1 Converting.Kinetic Energy O Fluid Currents Into Electricity Field of
Invention [1] The present invention relates to apparatuses for converting
ki netic energie/asisdea/ ocean waves and/ or fluid current sPCRSG2e10800281city.
In particular, the invention relates to praratuses for tapping various
conponents of ocean waves and fluid currents, including wind currents, to
produce electricity. Background [2] Wth global demand for electricity
ever increasing didnwerhey Kanetie keesgy Ok iurdtGurrentsdato ddeetraptent  of
renewabl e energy sources is receiving a lot of effort. Kinetic energy of
ocean waves and wind are two of such renewabl e energy sources. [3] Various
approaches have been pursued to tap.ocean waves to generate electricity.
For exanple, US Patent 6,711, 897 gridfld®fmveniis, di scl oses the use of

floats fi t ‘. . UR= th
floats | BeGFRahPESeRRiiefles GRS HodielinlRdMbindRY oFe Qo e
syst em appeaes atidobRuildiciiresd iito eleafrRity ginquartycudar! thedeventive selate§ & apgardbadeent

4,335,319 granted tgo Cannon Charl es discloses a platformbeing anchored to
an ocean fiPo@PPIngyapewdempaseiy of Recas| waves apd Jukd eurfepisyinedidingywingd ¢usteatse

nozzl e. AQS)}QF%LQCeeIQ&g&EPQrm are’;a generator and a crew house. Wth the aid
of a current tlow and vélocity sensor, the intake nozzle is directed to

capture the strongest ocean current into the turbine for electricity
generation. This system appears t-o-be |jnmited to- tapping only ocean
currents. [5]: 1t can thus be seen tHackgmené exists a need for ‘anot her
apparatus to:convert Kinetic energy of sea/ocean waves and currents.

[002] ‘With global demand for éléctricity ever increasingﬁ and higher awareness of climate
change, development of renewable energy sources 1is receiving a lot of effort. Kinetic energy
of ocean waves and wind are two of such renewable energy sources.

[003] Various apbroaches 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 appears to be limited to tapping only surface waves.

[004] US Patent 4,335,319 grantéd to Cannon Charles diécloses a platform being anchored to
an .ocean ﬂoo‘r. Suspended below the platform are a turbine and an intake nozzle. Above the
platform are a generator and a crew house. With the aid of a current flow and velocity sensor,
the intake nozzle is directed to capture the strongest ocean current into the turbine for
electricity generation. This system appears to be limited to tapping only ocean currents.

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

energy of sea/ocean waves and currents.

Summary

[006] The following presents a simplified summary to provide a basic understanding of the
present invention. This summai'y 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 detailed

description that is to follow.



Summary [6] The following presents a sinplified sunmary to provide a basic
under st andi ng of the present invention. This summary is not an extensive
overvi ew WD 2010153 enti on, and is not intended to identiPCY/Skay10f08e8ur es of
the invention. Rather, it is to present sonme of the inventive concepts of
this invention in a generalised form as 2 prelude to the detail ed
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rotatable between an engaged position with said wheel and a disengaged position. In another -

_ embddiment, said wheel comprises a plurality of rake teeth, which are equally spaced around
. éaid 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.

[0011] In another embodiment, the apparatus further comprises a float disposedA at 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 further comprises a wave cam disposed on a

wind tower, wherein rotation of said wind tower and wave cam gives linear translation to

said rack(s).

[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 mounted horizontally on a

pontoon and Sé:lidj rake wheel 1s mounted on a structure such that said pontoon is slidable

hofizontally with respect to said structure. The apparatus further comprises a second rake

wheel, with said second rake wheel being mounted with its shaft parallel and offset to that of

said rake wheel, and with said second rake wheel being turned around with respect to said

rake wheel such that direction of engagement of said rake teeth of said second rake wheel

with said rack is reversed from that of said rake wheel and said shafts of both said rake



[ 0011] In another enbodi nent, the apparatus further conprises a float

di sposed at a |l ower end of each rack and said float is driven by waves to
give |inadO 2012418354ti on to said rack(s). [0012] In anot RET/SGAHODIPENt , t he
apparatus further conprises a wave cam %i_,,sposed on a wind tower, wherein
rotation of said wnd tower and wave canigives |inear translatlon to said
rack(s). [vdetB]are moamtddeby argsauispehat lefrizohiel fpuslations pdrbothysaid gacks ingedtl s)
conpri se( eeth, which are -equally spaced al ong said
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at a | evel above said rack, with both said racks being operable to
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appar at us,bo$tetisahdr @fglar Saéis &4| dperably b ainder-@gtenpisvirliag endsuami fhle. apparatize In
enbodi nent, a second circular_rack is disposed above said circular rack and

in engagermmhempmhocbmeat rgredoilwenses expadimgapwakdly B said speandedreyiap sackt B y
froma perl gra(ﬁély mgo'{lpr Etal d circular racks are operabl e by under-current
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currents. racks that are operable in a substantially vertical manner. In one embodiment, a periphery
face of the outer ring rack has a plurality of vanes that are formed like cups and opefabl_e by
running currents. In another embodiment, said vanes are formed with aerofoil cross-section
that are operable by wind currerﬁs; the inner ring rack further comprises aerofoil vanes.
[0019] In anothef embodiment .:of the apparatus, said rack comprises an elongate bar with a
plurality of equally spaced and barallel inclined channels, in each said channel is disposed a

steel ball such that a portion of said steel ball projects out of a face of said rack for

engagement with tips of said rake teeth.



[0018] In another enbodi nent of the apparatus, said rack conprises a pair
of concentric ring racks that are operable in a substantially verti cal
manner. |IWOgne/@/dsedi ment, a periphery face of the outePCTiSGgo080K3has a
plurality of vanes that are forned |ike ups and-oper abl e by running
currents. In another embodi ment, said vanes are formed with aerofoil
cross-section that are operabBelef)DewrlmdonufﬂierDrngghe i nner- ring rack
further conprises aer of oi | vanes. [0019] In another enbodi nent of the

apparatus, said rack conprises an elongate bar with a plurality of equally
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This invention will be described by way of non-limting enbodi nents of the
present i fowes ingeledirieity acepringioanieanbodanen @6 HsiACAGNHHIANAgs, i n whi ch:
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convertin orces 1nto el rci accor ment

present | rF‘IG”IAQBcordﬁ@Z@}ndﬁh&enﬁdeinﬁdnlﬂSf thaﬁ)@@eﬁtﬁnvaitlaﬁd bei ng installed
with a plurality of ‘apparatuses shown in FIG | A according to another
enbodi rrent[oQ?B] tl%&@ F}Eelg,]@ﬁfatesn\hé rwqrbwg pr1nc1p1e of an apparatus comprising a double rack

. and a wheel for convertmg wave" forces 1nto electn01ty accordmg to another embodiment of
the present 1nvent10n ' '
[0024] FIG. 1D illustrates the working principle of an apparatus comprising a double rack
and a gear for converting wave forces into electricity according to another embodiment of the
present invention;
[0025] FIG. 1E illustrates an apparatus comprising a rack and a gear, with the rack being
operable transversely to the gear according to another embodiment of the present invention;
[0026] FIG. 1F illustrates the use of an activation bar to toggle the rake teeth shown in FIGs.
1Aand IC-IE. - -
[0027] FIG. 1G illustrates the rack and gear shown in FIGs. 1C-1F for converting wind
currents into electricity according to another embodiment of the present invention; FIG. 1H

 illustrates another embodiment of the apparatus shown in FIG. 1G;

[0028] FIG. 1] 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 eiectricity according to another embodiment of the present
invention; ' l
[0030] FIG. 2B illustrates an 'apparatus comprising a rake wheel and a ball rack for
converting wave forces into electricity according to another embodiment of the present
invention; FIG. 2C illustrates an embodiment of the apparatus shown in FIG. 2B, whilst FIG.
2D illustrates a plan view of the ball rack shown in FIG. 2C;



[0023] FIG 1C illustrates the working principle of an apparatus conpri sing
a doubl e rack and a wheel for converting wave forces into electricity

accor di ngvoaorasider enbodi nent- of the present inventi oRCT[SGREWI00RBG. 1D
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[0035] FIG. 3C illustrates an apparatus having a planar circular rack and a plurality of rake
whee.ls 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 between a pair of
planar circular racks; FIG. 3E illustrates a schematic of another embodiment in which vanes
on the upper planar rack is driven by wind current; and | |

[0036] FIG. 4A illustrates an apparatus having two concentric ring racks and a plurality of
rake wheels dispdsed in between the ring racks for converting kinetic energy of flowing
currents into electricity according to yet another embodiment of the present invention; FIG.
4B illustrates the apparatus being suspended from an overhead structure; FIG. 4C illustrates
an embodiment in which the ring racks have aerofoil vanes that are driven by wind current;
and FIG. 4D illustrates another embodiment in which the entire face of the apparzitus has

aerofoil vanes. -
Detailed Description

[0037] One or more specific and alternative embodiments of the present invention will now
be described with reference to the attached drawings. It shall be apparent to one skilled in the
art, however, that this invention may be practised without such specific details. Some of the

details may not be described at length so as not to obscure the invention. For ease of



[0031] FIG 2E illustrates an apparatus conprising a rake wheel and a
hori zontal rack for converting surface wave forces into electricity
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assembly. For example, when the gulde 120 rack 130 assembly is moving upwards the rake
teeth 140 are rotated into the engaged position and at least one rake tooth contacts a pin 156
at any instant to drive the wheel 150 in a clockwise direction (see arrow B). The wheel 150,
in turn, rotates the generator 10 to produce electricity; when the guide 120/rack 130 assembly
is moving down, the rake teeth 140 slip on the pins 156 of the drive wheel 150, i.e. the rake
teeth are disengaged with the wheel.

[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 c_onsfrain the
guide 120 to move in a substantially vertical manner. On éach side of the I-beam, two of the
sliding shoes 122 are spaced apart vertically. Each upper sliding shoes 122 is supported by a
cantilever beam 124, whose other end is embedded into a support wall; likewise, each lower
sliding shoe 122 is also supported by another cantilever beam 124.

[0040] The rack 130 is constructed from an angle bar. As shown in FIG. 1A, the rack 130
may be made up of two or more sections of angle bars that are arranged in a single row.

Along a flange of the angle bar, there is a row of holes, with each hole being dimensioned to

accept each pivot pin 132; the other flange of the angle bar is mounted on a face of the



WO 2012/ 015354PCT/ SG2010/ 000281 6 reference, common reference nunerals or
series of nunerals will be used throughout the figures when referring to
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a face of iﬁlB%me\AQngoﬁl%/ %Eaﬁééﬁ’q()@%%w QR0%83. 1 A, albeit with tandem wheels
150a,150b,150¢, etc. As shown in FIG. 1B, outputs of the generators 10 are fed to a battery
bank 20, for example, which is then connected to an electricity substation through some
inverters and controllers. Alterﬂatively, the generators 10 may feed electricity directly to an
electricity grid thrbugh_ some in'\:/ert'ers and controllers.

[0044] The apparatus 100 showh in FIG. 1A 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 keep them
rotaﬁng such that the rake teeth 140 slip on the drive pins 156. In an improvement, apparatus
101, as shown in FIG. 1C, has two sets of racks 130, with the second set of rack 130 shown

on the right hand side being arranged to rotate the wheel 150 in the clockwise direction when



gui de's |-beam 120. Wien the rake teeth 140 are rotated into their engaged
position, each rake tooth 140 is substantially perpendicular to the rack
130 and awbearimgseénd 142 of each rake tooth is in cont CT/S&2019/080281 nner
surface of the other flange of the angle,bar to provide a torque to drive
t he wheel 150 and generator 10; the ot he§ edge 143 near the bearing end is
chanf er ed thor rightr badl side trawkt l?dhmV¢saldeaneltdh I sther swords,aanpbrasush 8 hisedoytle

engaged and.di sen 6318 SItIO 041] Again referring to FIG 1A the -
wheel 150%11%?&@%1?31 eel and it is rotatable about a centre

axl e 152. rJfagy alee 1P &hdws aﬁywét@sdmpa@cowh% t8 fanSMENEhB&diRleAC ke Predent

Al ong a pltch circle dianeter near the periphery of the drive wheel 150 are
di sposed tifnendon.Aepparans WRGs awariatioresfppgeratisdiOil gakhay the wheel sendw ethe fietm 144

f the rake teeth 140  [004 kept .sinple to ill
pr i nci pl & % s@ﬁegwéégaﬁ | oo i gm phplr A 166 o
modi T cat ' ng ahé Akl RPoMBYh Sk 1both G40 255! With & RS11ee13GP! €, the

verti cal. 0 may be constructed from C-channels. 1n anot her exanpl e,
the rack IGIQGIYBE/IGJG Ec shoswtsr arc apgpdrating. h03 aqmlrdmg)fto angther babsdiment b thgr present
wheel s may be constructed w th:a pair of CII’CLI r -wheel s §10 t hat- t e rack

pi ns 132 AWENEPR- veheptnparafise! O is SHOWBAP Beldoy Ve Macustrent 4 'l!i‘@tvfee‘?’ eyt h
and ri gi dighy. ng SRS Bl NGB LhRRLSed PR foﬂangfr\Mﬂ;@ forl dkaMPRL A B¥ACP! €.

each drive pi nprise an outer. sl eeve ¢hiisr tatable on a
frictionl easnrdelisinsiead of aarl bemeshqmmut BIGti A nAs shaowntimdIGf 1 E¢thieorackvl8 is he

rake teeth 140; such drive pins 156 with outer sle ves and frictionl ess
bushi ngs alll%t%’eq b@ﬂﬁ‘c‘g‘wl Whidstiassav-toptiohes L #Psdnoifﬁeé HB\F%‘*%% and

artificial |t - f: i ng
the appar a(% Jn%glg Ilpﬂée Eaclihq'a% %%ﬂ{k@l 1sviﬁ{a‘?'ahb’le E&ﬁ'g?g%%gnrﬁ%gﬁ% {)Qﬁod Wﬂh%r%m
150a, 150b,gtm0m0 t6tadliscAGaget @ositibm aEIsEi)wﬂ.By aﬂbﬂN[ﬂJtIﬁ t}mfengk@dqmsmbalthe ﬁe&@ndar e
fed to a battery bank 20, for exanple, is then connected to

Gl Gt £ o 0 caTBkBI00H AlHs SURBPTSR I APRAE SISO § o] Fofio dispente with
Al t t th t f t
ernat i Vﬁe Xearléng%ﬁlqgc%gﬁﬁ S the :}Q(en%%fth ﬁl%dshglvﬁqﬁ 'F'I@ PA- ﬁjbr F‘é%dﬁt]\c;rf;_ eddh rake

el ectr|C|ty gri sone r.nverters an COﬂtI’O Ters.

appar at us td&fl 1shomow) sitgported Ani tvooerds, andill 8 aaeisaggl thia tiet fake tvah dd] asben
the float 110, guide 120 and rack 130 assenbly is belng pushed up by a

rising wawongerand giose rigidithat thorake tasth HO ffhepbovsgmbedimantockwi se manner :

h h
morrent ums W] oL B SpatRE, B el AGEe BRARTH AP RS ECE ardieole

the rake tpget IF L6ws iePuserbft dheactivhitvéh BArnB7lt56togg18 R rdkeneal 448 Hetwerpnhsiat us
101, as shown in FIG 1C, has two sets of racks 130, with the second set of

rack 130hsmemd@nd timerégagg%powa@m vguﬂd@emeﬁlgl%ﬁ)rqréngregpaf $6Q- ot s & adyantagrous )
150
oo "rengr R S A A TR S T

doubl e actg3Re;akeWRPHE 86l1dro 144 )@ ARREDPdhUBe dddOteeth 166 when the rack is in its return
stroke. As shown in FIG. 1F, the bearing ends 142 of the rake teeth 140 are linked by the

activation bar 137. The activati()n bar 137 is operable to toggle between an up positioh and a
down position (corresponding respectively to the rake teeth's engaged and disengaged
posmons) by a toggle spring mechamsm 138. After the float 110 reaches the crest of a wave,
the guide 120/rack 130 assembly moves downward and the left hand side activation bar 137
hits an adjustable low limit stopper L1, the activation bar 137 is then toggled to its up
position; as a result, all the rake teeth 140 are rotated into their engaged positions for contact
with the drive pins 156. When the guide 120 reaches its high limit stopper L2, the left hand
side activation bar 137 is then toggled to its down position and all the rake teeth 140 are

rotated into their disengaged positions so that during the rack's return stroke, the rake teeth



[0045] FIG 1D shows an apparatus 102 accordi ng to anot her enbodi nent of
the present invention. Apparatus 102 is a variation of apparatus 101 in
t hat the WPee12/41835aow-in the form of a spur gear 160 w PRTS62010/00@81 To
reduce wear and tear on the spur-gear testh 166 and rake teeth 140, the
free end of each rake tooth 140 is fitted with a roller 146. [0046] FIG 1
E shows ar4&ppanat inscant®t avtothdi dityetmnah 2 hWhilgnss shawns theflowhamdprigh dimit

i tion. Th at us. 103 i h i. f t Vi consi st ith th
i ow showsPRERIEES RvSimaoinEte fiine e Ll Svy I e R T I B
frame, foraQXauRk® nﬁﬁiﬁﬁ&éff&lu&&@ﬂi}ﬁ@ﬂnﬁnﬂ, frleR@dpRf aRkbrdind®amnsdewntida Fl G

1A. As shown in FIG 1E, the rack 130 is nounted on the Teft hand G channel
whi | st a 40048t Astshowmin FB3. 115 tiworightduind isiderastivatign bavdegelCmeshamen assemblige,

h rake tooth 141 i t at abl e. bet d.posi ti i £ h
Goar 160 5 SreResd iy HGRkImyDE PSS TAtnEng R BB i O ! b ghksR Bt
position, yfif fheqRanth af p&ﬁ&huﬂé ake meoatlifle 1%d-{éﬁgh%l&99%§lﬁﬂnﬁr§tcﬁ)ptepgﬁﬁasoi

the sawtooth bar 131 so as to dispense wth: ~bearing surface 142 on the
rake t oot reshdiQ tishoight handFids . actigatioD, barl B dh tdggled imtalits rdovan position 2ad the

por ted; on two ends’ dit js: envisaged that. th k 141
it onger Rkt el THn el s RUA ROPoHS Tegveeb A envS. ©
[0047] Furfiefsel W{eﬁ‘{ﬁé@ﬂhé 15@ rdabifes SNV IHFBD b®p SR AW te'Yidtk Hand difle adifvatibn ar €

possi ble. "FIG+ 1F shows "the use of an activation bar 137 to toggle the rake
t eet h 140 thet¥eBnogdied mteitgag positordard the rakadeath péQ ateirotagedvintortheih diseigagkd 150

or spur gear, 160. This is advantageous in that the rake teeth 140 do not
slip on tW@S‘&PPS/%“‘I&W%’VS]FE%W&PF@H%a%%gg%"(‘?@t‘irs Gontpye PRt ur n st roke;

| i kew se, |, I o) | Kk
s s DO R RGpoAR douRllans | RRoldie 47 Bhop et ad ROl s e
rake t eet lindehfioarAs khovketh BYG.t e the bppabtuo indhates h3pair dihpaisscafi raeksi bY) &aka 137
is operable to toggle between an up position and a do

( cor r esportehesh 198 sheeted dn yengaeqmat bekueans gagh Baig ffa V\{nﬁs 533' é.}lggrﬁﬂifg\@?el

posi ti ons) 3 [ _ [ f hgat 9¢ 1Ra%

t he crest agg%ﬁfé\%%?h%ﬁgﬁgu@g)ﬁ%%gﬁE]r%%g' z‘;?té%ﬁ)‘ﬁ/rh%\'/es é’ggm%vx/arl% and’ t he
| eft hand tewekel 26chas \aasuppartibg strdureHil  sTlanslewdl jbaadigh] ®isl oourdtedon thetsappating.i ,
the activation bar 137 is then toggled to its up position; as,are%gl , all

the rake tsEueHrell? shdst tehage of HicotowssilPo dh gaQirdniosiTetaph BotigR anofie alqw
with the qdri ¢ ' I i L i m . er
2, the 1 Srtf by Thegaeah BE b B tdiag BACLERENRR bobfingfd o alps hPE
posi tion anflealam 139 Fadkeackd80hs ddposad paratitladoettle idifgitudihel axigloStngaged 126
positions so that during the rack's return stroke, the rake teeth 9 140

are not i rind@nupper sprtbiasenesainst the wavecams29 g radler 1o At Hsviap endief thewiad g

high [imt 0 : ' rat. '

et vat | oo BT TS YR gl ANNRLRYRhiEche BEARRNRT B By LD R,
for exanpleach aetof the rgdibloarihR3ge®indcatdhilgy c OB WS windvdurrents Rkcaukht by he
ri ght hand side activation bar-t%ggl e nechani sm assenbly are arranged to

work i n t Ithe spnsbedtehingravpsel28; she rdial @ms hahdowpidE2arde Wy caml 2 patate; dis  of

a wave, the float 110 i ushed. up.and,t gul r.eac t I b m t
st opper chflusaegqtgerr%é%l lﬁ)? Erarggﬁt}%tu%gﬁdd d??&e%@ﬁeéég?&ﬁﬁbgbﬁ i&ggi@xetgggag{ied
into its deW&adPIDktd prodacsklbdfcids d0ehadmsbdinke, thedidiinkHorarof cac atled3d 64 0
their enggged- positions for contact with the drive ﬂidns 156. \Wen the guide
120 r eachdbe wage [caw 129nistprexideshby alfloat 1iGer eirdrellowa frar aHernative grabodimentar

. od . D 4 th ;
Chei r ol soRBRD PSS {rh s Balp i 1 298 ink W Sk BRI eoe & 9 T30 ™ ©
continue ti9bia@ddPhieerali®Prbddesabsmst ke VhavGand 2 PPPAIpAtaUS110r. accor ding to

anot her enbodi nent of the preésent invention. As shown in FIG 1G the

appar at us [Pef9] uBKs H Pwiws ar aprarates 95 renokding 30 anpthen emhedimensof theupresanti n
engagenent, betwee ach I acks 130. The racks-wheel assenblies. .are
mounteq. barUEnpAs Seow B 116k A1/ haF Fhas TH e hatiabk hefvesh X RER sp3Gh
tover 126 hasinaxfeaRRiksiiondvitlif RinHeR ihhZack B& 5118MRRAAMPR, Bp niendBLATIRR ON
the supporting structure 112 whilst the base of the tower 126 i s nounted
for rotaryband89 and arpairhef fhliéwyleters hipalBs illistratedswhed thehffuid sykndet 63 @xarends
bel ow the sl ew bearing and term nates with a wave cam 129. Each rack 130 is
di sposed parallel to the longitudinal axis of the tower 126 and an upper
end bi ases agai nst the wave cam 129 by a roller 16. At the top end of the
wind tower 126, there are a plurality of outward projecting radial arns 127
that lay in a plane and each end of the radial armhas a wi nd catching cup
128. When wind currents are caught by the wi nd catching cups 128, the
radial arns 127, tower 126 and wave cam 129 rotate; this causes the racks

A PN o o, o .. T




WO 2012/ 015354PCT/ SG2010/ 000281 10 retracted, the link bar 139 is pulled
cl ose to the rack bar. 131la so that the rake teeth 14la extend out of the
ot her ' hiW© 20f2/a1f¥¥4rack bar 131a for engagi ng wi th the ®€CTEE20i00802856 on
wheel 150 or teeth 166 of spur gear 160.,,When the fluid cylinders 139a are

extended, the link bar 139 is pushed a stroke away fromthe rack bar 131la
so that tm@tracéﬂdetheelemlhbamll?& larmlllﬁétcmsﬁé@ theprack diar 13 ba suthat pssiake depth elﬂhat he

rake teeth sen t he 156/ t.eeth 1

ol o g auf E ot RREDASEEr M ek B T acfor BB BASRE dhSE bl i o ©"
used in a v&lﬁ@bﬂﬂ@ RGdtRY64TB: gtdr 480 1 Wase R TRAFEYTRIALS 1309WR dxfendbdithd ink 1D
and 1F. [0051] Further nodifications to the apparatus 105 are possible. For

exanpl e, deng3dfis ph@ed%@rql@ea\kayl&m ayatlabar Hilacsnt thad ghet rabadedth e are

h I's of th d
Cht o cireuneg o Rt it omlons R e s a0 berel Wik B R Ry
stroke of 1@ Qarrt@éiﬁ 1%@%%%@1@%@%&&&8&1@5&% retuph strdkel TR0 GRS 13%\1&%@

Spring- Ioa ed pin-is slidable al.ong the slot; in-another enbodinent, only
some of 't fbe usakm at demble agting praondrdike thase Ientbhdmlqnm’shpwnsn Etirb@hlemasdriF [ 0052]

FIG 2A shovvs 7 s 200 d th mb d t
VR A R R ML AP At S R B

rake teet Rl G494 niasu Rave 'tRedi: PeBkioRd &n Wc%n&l@%frﬁg%awﬁﬁj 1311%0 PABH |Rtent e

drive pins 136 are now on the rack bars Each rake tooth 176 is
r ot at abl e pakition nmymoms&agrmetlme wiakle a\spaeg -ldbded b8 i drgagddowttlnelnainoﬂaer

enbodi nents, each rake t r ot at et p05| tion
with the CXARPISatE sTS’G"ao il?ﬁ dﬁ@’e‘&e %egjg}efl% tn‘n?]ilﬁeek@g‘@% ST on,
a beari ng 15606 bifisQfid dRAC Hoh §1&0§rharilo¥ RRERAFRrRLRINS @Gft%\%%&lgét%étﬁ%
portion on&ﬁﬁeh allf ePog to fransr}%r t he tornque }gnntl rake teeth e176
to the ralpeovideeleliti #is piitia-shit hexchadge. 179 near the bearing end 178 is
chanfered or curved so that each rake t oot | e be en t he

engaged am¥P5dl SR adethasissin AREUFAV0 a5 Pézg\ﬁh‘zthgf%g{’?‘gfn@n% erRfE¥ har
130 h
a noves m%\ébgri@lid%oﬁlgﬁeé Jth Mk Bgér%fﬂs 909 296wiik 16! ?E Ea!éeraf(@?ete&)nﬁéoﬁﬁﬂ@ ng

t he rake rotate I n ockwi se manner. ew se,

ri ght han@nibaditmdantrel@ha onoke sake ovirweht ) whilst thedkivpiphs mGaremgag@l Wiet dack he
rake teeth 176 causi g t he rake wheel 170 to rotate in ockwi_ se manner

at the saversti3fa. Eashiekn teath bfo i ﬁ@aﬁahheeab@hfefbplquh77a%th§éﬁl@rwh%ﬁl 119 Séﬁ\é]ﬁr

ert nana s A5 e Spulgdfinf B Coabf Bk hofh 196 B RIAEIE UeRicknliel ekl Bosiilf
anot her erddartheeatk bafs 130& apd @ diphgadgd poditian In THeenggrdpatition Z8eariag end 1 78 ke

wheel 170 as shown and described in the above enbodl nment  but uses a ball
rack 130b.0f raeh agigpioethad 76 grcsses agringt Avcasspeaied ppition; opjthe rale, pdeel 170 to

transmit the torque on the rake teeth 176 to the rake wheel 170. The other edge 179 near the
bearing end 178 is chamfered or curved so that each rake tooth 176 is rotatable between the
engaged and disengaged positions. For example, when the left hand rack bar 130a moves
upward, the rack pins 136 engége with the rake teeth 176 causing the rake w_heel' 170 to
rotate in a clockwise manner. LikeWise, when the right hand rack bar 130a moves downward,
the rack pins 136 engage with the rake teeth 176 causing the rake wheel 170 to rotate in a
clockwise manner; at the same time, momentums of the rake wheel 176 and generator 10
keep them rotating whilst the rake teeth 176 slip on the rack pins 136 of the left hand rack
bar 130a. |

[0053] FIG. 2B shows an apparatus 201 according to another embodiment of the present
invention. The apparatus 201 uses a rake wheel 170 as shown and described in the above

embodiment but uses a ball rack 130b. For double action on the rake wheel 170, a right hand



WO 2012/ 015354PCT/ SG2010/ 000281 11 ball rack 130b is additionally provided,
as shown in phantomlines. As shown in FIG 2B, the left hand ball rack
130b) haswparwydigis4upwar d sl opi ng channel s 130g frrom ri §oT/SGE0108P281 The
angl e of each channel ‘with respect to a fiorizontal axis is denoted al pha.
Each channel 130g is cylindrical in section and stops just before the right
hand edge beH radkel 30kl additidnallgorevidade #s $hesm in phantem lings| Asishowndn §HGsB) the a

h | 130 th d d f, .t t
cteel bai T P baF bk oD des afueh Biand “Niei 8ol nde 1y e 648 e
exanpl e, wher dfhacH &fdm&lanth Rapéct iaa moﬂ@&hau aXigie\deN&ted A adﬁachtdhﬁmm 180
of each steéel ball 141b projecting out of the right hand edge of the ba I

rack fromisicdhaninglin80ipnmpd|stapaljisy befome thetright hendedge of thfak@ll raglstl A0, 8ckand

transmts tor tate the rake 170 i-n 0 ct

e e anndfe S Sah AP BhBed S iGrd SPhmites Bule bR, P b
the steel Haﬁlrhcléglétbth@xétefehsaﬂ Ilmms saﬁg heRK& theQhd AtRe %HQﬁf@:ﬁMOgﬂIﬁ)ﬁse for
per pendi-cul ar - to” the. channel orces acting on the steel ball

devi ate. nntlxempl@awhtméleﬂcﬁt bambballanaglk &30 ismavieg pwgéﬂdh@mlapn vbeadhestashhalhel |
the forces .drive out. the teel al | from hann ect. t
ends of tr}é‘\i\%%ﬁﬁ‘é}n@ W Oié%ﬁ “5 gf of thetal rafb Iftlﬁ1 ﬁg&rﬁ?{%\% nts
to the ab&xs 2800 BB tralkDb o W@Ql%ﬁlr%s%nts':@for?ﬂ@m&ate Gake G1RBPW( hea
right hand face of the ball rack has a | ongitudinal groove 130h. The

| ongi t udi mdxickgms@cmecﬁ&ﬂﬁﬂeashamem bﬁ(]g are @andntad depigie dlphaso slhamme fomcdslaGting D

Honth d 1 onghe sirbRA 1AL B che Bet ain e lagth mrecivgrieataly parpariisudfdeihe ) |
that proj "c P YF il%gfo%é@ r?% }SE t]%@ggelad%ﬂ cfe@?at@h?y haRGRE 'ﬁ’ﬂchoﬁt I%Sfr@rh thbe

end of a c annel urther exanple bar 139, lar to
that in theq&bdmelaemmh clesmhel, alred faacdsuaille driby oat ﬁm steadfbafll ford thylchatmei or

139a and actuator bar - 130 may be proyj.ded to activate engagement or
di sengager?BWFCtéhe et of theet aﬁ%ql‘f’té)tf&‘iﬁ‘ikﬁ‘?rﬁl $IFESr ake teeth 176. A spring

130k nay g 5%9 mgf‘c}v\éﬁ%ﬂtsw%éébg)gle ehbli éﬂeﬁléoﬁ% n;S b?eCfF n@@rn@m

[ 0055] FI n appar at us according to a er e
t he preserC $hameuhé iright hatd fadecfhhé balFlatk ha¥s lohpeudipgd @rc&tvasl 3an2T herioﬂxgltielmah

floating pontoon 212, a rack 130 nounted on the nt 00 (% and- two rake
wheel s 17@0@%&0 Faba et wied plcpthoh 23 shaym e FIC 2473 e Bt ot 1 wnalleg phat

ot her and a I

the first rake vé% &ﬁoﬁ&?/ﬁgrla@g\sgg%eh%é%}h1cgbsc?%§t8qgnhgm§ : E#ﬁg@&r‘ég etﬁé
wheel s 17Qdditioahl aeLoMmbersteat balh theat lpagecte butusft the grdovetl 30t awd thenhigher Yeagng e) ,
whi ch may nove substantially vertically th the rise and fall of tide in

the sea. THeEsSab ke engipifchaneal 186e In@éaﬁh%@xwakoehnlgw 133y similap tq,that inthe of
220.
5015/ 01 60:skBeT EbaB o BS Tk Er by Ebal 8 AURHNEED 13 ¥ nd acuaior bag Lonmay

the vanes Hégﬁbvﬁl&ﬁtd?@cnivﬁ& &igafdigenit |o@ﬂi§eﬂ@gﬁﬁheh10@ﬁth3 SRehballd DHgewith anrakbose
near the en The floating pontoon 212 is constrained to slide laterally,
i e. in ateahtl76iyKspring bt may bs Pepvided mtweerpthe sigel hall ddpeand the achteshag

structure; p(hen driven by surface currents, as shown by arrow D, the
fl oating pc% Poon 212 oscillates | ateral ly with respect to the rake wheels

170a, 170b.[od38] aFIGRIE Ethvidaen bfpeeatheedh adokdiap tb haoser embodiatent Wheel pibdéiy to
operate in the ogosﬂe manner as the rake teeth 176 on the first rake
wheel 170dnventigni &% shdvar inFiCh 28, éhe m@r@@ é@almlllégs alflgppgpogeen Plhtd ek of

hhese out doD rRRRedLSIE e SoRBEh P2, ah& 0, Kker Wipdid 70k TT0Y. STr e W8

170a,170b are axially offset to each other and axle of the second rake wheel 170b is

connected to the axle of the first rake wheel 170a via a reverse gear 180 (not shown). The
rake wheels 170a,170b are mounted on a base structure (not shown in the figure), which may
move substantially vertically with the rise and fall of tide in the sea. The lower surface of the .

floating pontoon 212 have a plurality of vanes 220. Preferably, the height of the vanes 220



[ 0056] FI G 2F shows an apparatus 203 accordi ng to anot her enbodi nent of
the present invention. The apparatus 203 nay be nounted on a base structure
or pont oONOQ20H018¥IddWn) as in the previous enbodi rent. APCITIGANM0/000281 G 2F,
a rake wheel 170 is -engaged between two Qurved racks 130c. The | ower rack
130c is partially submerged in water ana1 its |lower surface has vanes 222.
For i || ustreastaggerednaeshosar indde. ABysesthaipthe vanesmeas Gatcentse plthe flogking peroem

FIG 2F, the | rack 130c .to t I .and th Ne]|
LS a2 ve 28Rk e Mt o, s 0 o 4 P 5 y ™
the rake tgefhfly i il IBfi-riht bi@nEasKsdh is FIG62BNwitherestRBEfo GidIbasE stradtifre;
130c. \Wen the _cur_ve_d.racks 130c swi ng back during a return stroke, the
{scle Pl ns v v by superrcumiedd do E3Guoerigatpe et phusonils cestined 7o
eeth 176 Mt i EReer e s Wiede 70 1B, Barehet e P edh 76 R e.ay,

as the curyeddiACkshd3A9008S bpdrattsn ﬁ&-ﬂ{ﬂoﬁ?@r_h@ﬁné% fRCAKWALES 174 be theakit
wheel 170 rotates continuously.in one direction to drive a generator 10 to
produce elraetwheel i J0a, pd Hgkthet Gith2l® sivems gear 18Pphteaatlnscitigionscafdheliacls 130

anot her enbodj nent of -th resent inventio 5ho in Fl 2 e

appar at us agggfqungipq;gq)qrh }gﬂnm H’ﬁdﬁ'&? QB%F&S gﬁmewggﬁa‘?‘ﬁ“ﬂ}g’%ﬁ% 8@2]‘? (%t es
about pi vQLi.R10,A8W4,1@d currents bl ow on vanes 224. These vanes 224 are
mounted on a fate of the curved racks 130c. For illustration purposes, only
a secti on [af56] &Gy 2iffeshoRR4ani sppahadwin?20acdonding pp anathersembodimenthef fhievpresens a
count erwei_ght WI._ _The count 85W8| ht Wreduces the force required thg

osci | | at e iRYf@tign heappaase 203 Magrasyhouieh o # aseE SR TRBLOPYNHSIGRD) 8% e
by wind p . G r j r
embodi mentt o e mbodnerOns S YD PETAIKE wER POE e bt b 00
i s nmount edudredaadkk 430¢. The poweraack PIE.is Pirdially sdimargedoiontaemand it lrasr surface ot
310 substantially near the nmid-length of its hull_ W) .

2012/ 0153%apranesE2akprgfpsrtionswhen, girfage Mayer meKe fgm pght da defh, @s seepindilG:
320. The I & %%Q"; 1 - ey i l:

ot hei end e%n@%ﬁgévtgé]? %‘g(ag%ﬂﬁtlcs)on %2‘{5? ggzeoﬂn%té(g%ﬁe\?mﬁf %@%ﬁl%%%%{egxﬁk ©
racks 130dvlakl 1 M0insedevkatie diteetién;pk te s3h2 tink] the raketesthtlivérstjpsloethd radk pihe

paddl e have cupli ke el enents 324 for catching the under-cuyrents; that nove
bel ow t he 1369ndbsupnes curmed ragkpliOc e Wepe they (reveshiaghsel Mo FWang bard REHRE agFtuhe

two pivots, has i t Lyat . ni t i de
vhen' the. pHaR &S BERETE |EeT I yatk? rihRe siic {06 B Bl ket 1703 T
t he pont oQrivéde kike vaticel $70 datleeclovkvitieditesipachila the pykerteethVitTochipaioe thet

shown in the figure). -Supported between the two racks is a rake wheel 170
such t hat rackeping @6 toacthe lawe aireed sack.ondhip way 45 dheerirved fackpiladc osllag ag he

rove. 17 omerapt of sufntepile iSSPl PR s ElBySEn H WREMARDARE, |

t he currendenérafoe €6 to prodacd @&dttidity. t he paddl e 320 swings anti-cl ockw se about
pi vot 310 and %ushes both the |ower_ and up(ﬁer racks 130d fromrijght to
left. As d0@5%hFiG. PHahowa ant apparabige?04 agoerdingdo @pothesemhedipgpioofHisepreseny i n

| ockwi se_di.reci whi | ' k 76_sli t ' '
136 on tnantBper PhaRovvi T 1bn 20 LA AP (S et Ao SR Wity “PaCrhe
reverse d!d@gg&h@ 204 tJ36i11RRY dbut ARt SMONG Swiba @rrafitd bW @ntvages 20K ThidDdaries om

left torig and the drive pins 136 on the upper rack 130d turns the rake

wheel 170 224 aze miovutkdion @ fa¢er efahe ourvedhracks 130ee Fenillastrationpurses lonly dsectipe
drive pins 136 on t J ower rac In this way,.as.the under-curr

oscillate % WP o‘ﬁts_ggw," @ﬂéh%gmf%”%ﬁgoo%ot& EARTRY: cglﬁ%teﬁ’éeﬁ%tggw '? haPf ake
wheel to rdahﬁfeﬁvéi%hmere&ucreﬁﬂ{el f3Foe relarAly dstillRictHe peaes 20N thekfbycaliwiag t o
the rake wheel 170 to produce electricity.

the apparatus to be operable by wind power.
[0058] FIG. 3A shows an apparatus 300 according to another embodiment of the present
invention. As shown in FIG. 3A, the apparatus 300 is mounted on a floating pontoon 214.

The floating pontoon 214 has.a pivot 310 substantially near the mid-length of its hull.



[0059] FIG 3B shows a variation 301 of the above apparatus. As shown in
FIG 3B, this apparatus 301 is simlar to the above apparatus 300 but it
has two paOAPEH13L, 322 of unequal |engths. Both paddl 6TSE201BRR028t e

pi voted 310 on the pontoon 214 but are sgparately pivoted to the horizontal

racks 130d. The upger ‘end of each paddl e 321, 322 has a respective sl ot
314, 318 f Bivotadeabays thei pivet 19i iy gtpagills 3302 Tha bwes egljofdhe i extendsr ingnt s

bel ow t he pont.oon, . ' e from] ' t -l ke .el e ts 324 on
e RS TBNE OBl bk Al o P EBbL BLETL o
anti - cl ockuwks ¢3@d)@tukvomegafate3pwotm P15 BE6. THeSsubMeRied e lof dtireigveicgpt to
left. As shown in FIG 3B, the |ower rack 130d drives the rake wheel 170 in
a cl ockwi dike glamants 32 faxrdatohing the ungdrecuresststhay eoyeibstovetha pentelen Yé&4.plhes
136 on the_upper, rack.. \When the under-currents nmoye in the.reyer

di rect on o of B5oadiETo' B SaR of S 8 i Brspeitiv e SR 18048 from
left to!ri@Vivotdsn 312,886td slideRpheflrthy gadmagzdsﬁimest. iTBe UBRLINtd] 36dks 4304l ateir NS
the rake wheel. 170 cl ockwise whillst the rake-teeth 176 slip on the WO
2012/ 015354poTed@nothe /0OERS12 M4 bdtr argeslidabls or3theorgspestive supnort Gwldch lape not

anot her enpodinment .. th addl es, 321 d, 322 have separat i vat t he

ot 1 T oon. SR Pfelres BRI VSRR AP0 b5 2 PRE SRr Dot thgf the e
accor di ngtdefh aTPhiRaH r6BOEH ABGher fwitiBinB 186 Dt thé PARE N BOM . FORS118MANBN | Whid G
3C, the apparatus 302 conprises a plane circular rack 330 supported on a

sl ew bear undertErrenthibelovi the tponteon 2 1 fmavedtbno tefhtolraghs, the 2up-tike ielentents 3Pdean ous

nbodi ts, t 211 b t itLcial isl . ,Th
ciroul ar  PzoaddfoSfE Gt dreatiriedt BTpRngs orrendt B piidie 32 avines poaogiie
rotary enggagmRt 380 WEpdshs Stk et Bwef AfduppaPrdcRs B30 Hé@Irghy toPbfir xgi‘?n&%}?el

370 and generator 10 assenblies. For illustration purposes, FIG 3C only
shows twoir BKe 3thebé 18% rackd] fendinas ohe tle adeehbl( msa clealohise directime thilst
assenbly 370 | s made_bpy.joi ni.ng. t.ogeth a nunber of r eels 170 in an
i ol an 2k estndTe BB I Tors §He Oeithe Bt Teett &Y o e SRR d o
plural ity safsiqagdtheed i heliRicsS el Nl oPaddenkdkadRbse Atlaite 2
di stance away fromthe base 112 and their |ower ends are subnerged in

wat er . Thé3&lfroerlgido eigts aod thendriyeapids é36 bk ¢hdaprer 3abk 138d dums phd fake wheel

el ements 324, as in the above e di nent. \Wen water current weep .ar ound
the base 11%In % flackyss ﬁ}r?rgwem@ﬁﬁ@ re‘aqteﬁhéﬂgtsheoe&gﬁ GYEPIBT Lifush Hedowernd
cause the e 1] ( I e
ol ow bear g erisp e Sndd uBRRs oA L bE e pBop He pRACHR) Byl
assenbl i eandddusedthe gakeewhdab its rdkéte tio oheldiredtmnpthectby eumingcd pererdtyr 10 couphat her

enbodi nment, the paddle-|i ke bars take the form of aerofoil vanes 340a.
Wat er cur FeREe $ake Wigeh b7 hiogupdice SISCHISISS oi | vanes 340a cause forces to act

on each o r Y -1 hetre [ [ 339, ke
wheel o 37OGRE S Al taich RICON e TUEMD dobitRuC AL Rl SERKC T wle
t he preseapparatuen0i a9 sivhildrtthethe rbovd hp@iratan 300 dut iehapper phdiies3821,a8322 of
possi bl e. For exagg as shown in FIG 3D, the apparatus 303 has an uPper
% he

| ,
circul ar Peequaljies §-§Féptheeﬂﬁée%3r?é,3r2a|@ée pieted 349 g8ty pandoon7l 4uit are separats

prew f int A )
cireutar égl%lt(edacg%e ﬂ-%gzggﬁg?{c}(igﬁ(gdj l’I‘ﬁE élhgé:rl%nh%f e%;lg[i?arddfehﬁ’i ﬁg%a'.arr%ﬂggtéver ac

330 and h stmlar ars or aero vanes

paddl e- | i kiot Ba4,31846+ the asdciiad pivyepiass 13408 torslidbeWhpip ahderiduergh®rbelde khear e
oriented to operate in a reverse nmanner to those on the |Iower rack 330; in
this way, periperAl4 mone o lefi tg neht.Hheicuebike slgmentsAZAPn: the ppéddle 321 patch the

i ndirectl R [y I .0 tricity.
|- anot heP a5t et S BRALF A Rt wll S Bl ARRUMCH B I IRRE BE 1hhE
wheel s haygkd30d groi fight t6 WH ARShbWRSEFRABH) thalotWeeraRq36d ibadheike svheeMO
2012/ 015354PCT/ SG20107 000281 ) )
170 in a clockwise direction, whilst the rake teeth 176 slips on the drive pins 136 on the
upper rack. When the under-currents move in the reverse direction, paddle 322 swings

clockwise and moves the upper rack 130d from left to right; as a result, the drive pins 136 on

the upper rack 130d turns the rake wheel 170 clockwise whilst the rake teeth 176 slip on the



15 [0062] FIG 3E shows another variation 304 of the apparatus 302. FIG 3E
shows the apparatus 304 havi ng adofoil vanes 340b extendi ng upwardly from
t he upperwoOi20tl18354rack 330 whil st the | ower vanes 340aP€EX{S6Ae0/0n1281t he
water; only a section of each of the aerqfoil vanes 340a, 340b are shown for
illustration. The aerofoil vanes 340b on the upper circular rack are

ori ent ed dovoporsatd om the losveerack. Amanetber embodimentythe paddlepndd! artR22bavaand
are driven by wind currents. Wnd and water currents often occur together
and they § ¢ By )° BPRO® Yt he respective vanes, circul ar racks, rake
wheel s angoegEGABOThoWe aRappHsEs SHRGA "eiéﬁlbﬂéﬁ viERO0£3brdidGo #hbttiehemBodihent
appar atus 400 accordi ng to another enbodi nent of the present invention. As
shown i n. Bf (e pigsent nwertpmaAashewvd @OFI 3G, dassappapsdiy 3B comaprsen2 iplage ciraglar

120K 190 RN A AL SP  h DRREPS I AL
rack are oanARGtAhoIRRALRE BadeOl BNmAP BOGI RInBSbnIGNAT Akifitial Blanbh TheRERBLT Y

surface of ‘the ring rack 430 has. cup-1ike el ements 424. In use, the ring
racks 430 raoke339ohest redial eackipied by rodlersh336 hmdvdispgrsdtinontanf engagebmentt abolve thrut er

o noneromrechShang PhEl B0y T8 aha enain: 0 s8Btgise, e

Struct ur e jfiaflari i furp RGwOUySTRRBSVIRE] 3PS @il Massemblics,
Pref erabl B}I@Qﬁ%%{gﬁ?%g%g’eg@ gr;@a?@zsare di sposed at” ang| e%énfo cach ot her io

m ni m se $aely rakg wifeel isemplyad74tis snade GyijoiningntogethervanemberAiftrhloaighesiot 76 frown
in the figure, output cables fromthe_ generators are al so, connected vi a
t he over h@8dx& maphery éf%‘?é.tﬁ? ﬁer&ﬂ]ﬁnh%# rﬂ‘)rﬁg]iaﬁﬁﬂﬂ(,]}‘%pﬁée é'bsﬁﬁ?‘&gu?s&f“f?éll%ags
sheaves 4 )k I QS _ f, &:hd { i t
1t ude GpAq BLE BESSADSRRR NS padil Y Bl 3AT ol dpAee TG MR Ml b AT
enbodi mentand theér lappeends use shibMherped ieohred The sabmergkd pndsed thespaudieelikeuyars 340m or

down into the water by a jacking nmeans |ocated on the overhead structur(g
450; thi s hpyresipplifesgernents }%@ﬁ Hytheeheve gplodiment Jhep yvaler Cumrents SWEFR FRENGN
an oil rig . ' i aLi0n ! As
shown in eéa@%?i,tt éeg’é‘ég‘gg gl?ﬁéseﬁsél%i&ﬁ;adsa%gr gfl lf)i(?ljelé\i/]%er?t§;@43§ or?ﬁ;%ﬁt?ale th%liede
of the outlike baisr@or ackthd culhh eack B3Ot 43hataoe tldi stew biearieg 1 S.nbhesinaping rhek

operation by wind currents. In anather epbadi nent, the inner ri n%ﬁrack 430

al so has infi 339 thgw capssi the rakfo wheel assermblies B8 andegpnerators 8\l e FaRrpdkcs o
t hose on i . i i CURT (

doubl y. act e iran e FRmEt, ety e iR el of AR6LHIRERSHS.
t he appar avater dffentsABowin@Wioind fleGeratbll viahes 3qipacanbal ford@2tohas oaesaoh @if Ithe
vanes 437 on faces of -both the outer ring rack and inner. ring rack. 16 For
i |1 ust r at aenefqilivgnss.cthereby cqusingsecirewaptack 380 quake tdiepls\ 3R egd ggnerafoss §fénn.
In this erggtg%i ment, w nd power blow ng through the face of the apparatus
402 is potentially captured by the aerofoil vanes 437 for conversion to

el ectrici fobe1) Wigfldihd is@e priiRipdéseaf alie phaeeimttidn, Vianker mMudificatdom td hie
outer ring rack is optimsed wth the area of the aerofoil vanes_ nounted on
t he i nner appagtup 36k asmhaossible.-dfaitaxemplep ag sBowntin FlGf 3Ph eheginpaeatusy 303 has #e

I nnerand u(I))geErecrirc{llia{1 fhck %?slf)gs'ed above the rake wheel assemblies 370 parallel to the circuiar rack

330. The upper circular rack is larger than the circular rack 330 and has similar paddle-like
bars 340 or aerofoil vanes 340a. These paddle-like bars 340 or aerofoil vanes 340a on the
upper circular rack ‘are oriented to operate in a reverse manner to those on the lower rack
330; in this way, currents swirling in both directions around the base 112 indirectly drive the
generators 10 in one direction to produce electricity. In another example, the rake teeth may
be on the circular rack(s) and the wheels have drive pins, such as those shown in the above

embodiments.



[0067] While specific enbodi mnents have been described and illustrated, it
I s understood that further changes, nodifications, variations and

conbi nat i¥ALOt1HEFBef coul d be made to the present i nvenPCHECEIINORS1
departing fromthe scope of the present ji.nvention. For exanple, whil st

i ndi vi dual apparatuses are used to describe the present invention, these
appar at us 8962kall(he3k sbaws agethie variatiaan §04 eitthe sppanatus 3 BRagilr SE Rleovkd thet i ¢

roreor t Aot S8 hiiZe ARFRALTRER a2tp R 4gRR SeRhney BORDhe vhbSSioy Takhr «
of the whgeh hillsiGhe fWHT VARA 3404 @Rtend M6 tNRBS ohlPa StboRRELAh JfaRK SerdRII t O

mnimse fluctuations.in output- torques to a generator 10. Alternatively,
t hese appaames (346s,34@ly atseshpbivnkied illystratiors Uihsaerofofl vargsad4ibeory theeuppenesculd@ t o

m ni m se fluctuati.ons in e|ectri'c power generation., 17 MS: . 1. . An
Appar at s PGPS CUSART PioRGIE R TP eer B BRENS Y R ATO AR G 41 chnd s e
into el -ejCB%'vﬁhﬁf%uﬁéﬁb.dmRP’ﬂﬁ@Wé&r QPR SHeA%occhr Tadkthel BAA they %ﬁﬁ@é&s&p
transl ate between two positions or-to rotate;  a wheel engagéd w th sai
rack i n opevatheoespecting vanese niecuddrancksorake etheels ind gaiedhtovs ée prodoceelectticiey.

oL ect! b i TSRO B SR RESE A RS B e s Db S

oL Secothl RS EOLS, 10 i MRS ikl

and gener 43®and n pluckhitsb b raket wiglsvhifhdisposed between the ring racks 430. Whilst not
shown, shafts of fhe rake wheels :1 70 and inner ring rack are connected separately to an
associated genefafor 10. The periphery surface of the ring rack 430 has cup-like elements
424. ﬁIn_use, :the‘. ﬁng racks 430 Eare mounted vertically with a lower portion of at least the

- outer 'ririlg rack 430 being subméfgéd in running currents.

N [0064] In one embodiment, FIG. 4B shows the apparatus 400 is suspended from an overhead
structure-450. The suspension méy be by means of ropes or chains. Preferably, these ropes or
chains are disposed at angles to each other to minimise swaying of the apparafus 400 in
running water. Although not shown in the figure, output cables from the generators 10 are
also connected via the overhead structure 450. In another embodiment, the apparatus
in_cludes sheaves 460 for the ropes/chains; an advantage of this embodiment is that altitude
of the apparatusA is adjustable bygthe ropes/chains. In another embodiment, the apparatus 400
connected to a jackup leg is mbved up from or down into the water by a jacking means
located on the overhead structuré 450; this jackup leg and jacking means are similar to those
mechanisms on an oil rig. ‘ |
[0065] FIG. 4C shows a variation 401 of the apparatus 400. As shown in FIG. 4C, the
apparatus 401 has aerofoil vanes 435 on the outside of the outer ring rack 430. The vanes
435 are dimensioned and shaped for operation by wind currents. In another embodiment, the
inner .ring rack 430 also has similar aerofoil vanes which are operated in a reverse manner to

- those on the outer ring rack, so that in a wind current, the ring racks doubly act on the rake
wheels 170. |
[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.



3. An apparatus according to claim1 or 2, wherein said rack conprises a
plurality of rake teeth, which are equally spaced along said rack, with
each sai dwpakRe/1g¥eh bei ng pi voted about a pivot pin an@#CTeGaeAMPEsbet ween
an engaged position with said wheel and 12 di sengaged position. 4. An
apparatus according to any one of the preceding clains, wherein said wheel
has dri ve Fpi iBusdiatipo gedpaesgs)adrily. & peatiod off thenderafople vansise437 afe shawen. whiedlis and

id dri i t tra sely to t | f tati f. id.. | .
o A hpp SPRONEeL B g tioborane taponeh e Rk o e Sty 302 is AOtHAS
sai d drive,BiRd R fe JLRRA[ VAks @B 738F borRREon tobelecticiBP RRhAdiHSn, aRE aFedi 0Tdhd O

claim4 or 5, whérein each said drive pin further conprises a sleeve-
suppor t ed aerfai] faries tionintedon theisitengng ragk isdptiapipea with heaarevidha geroilavapesne

of claims 1-3, wherein-sajd wheel . i's a spur _gear. .8 An apparatus

accor di ng RnEgdarthe ingey Mé\é\g%mﬁipﬁrﬁ rgﬁﬂagéo F}%I 1pe of ﬁ?p‘ﬁ@’gﬁt%?eogﬁh? et ppd of
each said _rake teg so that said roller i's in contact with said spur gear.
18 9. An O%%Egpg?%g(gaccordi ng to any one of clains 3-8, further conprising
an acti vateosn) Mdild spetifigghbodmahty kdve beereddschibtdveenllastrated, wos poddrstoodithavhen

sai d assocjated rack reaches a low |imt stopper. or a high |jmt sto r.
ﬁ.lrthe_r‘:changes', modiﬁcagons, :variatlons and conR)E)natl()ns thereofgcould g% ma%e tg ptﬁe

present_inventidn without departing from the scope of the present invention. For example,
whilst individual épparatuses are used to descﬁbe the present invention, these apparatuses
may be used together in any combination to capture the kinetic energies of the various
éomponents of wave and/or cuﬁent forces. Two or more of these apparatus may be linked
up, for _:example:, ét the output sﬁaffs of the wheels 5150, spm gears 160, rake wheels 170,370
_ and/ar racks 43'0.t:o minimise ﬁﬁcfﬁaﬁons in output ’tdrqués to a generator 10. Alternatively,
‘tl.lese apparatuses may be linked up at outputs of separate generators 10 to minimise

fluctuations in electric power generation.



10. An apparatus according to any one of the preceding clains, further
conprising a float disposed at a | ower end of each rack and said float is
driven byWwo0B#16354gi ve |inear translation to said rack@€y/SG2a1D/000281
apparatus according to any one of clai 1-9, further conprising a wave cam
di sposed on a wind tower, wherein rotation of said wind tower and wave cam
gi ves | inddzAIM8ns| ation to said rack(s). 12. An apparatus according to

laim1 2, [ i K(s. i - pl | i f. Kk h,
Wi ch ar e lequal apRALa Bl SAY St FRRE GRtSLal o dnilat s S Epkr R e
to extend ef&{ﬁcg?%gﬁwatw tdmprdif:Wheel or to retract from engagement with

said wheel . 137 An apparatus acecording to claim:12, wherein said plurality
of rake teeth amreckopetriabpeabletoweanslaabdween tvaepositiahsex terodatposi ti ons by a

fluid cylinder-and a link bar. . 14  An apparatuys-according to claim1l or 2,
wher ei nﬁ;sai-',dvmﬁé’gl,?ee@%ﬁﬁg‘?‘?sﬁgh éal-ﬂlr?iﬂ(dﬂf’??g'g‘?n?r?ﬁae«jt eeth, which are equally

spaced around  §alefe 3¢ ebnneWeli o SAE Wheditd pfodlee LI8&tiBIPEI Ng pi vot ed and
rotatabl e about "a pivot pin between an engaged position with said rack(s)
and a di sengaged position. 15. An apparatus according to claim 14, wherein

said rack conprises a.pluraljty of rack pins for engagenent, with said rake
Ceeth. wi £h saih FERARAI RESORLNG P IR 1y ULhSE COTREISHGH SSroRd Ak SARocGaR

sai d rack r&gknish%far%cé {6 QS RRAT {8 vAReP Withi &did QREERISrRK B operdble iiNa
apparatus according to claim 14 or 15, wherein said rack is nounted
hor i zont aldirgctom @positd wosaidaradk ssui that egeeativimes] batls ravksinddidvap tansghit derigue &

such that said pontoon is slidable horizontally with respect to said
structur e_salgi)gthpw eel and generatordlnadou le acting manner. P

3. f jAn a‘ppéra:tuS according Eto’ claim 1 or 2, Whereini'$aid rack comprises a plurality of
rakeite'éth, which ére equally sp'éced along said rack, with each said rake teeth being pivoted
~about a pivot pin and rotatable between an engaged position with said wheel and a

disengaged position.

4. An apparatus according to any one of the preceding claims, wherein said wheel has
drive pins disposed equally spaced around a periphery of said wheel and said drive pins

extend transversely to the plane of rotation of said wheel.

5.  An apparatus according to claim 3 or 4, wherein said pivot pins and/or said drive pins
are supported at both ends. |
6. An apparatus according to claim 4 or 5, wherein each said drive pin further comprises

a sleeve supported on a frictionless bushing.
7. An apparatus according to any one of claims 1-3, wherein said wheel is a spur gear.

8. An apparatus according to claim 7, further comprising a roller disposed near the tip

of each said rake teeth so that said roller is in contact with said spur gear.



17. An apparatus according to claim 16, further conprising a second rake
wheel , said second rake wheel is nounted with its shaft parallel and offset
to that ovoga12d153ke wheel, with said second rake wheel PE#iS6Gg010@pe28t ar ound
Wi th respect to said rake wheel such th direction of engagenent of said
rake teeth of -said second rake wheel with said rack pins is reversed from
that of s& d rakeappartys asoerdingitd ashenie of ddimsc$ fughet compaisingaalastivation bar
connect ed

by a, hat hor | | translati f .both sajd i
both ai  odt IR Gt Beenre wiP R Earf AR ey Fesfiei R AR AHEEEE i 1

to claim Jrizr,ifgygﬁge@iopjag@,tlgﬁpt%bf,@pe of said pontoon has vanes to catch
moverments of .surface waves' bel ow sai d pontoon. 19. An apparatus according

to claim14 of-15;; wherein said racks are:a pair’ of curved racks, which are
di sposed i.n engagenent with. a rake wheel, such .that.said pair of: curved
racks forrrng aH HPSEHH aecording {@Any, ppe ?flothSQchF(Flﬁg gfa%%@mgerﬁf’%flsflg !?gfogt
pendul um GadEdqv s -3 abflef BHE ofREEl raRdatessl AR 1§ ArRERBICRatdse! Eivel linear

20. An apparatus according to claim19, wherein bottom Surface of the |ower
curved r actan$lasoratophidrratki(s)y of vanes to couple wi th novenent of surface
waves. 21. An apparatus according to claim19, wherein a face of the
assenbly has aerofoil vanes such that a wind current blow ng on said

aerof oi | ygnes &?@éﬂ;&ﬁ:@ﬁc&%mg@&%@gﬁ OF QI 19 Skl @&g;l) 14 b W cam

generator to prod ectrici An. appar atus accor o claim14
or 15, furdidpesedcanpmwisd ngwer, wherein poationcof; sawhwirel toweaiaod mavk cam glvesplasad on
sai d pontoon, and a second rack is disposed on said pontoon at a |evel
above sai drapglaton igiseid 18e}(P)- sai d racks being operable to translate on said
pont oon and said rake wheel is-in engagenent between both said racks; and
a paddl e bei ng. pivoted on said pontoon, such that a portion of said paddle
ext ends bakow gai shpacmiagoriig tohdaiappos 2t evhpeirt saidh rack{s compeigy)en plaradity
pontoon, wi'th said paddl e extendi ng above said pont oo ei ng, connect eid
separ at el Yvikenteeth; whichcae savallyetpacrdl lapk sHg raepaiday decthiaFrs ORAPlS (19t s,
SO that ungdena 6 dngliendae WAt s3veheBPO! 8 MR HIf HRhSbrRAI dith shid wheel.

13.  An-apparatus according to claim 12, wherein said plurality of rake teeth are operable

between said retract and extend positions by a fluid cylinder and a link bar.

14. An apparafus according to claim 1 or 2, wherein said 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 inot pin between an engaged position with said rack(s) and a

disengaged position.

15.  An apparatus according to claim 14, 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 frictionless bushing.

16.  An apparatus according to claim 14 or 15, 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.



WO 2012/ 015354PCT/ SG2010/ 000281 20 oscillate and said racks to transl ate,
whi ch then drive said rake wheel and generator to produce electricity. 23:

. An appaWweror/Esedrding to claim?22, further conprisi n@CaSGROMS00¢28Udl e, so
t hat sai d paddl es are connected separatq'y to said rack and second rack at
their respective pivot pins and sl ots. 34 An apparatus according to claim
14 or 15, 1#her dimapmarafuy aeskrding td pkaun dib, futhes gooipriaiok qo$et¢9ndard(er\ahﬁeé,l said 25,

An a t di 10 «cl 4, h i t
padr o1 | ReoBa aks yekd i aBnyd: s b ARaBeRREHERD o el af iRl Rhrel, aci
to catch ypgedis sgcﬁﬁ('i‘kaﬁ(e%éel bEidg hgheWagRhd VARPREAI S0 said Gake WheD RACHAIHAE

according to.claim?24 25, wherein-said:circular rack conprises a
plurality du’ectsmcmfmagameneaﬁ lsaubfral@dnahsécsaldmcwmi wdke pdweldwith saidgack pins is

e oo oLl ST B SRS B B S ™
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accordi ng aim27 conprising paddle-lI1 ke bars suspended from a
peri pherysaiﬂgemraltosecond circular rack.

18. An apparatus accordmg to claim 17, wherein bottom surface of said pontoon has

vanes to catch movements of surface waves below sald pontoon

19. An apparatus accordlng to cla1m 14 or 15 wherem said racks are a pa1r of curved
racks wh1ch are dlsposed in engagement with a rake wheel such that said pa1r of curved
racks formlng an assembly is operable to oscillate about a pivot like a pendulum to drive said

- rake wheel and generator to produce electricity.

20.  An apparatus according to claim 19, wherein bottom surface of the lower curved rack

has a plurality of vanes to couple with movement of surface waves.

21.  An appararus according to claim 19, wherein a face of the assembly has aerofoil
vanes such that a wind current blowing on said aerofoil vanes oscillates the apparatus to

drive said rake wheel and generator to produce electricity.

22.  An apparatus according to claim 14 or 15, further comprising:

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 extends
below said pontoen and the opposite portion extends above said pontoon, with said paddle
extending above said pontoon being connected separately with said rack and second rack by

separate pivot pins and slots, so that under-currents below said pontoon cause said paddle to .



29. An apparatus according to any one of clains 25-28, wherein the
cross-section of each said paddle-like bars takes the formof an aerofoil.
30. An apperatxMsiddcordi ng to any one of clainms 27-29, PGTSGEI10800028t1 Si ng
aerofoil vanes extending upwardly from sgj d second circul ar rack, wherein
said aerofoil vanes are operated by wind currents. 21 31.An apparatus
accor di ng osaillate zinch S radkertei translate, aghich dhan Jraveesaid rrakaivhesle awsh genangpe t9
circul ar (J i S ou&gted 10 operate in a reverse manner to the

vanes/ padd’lr Uep RECHSHY connect ed t o said (lower)-rack. 32. An apparatus
according to.claim 14 or 15, \/\herel n said rack conprises a pair of
concentric ring racks that - are. operable in a substantially vertical manner.
33. An appar at ¥ a;n;mmtuh amgotdmgtoacplmr822 ﬁmbueqqmmlsw anoither paddie esoothat $péd

out e K has |t din
NI s R TR B e
oper abl e 'aﬁd@fd&n' ng currents S

24.  An apparatus according to claim 14 or 15, wherein said rack is circular and said rack

pins are radial.

25. . “An apparatus accordmg to clalm 24, further comprlslng a plurality of paddle-like bars
suspended downwards from a penphery of said 01rcular rack to catch under-currents swirling

below sa1d apparatus

: 26. An apparatus according to claim 24 or 25, wherein said circular rack comprises a

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

27.  An apparatus according to any one of claims 24-26, further comprising a second

circular rack disposed above said circular rack and in engagement with said rake wheel.

28. An apparatus according;to claim 27, further comprising paddle-like bars suspended

from a periphery of said second circular rack.

29.  An apparatus according to any one of claims 25-28, wherein the cross-section of each

said paddle-like bars takes the form of an aerofoil.

30.  An apparatus according to any one of claims 27-29, further comprising aerofoil vanes
extending upwardly from said second circular rack, wherein said aerofoil vanes are operated

by wind currents. .



35. An apparatus according to claim 33, wherein said vanes are fornmed with
aerofoil cross-section and said aerofoil vanes are operable by w nd

current s.W032612/0Af5dppar at us accordi ng to clai m 35, wher &CH/S&a010/00028r ri ng
rack further conprises aerofoil vanes. 7. An apparatus according to claim
36, wherein said aerofoil vanes are nnu%ted respectively on a face of the
rel evant Blng Packppar@es aggordipgde adlaim 38c wheieky theoa@rpﬁiiﬁwwsmn 3#d sgRetrdei n

sai d aerofoil .vanes nounted qn,said inner and outer ri racks .oper abl e
o opposelTReD Bk et REbSrAP IER s Re i[9 B yhARiS R uRIR
sai d rack &Pl 6 5idlofeARaAl € bar with a pturality of equally spaced and
paral | el inclined channels; i n each said channel is disposed a steel bal
such that a portion .of said steel ball projects out of a face of said rack
;gazfgggggggg%%% u?é ?o E:ﬁi(rrel 1t4egl:[ TS, whertein said rack comp'rise&ﬁ ber g\f}]

22{33" at USs ety théksGhaiane g&raﬁl‘@ﬁf Ldubs@aiilly \Q';‘ﬁ‘fca*l)fnahﬂ&. rack bar which

33.  An apparatus according to claim 32, where.in a pefiphery face of the outer ring rack

has a plurality of vanes.

34. . An appaiafus according Eto claim 33, wherein said vé.nes are formed like cups and said

épparatLis is Opérable in running currents.

35. ~An apparatus according:to:claim 33, wherein said vanes are formed with aerofoil

_cross-section and said aerofoil vanes are operable by wind currents.

36.  Anapparatus according to claim 35, wherein said inner ring rack further comprises

aerofoil vanes.

37. An apparétus according to claim 36, wherein said aerofoil vanes are mounted

respectively on a face of the relevant ring rack.

38.  An apparatus according to claim 36 or 37, wherein said aerofoil vanes mounted on

said inner and outer ring racks are operable in opposed directions.

39.  An apparatus according to claim 14, wherein said rack comprises an elongate bar
with a plurality of equally spaced and parallel inclined channels, in each said channel is
disposed a steel ball such that a portion of said steel ball projects out of a face of said rack

for engagement With tips of said rake teeth.



portions of saidl steel ball project out has a longitudinal groove, said
| ongi tudi nal groove has a w dt h smal l er than dianeter of said steel ball.
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40. An apparatus according ‘to claim 39, wherein said face of the rack bar which said

portions of sald steel ball prOJect out has a long1tud1na1 groove said longltudmal groove has

‘a w1dth smaller than dlameter of sa1d steel ball.



