1 Converting Kinetic Energy Of Fluid Currents Into Electricity Field of Invention [1] The present
invention relates to apparatuses for converting kinetic energy of sea/ocean waves and/or fluid currents
into electricity. In particular, the invention relates to apparatuses for tapping various components of
ocean waves and fluid currents, including wind currents, to produce electricity. Background [2] With
global demand for electricity ever increasing and higher awareness of climate change, development of

renewable energy soucc@ﬁ\i/%@\./i?%%{f& gﬁg% @@&w%@%%@ﬁﬁw wind are two

of such renewable energy sou Various approaches have been pursued to tap"ocean waves to
generate electricity. For example, US Patent 6,711,897 granted to Lee, discloses the use of floats
fixed to separate ends of lever arms so that up-down movement of the floats is translated to rotation of
a shaft to drive a generator. This system appe&i€lebdnivaitéa@no tapping only surface waves. [4] US

Patent 4’33105119 YR E 8 AN G AEIGEI6/ 7R ARIBHEHB/BRING RIMERI M LR PRI

Suspended below the platform are a turbine and an intake nozzle. Above the platform’are a generator
and a crew NoURs WitHah# il efrseaisrérpfRIRcHicitye|odiE Kandor, eiaRe elatefets apRatatisss

capture the ?6@@?%&@%[68%%%%&3\%’?&% QJEEJﬁr %/%"éiﬂ% ARy %@fmﬁrﬁﬂ%&?

be limited to tapping only ocean cur ] It can thus be seen that there exists a’nee
apparatus tdepnedudeamiecteoidygy of sea/ocean waves and currents.

Background

[002] With global demand for electricity ever increasiagd higher awareness of climate
change, development of renewable energy souraesesving a lot of effort. Kinetic energy
of ocean waves and wind are two of such renewat#egg sources.

[003] Various approaches have been pursued to tap ocaaes to generate electricity. For
example, US Patent 6,711,897 granted to Lee, disslthe use of floats fixed to separate
ends of lever arms so that up-down movement ofltiags is translated to rotation of a shaft
to drive a generator. This system appears to higelihto tapping only surface waves.

[004] US Patent 4,335,319 granted to Cannon Charlekdesca platform being anchored to
an ocean floor. Suspended below the platform davelbéne and an intake nozzle. Above the
platform are a generator and a crew house. Witlithef a current flow and velocity sensor,
the intake nozzle is directed to capture the swehgcean current into the turbine for
electricity generation. This system appears tarb#dd to tapping only ocean currents.

[005] It can thus be seen that there exists a neednimthar apparatus to convert kinetic

energy of sea/ocean waves and currents.

Summary

[006] The following presents a simplified summary toypde a basic understanding of the
present invention. This summary is not an extensiview of the invention, and is not
intended to identify key features of the inventidRather, it is to present some of the
inventive concepts of this invention in a genemigorm as a prelude to the detailed

description that is to follow.



Summary [6] The following presents a simplified summary to provide a basic understanding of the
present invention. This summary is not an extensive overview of the invention, and is not intended to
identify key features of the invention. Rather, it is to present some of the inventive concepts of this
invention in a generalised form as a prelude to the detgiled description that is to follow. 2 [7] The
present invegion $AEKSABIAVIATCARBA'LLIEES (8" SORNECPINGHRERGIOL AL SERIRSRATHANES G
currents or currents into electricity. Some o t ese apparatuses are operable to convert k etic
energy of bathaeafearaves awdotumeetﬁsommrmamn@msa[emnaﬁne%ummhibaaala@pm@mes are
invention prg ) ri ti %Egﬁ]ble slate bet 0 positions
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produce ele¢tagjtyin [Ohén esrnbtm‘mmnbdhmpmsthﬁ arm}ma(ms fuovige sqyppreses aceeqmnimirrgr:le, vatik
said second jack bein ngage with said wheel an sal econd rac eraple. ]
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wheel and gesuk aiaspe@ititoyaecetiggnarnoecd0nd Ol toghbel wnpbodire rilesaiititack comprises a
plurality of rake teieth Wf}}jh are e aII pa ed alon saldguc , With each said rake teeth belh
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equally spaced around said wheel, with each said rake teeth bejng pivoted and rotatable about a pivot

pin betweenCiPEHASRPBILRITH 0 Eags. r3e BAL P ArAGRRAR d S RIS fiANsHytHgrque to

embodimenisdhe siRales) M@g@ﬁ@p@mp@s@d&gﬂglggﬁﬁw a lower end of each rack and said
float is driven by waves to give linear translation to said rack(s). [0012] In another embodiment, the

apparatus fURKER H3niRsBsrasiRedaR ispBikh dask LRAMAMteRe 2 WHLIRIn AsitisSs 6% Swhishirere
tower and waya AR SRR NBAG ENS AN 1RPREhERCKES ) tedi being pivoted about a pivot pin and

rotatable between an engaged position with saiceivdred a disengaged position. In another

said

embodiment, said wheel comprises a plurality oéredeth, which are equally spaced around
said wheel, with each said rake teeth being pivatadi rotatable about a pivot pin between
an engaged position with said rack and a disengpgsition.

[0011] In another embodiment, the apparatus further cm@pra float disposed at a lower
end of each rack and said float is driven by wdeeagve linear translation to said rack(s).
[0012] In another embodiment, the apparatus further cm@pra wave cam disposed on a
wind tower, wherein rotation of said wind tower awdve cam gives linear translation to
said rack(s).

[0013] In another embodiment of the above apparatus,raalds) comprise(s) a plurality of
rake teeth, which are equally spaced along said eald said rake teeth are operable to
extend for engagement with said wheel or to refrach engagement with said wheel.

[0014] In another embodiment of the above apparatus,raaldis mounted horizontally on a
pontoon and said rake wheel is mounted on a steiduch that said pontoon is slidable
horizontally with respect to said structure. The@apatus further comprises a second rake
wheel, with said second rake wheel being mountéd & shaft parallel and offset to that of
said rake wheel, and with said second rake whdaapglkerned around with respect to said
rake wheel such that direction of engagement af sglte teeth of said second rake wheel
with said rack is reversed from that of said rakeeel and said shafts of both said rake
wheels are connected by a gear, so that horizora@aslations of both said racks in both

directions additively turn a generator.



[0013] In another embodiment of the above apparatus, said rack(s) comprise(s) a plurality of rake
teeth, which are equally spaced along said rake and said rake teeth are operable to extend for
engagement with said wheel or to retract from engagement with said wheel. [0014] In another
embodiment of the above apparatus, said rack is mougted horizontally on a pontoon and said rake

wheel is moypied (25w SHAINOA 67hRNENR Ialdahie harleoul, Wil i8epsidg paid

structure. The apparatus further comprises a secon , W sec ake wheel being
mounted witilitsis ke ghsalisieahihofisgage thanbf\gtidar akkevivssieh nidh atitbaichidaeafnclrsied g

being turne ith re tt [ e wheel such diregtion. of e f said
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of both said valexhdiee igeareratorrtegbeddoy @ gleatrisibythat horizontal translations of both said racks in

both directions additively turn a gengrator. .3 [0015] In angther embodiment of the above.apparatus,
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said pair of ¢sintisposekisdorssiigpamatsenably is sxsyableadkpsalidterabaitt paivodiike: a pevelWbovto
drive said rake. wheel and generator.to prqoduce electricity, [0016] In another embodiment, the .
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translate on said pontoon and said rake wheel is in engagement between both said racks; and a
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being connected separately with said rack and second rack by separate pivot pins and slots, so that

under-currerfRBEBR S SRPSERIBIYEELERIdHRCE RIMSRF OSHARCARINGIR MAKINS RBASHAL BRidhat
then drive szy‘ﬁd@kedy@ﬁ&%&&@@%ﬁat(?bmcmﬁdd&%l@ﬁiﬂtﬂ&a&@@éﬂbﬂ@ anataarerabRs e aithe,

apparatus, said rack is circular and said rack pins are radial. In one embodiment, a second circular
rack is dispo¥BiFakbee denecridIsrkackafl ane Lpassaiergme SIRFTHKE/Wheel. Paddle-like bars

suspended sepanaiely {ERALA ORBRIRNERT RAthEUD FEFAEE rachs RIBIPRALAM@SHRARIGUPRR are

swirling around the apparatus. In another embodiment, aerofoil vanes extending upwardly from said

second circurdipclzpae paraasimeWiRiseseadisimiasaakitnnped aPOvRRNM CHEtHardpekandkin
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In one embo periphery face of the outer ring rack has'a p ata
cups and opegiblsadig rampitgy ciackatarm apetableemboticeenisaidiagesratatbrine cpitaratrsfoin

cross-sectio r r y Wi rr X [ [ [ I foll S.
[0019] In ang h%?rﬁg’m%rg %n&e&kgﬁ thgleég%ggjr\égﬁgs sal érﬁ%ﬁ@o%ﬁ?éﬁya%g&%%fgﬁm 5%%]%@%% of
equally spacsukeanate ¢hanallehohclimeshthannels, in each said channel is disposed a steel ball such that a

portion of sajg steq) DAl aIeStR iRl {0l SRR Cs SFRIRMRE I AP PESRIL IR IRRN-
racks that are operable in a substantially verticahner. In one embodiment, a periphery
face of the outer ring rack has a plurality of \v&atieat are formed like cups and operable by
running currents. In another embodiment, said vamedormed with aerofoil cross-section
that are operable by wind currents; the inner raak further comprises aerofoil vanes.
[0019] In another embodiment of the apparatus, said cackprises an elongate bar with a
plurality of equally spaced and parallel inclindthonels, in each said channel is disposed a
steel ball such that a portion of said steel bafljgrts out of a face of said rack for

engagement with tips of said rake teeth.

Brief Description of the Drawings

[0020] This invention will be described by way of nomiting embodiments of the present

invention, with reference to the accompanying drasj in which:



Brief Description of the Drawings 4 [0021] FIG. IA illustrates an apparatus comprising a rack and a
wheel for converting wave forces into electricity according to an embodiment of the present invention;
[0022] FIG. 1B illustrates an island being installed with a plurality of apparatuses shown in FIG. |IA
according to another embodiment of the present invergion; [0023] FIG. 1C illustrates the working

ciple of . I : ¥
Elocticlty a0eoaing 6 e LS e o Rt e B e i ave
working printptesirdn efgsiriattsasaorshisntpadaiblodickesiin: psantongentierting wave forces into
electrcity ageaiding 3 A ier.empadinent ol e RreRenL INENIPY RRPLE I HSHRER Rl in
apparatus comprising a rack and a gear, wi & FAck Belng operaB e'fra sverspe?y 10 the gear
according toFaGotharamcdroling ¢ boithe peeseod imesTitalrth OOREFERLIAR; illustrates the use of an

activation bar t03_o .ﬂi rake teeth shown irf(.F_IGs..IAarlld 1C-1E. 0_27 FIG. I1C|5 illustrat threr ck
2nd Gear ShOUR s ARG et RS IE T GrRLEL, “RLOBISIG & ARUMEr 2
embodimentapidtizewhest b irsemntenming | @alké idrstsaipt axlottyeacroldidgmnensod tiher appboatinseshain
InFIG. 1G; the present invention;
[0024] FIG. 1D illustrates the working principle of apparatus comprising a double rack
and a gear for converting wave forces into eleityreccording to another embodiment of the
present invention;
[0025] FIG. 1E illustrates an apparatus comprising & ed a gear, with the rack being
operable transversely to the gear according tchan@mbodiment of the present invention;
[0026] FIG. 1F illustrates the use of an activation toatoggle the rake teeth shown in FIGs.
1A and 1C-1E.
[0027] FIG. 1G illustrates the rack and gear shown insFIGC-1F for converting wind
currents into electricity according to another edibeent of the present invention; FIG. 1H
illustrates another embodiment of the apparatus/sho FIG. 1G;
[0028] FIG. 1J illustrates an apparatus comprising & r&ith retractable teeth and a wheel
for converting wave forces into electricity accoglito another embodiment of the present
invention;
[0029] FIG. 2A Iillustrates an apparatus comprising aerakheel and double racks for
converting wave forces into electricity accordirgg another embodiment of the present
invention;
[0030] FIG. 2B illustrates an apparatus comprising a ¥akeel and a ball rack for converting
wave forces into electricity according to anotherbediment of the present invention; FIG.
2C illustrates an embodiment of the apparatus show#G. 2B, whilst FIG. 2D illustrates a
plan view of the ball rack shown in FIG. 2C;
[0031] FIG. 2E illustrates an apparatus comprising & rnakeel and a horizontal rack for
converting surface wave forces into electricity adang to another embodiment of the
present invention;
[0032] FIG. 2F illustrates an apparatus comprising ae ralheel and curved racks for
converting surface wave forces into electricity ading to another embodiment of the

present invention;



[0028] FIG. 1J illustrates an apparatus comprising a rake with retractable teeth and a wheel for
converting wave forces into electricity according to another embodiment of the present invention;
[0029] FIG. 2A illustrates an apparatus comprising a rake wheel and double racks for converting wave
forces into electricity according to another embodimeng of the present invention; [0030] FIG. 2B

illustrates a | a ;
s SRR SRS A EGE A PO R OFER i
embodlmenWﬁdwememsamul;@ﬁhWrmmyFlG ZB whilst FIG. 2D illustrates a plan view of the ball rack
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rack for converiing surface wave forces in g to another em imen e present
invention; [Op&d]ﬂél@cht%riNcsrﬂra@madeatﬂ:pﬂrams‘cmwmsiawlmal@cwbrmhgmd anotedrackbddiment

converting sufface wave f rcesr to electri to,an n‘g) diment of the esent
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converting V\BmdLmungadtmlDi@ melctle@,'cy [0034] FIG. 3A illustrates an apparatus comprlsmg a rake
wheel and horizont L éﬁ ith a addle for convertin under urren force into ele tr| ac

or
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shown in Fl(\?\;h’é‘elgﬂ’@gdﬂim@ﬂl@@dﬂwér-current forces intackleity accordlng to another embodiment

of the present invention; FIG. 3D illustrates aesohtic of an embodiment of the apparatus
shown in FIG. 3C in which a plurality of rake wheealre disposed in between a pair of
planar circular racks; FIG. 3E illustrates a schigenaf another embodiment in which vanes
on the upper planar rack is driven by wind currang

[0036] FIG. 4A illustrates an apparatus having two cote ring racks and a plurality of
rake wheels disposed in between the ring racksdowverting kinetic energy of flowing
currents into electricity according to yet anotkertbodiment of the present invention; FIG.
4B illustrates the apparatus being suspended fromwvarhead structure; FIG. 4C illustrates
an embodiment in which the ring racks have aerofailes that are driven by wind current;
and FIG. 4D illustrates another embodiment in whioh entire face of the apparatus has

aerofoil vanes.
Detailed Description

[0037] One or more specific and alternative embodimehtke present invention will now
be described with reference to the attached drawvihghall be apparent to one skilled in the
art, however, that this invention may be practis@tiout such specific details. Some of the
details may not be described at length so as naibsxure the invention. For ease of
reference, common reference numerals or seriesumierals will be used throughout the
figures when referring to the same or similar feegucommon to the figures. In the
following description, waves in a body of waterlude surface waves, tidal waves, under-
currents and moving currents.

[0038] FIG. 1A shows a side view of an apparatus 100cforverting kinetic energy of
natural wave forces into electricity according toeanbodiment of the present invention. As

shown in FIG. 1A, the apparatus 100 includes & fld®; a substantially vertical constrained



[0035] FIG. 3C illustrates an apparatus having a planar circular rack and a plurality of rake wheels for
converting under-current forces into electricity according to another embodiment of the present
invention; FIG. 3D illustrates a schematic of an embodiment of the apparatus shown in FIG. 3C in
which a plurality of rake wheels are disposed in betwegn a pair of planar circular racks; FIG. 3E

llustrates a 3%“?&‘}38@ &'ﬁﬁ%ﬁ%ﬁe@ AALIMEAE YD IS ERES AR BRPS RIAN; AR @%f%‘ﬁg@y a

wind current; lllustrates an apparatus having two concentric ring rac
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currents intg electrici rding.to n ogdi of the p nt.invention: FIG. 4
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illustrates a er. empodjment in which the entire face of the ar has,aerofqil vanes. Detailed
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be describedetitleegferdinsedndhgetitpobiid aramdng selt eiddHsgd pssitiohtovitha sigitarn io the avheel
however, that this invention may be practised without such specific details. Some of the details m

ot be desorth BT NG AT > GBaafe Y SHOLHED S HRAL 1 IBHE A R BRI, e
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same or similar features.common to the figures. In the following description, waves in a body of water
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to an embodiment of the present invention. As shown in FIG. 1A, the apparatus 100 includes a float

110; a subst&BIFARAEA LB DHH6 GRROESORISHHUGRIERS I AJaKe 1100 TSR IBSEP ATRIAtdac

on a face of ghe QYiNRHhAPE WRREHE W HKEh PitsiASE disaare aioHNEdReRRP RS YTREMekesto,
150, with the pins 156 being engageable with rake teeth 140 on the rack 130; and a gkenerator 10
&l

(shown in FIG 4e3) seinieste maneramediOsopasiune SHEmsW eRiosau sy 3R askd asbasaemipy
shown in FIG Mon ERERSRKE {RQThRAQdE I VRIBLAD UM tRIUBEPET e G/ FRRY 286 i £otRiablie

between a first engaged position and a second disengaged position with respect to the wheel 150, as
shown by artegitnaie disengagedortidstoaseeasle float 110 to move up and down; the movement of the

float 110 is ﬁ8%§5f ajedin fhe gﬁeﬁ'éa' 1A04R8 Qlérlﬁﬂ?a%vi%rﬂs%%iﬁ(&]ﬁ h?[zr@%‘ L3ReIPRQRuReghon 2
face of the guide 120, the guide 120 and rack 130 move as an assembly. For example, when the guide
120/rack 13beaserhbly islitiogshopwviedsatkenaketediveiveciahgaatettitd-eaantmgedsicsnitme

irection (eetcbob S L oD e R R ey e S e L B e

the guide 12€lickioy $B0essi@thbleispacenhgpawnetheaibkdbpathh $H0Istisbnabd pihis 186 pdtteddiiva

wheel 150, it%r%ﬁl%&%‘f%é%erﬁhlaif,c\l/\i/ %%%agt%dew eitrrfdt h]se é’vrﬂggbdechiaupport wall; likewise, each lower
sliding shoe 122 is also supported by another leaeti beam 124.
[0040] The rack 130 is constructed from an angle barsi@wvn in FIG. 1A, the rack 130
may be made up of two or more sections of angle beat are arranged in a single row.
Along a flange of the angle bar, there is a rona@gs, with each hole being dimensioned to
accept each pivot pin 132; the other flange of dhgle bar is mounted on a face of the
guide's I-beam 120. When the rake teeth 140 asgeatinto their engaged position, each
rake tooth 140 is substantially perpendicular ® iiick 130 and a bearing end 142 of each
rake tooth is in contact with an inner surfacehaf other flange of the angle bar to provide a
torque to drive the wheel 150 and generator 10pther edge 143 near the bearing end is
chamfered or curved so that each rake tooth l4fdtetable between its engaged and
disengaged positions.
[0041] Again referring to FIG. 1A, the wheel 150 is mageaf a circular wheel and it is

rotatable about a centre axle 152. The axle 152pported on a pair of mounting brackets



[0039] As shown in FIG. 1A, the vertically constrained guide 120 is constructed from an I-beam. Four
sliding shoes 122 are mounted between the flanges of the I-beam to constrain the guide 120 to move
in a substantially vertical manner. On each side of the I-beam, two of the sliding shoes 122 are spaced
apart vertically. Each upper sliding shoes 122 is suppgrted by a cantilever beam 124, whose other end

is embedded injo IL; i i lidli ' d

cantlever bean T3 TO AU e e B Er Mt She R e I Dl e B e
rack 130 magrive miadelbp, ool @ngrge syclicalty ofitinthediarithaddrefanangkel ieeihsindle row.
Along a flan t ngle.bar, there i hol ith.each hole bej imensioned to.acc
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When the rage teatted4V/areustatextlifivatives arghyed positsymetdichaagedsiole; 140 isxsrngiantiaky
perpendicular to the rack 1 nd a bearing end 142 of each rake tooth is in contact with an inne
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10; the othernesigbel 48nwardiael heidingpandas ahglafesed oy echeelthataate eiestnntteddliin a
rotatable between its.engaged and disengaged positions. [0041] Again referring to FIG 1A, the wheel
150 15 maceH ] LT, WHRRLP a0 MO K AT LB B 1400 FHE SHRPPEib on B0
supported oegdeaifopieRENtnefiacikels rigkhd Aleaaiaiah eiele sisnasiarineaGhemenipRemtioér
the drive wheel 150 are disposed the drive pins 156, which engage cyclically with the free ends 144 of
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is not so limitigetidfAcios b iBAMHCEH _ISiAREr FAHaboRfMAYSEEPRiBASAINIRh i amEnisthe M iteh
guide 120 may be constructed from C-channels. In another example, the rack 130 may be constructed

with a pair of HHEIBIBRAE W AHUBN RIS HAPHE UAIRBRANORBIS] PAIPIPJRAYEE WISEEIRND 18Rl
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also tandem wheels shown in FIG 1B). In another example, each drive pins 156 may comprise an

outer sleevelMNRIASSIBEhtdhR oMPRAREENIEL00uEMNYoriniffaer pAPeRhViimis@eeatEctwIRRIA
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reduce wear and tear. [0043] FIG 1B shows an artificial island builtin a body of water, such as a sea,
for impleme @i tRE afsisaPXRBHAIE0 Bieth ik hE 10nHIBeied/itre@AHIWHEEEAIISDat SBIgN STITEtC.
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then connected to an electricity substation through' somé inverters and controllers. Alternatively, the
generators aotigcityegtidigoeidiah dporiyneaiersiecedciomg through some inverters and controllers.

[0044] The apparatus 100 shown in FIG. 1A is only siragiéng. In other words, when the
float 110, guide 120 and rack 130 assembly is bpumhed up by a rising wave, the rake
teeth 140 turn the wheel 150 in a clockwise manakthe trough of a wave, the guide and
rake assembly moves down, and momentums of thelvib8eand generator 10 keep them
rotating such that the rake teeth 140 slip on theegins 156. In an improvement, apparatus
101, as shown in FIG. 1C, has two sets of racks W@ the second set of rack 130 shown
on the right hand side being arranged to rotatevtieel 150 in the clockwise direction when
the right hand side rack 130 moves downward. Irerothiords, apparatus 101 is double
acting as compared to the apparatus 100.

[0045] FIG. 1D shows an apparatus 102 according to anambodiment of the present
invention. Apparatus 102 is a variation of appasdtQl in that the wheel is now in the form
of a spur gear 160 with teeth 166. To reduce wadrtaar on the spur gear teeth 166 and
rake teeth 140, the free end of each rake toothslfitded with a roller 146.

[0046] FIG. 1E shows an apparatus 103 according to enammbodiment of the present
invention. The apparatus 103 is shown in a froetw({consistent with the view shown in

FIG. 1A) and the guide 120 is constructed in thenfof a frame, for example, from two C-



[0044] The apparatus 100 shown in FIG IA is only single acting. In other words, when the float 110,
guide 120 and rack 130 assembly is being pushed up by a rising wave, the rake teeth 140 turn the
wheel 150 in a clockwise manner; at the trough of a wave, the guide and rake assembly moves down,
and momentums of the wheel 150 and generator 10 kgep them rotating such that the rake teeth 140

slip on the dee Bk R8:dad i Y QAR S ABRAIHEAOL ASABRNNA IS 1€ s BISqBPle

racks 130, with the second set of rack shown on the right hand side being arranged to rotate
wheel 150 imherdiedkwisbealledttiandviechivenad tilsha sisdhtdek 130 isoves tedrvaite mobthaand

words PPtk e NG A3 SRmRarad 10 1% QRRIAL 100, (AN DIZHD SRS
apparatus 102 according to Afother embodiment of the present invention. Apparatus D i3 VartAtion
of apparatugy@at 16ehtt theisemerigechpasitiche dsremoiva byvdtydati i e gy tekbpodiG6nTthesileeeend

wear and tear. on the spur r teeth 166 and rake teeth 140, the free end gf each rake taoth 140 is
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present invetiigobedhirgpppdtaied 423 is stwvakintadtioniadesidoprEistent Withitheddéivishesshinakes
1A) and the guide is constructed in the form of a frame, for example, from two C- 8 chanpels
nstents of atOULAHA Loyl h FHEPDRSRChOIR, ek T8 (1SR 12 ot BHeotEID 1A havel
C-channel wdiilshgesamdonibrdaigidihist theuriled eriha ApbiEtve Erabadneérsuse, each rake tooth
141 is rotatable between an engaged position with a spur gear 160 to a disenga%$d gosition, as shown

by arrow C. I EMGHSEdDREREGMBUS R BREoRRALTTRINS BRevElSs Lhpdortdh SheaRE5HAE the

saw-tooth band31 saspsuR dispeiRze FTiknthR RRATHHI Isa  ageo bk o éheaafakectanth 4 bhehoueninheir
FIGs. 1A-1D. In addition, each rake tooth 141 is now supported on two ends, and it is envisaged that

the rake teef9292HA8HHBRAIRHIEMBRSIHPRSIMAEHBE YKeCRRARAUDEAIHEC D BB IR RHERREOUS
[0047] Furthgy {mRrone FrARBLEKANEAS ORI SIS M vl G S 6 1nd i thE RISKPPS6RIGN e Adturn

shows the use of an activation bar 137 to toggle the rake teeth 140 between their engaged and

disengaged PRkt RHebeisd4G dputdisip BDITAIdeS Bl BRAGESUS I ih B rbkeakEth
140 do not slip i e A& NG Peenie ﬁéﬁhﬁg%iﬁj@ PRE HHReSHEUR: 1HEVYPE fEtP IR SHE

do not slip on the gear teeth 166 when the rack is in its return stroke. As shown in FIG 1F, the bearing
ends 142 of aisd vakendeah 120 dheliarénbonasdidatn aeEra 300giRdgbiegiioabEP PoBikoNRAEHRe

to toggle begyﬁ,ﬁrll iti it I W j r '
engaged an diser@%gﬁﬂggﬂﬁg&@ﬂ%&]@%@&é e{((:?han|smﬁ%gﬁ§0f?§q/§é¥%€a%}ﬁ(?§g}§%§§ﬂe
crest of a wagsitisaguiyeal RYpieis1300asRahdIoL38 dtenilaat HHol thadeishilnedcsast atavanya,
bar 137 hits just ignit-s ' ivati A t e | ition;
as a result, éﬁ%r@r@ﬁ%@ﬁ%@ abreé%(%t%?t@ &{n&tlSt\ﬁéslt r&e%rlgg\ﬂrﬁf;\%lEIl p@%@rﬁ%@g con ac(t:‘i\gv/iaﬁft&ft%kp(ﬁﬁ/ie?g;ns
156. When thitsgaitleatit Giaaleh émnitdimig rstiopipetobpethe  atimiefbharid gide Hutivatigylear k8 7tss tipen

toggled to its do Qsition anﬂ azlalllt era t?éethljﬂz%)ar otate imo.their disen %%ﬁd ositions so
I

WN 0
that during tﬁgsré\(&s?gtﬁrﬁeg roke, theerfaﬁ(eetee% &SROt i ontact \R‘/gtﬁg[%% rlve'%ir?s 562 WA st

not shown, thvithotliexddveghinsnitsaopplees LtheZymdy iD20rpradtsesighdirharssop peatLd|avs teit hand
activation bar. 137 tg. over-travel s tg minjmise frequent readjustment, for example, according to
Changos in RS BB HB i BT TR, IR Hale) STRLH0AI00 Bl R G ] e
assembly argpaiteddetbtcheiordise tiipgppqrititivasser tedihguele haok' sidansssntiy, Aldhalksesieha
wave, the float 110 iz[apushed lggand tgg Uidrcﬁr'lzo reaches the hi&h Ii{nit stogfe L2; as are L”I, the
right hand sitfe a&fiai3h'BarAHaGk YAUyELE; 6"%%%5&&%?‘!' haAYAsTaRiuG F9Re 4o
are rotated igtegpeis enpageehagswienp inarortaseitiriRendthidring &Sectivassnthmeuide 1@Qbver-
reaches its low limit stopper Li, the riight hand side activation ) o
travel so as to minimise frequent readjustmentek@mple, according to changes in tide.
[0048] As shown in FIG. 1F, the right hand side activatimar-toggle mechanism assembly
are arranged to work in the opposite manner tdatidand side assembly. At the crest of a
wave, the float 110 is pushed up and the guider&a6bhes the high limit stopper L2; as a
result, the right hand side activation bar 137 aggted into its down position and the
associated rake teeth 140 are rotated into thgagad positions for contact with the drive

pins 156. When the guide 120 reaches its low Igtdpper L1, the right hand side activation



9 bar 137 is toggled into its up position and the rake teeth 140 are rotated into their disengaged
positions and allows the wheel 150 and generator 10 continue to rotate. [0049] FIG 10 shows an
apparatus 104 according to another embodiment of the present invention. As shown in FIG 10, the
apparatus includes a pair or pairs of racks 130 and a wheel 150 mounted in engagement between
each pair of k%% ag -whe [ I Latary vy

126, The bauaioh e T o G F T S R e LA 2l P P e
on the suppeasitairiandelarsithisvrechbas6 ahthgaoeat@@blsurdonteid@ter rotary motion on the

slew bearin The.b e tower, xten e e slew (i rminates wi

wave cam 1%?%4%&?8}:%1%%%ié\éogéé%(é}g%eﬁpoftég %r%ﬁ?éd?ﬁa?@%@ﬁ}%me&l aﬂlij%ﬁm
upper end biagsestagairst Steowavin dal@. 11, e aplperatsAididte dopandoptiesvahdaickeel A2 Gritiese
are a plurality of qutward projecting radial arms 127 that lay in a plane.and e eng of the radial arm
s 2 wing CUEHThg 20 TR0 GaHele D AERTRIE oh8 BBy A TRCHS Ao b e RS e
arms 127, taygsehritflianchreaveocaned 25 fovate ; thisecatise sdizey aokrel AP 6 Thrskaisaplatid dotary
and these in turnr the wheel and generator 10 to produce electricity. In one embogdiment, the
biasing forcd Y Eatt G435 B PR e 3950 LSRR B & S0araLr SR BN RPER NG
alternative espeéiment ShomiintidGash b thavewam 1 i feth Gor Moealas ot @aehlemesewd of
the racks 130 is biased by gravity forces against the wave cam 129 through a roller 16. [0050] FIG 1J

shows an apiaa0s% o5 AEBRFR P IS BNGT B SRiIRBAE HHIRVEICUS BRAHNA A X RIGH Witk
1J, the rake jpR18 ¢4AnEre. rRGRRIEIOEBTSE R RIsaet PasilitiianaxRilSanskpositige WilWer 126

channels in a rack bar 131a, for example, by means of a link bar 139 and a pair of fluid cylinders 139a.

As illustrate @ Wih YREFFLRNEVAIAFSS AZYAH i Fera¥R AR AR B0/ KIS ERPRISE b e gt

bar 131a so tméﬁhmﬂ&ﬁée@taréﬂalglaﬁﬁﬂﬂo@mwm Phatsideial Dienaek pandSiky far£peatingnd
with the drive pins 156 on wheel 150 or teeth 166 of spur gear 160. When the fluid cylinders 139a are

extended, tRARK e 28878 FRiRbadsarealiag FaiRhing 18R WArers 1dnsh GHEENS RiReGRaNYBY A
are returnedyip, G SUANIRGIURES %) 1he RIGALH L HATRIBIIBCRARIRLWIER RS JGVRRIRS this

156/gear teeth 166, for example, during the rack bar's return stroke. Two rack bars 131a may be used

in a double &EHEEEMMEBRKE A3 teniraEsALhEBHYWh doWICEREE inDtaky Btftestieruiesl and
mOd'f'Cat'OngéﬂéPfﬁqﬁépgﬁg%tﬁé&ﬁ: r@lé’%ﬁr‘é@fﬁ 858@%%&9{8%%{55@ rakSBr EhiATaRAB0YE

detent positions In nnels of the ra 131a. Each detent position may comprise a groove Iinto
which a sprititelowria] ¢z id 20 gageavided Ihyaadinet 10 @ xubaliewthid strokéerhative eikd eobmemiay
be defined b oy h | gleP in is-slidabl 10t |

em bodimeng%%n y éﬁﬁ&ﬁ@%@%ﬁ%@%ﬁ?ﬁ%@%ﬁ@ %@%@I%%ﬁf %&gﬁgﬁérﬁ Fgg)ég]%lkfé %2
shows an appdraged200grevdydior&s against trabvoaine eafufithe ghesevliténdéntion. Compared with
the apparat wnin FIG 1C, the rake teet 6_of this embodiment are now on the rake wheel
170 it ORI heto8 O P ot et a5 D AL A8 YL B
pivot 177 onitlvemtka. wireshdio. iBimi@r 19 thiecalzkectesthdidvhemisy emivle teddwvemihalrédractqiatitde

between an engaged position wjth the.rack bars 130a and a djsen ed position., In the engaged.
osition, o BRI S BPER IS Do GRa TTa bR l B, T R B e .o ke
wheel 170 tpiansdisiite dopgireopithe cghrdessin 39a. o shthiake, wieel Ihe flllklierd 304 %near
the bearing eno_l 178 js chay fe_red or curved o}tga]t each r@}fé‘é oth 176 is ro{}e{ltabhe between the
engaged anfFiREIShJER HokitRsHs 128 S RIMIBR RTEntth nUTRRISB P A Ak ES R latd 12
the rack pinghengaosr wib tindakeieeththébraansiag tereakgadies it thddatripiasiosondse

manner. Likewise, when the right hand rack bar 130a moves downward, the rack pins 136 en%age with

the rake teetMeRd LSRRI LR NP GRAfO R e 3 B QRIS T A aidt 24 threteBdisd! ifhg link

momentumsygi the gaie yiagldl A6k 8eARES arok keen dernBaeialingrubitsidhakakeierth 474 alie
on the rack pins 136 of the left hand rack bar 130a. [0053] FIG 2B shows an apparatus 201 according

to another eFRBYERSLIR BiaHd Bliast RORlORsoANd R Frisite ALroaradisenenged et 1o divenBing
and describa@&q&sa@ew foebasiragRkIE UsaRR Ak s kb9 SleubIG BGtRR PRk 5a%emay

wheel 170, a right hand ball rack 130b is additionally provided, as shown in phantom lines. As shown

in FIG 2B, ti@léﬁ%ﬁh%dﬂ%lﬂ(aﬁm Wﬁ@rﬂs&al_ibedbmﬁgﬁsmmg hANACI f1igeR Jrﬁmmgaﬂdoll‘eﬁ_.
The angle of gachEhaRRetyIfeRRG 18 ﬁ@%{&ﬁél’é‘ﬁxi%@ MROYPER AR ek 17094Re

cylindrical in"section and stops just before the right hand edge of the ball rack 130b, such that a steel
ball 141b digpesed.ihla dhaynefI80iLirtlepasHiansf ihethighehrimmetr dagkheabalidtek Facthéleteet

ball 141b i ' f : : h
r:ck 130bl?nggﬁ%ewpﬁa%ﬁ%%émnWe@: @%%H&Wﬁé%ﬁ% %%%ﬁi%t@a%@%e

of the ball rack from a channel 130g cyclically contacts a tip of a rake tooth 176 and transmits a torque
to rotate the rake wheel 170 in a clockwise direction. The channels 130g are oriented at angle alpha
so that the forces acting on the steel ball 141b by the tip of each rake tooth are substantially
perpendicular to the



11 channel. If the forces acting on the steel ball deviate more than the friction angle from the
perpendicular to the channel, the forces will drive out the steel ball from the channel or subject the
ends of the channels to bear additional stress. [0054] Further improvements to the above embodiment
201 are possible. For example, FIG 2C show the rightipand face of the ball rack has a longitudinal

groove 130 fudi \A [ . in fl ; )
width w is s%gﬁﬁéﬁé;%ﬁgé |arkr%;(tagr e(%&{ﬁg gs%iﬁ?é ﬂ%%bgrr%é?ﬁg%ogg?ﬂ Ic'? ?sﬁé]gsﬂé%{g ﬁll: a%glgn%:%ﬁng
between theleaiditbpal & stiddhlealtug bad thalt; pnojeciirabedintentroolyest@oe ahtheheakgkegth are
bearing stress af the en hannel 130g. further example, a link bar 139, similar to that in the
above embﬁ?ﬁ/é%%,%lavﬁlﬁj ﬁcﬁ%a%é@ lt')py%é&r[)é%r% SH ﬁﬁ'(%%gylinders 139a and actuator bar 130n may be
provided to fmibzatd-ERgageshem adi sEnuagtnse 3001 doe @ieielgb tdl saiddim both rirentadk tleethrégenA

hows am TR SR o B oLt b B B e ARttt 1 (s
2E, thi apr;}waltusogﬂ%mmaudeswfmzﬂhg p@lméélggamﬁfﬂlimmo%mm}dt_m ﬁrﬁ p?;l]m@m gﬁ{a&ﬂ?
t els a, . e rake w S a, re axi OT1S 0 eacC r Xxle o

e sacond RS AA0E: EAst G O S Tl e ADEA L. REF 1908 WRSPIA M Sl
180 (not shaqwrthed la@ sekeamiissiniditia, léQbnaranpovoied Ureakdge sienwiesa @otahmged pbsition

figure), which ?ifﬁ{{ move substantially vertically with the rise and fall of tide in the sea. The lower
[

surface of th MEASERBEH AR A PRFAIRIGARARIEUI CPRAARSHRP O eAght A HFSehb 48

220 are staggreeR@bsAONbR AIF62hresediabiignsngs neabBaEentrerPitte fioatinghaentepn 232
are longer than those near the ends. The floatin% pontoon 212 is constrained to slide laterally, i.e. in a

left-right maHRESHNIBEN RS FELRitAKSSIsethtd (Ad DR WhaelutéOwhas aifriregedificaear the

currents, as seaMAyNTErs B HififarY BoBresds frtitalentsianallyevidhsesikité Behfe@ene
wheels 170a, 170b. By arranging the rake teeth 176 on the second rake wheel 170b to operate in the

opposite maRRERGRMRNFRRISRRIAGES mﬂenﬁsﬁ@k@wmmmmhagetﬁéﬁmnﬁrtﬁg%\/@agées
gear 180, 'avi‘\?/‘%é\)aqaﬂlﬁé%%r?fdﬁ% rasSehifhgadilnRing m&%ﬂgﬁ%@%ﬁé’vﬂm@él 170 to

170a,170b, whose output torques add up to rotate a generator 10. [0056] 2F shows an apparatus

203 accordirigteseaiiotheloelviseimanner.thikprésenvineeibiTane sppahand 30s maveseiawvinesd.
on a base stjictue 0 ﬂ%”di et%ﬁ%&é@%m feNdRE REMCYRGIPRAMSRE MRSAMDIRFIGAE iR a

rake wheel 170 is engage eentwo 12
clockwise manner; at the same time, momentums efrdke wheel 176 and generator 10

keep them rotating whilst the rake teeth 176 shptle rack pins 136 of the left hand rack
bar 130a.

[0053] FIG. 2B shows an apparatus 201 according to anah#odiment of the present
invention. The apparatus 201 uses a rake wheela$7§hown and described in the above
embodiment but uses a ball rack 130b. For doulileraon the rake wheel 170, a right hand
ball rack 130b is additionally provided, as showmphantom lines. As shown in FIG. 2B, the
left hand ball rack 130b has parallel upward slgpthannels 130g from right to left. The
angle of each channel with respect to a horizata is denoted alpha. Each channel 130g
is cylindrical in section and stops just before tight hand edge of the ball rack 130b, such
that a steel ball 141b disposed in a channel 130ggs out of the right hand edge of the
ball rack yet the steel ball 141b is being heldh&t end of the channel 130g. In use, for
example, when the left hand ball rack 130b is mgwipwards, the portion of each steel ball
141b projecting out of the right hand edge of thé ack from a channel 130g cyclically
contacts a tip of a rake tooth 176 and transmiisrgue to rotate the rake wheel 170 in a
clockwise direction. The channels 130g are orieatiedngle alpha so that the forces acting

on the steel ball 141b by the tip of each rakehae substantially perpendicular to the



curved racks 130c. The lower rack 130c is partially submerged in water and its lower surface has
vanes 222. For illustration, when surface waves move from right to left, as seen in FIG 2F, the lower
curved rack 130c is swung to the left and the rack pins 136 drive the rake wheel 170 in a clockwise
direction; at the same time, the rake teeth 176 slip onthe rack pins 136 on the upper curved rack
130c. When e e SR Gk B AIEPES N SRS 3008 EHRRE"
curved rack({ %rcmegn'gageﬁ%flgﬁ%%% ?&(&@Qﬂ f%gtcglgr%étl e rak% ‘vgvhegeh?l% irrfct&hé cl::)%‘c@v%ise8 €
direction, whiktrhediakéate tahth@ echiimoel tHbe dickgsia swli clomehth o wtaet Uvad dieick the thisawag|, as
the curved racks oscillat drijv rfac the rake wheel 170 rotates continuously in
one directior%l (lg)?g#?/g?g §§§§r§1§5 ?Lé hdg @?%}é&('ée%égéi%%@i{ ] FIG 20 shows an apparatus 204
according to[ersaiheurdnebodiprentofdhts dre semtahueatembadistenti281pdSsRle toaprarapls, 20bis a

variation of aratus 203. The apparatus 204 oscillates about pivot 210 as wjnd currents blow pn
Vanes 224, PRG0S 98 AL A Lo LR Tt A B i e
purposes, ogjyoa\eedtdon dfdbevaitkls ’2drid shoepthQl) Hestppaiaieabeevtivtipivosismaller that
counterweig\}r\HW [. The coupterwei ke]é Tr ﬂ es the force required to oscillat \%re agparatus 204,
ety st Eé‘?éﬁﬁé@r%{&g%%% f@ﬁb‘ie 15-and ﬁﬁsv&@?ﬁgs%?ﬁ%f%ﬁﬁnﬁwé FPapprER 4
according tozzithiioaae ohens etdbe Pagseat IpMsBEe aidm otV nthehapmgrait HSANg
mounted on a floating pontoon 214. The floating p')jg(rﬁoon 214 has a pivot 310 sub_stantia%y near the

mid-length GFHETRAL BIGREE 2batABN 80 1R 3 BUBRERIS aTH Bl SRdSUNIE [tk '83he

extends intogheweaspibvailsidhe aftehenddeds phR\st HfHOaRPd 4e eRANQeH Witk 180N may
horizontal racks 130d at two separate pivot pins 312, 316. The submerged end of the paddle have

cuplike elenf&hiRr8PUIES U RHING I ETHRRFBEREAfT nBatsoH A PaitRdhip pakend
of the paddlg:320 areUnd aaniyof Sox W%W@térhéﬁjédmﬁ%ﬁéﬁi B4 323 fostbernivakriBE L6
to slide when the paddle 320 oscillates. The horizontal racks 130d are supported on the pontoon 214
but are slidabf8n the respective support (which are not shown in the figure). Supported between the

two racks is gaue pyreeld @ sHeh ARahiimaratits 198 ALEGRHRNY tBIANBRERRAMEN WithRINsdsonen

the racks 130d. For illustration, when under-currents below the pontoon 214 move from left to right, the

cup-like e|e_dmm@tm 06 shopadiNeF3G0 Zatdhenannaratisctdadddes a ﬁmﬁnqm&@@@m WAL
a”t"C'OCkW'g%géAbﬂtweLﬁ{Yé’& 349 and 68D Eéf‘eglﬁéj"%%“%&%p%ﬁ%g@ 136 fremurighitdo aibds

shown in FI ower rack 13 rives the rake wheel 1/0inac wise direction, whilst 13 the
rake teeth 118G#Hds/6h thtedaxiynofisd do theaipmiheacanuyvimitatiee secentuakatyvhasdideob is

move in the r rection, p i r right,
and the drivégp}?ﬁsé ??g{gﬁ Fﬁ% %ﬁ%%@% ff%i%@ﬁg %gm%%%%ﬁﬁoﬁl @%ﬁgg&)ﬁg ‘whilst
the rake teetlake &/bielsrlifiadiik@bpine tr88iotethericaveasacke ntihishoayn astirefigude);cuhiehtmay
oscillate below the pontoon, the paddle also oscillates an uses the rake whee] to rotate. in on
cection, PRy SR AR W O O B 1 S8 e R S R S B
FIG 3B shovilsativgriptintodA12abtiheved avelamddyatd s/ ahe siRBGeferdbiE Jik thesgiydaraias/adess220
similar to the above apparatus 300 but it addles 321, 322 of unequal lengths. Both paddles
321 392 e A AR ndhs O D55 Bl S A PaTRRal, e ALl Vo o i Bortgar
The upper epd>beadbmgsidtaa2 1322 heme espaalive Bietripfdid dor te assocrasedipdotpislide
312,316 to slide.a\t{Vhen under-CL{{:rents below the pontoon 214 move from left to rﬁl‘ht, the C\l}g‘)-”ke _
elements 3286 hEadleBAHAH MAWHAP ISR MhbFadiitN3EoPsEhde G- PR WIEHCIHS
pivot 310 anisishiRere Bowseiiask 3306 ftemasaNdaiehy ATshpemintig BBatbenuer sackiaRad

drives the rake wheel 170 in a clockwise direction, whilst the rake teeth 176 slips on the drive pins 136

on the upperFSERIVER {RERFRICRANG SHETERSIS thédRidRRAIANIIBS, PsdtRkes ek ihgs on the
clockwise angERVERIRE WRBET 1396 130sHEpmRdeft tRATBRE SR ERSHY. the ruaains 136 on Whe Wpser

rack 130d turns the rake wheel 170 clockwise whilst the rake teeth 176 slip on the drive pins 136 on

the lower raéRKfh4neehdr Saihieasthes YAGHRS veRmRtiR Rie@sepaRions A5 Bk fiRe oSN,
[0060] FIG 3¢ ghRysardy SORVGHUS 1308 ribeiladRe iRWe RCERIER IR HRPGMBRYIBS ARl thPto
present invention. As shown in FIG 3C, the apparatus 302 comprises a plane circular rack 330
supported ofP&éfed BRARTAELS which in turn is mounted on a base 112. As in the previous |
embodimenigotae BRse 322 MGNLEA BARIAAR QT 35ARHIGRIREY: dR@mPOdRhEAE P IR dadid!

rack pins or rollers 336 and disposed in rotary engagement above the circular rack 330 is a plurality of
rake wheel 3T0eat@ fehHeeaapPa0cdiss OBy MG D BE SBLEH Rl Gr IRV how ralas
wheel 370 apd r 10 nblies. : | [oining tagether a
mlmber of N A g R OB e e s
suspended a plurality of paddle-like bars 340 such that the paddle-like bars 340 are a distance away
from the base 112 and their lower ends are submerged in water. The submerged ends of the
paddle-like bars 340 have cup-like elements 324, as in the above embodiment. When water currents
sweep around 14



the base 112, the swirling currents catch on the cup-like elements 324 and cause the paddle-like bars
340 and the circular rack 330 to rotate on the slew bearing 15. The moving rack pins 336 then cause
the rake wheel assemblies 370 and generators 10 to turn to produce electricity. In another
embodiment, the paddle-like bars take the form of aergfoil vanes 340a. Water currents flowing around
the aerofoll f i , [ iecular
rack 330, 12k RO O e et S B R e e
invention, furthevamesifi2adorotolthetradioaraned0idiecp osaiiges Frmaxighple, ftshoveedn MG-BD,
the apparat 3. has an u ircyl ck dis ovether hee ligs 3 arall
to the circuI?ﬁa%\?géwsl?ﬁéﬁggégé%%%? r'gc V‘f@ @%g)erﬂ?ﬁg]n r?gecwc"ﬁfﬁélpgci%gg@%dﬁﬂgégs%ﬁ [ a@égll
paddle-like Hai8 Bva cioakvata | diescisoB48atdheampdidiertke beeth3UGxsipenaftileyeasiB349d 36 dine
upper circular rack are oriented tg gperate,in a reverse manner to those on the lower rack 330; in this
ey, currentC BRI SLUH RES A ey 6 BT R AR ATER A e AL S e
direction to pheduask gleairikdd.dn arotgieaxeunge, thekrdBo tapiyitiayHecrakdheatiicLi® tack(sg ahd
the wheels haye drijve pins, such as those shqwn in the above embodi s. [0062] FIG 3E show,
another varikain SORAD Hhin SIS abE oot I a0 25 AR HorORG MRS
340b extendirotbewswdly dipvetheatRPRY €irs Wil acki 38 Guviusk$hEIDyes siars B4 Qavexiendsotate

water; only a section of each of the aerofoil vanes 340a,340b are shown for illustration. The aerofoil
vanes 340b WAYRE UPFerakifc AP FAck QrEObRER SO MY U SIOR FHheBetthaANErAPRIRREIGH e to
lower rack 3gRanecaege@tiy@t Py wind currents. Wind and water currents often occur together and they
advantageously drive the respective vanes, circular racks, rake wheels and generators to produce

electricity. [0083]1 F1t5-4 AR EnUb SRRARIUB AL SR B BB RBEEMRSS TGN F the Rresat
invention. Agrleitiern KiCsiowinarrpneraids 400 inshitas.a PRILONepRERS B)hERakIs* 38R

plurality of rake wheels 170 disposed between the ring racks 430. Whilst not shown, shafts of the rake

wheels 170 ARBaRMES R AoeHAtesoRReeRIRpRISAS WITFERLS SN uABRR a1, FNRSpaRRsTY
surface of theingLaglo AR AASCH RIS & BRER AL dRUSERARA TR P A0 858 BRI ek ction

vertically with a lower portion of at least the outer ring rack 430 being submerged in running currents.
[0064] In on€fetheo@nrmEZ AU BN AR R RirBaIs Mo CBBIRIIeh i@ fEOWEeN Ve he XM Tstrilkgure

450. The su§8§ﬂ§é9\ﬂ,ég§ﬁ1% YedFaRs AL RS Péﬁiﬁ\?é’&stdﬂs?o&?{ﬁé"é{g&%ﬁ@%i,%&é hﬁim%h

disposed at angles to other to minimise swaying of the apparatus 400 In running water. A
not shown irtheeafigarafusitplheaberabienvyheingpemsiasrs 10 are also connected via the overhead

structure 45 e [ {, a.%%i Y : 0 Ins.
advantage o%) 'grlwglgsfjl gﬂ%&)é‘fﬁ%ﬁ? gvl%;% aﬁﬁ%ggg)ﬁhe ap%gggﬁﬁﬁgzgjﬁébﬁgo@“ he8 r!ggf?ﬁéﬂj#gsﬁﬂ
another embodéntol,. tAs appanatus B Sénrbetep pmenjackBRiaglstathved alfldetma pdateomitlthe
water by a jacking means located on, the gverhead strycture . this jackup leq and jacking means
e simiar 1 O L RO b 4 i oe e g ARt Bedr T R AR e
400. As showivotdd @GRt thegrpat 816 4904 Ipasidky 0. vahestadddih @i the paiddie 32hexdatetsiimgo

k430. T 435 are di ' d shaped f tion by wind ts. | th
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manner to thagkON3DE avtevoisgpackesoivbaping 3und IL6sTietw g eadksf doe iy ddiconaie cale

wheels 170.
like elements 324 for catching the under-currehtd move below the pontoon 214. The

upper end of the paddle 320 around each of thepiwatis has a respective slot 314,318 for
the pivot pin 312,316 to slide when the paddle 82€illates. The horizontal racks 130d are
supported on the pontoon 214 but are slidable enréispective support (which are not
shown in the figure). Supported between the twégsas a rake wheel 170 such that the rake
teeth 176 are in rotary engagement with pins 13@herracks 130d. For illustration, when
under-currents below the pontoon 214 move fromttefight, the cup-like elements 324 on
the paddle 320 catch the current forces; as atrebel paddle 320 swings anti-clockwise
about pivot 310 and pushes both the lower and ugeés 130d from right to left. As shown

in FIG. 3A, the lower rack 130d drives the rake alht70 in a clockwise direction, whilst



[0066] FIG 4D shows a variation 402 of the apparatus 401. As shown in FIG 4D, the apparatus 402
has aerofoil vanes 437 on faces of both the outer ring rack and inner ring rack. For illustration
purposes, only a section of the aerofoil vanes 437 are shown. In this embodiment, wind power blowing
through the face of the apparatus 402 is potentially caggured by the aerofoil vanes 437 for conversion

o clectily, . SURUIRRLAIG HE3 R AR NERTR IS BRI E ANt afk BRI

with the area of the aerofoil vanes mounte and In relation to the ratio of t
diameters ofsthigsidaeprantbeater ting) revkes¢00i6a¢ivh;l¢hsp gaifidl@ sivodjmbackhane bewredbscriveis

and illustrat it.is understood. that further changes, modifigati variatio inations
thoreor conid St TR AR A R0 o S R B R T R iR nee
invention. FAr7éxanaptto ekiwiseicliligadicel wylatdaheseskareeb@#®dstip desthddrilie presdidtroe thiomowerse

b d i binati he Kkineti i f the vari
compononts/ B oAb N cht e P HIS e RO L AR (o BT eAed popies
example, at énel @apseshafsaitehehelet els rbtiesipuo ge alisebfit: retke twindeds 4l gerbiatend/oroaasied

430 to minimise fluctuatigns in Qutput torques to a generator 10. Alternatively, these apparatuses may
RS e et kot

be linked uptgltt GRS %Qﬁ% T H¥nimise fluctuations in electric power generation.

17 CLAIMS:[cbsé}FRRP3RIERIRISCanyIititio iigetic eheigyabiovavasireter ShsheuireMEsingB, this

electricity, S?Sp%?gﬁrgt‘éﬁf?? ps?r%ii?gr: to the above apparatusk@®dt has two paddles 321, 322 of
unequal lengths. Both paddles 321,322 are pivoi€do® the pontoon 214 but are separately
pivoted to the horizontal racks 130d. The upper @nelach paddle 321,322 has a respective
slot 314,318 for the associated pivot pin 312,31 6lide. When under-currents below the
pontoon 214 move from left to right, the cup-likereents 324 on the paddle 321 catch the
current forces and paddle 321 rotates anti-cloakwaisout pivot 310 and pushes the lower
rack 130d from right to left. As shown in FIG. 38e lower rack 130d drives the rake wheel
170 in a clockwise direction, whilst the rake te&#6 slips on the drive pins 136 on the
upper rack. When the under-currents move in thersev direction, paddle 322 swings
clockwise and moves the upper rack 130d from teftght; as a result, the drive pins 136 on
the upper rack 130d turns the rake wheel 170 cleskwhilst the rake teeth 176 slip on the
drive pins 136 on the lower rack. In another embdtit, the paddles 321 and 322 have
separate pivots on the pontoon.
[0060] FIG. 3C shows an apparatus 302, in exploded \aeaoprding to another embodiment
of the present invention. As shown in FIG. 3C, aipparatus 302 comprises a plane circular
rack 330 supported on a slew bearing 15, whichuin s mounted on a base 112. As in the
previous embodiments, the base 112 may be a pomtoan artificial island. The circular
rack 330 has radial rack pins or rollers 336 argpaled in rotary engagement above the
circular rack 330 is a plurality of rake wheel 3@@d generator 10 assemblies. For
illustration purposes, FIG. 3C only shows two rakeeel 370 and generator 10 assemblies.
Each rake wheel assembly 370 is made by joiningttey a number of rake wheels 170 in
an axial manner. Around the periphery of the cacubck 330 are suspended a plurality of
paddle-like bars 340 such that the paddle-like Bafsare a distance away from the base 112
and their lower ends are submerged in water. Thmetged ends of the paddle-like bars 340

have cup-like elements 324, as in the above emlmdiriVhen water currents sweep around



a first rack and a second rack that are operable to translate between two positions; a wheel
engageable with said first and second racks; and a generator connected to said wheel, which is being
operable to produce electricity; wherein: said first and second racks comprise a plurality of rake
teeth, which are equally spaced along said first and sggond racks, with each said rake teeth being

pivoted abo ] in,anad.r bl Sifj I j I )
disengaged%c%sgg% \?\Lnt 'ﬁ%%ﬁ@% e{%ﬁ@%ﬁggﬁg gﬁgfg%léﬁc%n |§e&cgé%§?§ iﬁl\@gr%ea?%n re gt o%dt%le
each other; like dzddsndrelasuiinésesalriae reicks ABHdesw ety Spacbdaringntba peeiphewnyf said
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pin further caempfisity angsetitesepperiading thbushiogar ra@®, 3ake wheels 370 and generators 10 to
rotate.
[0061] With the same principles of the present inventifurther modifications to the
apparatus 302 are possible. For example, as shoviaQ. 3D, the apparatus 303 has an
upper circular rack disposed above the rake whessrablies 370 parallel to the circular rack
330. The upper circular rack is larger than theutar rack 330 and has similar paddle-like
bars 340 or aerofoil vanes 340a. These paddlebi#as 340 or aerofoil vanes 340a on the
upper circular rack are oriented to operate invense manner to those on the lower rack
330; in this way, currents swirling in both dirests around the base 112 indirectly drive the
generators 10 in one direction to produce eletyribn another example, the rake teeth may
be on the circular rack(s) and the wheels haveedrins, such as those shown in the above
embodiments.
[0062] FIG. 3E shows another variation 304 of the appara8802. FIG. 3E shows the
apparatus 304 having aerofoil vanes 340b extendglovgardly from the upper circular rack
330 whilst the lower vanes 340a extend into theewainly a section of each of the aerofoil
vanes 340a,340b are shown for illustration. Th@fadrvanes 340b on the upper circular
rack are oriented to operate in a reverse manrtéoge on the lower rack 330 and are driven
by wind currents. Wind and water currents oftenundogether and they advantageously
drive the respective vanes, circular racks, rakeelhand generators to produce electricity.
[0063] FIG. 4A shows an apparatus 400 according to anahodiment of the present
invention. As shown in FIG. 4A, the apparatus 4@€ludes a pair of concentric ring racks
430 and a plurality of rake wheels 170 disposedvéen the ring racks 430. Whilst not
shown, shafts of the rake wheels 170 and inner rang are connected separately to an
associated generator 10. The periphery surfacdeofing rack 430 has cup-like elements
424. In use, the ring racks 430 are mounted vdstiedath a lower portion of at least the
outer ring rack 430 being submerged in runningenis.
[0064] In one embodiment, FIG. 4B shows the apparatusigit8Qspended from an overhead

structure 450. The suspension may be by meangesror chains. Preferably, these ropes or



4. An apparatus according to any one of claims 1-3, further comprising an activation bar to toggle said
rake teeth between said two positions when said associated rack reaches a low limit stopper or a high
limit stopper. 5. An apparatus according to any one of the preceding claims, further comprising a float
disposed at a lower end of each said first and/or secong rack(s) and said float is driven by waves to

give linear ”aﬁ‘éfﬁéioaﬂéoggi?o?eﬁ(@aﬁ Ie% ?d‘é‘&’&?@ﬁ#érat%‘i%ﬂwtﬂgﬂﬁy 8_P‘§1%f Sgﬁﬁﬁacfué’i%hi‘ﬁr
comprising a wave cam disposed on a wind tower, wherein rotation of said wind tower and wave cam
gives linear transigiovate sadraok(s ot .showsp parthesffou e rtingl e értiometie gyeoknwadoes dddioe

i currents 540 887 BEIb 5 TGRSR ARG 386 BB RSTRIE RerEn IR ASARRT,
includes sheaves 460 for the ropes/chains; an tatyamf this embodiment is that altitude
of the apparatus is adjustable by the ropes/chhiremother embodiment, the apparatus 400
connected to a jackup leg is moved up from or dimta the water by a jacking means
located on the overhead structure 450; this ja¢gg@nd jacking means are similar to those
mechanisms on an olil rig.

[0065] FIG. 4C shows a variation 401 of the apparatus. 430 shown in FIG. 4C, the
apparatus 401 has aerofoil vanes 435 on the outdittee outer ring rack 430. The vanes
435 are dimensioned and shaped for operation bg wunrents. In another embodiment, the
inner ring rack 430 also has similar aerofoil vambsch are operated in a reverse manner to
those on the outer ring rack, so that in a windenty the ring racks doubly act on the rake
wheels 170.

[0066] FIG. 4D shows a variation 402 of the apparatus. 4 shown in FIG. 4D, the
apparatus 402 has aerofoil vanes 437 on facestbftbe outer ring rack and inner ring rack.
For illustration purposes, only a section of theo&®l vanes 437 are shown. In this
embodiment, wind power blowing through the facetld apparatus 402 is potentially
captured by the aerofoil vanes 437 for converseléctricity. In addition, the area of the
aerofoil vanes mounted on the outer ring rack tsndped with the area of the aerofoil vanes
mounted on the inner ring rack and in relationh® tatio of the diameters of the inner and
outer ring racks.

[0067] While specific embodiments have been describedlarstrated, it is understood that
further changes, modifications, variations and cowions thereof could be made to the
present invention without departing from the scopeéhe present invention. For example,
whilst individual apparatuses are used to desdhleepresent invention, these apparatuses
may be used together in any combination to captiseekinetic energies of the various
components of wave and/or current forces. Two orenod these apparatus may be linked
up, for example, at the output shafts of the wh&B[¥ spur gears 160, rake wheels 170,370
and/or racks 430 to minimise fluctuations in outfmrjues to a generator 10. Alternatively,
these apparatuses may be linked up at outputs pHrate generators 10 to minimise

fluctuations in electric power generation.



a wheel engageable with said rack; and a generator connected to said wheel, which is being
operable to produce electricity; wherein said rack comprises a plurality of rake teeth, which are equally
spaced along said rake and said rake teeth are operable to extend for engagement with said wheel or
to retract from engagement with said wheel. 8. An appgratus according to claim 7, wherein said
plurality of rake teeth are operable between said retract and extend positions by a fluid cylinder and a
link bar. 9. An apparatus for converting kinetic energy of waves and/or fluid currents into electricity,
said apparatus comprising: a rack that is operable to translate between two positions or rotate; a rake
wheel engageable with said rack; and a generator connected to said wheel, which is operable to
produce electricity; wherein said rake wheel comprises a plurality of rake teeth, which are equally
spaced around said wheel, with each said rake teeth being pivoted and rotatable about a pivot pin
between an engaged position with said rack and a disengaged position. 10. An apparatus according
to claim 9, wherein said rack comprises a plurality of rack pins for engagement with said rake teeth,
with said rack pins being equally spaced along said rack and each said rack pin has a sleeve
supported on a bushing.



11. An apparatus according to claim 9 or 10, wherein said rack is mounted horizontally on a pontoon
and said rake wheel is mounted on a structure such that said pontoon is slidable horizontally with
respect to said structure. 19 12. An apparatus according to claim 11, further comprising a second
rake wheel, said second rake wheel is mounted with itsyshaft parallel and offset to that of said rake
wheel, with %?Ii_(ﬁﬁ)lzsnd rake wheel being turned around or inverted with respect to said rake wheel
such that di engagement of said rake teeth of said second rake wheel with said rack pins is
reversed frofn that éfnsaippakatushdéel awhgaitrehdisaiichethesgid cikesvhpedlsraffiush rmecteadisbynéo
gear, so thate 'i‘oééﬁ‘eﬁ“a's”%“s'aﬂor% uof b%trfrll srallisanacks in both directions additively turn said generator.
13. An apparatus acor mgat%pcﬁalm izc WhHEPaIRFottom surface of said pontoon has vanes to catch
movements of surfacirstasek batbe sedtpdntobrthdtdardropppaitkins late dretvwgdo theom @aiohs;

wherein said rack comprises a pair of curved racks, which are disposed in engagement with said rake
wheel, such that sa?d%ﬁﬁ? E?@ﬂ%%e&%é%%"%ﬁﬁlﬁg'ﬁrge e?ﬁﬁﬂpér ble to oscillate about a vertical
axis like a pendulua ¢enksieecraidinketadieelsaitl\geaeratgrith ¥ otiegablectti¢itpdlce Aleapigiyatus

according to claim 14h, wherein bottom surface of the lower curved rack has a plurality of vanes to
couple with movem&REEH'Surface waves. 16. An apparatus according to claim 14, wherein a face of

the assembly has agfiefdit ¥ea@E Sseboi@t KL EHIRINORVNUMNEaIE ascaiilvatRsascHglegijhe
SR A et R e e A e IR
claim 9 or 16PRFBLAYMGpFRIAGISt an ’ gp
pivot pin and rotatable between an engaged positith said wheel and a disengaged
position, with said rake teeth on said first ancose racks being inverted in relation to each
other;
said wheel comprises drive pins disposed equatigesh around a periphery of said
wheel and said drive pins extend transverselygdlaae of rotation of said wheel; and
said second rack is operable in a direction oppdsisaid first rack, so that said rake teeth of
both said first and second racks cyclically engadbk said drive pins to additively transmit

torque to said wheel in a double acting manner.

2. An apparatus according to claim 1, wherein gardt pins and/or said drive pins are

supported at both ends.

3. An apparatus according to claim 1 or 2, wheegich said drive pin further comprises

a sleeve supported on a bushing.

4. An apparatus according to any one of claims fiuBher comprising an activation bar
to toggle said rake teeth between said two positiwnen said associated rack reaches a low

limit stopper or a high limit stopper.

5. An apparatus according to any one of the pregedaims, further comprising a float
disposed at a lower end of each said first and#oorsd rack(s) and said float is driven by

waves to give linear translation to said rack(s).



a pontoon; wherein said rack is disposed on said pontoon, and a second rack is disposed on said
pontoon at a level above said rack, with both said racks being operable to translate on said pontoon
and said rake wheel is in engagement between both said racks; and a paddle being pivoted on
said pontoon, such that a portion of said paddle extengs below said pontoon and the opposite portion

extends aboye S&ICAPIO ﬂffl%%t' ding ghaysral rﬁ'%é‘?/% cam
seco rac

separately W|th said rac y separ ate pivot pins an slots so at u der currents
below said pdlamedamaswdd)mm tovbstéiateciatiosnief 1smik towansiatk welielcane rgtbeswdr
rake wheel d nerator t electricity. 20 18. An apparatus according to claim 17, further
comprising anboq feaat[%aﬁt}glegs% %%%Eé |d paddles are connected separately to said rack and second
rack at their respective pivot pins and slots. 19. An apparatus according to claim 9 or 10, wherein said

rack is circular and said rac re radial. n apparatus acc ing_to clai er .
Comprising & ploralfy oPBRGURL A bar B RELI R B0 oy ) O s sk
to catch undellect,rrcamsawmpgdwatowaambmmatus 21. An apparatus according to claim 19 or 20,
wherein said circular ra kgflo rlses aB%:Jraht sec ors, in each of some sectors is disposed a rake

wheel-generator assd RR%{B Y 8F8. ﬁ%egﬁytmé%’ﬁclalms 19-21, further comprising
a second circular raclyésnesashgbab:seith eigsdaxoiackand in engagement with said rake wheel.

a generator connected to said wheel, which is bepegable to produce electricity;
wherein said rack comprises a plurality of rakdhewhich are equally spaced along said
rake and said rake teeth are operable to extenenigrgement with said wheel or to retract

from engagement with said wheel.

8. An apparatus according to claim 7, wherein gdidality of rake teeth are operable

between said retract and extend positions by d @iyiinder and a link bar.

9. An apparatus for converting kinetic energy ofves and/or fluid currents into
electricity, said apparatus comprising:

a rack that is operable to translate between wgitipns or rotate;

a rake wheel engageable with said rack; and

a generator connected to said wheel, which is tpeta produce electricity;
wherein said rake wheel comprises a plurality &kreeeth, which are equally spaced around
said wheel, with each said rake teeth being pivatadi rotatable about a pivot pin between

an engaged position with said rack and a disengpgsition.

10.  An apparatus according to claim 9, wherein sagk comprises a plurality of rack
pins for engagement with said rake teeth, with st pins being equally spaced along said

rack and each said rack pin has a sleeve suppamtadbushing.

11.  An apparatus according to claim 9 or 10, wimesaiid rack is mounted horizontally
on a pontoon and said rake wheel is mounted oruetste such that said pontoon is slidable

horizontally with respect to said structure.



23. An apparatus according to claim 22, further comprising paddle-like bars suspended from a
periphery of said second circular rack. 24. An apparatus according to any one of claims 20-23,
wherein the cross-section of each said paddle-like bars takes the form of an aerofoil. 25. An
apparatus according to any one of claims 22-24, furthgg comprising aerofoil vanes extending upwardly

from said seggna F%W'%g%?%g%h E%%}&r'ﬁiﬁ' ?@@E%‘@T?iﬂﬁe‘?@&éﬂﬁ?@ Qﬁg&!&%&%ﬁ@tﬁvh%%ﬂbid
apparatus according to claim 25, wherein the aerofoil vanes on said setond (upper) circular rack is
oriented to cyrwrarel irckeevbes isamoentedheitiarniss hwadt lesliatieb affsed rineib@idab sazid (wenheek.

21 27. An apparatu rding ta clai r10. wh 's%'ﬁir Qmprises ir of concentric ring
racks that ar@ﬁ oﬁpggf‘é %8.%859@u%é%a%.a%%%ﬂﬁ@?ﬁ%%%ﬁ? .\@rf%épvglr@tfgsggc&g? mgga{%oE alm\'\ﬁé,é.|
wherein a patijchethyatadiecatithre afutegeggmesk basa phaldditgbf aahescold. ridkappaatustacacdimgko
claim 28, whreln S3is SR0SF AL TP G URRE RSl SRPRLR PRSI AR Sl
connected by a gear, so that horizontal translatminboth said racks in both directions

additively turn said generator.

13.  An apparatus according to claim 12, whereirtdootsurface of said pontoon has

vanes to catch movements of surface waves belahpsaitoon.

14.  An apparatus according to claim 9 or 10, wimessid rack comprises a pair of
curved racks, which are disposed in engagementsaith rake wheel, such that said pair of
curved racks forming an assembly is operable tdllatsc about a vertical axis like a

pendulum to drive said rake wheel and generatprdduce electricity.

15.  An apparatus according to claim 14, whereindootsurface of the lower curved rack

has a plurality of vanes to couple with movemenrdwoface waves.

16.  An apparatus according to claim 14, whereirace fof the assembly has aerofoil
vanes such that a wind current blowing on said fagreanes oscillates the apparatus to

drive said rake wheel and generator to producdraliyg.

17.  An apparatus according to claim 9 or 10, furtieenprising:
a pontoon; wherein said rack is disposed on saidgon, and a second rack is disposed on
said pontoon at a level above said rack, with Isatild racks being operable to translate on
said pontoon and said rake wheel is in engagenswelen both said racks; and

a paddle being pivoted on said pontoon, suchahadrtion of said paddle extends
below said pontoon and the opposite portion exterimbse said pontoon, with said paddle
extending above said pontoon being connected gepavath said rack and second rack by
separate pivot pins and slots, so that under-cigrt@elow said pontoon cause said paddle to
oscillate and said racks to translate, which thewmedsaid rake wheel and generator to

produce electricity.



30. An apparatus according to claim 28, wherein said vanes are formed with aerofoil cross-section and
said aerofoil vanes are operable by wind currents. 31. An apparatus according to claim 30, wherein
said inner ring rack further comprises aerofoil vanes. 32. An apparatus according to claim 31, wherein
said aerofoil vanes are mounted respectively on a facggof the relevant ring rack. 33. An apparatus
according to claim 31 or 32, wherein said aerofoil vanes mounted on said inner and outer ring racks
are operable in opposed directions. 34. An apparatus according to claim 9, wherein said rack
comprises aﬂzaalongéteamamwa phoaiitingfteqcialiy %cﬁwﬂthﬂdn&ainneamﬂhwwdﬁbﬂmew thatashid

said channel ig n‘i?ﬁ%h@pﬁtﬁee#t%%' Séjgigrélh &%&r&&ﬁ gradalLpiRie t?e%H&Sg\?ef\%ﬁ?o? TR

rack for engggeme IpS 0 Said n apparatus accordlng ocC erel Said
face of the rackl Iséwtarhich said portions of said steel ball project out has a longitudinal groove, said
longitudinal groove has a width smaller than diameter of said steel ball. Converting Kinetic Energy Of
Fluid Currents Into Electricity Abstract

19.  An apparatus according to claim 9 or 10, wimesaiid rack is circular and said rack

pins are radial.

20. An apparatus according to claim 19, further posmng a plurality of paddle-like bars
suspended downwards from a periphery of said @raaick to catch under-currents swirling

below said apparatus.

21.  An apparatus according to claim 19 or 20, whesaid circular rack comprises a

plurality of sectors, in each of some sectors sposed a rake wheel-generator assembly.

22.  An apparatus according to any one of claim19further comprising a second

circular rack disposed above said circular rackiarehgagement with said rake wheel.

23. An apparatus according to claim 22, further posing paddle-like bars suspended

from a periphery of said second circular rack.

24.  An apparatus according to any one of claim20aherein the cross-section of each

said paddle-like bars takes the form of an aerofoil

25. An apparatus according to any one of claim@22urther comprising aerofoil vanes
extending upwardly from said second circular rackerein said aerofoil vanes are operated

by wind currents.

26.  An apparatus according to claim 25, wherein dbeofoil vanes on said second
(upper) circular rack is oriented to operate ire@erse manner to the vanes/paddle-like bars

connected to said (lower) rack.



The present invention describes apparatuses (100,200,300,400) for converting kinetic energy of waves
and/or fluid currents, including wind currents, into electricity. One apparatus comprises a rack
(130,330,430) and a wheel (150,160,170,370) in engagement. In one embodiment, the rack
(130,330,430) has rake teeth (140,141a,141b); these gake teeth (140,141a,141b) are operable to pivot

curvedt crodn or e TP AT g FHAL Lokl Dodis a on R 156 TR0 B707 e

in turn is cougindetacydng: racks i) ttarnpropacabétcotdcinhislie yettiCainv @ ésr publication.

28.  An apparatus according to claim 27, whereire@ppery face of the outer ring rack

has a plurality of vanes.

29.  An apparatus according to claim 28, whereid 8anes are formed like cups and said

apparatus is operable in running currents.

30. An apparatus according to claim 28, whereinl sanes are formed with aerofoil

cross-section and said aerofoil vanes are opebgbiand currents.

31.  An apparatus according to claim 30, whereid ganer ring rack further comprises

aerofoil vanes.

32.  An apparatus according to claim 31, whereird sserofoil vanes are mounted

respectively on a face of the relevant ring rack.

33.  An apparatus according to claim 31 or 32, wihesaid aerofoil vanes mounted on

said inner and outer ring racks are operable irosgg directions.

34.  An apparatus according to claim 9, wherein sai#t comprises an elongate bar with
a plurality of equally spaced and parallel inclirednnels, in each said channel is disposed a
steel ball such that a portion of said steel batljgrts out of a face of said rack for

engagement with tips of said rake teeth.

35. An apparatus according to claim 34, whereinl $ace of the rack bar which said
portions of said steel ball project out has a lardjnal groove, said longitudinal groove has

a width smaller than diameter of said steel ball.



22

Converting Kinetic Energy Of Fluid Currents IntceEtricity

Abstract

[0068] The present invention describes apparatuses200300,400) for converting kinetic
energy of waves and/or fluid currents, includingnavicurrents, into electricity. One
apparatus comprises a rack (130,330,430) and al \Wt&®160,170,370) in engagement. In
one embodiment, the rack (130,330,430) has raké (@40,141a,141b); these rake teeth
(140,141a,141b) are operable to pivot or exterdicetin another, the wheel (170,370) has
rake teeth (176). The rack can be straight, cureedular or in the form of a ring. These
racks double act on the wheel (150,160,170,370igtwin turn is coupled to a generator (10)

to produce electricity.

[0069] FIGs. 1C and 2A for publication.



