa@’ %‘PF %W‘?fngfl’vezﬁ'?'ti s8¢ #B{Wéﬁ\r fhe

samé @e uppen@rivasuniop@s. drive unit 208. P!r efer ably, foils
214 are made fromnyl on and have a rigid bent rod

© (not sitslerabindoile A4 aee madefréroinylanland saveoa rigick bent rod
' ill Db 5 dj d bel ow, ti 1y,
(not (51oh SEE ARulls ‘et il A1° 1S Somerly radiealatad ax il be

disciided BRibWn Opithal, doild o¥ ' @ Lk s
| Al ternativel )F/’ foigl' S |21%¥Jr‘nt$§y %Ieeaﬁn%gg fﬁr%nz%‘geir(rlg‘réematenal

other thananyia s4ghaas 8 dlenibisspleistie oythadike. Altesnativelya fdilsiaid may
be IS oo fd i TugteliBl slstrias AReSBE¥SaiAsHb Soitlts Soroste

or thelkepr ot rude outwardly from upper drive device 208 and
| ower d:drive device 207 due to the pressure created by
the f1 dCoROvsiiawys arside yigw of ipower genpeation cayistam 1201t hs

. : . g
can 83880 584 298 ol i il R 5550 b R A0 e
drivappvife@ a7 ehu:t tlgat_hetmgsmrwi dréatbd hb‘yomg flowowswaterfiwial %irection
t . r.e [ rpve vl Ce,, as as een represente 1 n
perpefiicUiz 15 35S, GotE SeclieR Al e i fevioasy sthah lb1oilss 14 are
show® st FIGNed dnid BIG. 2@ BuPft willde Sﬁﬁéllﬂila%@g%\}\gﬁ&‘éewﬁ\r@e four

strong, constant currents. Optionally,

rowgyeifeliatve for egoh drivexirrvicen psthasdeehasepresentedtie RIBA19f a

river h | 17 .ar ea  of owi ng.. water. Power

gener aﬂ FIOL%ES §é‘f”§h§%§5f'@g BHUPTY %dr?e‘a p?gg'ﬂn?ﬁiéﬂ ap geeq piife
ocearf whafe teremré stropgy @mtsimitQiWr%.pgbﬁbﬁéﬂgago%r eration

crozsﬁg SGC&)I on ?‘f each upper drive unit 208 and’l ower
systgm 4% may beanehgeediodhp bied of aiver or othsir isimifar area of figwing
watsai | s and the novenent of water perpendicular to the

cross section of each drive unit causes the foils 214

t o novePaweugedneration systene 20niis positionet rauchathat the flow of

watdh b irpine G Funarific Rt i s sectign el aachyaprasidive

unit 208 anddoer@rivediniV20Z/as Sheld i RKS of.

Foils 214 act as sails and the movement of water perpendicular to
the cross section of each drive unit causes the foils 214 to move around each
drive unit in a circular direction. Hence, the movement of foils 214 in a circular
direction around each of upper drive unit 208 and lower drive unit 207 causes
outer guide cable 213 and inner guide cable 212 of each drive device to rotate
each circular structure 211. Additionally, this induces lift on upper drive structure
208, lower drive structure 207 and frame 208.

Importantly, the direction of rotation of the foils 214 in uppér drive
device 208 is opposite to that of foils 14 in lower drive device 207. For example,
if foils 214 are rotating in a clockwise direction around upper drive device 8 then
foils 214 in lower drive device 207 rotate in an anti-clockwise direction. This
counter-directional rotational movement of the foils 214 on upper drive device
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outer guide cable 213 and i nner guide cable 212 of
each drive device to rotate each circular structure
211. Additionally, this induces |lift on upper drive
structure 208, |lower drive structure 207 and frane
208, Inportantly, the direction of rotation of the

foils 214 in upper drive ;80 device 208 is opposi te2MgRCH2007

that of foils 14 in lower drive deV| ce 207. For

208 GRSy with (08 fols cafs U IGREEHHIE dfich, 2077 BtafEes e
rotatiomal dmesdapMeddeonpnwe?Ogemenaﬂére dystean 201t iasChowlvles and

dir ion. This counter-directional rotational
ens%%gﬁ% bhPoyter (grnaraligns systemy20]p pemainsi orentatedc sorrectly as

shorfERARER, 80 BEEE HlhG L LRR Tk HGE un

208 akmplelredh\leo upiiven7 gade fratie0208Y s Feithdfords finsWpob eased in
ensures that power generation system 201 remains

prov '?93 ta WeprStrive anit 2085 lowaisliive uait A0 anddrame 204ns 205
oo =L I GTRERBIE R, D98 o Bl el BRE ks rve

unit 207 bt rotated in aretock@iseadissctionithen fiepy indultibe b friet tlckwise
[ ower drive unit_207 and frame

d t 208,
rotety AT fofce Eppl dnppaners Gonrabln sttt aaioee dhet entire
syst&PSoadthtt OVWeréfote/ %acH Fbil 23@?1a§(§ Rr({j(ﬁ'g %ﬁ&vhftoaensure that

cl ockwi se direction then there wo
the foiils agiossrectip tighethslich thatethap phovedatonngddherdrive devices in

the Gle2RaR? ThETod Zhi R e 3 0Rlon araling 65 Ehoun)
t 0 ens UA§ prévdbusly Feentiohés, folS 24 iBChe M’ta'de'f%lﬁch Fieed rigid

@ nmove around the drive devices in
mat ﬁ"é‘ %rqeewwlerbe angrdated ughithatthe worremero&atmummuceed

in “@%’?gﬂg f ancﬁﬁw}é‘i’ﬁ\‘{/@ﬁﬁlt&o‘?ﬁm' oned, foils 214 may

oma nore ri mat eri al and hence woul d be
ori ent aAedheartd ohfails 1214 r@tﬁaseablyrattﬁhednoIlﬁnemgtuded:able

15 in. d 20 d. | d
212 @y intS RNt i hes el (Galbomin) of e ReBuGsufenAbt the
foilsOdeteen Griph an&@n&é’%ﬁbl&“ﬁﬂ C%B rétYf‘ﬁ ithe LRSS %fﬁk%e*oxl 214
re 211 the foils

(not shown circular struct
secrelyaatiag 4] nui@r gyidedeable 213 red@ing athamhednt Hegnce, tes each

o 208 B et a0 R0 AR et o

outeroguitie cableo 138 emding attathed afll rtHetaHdeatddhed heified difide
Iﬁo” Zh‘g ttach d to outer guide cable 213 renmmnins
cablg 212 fieja reatiachesa teforarfsil 24 travels away from

eacﬁjc?rcgﬁﬁ'éﬁ‘héﬁj ?Qtheattaches shortly before foil 214
travel s awa rom each circular structure 211.

Pr gf er akﬂrgferatbig, the detdoerent and re-attathrmaehhefreaohffoid 244 from
innéroéu:de c§b|e " is facilitated by a chain driven mechanical drive device that
transports the detached end of foil 214 from the point of detachment to the point
of re-attachment.

As previously mentioned a generator (not shown) is located within
the conical housing 215 of each circular structure 211 and is operatively
attached to outer wheel 216 and inner wheel (not shown). Each generator
converts the rotational energy of each circular structure 211 to electrical energy
as is known in the art. Hence, the movement of foils 214 due to flow of water
perpendicular to the cross section of each upper drive device 208 and lower




10

15

20

25

30

25 inner guide cable 212 is facilitated by a chain
driven nechanical drive device that transports the
detached end of foil 214 fromthe point of detachnent
to the point of re-attachnent. As previously

menti oned a generator (not shown) is |located within

the conical housing 215 ofj;each circular structure lﬁlﬁ‘RCHzom

and is operatlvely 30 attached to outer wheel 216 and
dri ig{éer not shown Each. gener at or convert th?
Ve et °@ %‘?sg?" Spegdtive tation af inner wheg (not and
oute? Vel 298! of &R Bircy s sgﬁctlﬁf’é’ 1 1t tf\@ V%Werat)i?(h%? sh&WR) in

novenent of foils 2 ueto [ ow
each @rrpeladsmumare 21l tdrvedsdisis retatiohalrenefrgye cdlectripairendrgy e
devi ce " n | ower, 1@ {;AO}[RCH 20 7 .13 drive deyjce
207 cau e‘é’ &aevemte tha ’8?%@ eptrical ganeyee will have an
ouuéhaw)w.mee el8dticdlly Uierhed 46 @{ Ch whfcﬁ%hé |e‘3&f¢é?fe%ﬁgy
and the generator (not shown) Tn circ
creaied lhytpmeermemtmaylssem rﬁOs! witltheet useth| Secteagastmay include
L ﬁr cal '%Zﬁl be appreci ated that each
remoreQirigs ancoggﬂg BPWW QT'd?]ave an 5 outlet and will
be el eciggtienkily e’rﬂ&tﬁérh%lrteg@ﬁv@rﬁé\n@és “&&Felghﬁstened to
el ectrical ener creat ed ower generationh syst
anchon 20¢ via asiditi catsge R03r may fmmy partaf power genenaaon system

2010, it SRR, oo B4, RGP e R0 e

twohRedeviced destrhtnal heral. es 203, may form part of power

generatl on_system 10 201. This pair of devices may be
[ ocat ed layBhiee appiesiptest thas aplurality of pewer geperatippystems

201dﬁi yeoéjﬁ%’ur aﬁleg‘%ﬁﬁ\rég’&fi Sﬁéleg@nerfl:h s&%tgpgrzm@? ’658\% f?trgcggse

Ity of r gernera (
prommltyswﬁhma@h otheh é’aicﬁthnav\/powge@mtattm systerasn20d1may be

ing, i t th h other. Additi |
a8 Biing Bl &5 PlorPleslodhare Berenspibe 15 added to he
farm as mGeol rdhedk dj@l"%n@mt D8 a8fPalt {rhgtlvezt% B UMPer drive

drive unit 218 as an alternative to t drive
uniyaP8 ardsthgniewer drivewsit 207 desciitied abavejearwemt Abd\as a

oGl 1 21818 3 Zo0 AR Bt B ook

22323. 20 Frame 220 is a truss-1like frame fornmed froma

pluralit rggrbers The function of frame 220 is to
ot fer sUBBIR 220 4 4 dist ke, fearam dformedufrem ratplumdty of

meﬁLHe‘r@t Wlﬁeidggh&gm Br Fr&n{eem RS td BFBF SuppSrt 14 HWive Ainit 218 and
ensure that its structural integrity remains intact. As such, a skilled person will
appreciate that there may be structural variations from frame 220 that serve the
same purpose.

Two support cables 221 are attached to frame 20 and offer
additional support to drive unit 218. .

An inner guide track 222 and an outer guide track 223 are located
at either end of the frame 220. These guide tracks are semi circular in structure
and are located such that both inner guide track 22 and outer guide track 23
have the same center point. A transport device (not shown) is located upon
each of inner guide track 222 and outer guide track 223 and defines a semi
circular path around each guide track.

A plurality of power take-offs comprise part of drive unit 218 in the
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appreci ate that there may be structural variations
fromfranme 220 that serve the sane purpose. 25 Two
support cables 221 are attached to franme 20 and offer
addi ti onal support to drive unit 218. An inner guide
track 222 and an outer guide track 223 are |ocated at

either end of the frame 2gp. These guide tracks aré?MARCH2007

sem circular in structure and are | ocated such that

form R 225 ) GASINGE oV Vb 22, Y0 b4 Bl e

not shbwwrin FIG. RocatpetsormeKilled i theOdrt WINEpp@eiatie tHdt ?ﬂhey?sz?%
and oui%{mgw de track 223 and defi nes a sem i rcul ar

will afe pug MR I Ancemi.rteuss, protpisianaon sigilaf syahwextension

fr S conprlse part of drive unit 218 in the 14 12
°mmﬁ%ﬂzdoo7 formof pulleys 225 rotatably nounted on

fr ane AZQethtdreﬁn hehowupig Bdack¥iceto 84dh sPanle @56225
erson skilled in the art will appreciat

and %‘EFF"! 89%9@@5 is\ghle teycenvestinetations! enesgys totlestricat energy. It
will b dfTeciBb it ncryt Wilpe BiRduiahy ke lo shbdipraric.
each ofA dpiide quble ezrsg 238endydread [IARGS a2 28 .hSaabin le,
o b SR P s S i s o
of pLﬂb?@tZQSCéHd W I')éIB "iﬁ‘blé&a %g%‘%e %Hcg gqré\ngg g)&rtgtgki%ﬁ%éﬁ%f

ends around In a Si
QUld%mbiesWrmxsaBdeummﬂ@ butes qmmﬂabe dhpudleys 25 Plifley 225 is

o) AR50 b 0 B U485 BT i oo &5

withig ghblde cblezegt ed upon the outer surface of pulleys
225. Pulley 225 is noveably nounted on frane 220 and
i s bi addviea gable alignmaniiidlers Z%somact gueideiaable 249 land are

2
local@l Worcfidng 720 beiS oY 53F ahdHIRY 228, SR Aignment
idler2 204 ks plees gpidel mlemgmmwbt ®yaBdGo gkl everldriver@milley
|d| rs 224 "Hfl ace de cabl e 219 such that is able
2308 ﬁ\&b%ﬁ) agan stithalit meysopiapt driem ol 22bun
agal n 9o tdi'é!t iof f&%yzf@&tear%‘i :%f akf ;:hS%{ t @ﬁudﬁame 219

urallt 0|Is 214 are releas
at elgmr@éldc a;:refm 2%t Antattacheveht devieaolnof showid)lib. lofated at

. C e (not shown) is located at 20 either
e'the_iﬁhaoq.?%ggélﬁgif%‘f‘ 214. T_he fun_cti on of drive unit 218
i's the BRITRuntion RIPRITivErunie24®id théBsame as upper drive unit 28
and lower drive unit 27 described above in that the movement of water past foils

214 causes the foils 214 to move which causes guide cable 219 to move in a
fixed path.

(@)

Foils 214 move in a straight path between the inner and outer
guide tracks located at either end of drive unit 218. While foils 214 are moving in
this straight path they are attached to guide cable 219 by means of attachment
device (not shown). However, the attachment device (not shown) located at
each end of each foil 214 detaches from guide cable 219 prior to foils 214
undertaking the semi-circular path defined by the inner and outer guide tracks
located at either end of the drive unit 218.

When foils 214 are moving in the semi-circular path around the
inner and outer guide trécks at either end of the drive unit 218 the attachment
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and | ower drive unit 27 described above in that the
nmovenent of water past foils 214 causes the foils 214
to nove which causes guide cable 219 to nove in a
fixed path. 25 Foils 214 nove in a straight path

between the inner and outer guide tracks |ocated ?’EMARCHzom

ei ther end of drive unit ?;8 Wiile foils 214 are
nmoving in this straight path they are attached to
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either end of foil 214 rmsimflfar to t
214 somdheguide Gab|¢t219ha| rlifts. This device has a

rel easab . Cl i ng,oeans attachi and hi
T b oSl TP LaATRS N 267 2R upBer 3 it SGh 4 Sofifka

abobe} theefoils Ti4a6p Gﬁ/ep@ﬁt i ®mré Qih?ﬁéa a6 pnésd the B@w@nu bfithe
cabl e and an opene position Tor_releasing th

movipg NaiakAt RieReRably aak osear sutraat. f Jhis meying walemcetges the
n 06 GALE nlm X e BELEIRS S0t Woyah of Bl e
2190t:aldae$erajatlcm ol pulieys 225 @gnddthisordtatiore &s cbhviermd/\m elefctrical
energy by the generators (not shown) attached to these pulleys.

it will be appreciated that drive unit 218 may replace lower drive
unit 207 and upper drive unit 208 in power generation system 201 and as such
may be secured to the sea floor or bridge pylon in the same way. Additionally, a
plurality of drive units 218 may be arranged in a farm in the same way.

FIG. 22 and FIG. 23 show an underwater power generation system
233 according to a further embodiment of the present invention. FIG. 23 shows
an upper drive unit 234 and lower drive unit 235 which together form part of
power generation system 233.

Similar to previous embodiments described above, power
generation system 233 has an anchor 202 securely attached to the ocean floor.
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20 noving water of, preferably, an ocean current. This
nmovi ng wat er causes the foils 214 to induce novenent
of guide cable 219. The novenent of guide cable 219
causes rotation of pulleys 225 and this rotation is

converted to electrical energy by the generators gnot
shown) attached to thesejpulleys. It wll be

appreciated that drive unit 218 may repl ace | owner

Powef gelBratién $3idm 238 Biteh EBTprites Your Bibled 203, & faf204,
an upplee deea uhit@3d and arowegedivd onit 2851 IGCabdes20dvaye fastened to

ancn P AR s G i8S oD b e os
Bt e R e b R 20, PR By P2 £ URl llerie unit
235 drevmeouirited on Fiathe 204 s Aalditionally, anfin@P1is thoiuvteduon framgL04

.and lower drive unit 235 which together formpart of
at eithh e G R 1R P IeNS SORATES OF BT and S35,

enbodi iBe rat, i

555 hany Boneh B 0ATH 8RO BF 4PfolalBle KAkE (HLIBYSAS s
locatéd abeithacerid ot dd@7umb284. dedeveashafh 288 sixtendd3fBom a

oo 5 T B S AR B b o it
with N BEIA0B3 AT Anf AfjliStiRGht dvicans Wurﬁ@@%n%ith%?%n@rbgtf)ﬁéfme

each cabl e 203 and operatively attached to frane
203 adiacent easpodiivecpuliny 437 @adropsialively aachgspeachidrive pulley

237 W o) oA\ SRR 1 olitblmeny ey T B o or o

exterkible atme2B8eOresnd a$ eablowitendablel arns23®id sesurély dastened

203, and ive units 232 and 235. A power take off in
to frampe, 2Biand fe %Pn%etateaéwg eFeh AEMpAAY @;fg%sm {o Apaphaft 488
such%éﬁﬁ{c?f@%% @fstiH%B%rto%r g unit 234. A drive shaft 238

extends froma“ central portion of each drive pulley
237 wi thxterddblelcirme 23&bte RISsdopinguctotiatahey cahOaltartthe

drj | 237 .adj ust t. d ' t ed
a4 Ay 2B e o e, BB Sy
alterané aAgR¢itdrivelpullefd ZFhes each drive pulley 237 to

frame 204. Preferably, the adjustnment device is in the
f or m of A tsméockek 24 daiatiachedrio 2e. diive shaft 388dwaiween drive

239 | .t .
pulldy 37 B8 Rafeh 207 CSTocRer 40 ot Wil el Gl 2 plif s n
mechHanical aframu:éxﬁaﬁor:j ﬁflh supimp h!gg 8\82h afive Eﬁﬁniziizséﬂld bu?blshaft
to.rot . t endabl e .ar s are tel escopi c syc .
246 (RUMPIRAT haR 4 Poan (HAK BRERWeohaL AAWaWAE! 4P oW wilhin
; i ; .
pur, 611 SRSSfory| VAT, 204 W39, ReRG Gstld Gl A
Attached to the outlet aperture of pump 241 is a hose (not shown) for

communicating water under pressure away from power generation system 233
as will be discussed in more detail later.

Optionally, the sprocket and pump arrangement described above
may be present at both drive pulleys 237 of upper drive unit 234.

A drive cable 243 encircles drive pulleys 237 of upper drive unit
234. A plurality of drag members in the form of foils 244 are operatively attached

at spaced intervals along the length of drive cable 243.

FIG. 25 shows a perspective view of a foil 244 that forms part of
power generation system 233. Foil 244 is a rectangular member that is

2 MARCH 2007
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A sprocket 240 is attached to one drive shaft 238
between drive 20 pulley 27 and frame 202. Sprocket
240 is rotatable with drive shaft 238 and is in
mechani cal comuni cation with a punp 241 via drive
chain 242 and punp shaft 246. Punp 241 has an open

i ntake aperture that allg?ls water to flow within PUMPREE2007
1

241. Additionally, punp has a hi gh pressure outl et

deforTgdnlin 8 Sor A CUR SHRPPor 96 248 iATEE TREh iy MR
such BRI iR B 6 G PSR BIAhP Bf BHBIRTR Arihe 255 are

I'scus in nore ater. Optionally,
usedt bece;rmem Keil 24dd tep umve acatﬂagﬂﬁentEaiﬂ%s attamuerﬁbm 2450ig

securdly PSRN 16 @ oad ki $oib 394 cfvine £ad o, PBES, 2k A s
secu n{)a%fedé@% rie! dé%lélﬁ?é fao?rfé 3t§ér efd BF tHeddrn 245’f IfFRR 25

ersmt e formo 44 are operatively
foil 244 thasher attachepent edimisrthat ad attadheddotfhib 2déndioweer, as in

FIG. 3 $ocfufpt2fAman hree fouf AHSRBRCRR e Rt B sy ot om

233. F‘i“réfe?"‘lﬂy,' Ol 264 Gr8 isbd 3 afBeHREnt dils 245. 1OplBR(I
2007 17 deformed into a sem -circul ar shape. Foil 244

foils i244froayrde pivolal @nr supiperivatras 244 tosensiireydhat| they mienaligned

o t"_éé@ergl ass or the like. A plurality of attachnent arns
P are used to connect foil 244 to drive cable 243.

Each atiowhrdive @itre35 hasssinslac feathisesf tasispes dirive umt 234
end of a foil 244 at one end of the arm 245 and.i s

desceibed r gver a HAWRNET @Sashawn dapTis. 223 the PH@Po?n%rspé%et
|

arra@%r@l&ﬁ rrdg{n %??EVJ? hag 235(3!%3?({41&?1 bg%ﬂé dp@é Iphg% 237 that is on

an dﬂ@oemelsldeaef frameF2@ t@3he guatp Bod |spracketmyrangementon the

drive Uy 256 of SRRt AiHe St Sfhva Optianaly, DR riye Uy 737 on

upp@idrivEYn® 2381 A Awe? RPN R38Ry Rdde te0sist Békét%ﬁ&gtﬁmp
they are aligned 10 optimally. Lower drive unit 23
assembly dittetlitherepaat ures to upper drive unit 234

descri bgd n e
punp an ggbc et %@¥§%8egn®9§80n t%v\d/eélr:g gbl ve tl)JJn\}éf %osy%er
generitibAeeseth 283 idienideised inw lbeatiohSot flowing watarrsuchras a river
posite side of frane 4tot and ﬁgi
or Wal@'i'hﬁg@ﬁﬁﬁ“ t greameurenty, BWIQ é’!ﬁ?gga ﬁfg@%? ¢ move
andgﬁ ve% t%%@édé Yrive @hbiedo! rstatl ‘ﬂrb@ﬁ/cﬁ tr%Wre@BectWépcﬁfve

['ower drive unit may have
unitsin ecfixed path. plihp movement of drive cables 243 causes a rotahon of

drive pulley’'s 237 and hence a rotation of each drive shaft 238. Hence, each
sprocket 240 is rotated and operatively causes each pump 241 to draw in water
adjacent the pumps inlet. This water is pressurized by each pump 241 and
communicated under pressure via the pipe attached to the pumps outlet.

The pressurized water is transported to a land based power
generation station that converts the mechanical energy of the pressurized water
to electrical energy using methods well known in the art. Optionally, the
pressurized water is communicated to an oilrig, boat or an enclosed pressurized
housing on the seabed adjacent to power generation system 233 for conversion
to electrical energy.

FIG. 26 shows a side view power generation system 233 having a
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assenbly fitted, thereon. In use, as in previous
enbodi nents descri bed above, power generation system
233 is imrersed in a location of flow ng water such as
ariver 20 or within a constant ocean current. The

fl ow of water causes foils 244 to nove and hence

operatively cause drive cable to rotate around theil%MAMHzO?7

respective drive wunits in a fixed path. The novenent

forwaid fihnge24Rlandsa 248 RANEP248 nidinéd BHer@bn. 41GYQ7 shows a
pul l ey's 237 and hence a rotation of each drive shaft
planagy %mw@,r geaerationpsystemst 233bavieg foward durned 247 and rear

eGSR VRIS GRHAE FaRB WReCAdr o8 g Bl Pge
of fremel2. pSimilatly] réatfunfONAYisA8éREd BRde Eo@h&?éé!'h &igd gf frilfe

PDigze attached to the punps outlet. The pressurize
2. Rrefeeably, Jear inepb24&and forwardifunneb2éiasaneuntedemdrame @n

tati hani f th
or assor o SHheTok] i TedTRRRR 2 g Joddierio faennne
flowws Watdrtovncrieasé fitee &lbcitydtt the vadtbyin th8 @ickityrsraRs drile aflits.
water is communi cated to an oil Hf&@gboat or an

Thisdpereas i Wates yglacity gesults ir arorerefiestive gemeratian systent

ol oot 11 Rafouer Foh RiDKSYSEE 32 R BRIER Bt R stl eneroy

| takegepiaventi apaintserote dmhthe paver gehetioWARSLREB. As such,

f orwar d .funnet ZAZZ,}:}a{;(EI a rear funnel 248 nounted
PoweF, SERRROR, Stes? 23oWA Baveploynmainighasiceneaits due to the fact
thatJPRCERICIrRRAI SHRLEFIIT HNRES NSuER AP GENbIRE ot At fated

rear funnel 248 nounted thereon. Forward funnel 2
undemvateicat ed on an upstreamside of frame 2. Simlarly,

fram 5oias 8 b iighs SR enS, SPGRRY SR, i may be

arrahged &l a 24 & incrazsatthe capadity delettrical h¥RYy GehidrdtRin. 247
and rear funnel 248 act together to harneSs the flow

of wat eFlG® 45180 show paspeetivecyieys gif a Isecond @mbadimpat of
e 8 B SRR 450 ol B R pbdBh o
2333gstaterd_rag rmember. gEgng;sDikbas syphitmftZ\’&B\g‘sh_esttA%id ;2'51Bf, a

electri.cal_.ene akes p|ace at a point renote
Stal?-'{'ﬁpf‘lfl'.@ &@Jaéﬁgﬁﬁhmﬁw @9’&’%51?5233. Ag such, power

gener at Vﬂﬁg§W1A”aﬁcg?5?\ﬁ|ére'T§Nﬁed ?QF“?O'%‘? RGRGE &fdther as

due to the fact t e electri ersion
showsy i Stabilizatien fins 252 extendsrfrom dhe imtetsectiomtofvings 251A and

i T P TN T —
formed.i neiteasativelye wingsc251A adndel264Br ket fofiMéd O3eparately from

neratjo .
stag'lﬁza%on fin %52 with stabilization fin 252 being securely fastened at the
intersection of wings 251A and 251B.

Wings 251A and 251B and stabilization fin 252 are formed from a
lightweight rigid material such as fiberglass, plastic or the like.

Referring particularly to FIGS 28 and 29 it can be seen that each of
wings 251A and 251B have a tapered cross-section. Wing 251A has a leading
front edge 254A, a trailing edge 255A, a bulbous nose portion 256A and a thin
tail portion 257A. The cross section of wing 251A is largest at bulbous nose

portion 256A and tapers through thin tail portion 257A to a minimum at trailing

edge 255A. The cross section of wing 251B is identical to that of wing 251A
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FI GS 28-30 show perspective views of a second

enbodi nent of foils 244 in the formof foil 250. Foil
250 forns part of power generation system 233 as a
drag nmenber. Foil 250 has a pair of w ngs 251A and
2516, a stabilization fin 252 and an attachnent

menber 253. 20 Wngs 251A%nd 2516 are forned at an MARCH 2007

angl e to one another as shown. Stabilization fin 252
descaibég¢nbovd. rom the intersection of w ngs 251A and 2516.

Preferably, w ngs 251A and 251B and stabilization fin

252 ar é\ttaﬁh@@nhmwnberozﬁraeexteﬂdsérmntstmh;auow ﬁthSZEﬁtﬁan

end BTN 865! TR Ara ST ShY shiob, Ebebimer

secu?ély fdtens2oil 26026 ﬂﬁ% bQGIeOZ‘ci%fgﬂﬁ%e? %%ﬁg@diﬂn %?%teﬁ‘: Zfﬂ ngs

.251A and 2518 and stabilizati 2 are'forned
from a FIGSgB1 varidgRe shayi dittaebesentimerobér 283 fin kmogal detail.

At thefibek Yzl cifipnSer, & Slrab® Sectigh, 248 hadja dyghabed

sectish 2B9hay eo@u?aﬂ@@ b@&tdﬁh’!ﬁﬁm%ﬁﬁéd’ﬁt oNg Eﬁeaﬁéﬁtfé@\t%ectlon
| eadi ng ront edge 254A, a trailing ed

258. blﬁ%&l@@t@%@@ﬂtﬂﬂr 26Q s dmmtechmithin stebilization fp0252 @nd helps
secuf 3 Ao BIIR S50 88 el BB b BiRD 252
formedi aropnd tamgﬂﬁﬂﬂpbmoﬁ mmldfwna@ghttéeilﬂtlbh NZ68. eN@rﬁéﬁ;@w,
0SS S nof W n Bis identical to that of
comiigd Bt g0 5! Might s6Gion dea ds lasaidmbi stabiization i
oﬁ‘ﬁﬂ‘pﬁ fromstablllzatlonfln
202 éﬁé%tbﬁig%ﬁn end 2%;% ?é%m w ngs 251A and 251B. As

shown, lé-tShapedmecthmMextﬁﬁds freecanang dfasttaight sbohd)n 258
sl Wrh BoRL oA A, 47, 2 B e 5259 R0 38 %
sectidet 268. O @raanﬂyrrw&hmgéct%ﬂﬁzs@rmégw fastéhddfitd Htrai aight

section 258 and a U shaped section A corrugate
sectiodr 25% by eeriisali igsieneratsusheae gluentordiy means giftmechanical

s e RSBV RN AR e S5 i 240

integralypfayimedaseitit steaigtt SR ctiers8.o. Preferably,

stabili at| on fjn s 10 fornmed arqund corrugated
portio %@(5‘081“ L Fﬁ ﬁ# sirighbaectiom 28 t1s ratan wagie to U-

shagsed Sédha Qf&htthmg Wo%%cﬁ&ﬁ@ér%%@%%t ?.gr258 s

| ocated within stabilization fin
st abi | i Aatapentufre 26D i locatedbere bi-sentiva 259 atsérmead distal from

saEE AR, Y La0b 208 BB onoiRh et Passes
throagle tapertuZb261 suute tite dittaehmehfivighiber 253 is not moveable along
drive cable 243. Hence, a portion of drive cable 243 is non-slideably secured
within aperture 261 of attachment member 253.

As previously described, a plurality of foils 250 are located at
spaced intervals along each of drive cables 243 on lower drive unit 235 and
upper drive unit 234 of underwater power generation system 233. Foils 250 are
angled such that they harmess the kinetic energy of moving water.

Foils 50 move around the drive units in a direction indicated by the
arrows in FIG. 29. The profiled cross section of the wing members ensures that
the foils 50 efficiently harness the kinetic energy of the moving water.

It will be appreciated that foil 250 may be used as a drag member
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15

15 section 258. Optionally, U shaped section 259 may
be fastened to strai ght section 258 by chem cal
fasteners, such as glue, or by neans of nechani cal
fasteners, such as rivets, bolts of the |iKke.
Alternatively, U shaped section 259 is integrally

formed with straight secti?@n 258. As shown in FI G BYARCH2007

. straight section 258 is at an angle to U 20 shaped
In 2Ry yndeIwaby paweT ganerationesystern diatt haynessesethe dinetic energy of

. An aperture 261 is |ocated on U section 259
moify GhleE

nd distal from straight section 58. Drive

cabl e 2%Re aindePWaterd ' Mt

t hrough apgq ure fzeélﬁg‘ﬁ%ﬁtglte ﬁggﬁéﬁ t g@r@n@%t aé‘n%ﬁ%%ra%g are
envirgnmentaliy Viéiziisllye asl they user hataralabbter 24frentes ereats electricity
Withgg{&hjlon Oft' dri%/e cabl e .243 Jt]_g non-sl i deably secured
. 5 (T5R8PePt @PE YNGR af ba@ipsiAeithersiicedss. a agnewal
enelfg'yeyd@é@ by viRSCErRS s sacP 'a'FJ tRodd tuRl if ﬁ%v},.ﬁ?ﬂ\e%@ean and

ocated at spaced Intervals along each of .drive

creaigg by shetidesoecdus frequentiyve unit 235 and  upper drive

unit 23 f underwat er power generation system 233.

Foi | s 2@536{1"@%%%? PEWE GEneraton ﬁwemr‘ﬂ@évwé least one
linekhe@ber tteneusy aingma\ddlia rap0 Triy i
. around the drive nl?rTiQt S i ﬁﬂgé%{wrvg%’.t iﬁ%‘l F?}tg?\%g?ig‘c’ﬁ%@te{iﬁg a
singi plaRg. i herynderwater powep generation cystesn iscpositionaaf sa that the

' he faqil fici I
553 ERRPU®, 538ag s oo bHmedic g hL B Bt e
current.| Hercen temsclariatlentd isaredted las2h® folRYarb orogeiibdasy fhe water

ttdr ag rren%)‘er 20 éZ MARCH 2007 in, any underwater power
a B%ﬁ_ Mg YA IeSHERG IR ARcraasskstiisienche Afuniber aduartage ofthe

patiivexy | l@ig endié\RatROGEIRIVE bf 13 {ti/xﬂ%?llﬂesﬁma‘i’ the @%:agﬁays |

detai | ¢ above are environnenta y as
provide arfiivarta therinemember astthe pass alwng thé eotird pathway5

i t hout |t tion of .any,pollution, The electrigjty
WL out Dol 58 LBl BC s Boariee S ficpton
may belmade td decemddaindm dedstabed withBuf eépé%ﬁgégrndci}lg the sgirrit or

created by the tides occur frequent r wat

SCOpB e theyBwentidn. on systenms all have at |east one Iine
menber that runs along a defined pathway. The pat hway
is located in a 10 single plane. The underwater power
generation systemis positioned so that the (”; plane
and hence the pathway is |ocated perpendicularly to
the flow of the water current. Hence, |ess turbul ence
is created as the foils are propelled by the water at
the sane instant resulting in increased efficiency. A
further advantage of the
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pat hway bei ng perpendicular to the flow of water
current is that the foils always 15 provide a drive
to the line nmenber as the pass along the entire

pat hway. It shoul d be appreciated that various changes
and nodification may be nade to the enbodi nent

described without departing fromthe spirit or sc&)erl\(/eLA‘]‘mH2007

of the invention. 21 12 MARCH 2007 CLAIMS: 1. An

CLAIM&er wat er power generation system conprising: at

| e ' er veabl g al ong .a defi ned

pat M@&ngegﬁbgggq%emlopoqy[sger%pprggﬁgxag’t o said line
meableast emslife ﬁfen{b@@%ﬁowameomg atd%!fﬁ_eafgat -atively
connected to said |ine nenmber; the foils cause the

| i APlyaliyf feils altached da saidding membegfanded pat hway due

t f £ in.the defined
paehisathebolRt Bheralf aodthiyely Bodieod i 3 lige member
petefil Gauak the lihb anembern®s 8k tﬁb‘\kfoeﬁfon]g %Re %fﬁfiﬁg pathway

under wat er power generation systemof claim
duettp @ flgw,ef w gWens a cable. 3. The underwater power

geqggr.at:io Y of aim, wherein the,line nber.
7 UBiefih e, gkl bafiial s ed Baher thatofe SJEFaRaly
pergendidudamto Hlowhefieater thigent ne 15 menber is a chain. 5
Thg_ under wat er power generation systemof claiml ]
2. whdhei WndeTwalni: ROWS" grPBerRiPN nastery of clalme Kl wherginethe line

meMbEeE Qe Pover generation systemof claim1 wherein
tEe rg\g?ne% pathway is defined by a plurality of

3. whddlesundgwaierThewengenesdtion etan ofecaimati evhesyiat @ line

of cl ai wherein the defined pathway is defined by
me'ggﬁf'ﬁraa%"y of pulleys. 8. The underwater power

4. geMpealih@srwaltst BOWEF gehaidlioh ¥Ae&Ri & Liafn p‘P‘WHereuil the line
take-of f is operatively connected to a punp. 9. The

me@?ﬁ@é%@'@i"pomr gen?r ation system Iof claim1 \é\her ein
5. gondiaernpr WA SeneldlishBSS Bl BF cHit RS oy ety
is defined by sntdackherein the foil is rigid. . :

6. The underwater power generation system of claim 1 wherein the defined
pathway is defined by a plurality of wheels.

7. The underwater power generation system of claim 1 wherein the defined
pathway is defined by a plurality of pulleys.

8. The underwater power generation system of claim 1 wherein the power
take-off is operatively connected to a pump.

9. The underwater power generation system of claim 1 wherein the power
take-off is operatively connected to a generator.

10.  The underwater power generation system of claim 1 wherein the foil is
rigid.

11.  The underwater power generation system of claim 1 wherein the foil is
flexible.

12.  The underwater power generation system of claim 1 wherein the foils are
releaseably attached to the line member.

13.  The underwater power generation system of claim 1 wherein the foils are
permanently attached to the line member.




11. The underwat er power generation systemof claim1l
wherein the foil is flexible. 30 12. The underwater
power generation systemof claim1l wherein the foils
‘are releaseably attached to the Iine nenber. 13. The
underwat er power generation systemof claim1l wherei
the foils are permanentl32 attached to the |ine 72 Marc 2007
menber. 22 12 MARCH 2007 14. The underwater power
14. gdher ahderwaterspeweofentmtion lsyehshedfnctbing 1f aihlefein the foils
. i nclude two wi ngs. 15. The underwater power generation
includg BY@eWings. cl ai m 14 wherein the wings are inclined

N e N e
are irmdlingd evithi respegtitd etich dtherThe underwat er' power

generation systemof claim1 wherein there are two
16. | ilhe wpderadér power generation system of claim 1 wherein there is a

single line member.

17.  The underwater power generation system of claim 1 wherein there are
two line members.



