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Converting Kinetic Energy Of Fluid Currents IntceEtricity

Field of Invention
[001] The present invention relates to apparatusesdiaverting kinetic energy of sea/ocean
waves and/or fluid currents into electricity. Inrjp@ular, the invention relates to apparatuses
for tapping various components of ocean waves and ¢urrents, including wind currents,

to produce electricity.

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.
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[007] The present invention seeks to provide apparsttmeconverting kinetic energy of

sea/ocean waves and currents or wind currentelattricity. Some of these apparatuses are
operable to convert kinetic energy of both seafo@®l wind currents into electricity.

[008] In one embodiment, the present invention provigesapparatus comprising: a rack
that is operable to translate between two positmm® rotate; a wheel engaged with said
rack in operation; and a generator connected tbvgaeel to produce electricity.

[009] In another embodiment, the apparatus further cm®pra second rack, with said
second rack being arranged to engage with said lveimelesaid second rack is operable in a
direction opposite to said rack, so that operatibboth racks additively transmit torque to
said both wheel and generator in a double actingnera

[0010] In another embodiment, said rack comprises a lihraf rake teeth, which are
equally spaced along said rack, with each said teéd being pivoted about a pivot pin and
rotatable between an engaged position with saiceivdred a disengaged position. In another
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.
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[0015] In another embodiment of the above apparatus,raaks are a pair of curved racks,

which are disposed in engagement with a rake wiseelh that said pair of curved racks
forming an assembly is operable to oscillate alaopit/ot like a pendulum to drive said rake
wheel and generator to produce electricity.

[0016] In another embodiment, the apparatus further cm®@gra pontoon; wherein said rack
is disposed on said pontoon, and a second radkpsskd on said pontoon at a level above
said rack, with both said racks being operablerandlate on said pontoon and said rake
wheel is in engagement between both said racks; aaméddle being pivoted on said
pontoon, such that a portion of said paddle extdvelsw said pontoon and the opposite
portion extends above said pontoon, with said paédtending above said pontoon being
connected separately with said rack and secondlyasleparate pivot pins and slots, so that
under-currents below said pontoon cause said paddiscillate and said racks to translate,
which then drive said rake wheel and generatoradyce electricity.

[0017] In another embodiment of the apparatus, said idircular and said rack pins are
radial. In one embodiment, a second circular raattisposed above said circular rack and in
engagement with said rake wheel. Paddle-like haspended separately from a periphery of
both said circular racks are operable by underectirswirling around the apparatus. In
another embodiment, aerofoil vanes extending updrdm said second circular rack are
operated by wind currents.

[0018] In another embodiment of the apparatus, said caokprises a pair of concentric ring
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:
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[0021] FIG. 1A illustrates an apparatus comprising & r@ed a wheel for converting wave

forces into electricity according to an embodimefitihe present invention;

[0022] FIG. 1B illustrates an island being installedhnat plurality of apparatuses shown in
FIG. 1A according to another embodiment of the gmegvention;

[0023] FIG. 1C illustrates the working principle of apparatus comprising a double rack
and a wheel for converting wave forces into eleitjriaccording to another embodiment of
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;
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[0033] FIG. 2G illustrates an embodiment of the apparahevn in FIG. 2F for converting

wind currents into electricity;

[0034] FIG. 3A illustrates an apparatus comprising @&nakeel and horizontal racks with a
paddle for converting under-current forces intacgleity according to another embodiment
of the present invention; FIG. 3B illustrates anbediment of the apparatus shown in FIG.
3A using double paddles;

[0035] FIG. 3C illustrates an apparatus having a plaraular rack and a plurality of rake
wheels for converting under-current forces intaceleity according 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
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guide 120 connected to the float 110; a rack 13@ntexl on a face of the guide 120; a

wheel 150, with pins 156 disposed around the peripbf the wheel 150, with the pins 156
being engageable with rake teeth 140 on the rafkd3l a generator 10 (shown in FIG. 1B)
connected to the wheel 150. For illustration pugso®nly one rake tooth 140 is shown in
FIG. 1A. Each rake tooth 140 is pivoted about appin 132 on the rack and is rotatable
between a first engaged position and a secondghgeal position with respect to the wheel
150, as shown by arrow A. In use, wave forces ctheséoat 110 to move up and down; the
movement of the float 110 is constrained in thdiear motion by the guide 120. With the
rack 130 being mounted on a face of the guide t#0guide 120 and rack 130 move as an
assembly. For example, when the guide 120/rackas3@mbly is moving upwards, the rake
teeth 140 are rotated into the engaged positionaaihehst one rake tooth contacts a pin 156
at any instant to drive the wheel 150 in a cloclenwdgrection (see arrow B). The wheel 150,
in turn, rotates the generator 10 to produce etgtytrwhen the guide 120/rack 130 assembly
is moving down, the rake teeth 140 slip on the b6 of the drive wheel 150, i.e. the rake
teeth are disengaged with the wheel.

[0039] As shown in FIG. 1A, the vertically constrainedidge 120 is constructed from an I-
beam. Four sliding shoes 122 are mounted betweseftatiiges of the I-beam to constrain the
guide 120 to move in a substantially vertical man@s each side of the I-beam, two of the
sliding shoes 122 are spaced apart vertically. E@ger sliding shoes 122 is supported by a
cantilever beam 124, whose other end is embeddedhisupport 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
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154. Along a pitch circle diameter near the penplod the drive wheel 150 are disposed the

drive pins 156, which engage cyclically with thedrends 144 of the rake teeth 140.

[0042] FIG. 1A is kept simple to illustrate the prin@pdf the present invention but it is not
so limited. Various modifications and variations ymstill be possible; for example, the
vertical guide 120 may be constructed from C-chmra another example, the rack 130
may be constructed with a pair of angle bars ordiinee wheels may be constructed with a
pair of circular wheels so that the rack pins 188 drive pins 156 are supported on two
ends, for better strength and rigidity (see alsmléan wheels shown in FIG. 1B). In another
example, each drive pins 156 may comprise an osiesve, which is rotatable on a
frictionless bushing on an inner pin to minimisetaat friction with the rake teeth 140; such
drive pins 156 with outer sleeves and frictionlleashings also help to reduce wear and tear.
[0043] FIG. 1B shows an artificial island built in a jodf water, such as a sea, for
implementing the apparatus 100 shown in FIG. 1Abeidl with tandem wheels
150a,150b,150c, etc. As shown in FIG. 1B, outp@ithe generators 10 are fed to a battery
bank 20, for example, which is then connected tcelaatricity substation through some
inverters and controllers. Alternatively, the gexters 10 may feed electricity directly to an
electricity grid through some inverters and corérsl.

[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-
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channels instead of an I-beam shown in FIG. 1A.sAswn in FIG. 1E, the rack 130 is

mounted on the left hand C-channel whilst a savthtdar 131 is mounted on the right hand
C-channel. In use, each rake tooth 141 is rotatadieeen an engaged position with a spur
gear 160 to a disengaged position, as shown bwattdn the engaged position, the free end
of each rake tooth 141 is supported on a toothe@taw-tooth bar 131 so as to dispense with
the bearing surface 142 on the rake tooth 140 showGs. 1A-1D. In addition, each rake
tooth 141 is now supported on two ends, and itngsaged that the rake teeth 141 are
stronger and more rigid that the rake teeth 14B@fbove embodiments.

[0047] Further improvements to the embodiments showhI@s. 1A, 1C-1E are possible.
FIG. 1F shows the use of an activation bar 137tgle the rake teeth 140 between their
engaged and disengaged positions with the wheebdS5pur gear 160. This is advantageous
in that the rake teeth 140 do not slip on the dpives 156 when the rack 130 is in the return
stroke; likewise, the rollers 146 do not slip oa gear teeth 166 when the rack is in its return
stroke. As shown in FIG. 1F, the bearing ends 1fthe rake teeth 140 are linked by the
activation bar 137. The activation bar 137 is opker&o toggle between an up position and a
down position (corresponding respectively to th&erdeeth's engaged and disengaged
positions) by a toggle spring mechanism 138. Attterfloat 110 reaches the crest of a wave,
the guide 120/rack 130 assembly moves downwardfateft hand side activation bar 137
hits an adjustable low limit stopper L1, the adiiva bar 137 is then toggled to its up
position; as a result, all the rake teeth 140 arated into their engaged positions for contact
with the drive pins 156. When the guide 120 readtseBigh limit stopper L2, the left hand
side activation bar 137 is then toggled to its dgwasition and all the rake teeth 140 are
rotated into their disengaged positions so thainduthe rack’s return stroke, the rake teeth
140 are not in contact with the drive pins 156. Mthinot shown, the low and high limit
stoppers L1,L2 may incorporate a mechanism thatallthe activation bar 137 to over-
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
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bar 137 is toggled into its up position and theertdeth 140 are rotated into their disengaged

positions and allows the wheel 150 and generat@ob@inue to rotate.

[0049] FIG. 1G shows an apparatus 104 according to anetmdodiment of the present
invention. As shown in FIG. 1G, the apparatus idekia pair or pairs of racks 130 and a
wheel 150 mounted in engagement between each paiacks 130. The racks-wheel
assemblies are mounted below a base of a rotarg tewer 126. The base of the rotary
tower 126 has a supporting structure 112. The bleaving 15 is mounted on the supporting
structure 112 whilst the base of the tower 126 @umted for rotary motion on the slew
bearing 15. The base of the tower 126 extends b#ievglew bearing and terminates with a
wave cam 129. Each rack 130 is disposed paralligle¢dongitudinal axis of the tower 126
and an upper end biases against the wave cam 12%9dter 16. At the top end of the wind
tower 126, there are a plurality of outward prajegtradial arms 127 that lay in a plane and
each end of the radial arm has a wind catchingl@& When wind currents are caught by
the wind catching cups 128, the radial arms 12Wetal26 and wave cam 129 rotate; this
causes the racks 130 to translate up and down fs®ek tin turn rotate the wheel and
generator 10 to produce electricity. In one embeditnthe biasing force of each rack 130 on
the wave cam 129 is provided by a float 110 orbaitow. In an alternative embodiment,
shown in FIG. 1H, the wave cam 129 is facing upwamdd each lower end of the racks 130
is biased by gravity forces against the wave camtéugh a roller 16.

[0050] FIG. 1J shows an apparatus 105 according to enaimbodiment of the present
invention. As shown in FIG. 1J, the rake teeth 1ddeamoveable between a retract position
and an extend position within channels in a raaklt¥ a, for example, by means of a link
bar 139 and a pair of fluid cylinders 139a. Assthated, when the fluid cylinders 139a are
retracted, the link bar 139 is pulled close to thek bar 131a so that the rake teeth 141a
extend out of the other side of the rack bar 13itaehgaging with the drive pins 156 on
wheel 150 or teeth 166 of spur gear 160. Whenlthe ¢ylinders 139a are extended, the link
bar 139 is pushed a stroke away from the rack Baalso that the rake teeth 141a are
returned to their retract positions and the ralke¢htd41a are disengaged with the drive pins
156/gear teeth 166, for example, during the racls baturn stroke. Two rack bars 131a may
be used in a double acting manner like those emfiatis shown in FIGs.1C, 1D and 1F.
[0051] Further modifications to the apparatus 105 arsiptes For example, some of the rake
teeth 141a may have detent positions in the chanmiethe rack bar 131a. Each detent

position may comprise a groove into which a sptoaged ball is engaged with. In another
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example, the stroke of each rake tooth may be e@fioy a slot in the channel and a spring-

loaded pin is slidable along the slot; in anothebediment, only some of the rake teeth are
provided with this pin-in-slot mechanism.

[0052] FIG. 2A shows an apparatus 200 according to anatmbodiment of the present
invention. Compared with the apparatus 101 showRl@® 1C, the rake teeth 176 of this
embodiment are now on the rake wheel 170 whilstdifnee pins 136 are now on the rack
bars 130a. Each rake tooth 176 is rotatable abputcd 177 on the rake wheel 170. Similar
to the above embodiments, each rake tooth 176taatde between an engaged position
with the rack bars 130a and a disengaged posliidhe engaged position, a bearing end 178
of each rake tooth 176 presses against an assbgattion on the rake wheel 170 to
transmit the torque on the rake teeth 176 to tke veheel 170. The other edge 179 near the
bearing end 178 is chamfered or curved so that ed@htooth 176 is rotatable between the
engaged and disengaged positions. For example, wieefeft hand rack bar 130a moves
upward, the rack pins 136 engage with the rakeht&é@6 causing the rake wheel 170 to
rotate in a clockwise manner. Likewise, when tightrhand rack bar 130a moves downward,
the rack pins 136 engage with the rake teeth 1é6icg the rake wheel 170 to rotate in a
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
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channel. If the forces acting on the steel balli@evmore than the friction angle from the

perpendicular to the channel, the forces will droug the steel ball from the channel or
subject the ends of the channels to bear additsineds.

[0054] Further improvements to the above embodiment 281passible. For example, FIG.
2C show the right hand face of the ball rack hemgitudinal groove 130h. The longitudinal
groove 130h has a width w and a depth d, as shovialQ. 2D; the width w is smaller that
the diameter of the steel ball 141b, and the debik based on a balance between the
additional area of the steel ball that projects afuthe groove 130d and the higher bearing
stress at the end of a channel 130g. In a furtkemele, a link bar 139, similar to that in the
above embodiment, and actuated by a pair of flyith@ers 139a and actuator bar 130n may
be provided to activate engagement or disengageaiehe steel balls 141b with the rake
teeth 176. A spring 130k may be provided betweensteel ball 141b and the actuator bar
130n.

[0055] FIG. 2E shows an apparatus 202 according to ana@mbodiment of the present
invention. As shown in FIG. 2E, the apparatus 2@uides a floating pontoon 212, a rack
130 mounted on the pontoon 212, and two rake wh&é@a,170b. The rake wheels
170a,170b are axially offset to each other and aXléhe second rake wheel 170b is
connected to the axle of the first rake wheel 1vidaa reverse gear 180 (not shown). The
rake wheels 170a,170b are mounted on a base s&ott shown in the figure), which may
move substantially vertically with the rise and f&#ltide in the sea. The lower surface of the
floating pontoon 212 have a plurality of vanes 2Rfeferably, the height of the vanes 220
are staggered, as shown in FIG. 2E, so that thesvaear the centre of the floating pontoon
212 are longer than those near the ends. Therfpatontoon 212 is constrained to slide
laterally, i.e. in a left-right manner as seen I®.R2E, with respect to the base structure;
when driven by surface currents, as shown by aibouwhe floating pontoon 212 oscillates
laterally with respect to the rake wheels 170a,1B3barranging the rake teeth 176 on the
second rake wheel 170b to operate in the oppostaer as the rake teeth 176 on the first
rake wheel 170a, and together with the reverse @y lateral oscillations of the racks 130
and floating pontoon 212 drive the rake wheels 1I7l02b, whose output torques add up to
rotate a generator 10.

[0056] FIG. 2F shows an apparatus 203 according to enambodiment of the present
invention. The apparatus 203 may be mounted orsa $taucture or pontoon (not shown) as

in the previous embodiment. As shown in FIG. 2Rake wheel 170 is engaged between two
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curved racks 130c. The lower rack 130c is partisligmerged in water and its lower surface

has vanes 222. For illustration, when surface wavege from right to left, as seen in FIG.
2F, the lower curved rack 130c is swung to thedaft the rack pins 136 drive the rake wheel
170 in a clockwise direction; at the same time,rtle teeth 176 slips on the rack pins 136
on the upper curved rack 130c. When the curvedsrdd0c swing back during a return
stroke, the rack pins 136 on the upper curved 8t engage with the rake teeth 176 to
drive the rake wheel 170 in the clockwise directiatilst the rake teeth 176 slips on the
rack pins 136 on the lower curved rack. In this was/the curved racks 130c oscillate as
driven by surface waves, the rake wheel 170 rotatesinuously in one direction to drive a
generator 10 to produce electricity.

[0057] FIG. 2G shows an apparatus 204 according to anetmdodiment of the present
invention. As shown in FIG. 2G, the apparatus 284 ivariation of apparatus 203. The
apparatus 204 oscillates about pivot 210 as wincents blow on vanes 224. These vanes
224 are mounted on a face of the curved racks Rifrdllustration purposes, only a section
of the vanes 224 is shown. On the apparatus all@/@ivot is a counterweight WT. The
counterweight W reduces the force required to lageilthe apparatus 204, thereby allowing
the apparatus to be operable by wind power.

[0058] FIG. 3A shows an apparatus 300 according to anatmbodiment of the present
invention. As shown in FIG. 3A, the apparatus 3®0niounted on a floating pontoon 214.
The floating pontoon 214 has a pivot 310 substiytizear the mid-length of its hull.
Pivoted about the pivot 310 is a paddle 320. Thestoend of the paddle 320 extends into
the water whilst the other end extends above tioonm 214 to connect with two horizontal
racks 130d at two separate pivot pins 312, 316.shitenerged end of the paddle have cup-
like elements 324 for catching the under-currehtd move below the pontoon 214. The
upper end of the paddle 320 around each of thepiwats 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
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the rake teeth 176 slips on the drive pins 136henupper rack. When the under-currents

subside or move in the reverse direction, the ma8@0 swings back and move the racks
130d from left to right, and the drive pins 136tbe upper rack 130d turns the rake wheel
170 in a clockwise direction whilst the rake te&#6 slip on the drive pins 136 on the lower
rack. In this way, as the under-currents osciltel®w the pontoon, the paddle also oscillates
and causes the rake wheel to rotate in one diredir@reby turning a generator 10 coupled
to the rake wheel 170 to produce electricity.

[0059] FIG. 3B shows a variation 301 of the above apparads shown in FIG. 3B, this
apparatus 301 is similar to the above apparatusk@@Ct 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
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the base 112, the swirling currents catch on thelike elements 324 and cause the paddle-

like bars 340 and the circular rack 330 to rotatettte slew bearing 15. The moving rack
pins 336 then cause the rake wheel assemblies 83¥@enerators 10 to turn to produce
electricity. In another embodiment, the paddle-liees take the form of aerofoil vanes 340a.
Water currents flowing around the aerofoil vane®e84ause forces to act on each of the
aerofoil vanes, thereby causing the circular 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
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chains are disposed at angles to each other tamsmiswaying of the apparatus 400 in

running water. Although not shown in the figurefpu cables from the generators 10 are
also connected via the overhead structure 450.nisthar embodiment, the apparatus
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 pdrate generators 10 to minimise

fluctuations in electric power generation.
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CLAIMS:

1. An apparatus for converting kinetic energy of/esmand/or fluid currents into

electricity, said apparatus comprising:

a first rack and a second rack that are operakilanslate between two positions;

a wheel engageable with said first and second racics

a generator connected to said wheel, which is baegable to produce electricity;

wherein:

said first and second racks comprise a pluralityake teeth, which are equally
spaced along said first and second racks, with saah rake teeth being pivoted about a
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 equakyges around a periphery of said
wheel and said drive pins extend transverselydlaae of rotation of said wheel; and

said second rack is operable in a direction opedsisaid first rack, so that said rake
teeth of both said first and second racks cyclcaligage with said drive pins to additively

transmit torque to said wheel in a double actingmea.

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, wheeanh said drive pin further

comprises a sleeve supported on a bushing.

4, An apparatus according to any one of claims fuBher comprising an
activation bar to toggle said rake teeth betweed $&0 positions when said

associated rack reaches a low limit stopper ogh it stopper.

5. An apparatus according to any one of the pregedilaims, further
comprising a float disposed at a lower end of esati first and/or second rack(s) and

said float is driven by waves to give linear traisin to said rack(s).
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6. An apparatus according to any one of claims flither comprising a wave

cam disposed on a wind tower, wherein rotationaddl svind tower and wave cam

gives linear translation to said rack(s).

7. An apparatus for converting kinetic energy of/esmand/or fluid currents into
electricity, said apparatus comprising:

a rack that is operable to translate between wgitipns;

a wheel engageable with said rack; and

a generator connected to said wheel, which isgoeiperable to produce
electricity;

wherein said rack comprises a plurality of rakethie which are equally
spaced along said rake and said rake teeth aralpdo extend for engagement with

said wheel or to retract from engagement with sdidel.

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

operable between said retract and extend positigrsfluid cylinder and a link bar.

9. An apparatus for converting kinetic energy offesmand/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 isatpeto produce electricity;

wherein said rake wheel comprises a pluralityaserteeth, which are equally
spaced around said wheel, with each said rake lbetig pivoted and rotatable about

a pivot pin between an engaged position with sai#t and a disengaged position.

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

spaced along said rack and each said rack pin slageee supported on a bushing.

11.  An apparatus according to claim 9 or 10, wimeraid rack is mounted
horizontally on a pontoon and said rake wheel isimb@d on a structure such that

said pontoon is slidable horizontally with respiecsaid structure.
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12.  An apparatus according to claim 11, further posng a second rake wheel,
said second rake wheel is mounted with its shafligh and offset to that of said
rake wheel, with said second rake wheel being tbereund or inverted with respect
to said rake wheel such that direction of engagé¢mesaid rake teeth of said second
rake wheel with said rack pins is reversed fron tigaid rake wheel and said shafts
of both said rake wheels are connected by a geahat horizontal translations of

both said racks in both directions additively tsaid generator.

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

has vanes to catch movements of surface waves Isaliolypontoon.

14. An apparatus according to claim 9 or 10, wimesaiid rack comprises a pair
of curved racks, which are disposed in engagemdéht said rake wheel, such that
said pair of curved racks forming an assembly eralple to oscillate about a vertical

axis like a pendulum to drive said rake wheel agglegator to produce electricity.

15.  An apparatus according to claim 14, whereirtdmotsurface of the lower

curved rack has a plurality of vanes to couple wttvement of surface waves.

16.  An apparatus according to claim 14, whereira@e fof the assembly has
aerofoil vanes such that a wind current blowingsaid aerofoil vanes oscillates the

apparatus to drive said rake wheel and generajmoduce electricity.

17. An apparatus according to claim 9 or 10, furtteenprising:

a pontoon; wherein said rack is disposed on saidgon, and a second rack
is disposed on said pontoon at a level above saikl, with both said racks being
operable to translate on said pontoon and saidwdie®l is in engagement between
both said racks; and

a paddle being pivoted on said pontoon, such dhabrtion of said paddle
extends below said pontoon and the opposite podidands above said pontoon,
with said paddle extending above said pontoon beampected separately with said

rack and second rack by separate pivot pins arid, "o that under-currents below
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said pontoon cause said paddle to oscillate ardtl reaks to translate, which then

drive said rake wheel and generator to producdralyg.

18.  An apparatus according to claim 17, further posng another paddle, so
that said paddles are connected separately toraald and second rack at their

respective pivot pins and slots.

19.  An apparatus according to claim 9 or 10, wimessiid 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 periphergiof Grcular rack 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 soeaas is disposed a rake wheel-

generator assembly.

22. An apparatus according to any one of claim219further comprising a
second circular rack disposed above said circalek and in engagement with said

rake wheel.

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

suspended from a periphery of said second circat.

24.  An apparatus according to any one of claim&20wherein the cross-section

of each said paddle-like bars takes the form aexofolil.

25.  An apparatus according to any one of claims2£2further comprising
aerofoil vanes extending upwardly from said secoirdular rack, wherein said

aerofoil vanes are operated by wind currents.



20
26.  An apparatus according to claim 25, wherein dkeofoil vanes on said

second (upper) circular rack is oriented to opelatea reverse manner to the

vanes/paddle-like bars connected to said (lowekR.ra

27. An apparatus according to claim 9 or 10, wimesaiid rack comprises a pair

of concentric ring racks that are operable in astaritially vertical manner.

28.  An apparatus according to claim 27, whereiergppery face of the outer ring

rack has a plurality of vanes.

29.  An apparatus according to claim 28, whereid sanes are formed like cups

and said apparatus is operable in running currents.

30. An apparatus according to claim 28, wherein saines are formed with

aerofoil cross-section and said aerofoil vanepsrable by wind currents.

31. An apparatus according to claim 30, whereimd saner ring rack further

comprises aerofoil vanes.

32.  An apparatus according to claim 31, whereid sarofoil vanes are mounted

respectively on a face of the relevant ring rack.

33.  An apparatus according to claim 31 or 32, whesaid aerofoil vanes

mounted on said inner and outer ring racks areatyppein opposed directions.

34.  An apparatus according to claim 9, wherein sagk comprises an elongate
bar with a plurality of equally spaced and paraifedlined channels, in each said
channel is disposed a steel ball such that a podisaid steel ball projects out of a

face of said rack for engagement with tips of sale teeth.

35. An apparatus according to claim 34, whereid &ate of the rack bar which
said portions of said steel ball project out héengitudinal groove, said longitudinal

groove has a width smaller than diameter of sadliall.



