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1 TITLE "A SYSTEM OF UNDERWATER POWER GENERATION"
FIELD OF THE INVENTION The invention relates to a system of
underwater power generation. 5 In particular, although not exclusively,
the invention relates to a system of converting the kinetic energy of
moving water to electrical energy. BACKGROUND TO THE INVENTION
Clean power generation has become a major concern due to the effects
of global warming. Renewable clear|1 ppwer generation has been 10
developed using solar cells, wind tm{n'wes and wave turbines. However,

an effectivé AchERHEN Q5 MNRIERWATER RRWRMGENRADONeveloped

using ocean currents. Ug Rate ospiNoH & B8AzAG4cshscloses an apparatus
for generatingT ower from o?ﬂean currents. Th? §ﬁ§$ratus is winged and.

is anchored to' the "Y8"BQEHS ALEH A hErRISEP 8 LB RNt AR
thepaitigudard aldoogitedobyetiusvein coerenvemhenrokltitas ofothe system of
BERREHEIS FRUSRSHKOLAIRY, O e M ALARI%0 QRRBTRIR Slerjyicity. The
problem with this apparatus is that the apparatus is_not easily moved to
cater for changes in B{eitaiatd; HEINENTIEN ther, “the
generation of efeaiiy pisvee gendenionpiads tbecsize anchajombaicerprapeliethe
c ecifi a of gurr W P . 9
%?fsegoss&w;%%i%e?&v%g@ﬁurbirl_lgeélﬁ p %avrr%tg I(gr Cé%%erﬁﬁ?eﬁ%ﬁéﬁ%%v%%ﬁ been
deficeedansiigréatar TRtk s Bineanang tMavRoiveinee whtewever, an
eHE&VearsAsw ABR DIAURS Qfderduspingshprinathgdeviel Bé ele@lipied using
enerated istgroportional to the area of water that the turbine plantis 25

a6/ r"[]ocy':appuri—:'. US Patent No. 4,335,319 discloses a hydroelectric power
apparatus that/dRaders dNooWeiBdi8e cistiafiagpa poneiatenévateenerating

EQ%? thsin Rﬁ@ﬁﬁh@ﬁﬁ%@?at?ﬁ’ea&gw&réhﬁ‘s%rfﬁiﬁ%ég HRWatshcAored to the

ydraulic turbine is lowered from the powerhouse when the ocean
GRRAMILATe SUHEIBRT & RIRREIRES I AIATECT R tie4Y0dRAG St RIRA bY
tpacatusagribat pbiveeroistie wirdtktprepédia causes rotation of a generator to

generate electricity. The problem with this apparatus is that the apparatus is

— a

not easily moved to cater for changes in the direction of ocean currents. Further,
the generation of energy is dependant upon the size and number of propellers to
catch a specific area of current flow.

US Patent No. 4,163,904 discloses an underwater turbine plant for
generating electrical power using ocean currents. The turbine is driven by the
flow of the water current across the blades of the turbine. Again, the level of
electricity generated is proportional to the area of water that the turbine plant is
able to capture.

US Patent No. 4,335,319 discloses a hydroelectric power
apparatus that includes a powerhouse containing a power generator above the
powerhouse located above the surface of the water. A hydraulic turbine is
lowered from the powerhouse when the ocean currents are sufficient to drive the
turbine. The disadvantage with this apparatus is that power is required to extend
and retract the turbine. Further, the ocean current area that is utilised is
equivalent to the inlet area of the turbine.
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and retract the turbine. Further, the ocean current area that is utilised is
equivalent to the inlet area of the turbine. 2 US Patent No. 5,440,176
discloses a hydroelectric power plant similar to that of US Patent No.
4,335,319 in that a series of turbines are extended and retracted
dependant upon the velocity of the ocean currents. Similar disadvantages
exist with the power plant disclosed in US Patent 5 No. 5,440,176 as with
the apparatus, disclosed in US Pate . 4,335,319, US Patent No.
6,106,863 cisToeE 0B TN s e ietd TyRGER, pher plan

siedaicly. Ak appiraflRant| Deta380SEnirstidatuse IRiiEROA tHibtegs are

Beeiied tQﬁ‘(ﬂeE@éréb&% iefepbraanas L?d@trf@ﬁlé‘ e\@%@liw t‘é}? ttmftgtftegh‘ €currents.
anes are rojate e pcean current to cause electricl e

R PRt A BT N PAN B BAC < RSOk o h S ety
tlech;kd, 13'clepaviticihe apoarahe aliecasedln el Braeth&loah88%8d Able

to capture. U%B%‘E@M%‘L%%@f}’%@@EE@&%%%W%M&%%%B&WS

electricity from ocean currents. The system uses two drags that are
EIndReEING BISEBISH-eld GIRPRNS. *Fﬁlé"?ﬁ?dél@%b%ﬂﬁ Siiielyge having a
witppetbantethdnartfogeAesaiins Tdievdnegsaasedonvexsddt® the otkan The

%He@%‘(@‘i’of{%]@ej aggé@ 188&&%9&%%t”t%”égl]%%]%%?gis%ﬂ i §5R gﬁgﬁgted. A

movement of the ca he disadvantage with t em is that the
gisaeraiiracuatibdnibhrRPR: Gée B ab Hisr gp NeRRIFP FopaRiaakigibtts dependant
disestinesrEABhQIHEME BRENEY RIS Aslk koegtankas the generator is
constantly changi irections., 20 atent Application 2,214, 239A .
discloses an gg%’ara Eesnior %a#ﬁ%gg%%%gﬁroﬁ%gn fa rs'atL?Wui(de ﬁo%\?sr?ef%téng
glsetieituSrenl ndesm edrritisouRhdsiisteminges rivinigsagsf thaiereTiannected

EOYARNHS Reliengirglesadnairab cylingerss that g RPRIaiMEI¥ed around a
connected to drive a g\(/anerator. The continuous belt is orientated so that

FRREFBW alRSs LIRS AR JWIRTe TR Bt SR3PRCARE RS EeRY @ drag
opkitterso Thenprobteg patititiistapEmiptosaite thatweatentflofvénthreaigh.a The

g@%\%%‘téﬁe"%ﬂ% fRd dpgahioyhy ane AoYangs: wL1p %%“Bldﬂé‘r%te

elt. This Creates water turbulence in water that passes througlj therear
seeE AR arpiateeh i ERIBIHESFHPRRe appdPRiusiie rédgEdH SuPPly is not

constant as the generator is constantly changing directions.

GB Patent Application 2,214,239A discloses an apparatus for
harnessing power from natural fluid flows. The apparatus includes a continuous
belt having a number of vanes. The continuous belt encircles a pair of cylinders
that are operatively connected to drive a generator. The continuous belt is
orientated so that water flow across the vanes to drive the belt and hence rotate
the cylinders. The problem with this apparatus is that water flows through a front
set of vanes and then through a rear set of vanes on the continuous belt. This
creates water turbulence in water that passes through the rear set of vanes and
hence efficiency of the apparatus is reduced.

OBJECT OF THE INVENTION

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

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

commercial choice.
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OBJECT OF THE INVENTION 30 It is an object of the invention to
overcome or alleviate at least one or more of the above disadvantages or
provide the consumer with a useful or commercial choice. 3

DISCLOSURE OF THE INVENTION In one form, although it need not be
the only or indeed the broadest form 3the invention resides in an
underwater power generation system comprising: 5 at least one
contirluous track; a pIB[ EI é)é ﬂ'éi%gg§ rEl\rﬂ‘%ﬁPIe a_tround said
track; at least one foWaﬁa‘gmnéto—each-o'igﬁre@mmﬁges, said foils able to

be driven by &weiner Qifferalthewelsitoneathadiepebérecaieedndegé the
BASHAERSIOH AhlE AN QIR P PRI ke -2 RESAIMBY riiegiediRisRidystem
carria%es; wherein the driven foils cause the carriages to move around

83880 cause movement of said power take-off. The at least one foll
rotatesaugathotialbpmitiioua weke that is substantially perpendicular to

flow of waiGt fyrEe Rk 8, EERRPME' kG ARG QRsradkely connected

to a pump or generator or the like device. Further features of the present

inventiGh (#AFbERERI Hirsttt ibrPIRLTINGWRY BREI S e dStpiptRip to be
BRIl B S@R IR TIHNOF THE DRAWINGS 20 To assist in

undersigndiagdhe IRV SLABANIRGEAAPIS MogLARyskiled In the art to

put the Invention into practical, an embodiment o invention will be
describtidaspieas BPeRAIAIREHPPRIANYRYRMRCIRAHRSAE EHTIRaRTIng

drawingshapdiengie) drillen Jorb@aE s thle ieiagaNd RITBNAHEINIOYER track to
generation 25 ?c/)?tem accordinlgeto first embodiment of the present
au a —of? ¢

Invgﬁt{gﬁy%p sﬁe'(%l\'/(\j/sD RORL J{/lew of the underwater power generation
The at least one foil rotates substantially within a plane that is

substantially perpendicular to flow of water current.
The power take-off may be operatively connected to a pump or
generator or the like device.
Further features of the present invention will become apparent from
the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
To assist in understanding the invention and to enable a person

skilled in the art to put the invention into practical, an embodiment of the invention
will be described by way of example only with reference to the
accompanying drawings, wherein:

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

FIG. 2 shows front view of the underwater power generation
system of FIG. 1;

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

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

FIG. 5 shows a top view of a track shown in FIG. 1;

FIG. 6 shows a cross-sectional view of the track along the line A-A;
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system of FIG. 1; FIG. 3 shows a side sectional view of the underwater
power generation system of FIG. 1; 30 FIG. 4 shows a side sectional view
of the underwater power generation system of FIG. 1; FIG. 5 shows a top
view of a track shown in FIG. 1; FIG. 6 shows a cross-sectional view of
the track along the line A-A; 4 FIG. 7 shows a cross-sectional view of the
track along the line B-B; FIG. 8 shows a top view of a wing reinforcement

plate and a cepaestian g’ FG. S stows Ao Mew-RL UE WKL yoe 5.5
reinforcement P ate and a conneq IoNn arm s lOWh |In . O, 1G.
shows a side Vi&w 8f shewsrihdefioyieyyn®ofFId® remrcemenbwiate figist a

vigwadhidriahearriage assembly; FIG. 12 shows a top view of the foil

i ly of FIG. 11; FIG. 13 side view of the fo
cartnge assoBly SFERES A ek 2 T 0K ERRSIRST o e 7

caniagtoaszendblgvet iFKYG18; FIG. 15 shows a front detailed view of the
power take-off-f the JACRNYIGE RRWRS ARNESAHRBBYSIRMof 1. 18

shows a detailed sectional view of the power take-off of the 15
underwater péWer GeRRPWich QEMinY Bi@. el CHERNS 2IRATRA side
section view df lthe12rstemegian fodae b ereeislicssygiessdnbGly I8 Bldwg ;

top view of | an. _
ocond embon et S/ e & SUE BRI Ay SRR SRR dr e 1
of two drive ufits fotthisiPPartoPaienindenvateinpollrqpanegatiass syl Pf

ei&161:18; FIG. 20 shows a side view of the underwater power generation

system of FlGFI%E?HS shows a front detailed view of the power take-off of the

underwater power generation system;

FIG. 16 shows a detailed sectional view of the power take-off of the
underwater power generation system;

FIG. 17 shows a detailed side section view of the underwater
power generation system;

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

FIG. 19 shows front view of two drive units forming part of the
underwater power generation system of FIG. 18;

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

FIG. 21 shows a top sectional view of the underwater power
generation;

FIG. 22 shows a side sectional view of the underwater power
generation system of FIG. 18;

FIG. 23 is a perspective view of a foil carriage assembly with foil
mounted to a track;

FIG. 24 is a further perspective view of a foil carriage assembly
with foil mounted to a track;

FIG. 25 a front view of a foil carriage assembly with foil mounted to
a track;
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FIG. 21 shows a top sectional view of the underwater power 25

generation; FIG. 22 shows a side sectional view of the underwater power
generation system of FIG. 18; FIG. 23 is a perspective view of a foll
carriage assembly with foil mounted to a track; 30 FIG. 24 is a further
perspective view of a foil carriage assembly with foil mounted to a track;
FIG. 25 a front view of a foil carriage assembly with foil mounted to a

track; 5 FIG. j—gé‘. "SRG YISW 083 f91LGalY 'aﬁﬁaa%sgsrggl%t@tb‘viiﬁ'bﬁ%%‘&%%é"to
a track; FIG. IS a top Sectional view of a foll carriage assembly

mbiaked to a track according to FIG. 25; 5 FIG. 28 is a side sectional

view of a foil gatsiage iasseipbctveMniRd o 2 feckaatags HBgtadN thotiited
FIG. 29 is a top.view L n.anchored power generation system of FIG. 18;
It’—qé.t@ﬁlfsagcgi@@qgi&f (f‘atﬁg ‘anchored power generation system of 10

FIG. 18; FIG. BlGis a8éstianaidsideccimnabf vesabdd; &|®il3Rdgiage pasisambly
mcﬁm@quq%&p@g&%w{@w@_%tem with funnel; FIG. 33 is a side

view of the anchored power generation system 15 with funnel; and FIG.

34 is a front vie\7-of P ghifoMerpBldt gRFRASRHRAMRIGRNSHHCRIfHEEM of
PETA#.ED DESCRIPTION OF THE INVENTION FIGS. 1 to 4 show an

underwater payer %eéaéigg LN éﬂ@ﬁo?é’dj&&ﬁfe%&%?é%%”é?s‘t%m of
produce electricity. The underwater power generation
FIG. 18;

FIG. 31 is a sectional side view of a cable;

FIG. 32 is a top view of an anchored power generation system with
funnel;

FIG. 33 is a side view of the anchored power generation system
with funnel; and

FIG. 34 is a front view of an anchored power generation system
with funnel.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 to 4 show an underwater power generation system 10 that

uses water currents to produce electricity. The underwater power generation
system 10 includes a frame 20, a track 30, a plurality of foils 40 and a power
take-off 50.

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

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

Track support members 25 are attached and extend outwardly
from the main cylindrical body 21. The track support members 25 are used to
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system 10 includes a frame 20, a track 30, a plurality of foils 40 and a
power take-off 50. The frame 20 is formed from a main cylindrical body
21 with two arcuate attachment arms 22. Main cylindrical body 21 is
hollow and has a centre 25 fin 23 that extends rearwardly from the main
cylindrical body 21. Side fins 24 are |6cated at the sides of the main
cylindrical body 21. The arcuate arms 22 are used to hold the underwater
ey &ert‘rea%%i% SYSIEM A0 GARISH N SOG4 A% AHBGNAI% §RAS U
eac o% e arcuate arms Eazc and é)re anchored o an ocean or river floor
gbrand ebasl grafevwdtedgiaiserfouniehatitnsisteriniflgosiionl wo bolt holes
é@%rr@aays_ﬂrad ieobghleR %Pﬁdl%‘%lﬁfz%@ml’% Wé@ﬁ% hféacfréﬁléf%!'ke d
structure. Track su rf memboers 25 are attac extend outwar
from the main G HAREA S5 e AR e obr SR Shape.
Uibedraxié 30ds hortnedriick 300 Batchttesbkofipp Sit, radioibhen 260k folateedl and
F:(}%“Li‘s?ﬁ KPEhing f?iﬁﬂaé gackiagiack 3elaiimAlWNENAESHANBNIs a
.17. Two e

olt holes 28 are located through the cradle to attach the
fRRRNGUREIERAE SRk track 30, shown in more detail in FIGS. 5 to 7,
is oval in shafeach dilthdrfaik 80 isftomeedronwiwvaisigedtackgates REG. & 7,

R e A R IR e

16i18300 istheimad fRseh IRRERENgRWIWAIRBIWNITR FREPety loale Seuffdieioarm

apm e Wiy Wiags ridedRoiaaiyargitsslayedendtharesperbpléhtpeadien
h\%gnd are inclined downv%zardly with respect to the connection arm 42.

ot
Yhe erl]régr%rlsg%s O?Fﬁ%%"cf(ragrhoﬂbre-glass and are of a tear-drop shape
when viewedEacranivetzs crosingeeiifar@astniviigjhds.ashamg in FIGS. 8

EaforepmentaateidUIMONB Brhite 3 §hashd. hat eidensiscHirsgihgm
centre of the wg(%ﬂ. The foil connection arm 15 42, shown in FIGS. 8, 9

4hu ST 18 &P B LBniSeliBIP94BiAe Sk S FfRed Plate and
twohezdined wong qradesvitg plretesoft e dtienconng pianesidd pleeassédl ate used

'tEEgHBE HESRGSAMR LS BIRE AR IS 4. FIRFFQLASS IR MR areung the
reinforcement plates 43, connection wing plates 45 and the top of the foil
connection plate 44 to produce the foil and associated wings. A series of holes
46 are located through the foil connection plate 44. The holes 46 are used to
mount the foil at a desired angle with respect to foil carriage assembly 60.

The foil carriage assembly 60, shown in detail in FIGS. 11 to 14, is
formed from a chain support member 70, two top wheel assemblies 80 and two
bottom wheel assemblies 90. The chain support member 70 is formed from a C-
shaped channel. A carriage connection plate 71 is attached to and extends
upwardly from the chain support member 70.

Each of the top wheel assemblies 80 is formed from a top shaft 81
having two top wheels 82 mounted for rotation adjacent opposite ends of the top
shaft 81. Each of the top wheels 82 has a wheel channel 83 located within the top
wheel. Washers 84 are located between the top wheels 82 and the top shaft 81.
The carriage connection plate 71 is used to mount each top shaft. Each top shaft
is pivotally mounted to the carriage connection plate 71 via an attachment
pin 85.
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reinforcement plates 43, connection wing plates 45 and the top of the foil
connection plate 44 to produce the foil and associated wings. A series of
holes 20 46 are located through the foil connection plate 44. The holes 46
are used to mount the foil at a desired angle with respect to foil carriage
assembly 60. The foil carriage assembly 60, shown in detail in FIGS. 11 to
14, is formed from a chain support member 70, two top wheel assemblies

80 and o beam el osaies 9015 ol SURRALIEIRY Kom
C

is formed froma channe arriage connectlon a e

ahaﬁér?édh@vamaekztém Mmh&ayﬁwmqﬁé%wﬁﬁtmpp@n%@nﬂmem of the

BaEohOEH [TRIRRRIASRRIBPYSSSY Aafumaed frag P ipidhdianinao
two top wheels 82 mounted fo ?é% @iacent posit endagE the top

5haRSSL I EQ9EE the R ARetie H%reﬁ ATl B3 LB RAhie
trosdtoop \Boeelh i anthBreeo @zhashdficiitedrivctivedenittine sopfi\ditetsl 8Reasithin
g‘tﬁﬁ%ﬂ shafidl 7 he carriage connection plate 71 is used to mount each
top shaft. Each top shaft is pivotally mounted to the carriage connection

plate 71 via ah AERAAGHNIRG BIPMPRLAR & FRNBEHSF (R1Be| chain support
assabhliFs 9ﬂ)rweﬁamm¢tr@1mrmhmmn$ shait&kdayiagiaveattarin \Wheelhe

ﬁh\ég;%%%{%x{gﬁ Eﬁé Bﬁg i}%‘?tﬁg%&g% bottom shaft. The bottom

Is a flat W aln support member 70 is used to mount

the bottom shhftuse, Waé’ﬂéﬁé@ﬁ%ﬁ@el c‘%{t&ﬁﬁéﬂl\)@@?ﬁiﬁ@@ [XRESG on top of

mléeglfe&?-aeragbtél@mﬁqm shAit i, m%ﬁnﬁdg@t@séﬁh@ﬁ 83 {mewn%l@hgirthe
p er /0 A chal ountl ember 73 is nected

B LR DR e er 78 B Rl BB bl e e o
theveclohang!740Thd F@r|\b@tm|meé&t@ﬁd§n¢wdﬁp@hphévy dheheshetieBoy 2

i'tﬁn‘?&é{ﬁ% 6o \eehGRBNSS PEURSHIAP VS RisnR1ISBEGRE ABraRPHrdREthe

side tr (glates 31 to allow the foil carriage assembly 60 to run along the

&351¢hdtnahiaI'ep. Sfﬁét%&b%"(z\}h%%lg‘éi‘?hﬁ%?ﬁ%%?h%ﬁa?gﬂﬂytrﬁ? moves
m@@dﬁdfwaumeebt&m dhihddthokn3Whdd(S. 9B areivelthevishaftth@l pivoting

60annabRY A d%@EQ&ﬁV'@oﬁé\%& RIRYRRE e JRRMBSRIEBOMf the track

becoming deral romt
30.

The power take-off 50 shown in FIGS. 15 and 16 includes a main
gear 51 mounted to a main gear shaft 52. The main gear shaft 52 is mounted
via the track 30 and the main cylindrical body 21. The main gear shaft 52 is
mounted adjacent the middle of the arcuate section of the track. The main gear
51 engages the drive chain 74 and is driven by the drive chain 74 as the foil
carriage assembly 60 moves around the track 30. The power take-off 50 also
includes a bottom gear 53 which is attached to the opposite end of the main gear
shaft 52 to that of the main gear 81. The bottom gear 53 is located within the
centre fin 23.

A speed increase assembly 100 is located adjacent the power
take-off. The speed increase assembly 100 includes a speed increase large
gear 101 and a speed increase small gear 102, both of which are mounted to a
speed increase shaft 103. The speed increase shaft 103 is mounted for rotation
through the main cylindrical body 21. The speed increase gears 101 and 102
are located within the centre fin 23. The speed increase small gear 102 is
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15 channel 30. The top shafts 81 pivot as the foil carriage assembly 60
moves around the arcuate section of the track 30. FIG. 18 shows the
shafts 81 pivoting as the foil carriage assembly 60 moves around the
arcuate sections of the track 30. The power take-off 50 shown in FIGS.
15 and 16 includes a main 20 gear 58 mounted to a main gear shaft 52.
The main gear shaft 52 is mounted via the track 30 and the main

R TR e, o OB I e THE e R8G0S
dARdschemeiegne e hasiernyoshs digve ehaih T asTite $@ﬁedaﬂ¢a@@e large
@gglegmlysigé@g%ﬁ@%gqr{hg%&gﬁh §BarThe p;)r:/ver take-off 5% alfso 25
Incluaes a bo ear wni e op jte end o

i goon BB DR BRIt S0, 2D R BB Bs BATE speed
locetaskvassentbly Wehtrédich231npspesetnivlgreataiessembbedid@ isump gear
Ipcpigd adircRat Ak REWEE k&R i SRERY i'%é%ﬂsﬁzésséﬁah'Ye%BQctlwe

includes a speed increase large 30 gear 101 and a speed increase smal
geaP182h i A RnlR é?é’ﬂﬁ‘&ﬁﬁi%‘éigiﬁ AhEdPhereERe Shamned 2theThe
ﬁmgﬂ;mrmﬁnammgs mcludtsdafoaratatigeathrosigiatiie mainted to the

&}GUE}S’ FRLOPY 24, g 88996% dse Tar %resa?%f"”g %cg@e%'iggdot%a 1R first

e centre fin he sp ee |ncre se small gear
BUB¥tagRRIY %?nél?elath‘aﬁ“fhé %tto?ﬁ%é@n&?rﬂﬂ@%ﬂééd'%@%‘ﬁ?@tgﬁ‘lﬂ the

ge&snd BUiRceBacated JR thehaiomyeaada puphair E8findhieBREaCurbine
£ crease Izzrge gear 101 is the same size as the bottom gear. Two pump
S

SLemdii8d 110 and 120 are located adjacent the speed 5 increase
assembly 1007 Ratshipdtharassianisly indhadied aansiegensasphinBG@esing two

fohla@BehhrenatBtes 0 PEcRRS e RMBH Shadt W2 d okt cReadd the foil

respective glum p shaft 112 and 122 is connected to and drives pum

$IAGRECTRI246 & 4 Al SRS LRI RP 1P LREh Rt dds a?%éf&'%é%{rthe
16i3 40atdsableuide deodtiie sfaamyssitafthel 2erlde shawiesdoeatmlangehe foil

88%@&%%&88%10@%0&?@&'@%9 ROASIR %r%&'%@rﬁhﬁ@?&%g’el&%nts

transfer gear 113 Is connected to the secon gear 121 via a chain
$oeN %Iﬁ?ﬂ@l‘ﬁﬂ%@dhﬁé@@ﬂ 259 thesirgetion of the water current.

In use, the underwater power generation system 10 is located
within a water current so that the track 30 is substantially perpendicular to the
water current. The water current acts on the foils 40 and cause the foils to drive
the drive chain 74 around the track 30. The drive chain 74 in turn drives the
main gear 51, main shaft 52 and bottom gear 53. The bottom gear 53 drives the
speed increase large gear 101, speed increase small gear 102 and speed
increase shaft 103. The rotational velocity of the speed increase large gear 101,
speed increase small gear 102 and speed increase shaft 103 is substantially
larger than that of the main gear 51, main shaft 52 and bottom gear 53.

The speed increase large gear 101 drives the first pump gear 111,
first pump shaft 112 and transfer gear 113. The rotational velocity of the first
pump gear 111, transfer gear 113 and first pump shaft 112 is substantially larger
than that of the speed increase large gear 101, speed increase small gear 102
and speed increase shaft 103. The transfer gear drives the second pump gear
121 and second pump shaft 122. The pump shafts 112 and 122 drive their
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(not shown). The foils 40 are attached to the foil carriage assembly 60
using two foil attachment plates 47. The foils attachment plates 47 are
connected to the foil 15 connection plate 44 and the carriage connection
plate 71. The angle of the foil 40 is able to be adjusted using the series of
holes located in the foil connection plate 44. The angle of the foils is
determined by numerous elements such as the velocity of the water and

the direction of the ter gu t. se, th derwater We tion
res&e Vfo Ps F&%ate\évfzan\f%tﬁ?awvba erlocgﬂ\r/}ge(?f{I é:) rac (%0 IS oarlve a
mﬁam@nmqﬁ@www to the water current. The Water current acts on

the foils 40 anthgayge fine Hailsae Egiﬁéjuﬁléodéiyﬂ@hﬂi@ BRIt B rack 30
gack 30, The drive chain 74%1 turn drives the main gear 51, main shatft

éQﬁJ%St %Jeesa?cgﬁaﬁ"ﬁee %ﬁ&%‘i’H ?fée?rnS:% drives the speed increase
large gear 10E|6i5ed@ inctd aswenaalliypearvidi2rarmvepged2btiotamten 210
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foitxiad@. electricity and also desalinate water. The underwater power

generation sygiemy @z%ﬂ%ﬂ“ﬂ%?nﬁélfé“ﬁﬁszé% SRR AP RIHRIBURLaraly
foils 240 and power take-off 2
from the main body 221. The track support members 225 are used to mount the

track 230. Each track support member 225 is formed from a track arm 226 and
a track cradle 227 similar to that shown in the previous embodiment. The track
230 again is oval in shape. The track 230 is formed from a single rotated T-
shaped metal which is attached to the track cradle 227.

Each of the foils 240 is formed as described in the previous
embodiment. Each foil 240 has two wings 241 and a connection arm 242. The
connection arm 242 has a foil connection 244 plate.

A foil carriage assembly 260, shown in detail in FIGS. 23 to 27, is
formed from a foil carriage housing 270, two top wheel assemblies 280 and two
bottom wheel assemblies 290. The foil carriage housing 270 is formed from a C-
shaped channel. Foil attachment plates 247 extend upwardly from the foil
carriage housing. A drag reducing wing 271 covers a portion of the housing and
reduces drag when the carriage passes through the water.

Each of the top wheel assemblies 280 is formed from a top shaft
281, a top wheel 282 and a top wheel pivot arm 283. The top wheel pivot arm
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The frame 220 is similar to that shown in the previous embodiment 10
and is formed from a main body 221 having two arcuate attachment arms
222. Main body 221 is hollow and is shaped to reduce the drag cause by
water flowing past the body. Side fins 224 are located at the sides of the
main body 221. Tension cables 228 &tend from the arcuate attachment
arms 222 to the side fins 224 and the main body 221 to provide additional
port. A nose 229.15 extends oytwardly from the main 22110
R AR A s R e B R 2 e Bhamee
areohagshei 286 eXted dosuhaed IpivRbATTheimnaft gy e 1o whedl pivot

aHhRPs WW%&%%@&%%@@%&HH@% H&Fé?r@@(ﬁaﬂﬂé%@(shaﬁ 282
gg%port memba&z 5is formed from a track ar 5&6 and 20@%5rack cradl
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mmppg]mg@wg@%égattached to the track cradle 227. Each of the foils
240 is formed as described in the previous embodiment. Each foil 240

has two wings=241 ghtha RAtRTR i Phrtr eRLlehed% 5 deHRed R anrotom
2uarhasta folicttmentian 292 plates BolwsheartiagiepassemhlPEE0 Tsiowottom

. o 0 27 ; ple . e o7
e e el A AL AP P RSty
¥ Qe sl sitp el7 0ivo e @ifr?fida CLhQsEarBhwhaR). ARt BBt Rines4
BIRIRS B wotierdwwinEa fram thesfed 3R cawiturbestsing thed@0carriage

feducinoying 74 coysts apartian ofhediousing hd.1e0UCe3 UaG, wheel
when thé carriagé passes through the water.”Eac of t € top Whee
ayssrabilie2P280i fotataidy fropnaisdpeshaftoPswheaclopOrhdedctsefdhd aatipm

WHESKRIYS AT, Jiel BRalaR aabRi el HifRid heSdifokr HiaRegoaNd is
attached to the foll carrla%ﬁ housg%l%m via a top wheel pivotarm

284, The top WThEEF plBLMIRP LTS HIPSIZbm Ghd B PR RS 2E2eRTR plesed

ton poofnith hesper3a@tioetioiwdarelagpaimrisiB@2fahe hettom sitefeB8ZD2 are
m&@é@%ﬂ BHMJH?'Hf“ﬁ?etQFéXYJ”?oe'd%W%“f@i?%&ﬂ%}@%&%@%ﬁf%@bs to

e 5 top wheel 282. Each of the top wheels 282 has a wheel channel 285
588N the top of the track 230. The top wheel pivot arm pins 284 and the
bottom wheel pivot arm pins 294 pivot as the foil carriage assembly 260 moves
around the arcuate section of the track 230. As in the previous embodiment,
water acts on the foils 240 to drive the carriages around the track 230.

The power take-off 250 includes two main pulleys 251 which are
mounted to respective main pulley shafts 252. A flat tooth belt extends 253
around the two main pulleys 251. The main pulley shafts 252 are mounted via
the main body 221. Link arms 254 are attached to the flat tooth belt 253 and to
the carriage housing 270. The main pulleys 251 are driven by the flat tooth belt
253 which in turn is driven by the foil carriage assemblies 260 via the link arms
254.

The main pulley shafts 252 are connected to respective secondary
drive trains 300. Each secondary drive train drives an alternator shaft 301 that is
connected to an alternator 310. A heat exchanger 311 is associated with the
alternator 310 to ensure that overheating does not occur. The alternators 310
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within the top wheel 282. Each of the bottom wheel assemblies 290 is
formed from a bottom shaft 291, a bottom wheel 292 and a bottom wheel
pivot arm 293. The bottom wheel pivot arm 293 is L-shaped and is
attached to the foil carriage housing 270 10 via a bottom wheel pivot arm
pin 294. The bottom wheel pivot arm pin 294 allows the bottom wheel

pivot arm 293 to pivot with respect to the foil carriage housing 270. The
bottom shaft 292 extends.outwardl m the bottom whegl _pivot arm 29
iR RCr e R L R AR SRR o g R
prepsmites wHisEntydnioe forosasepi @ wRWRT Biibottom wheel 292. 15 In

use, the Whé%@@ﬂ@@?éﬁ@{ﬂbﬁv@l@%@&%&%@@ o/aredaiRRAARBOhaft
g}g%tragf 230 and the wheel Eirhanré?li”a% of the bottom wheels 292r are
ed
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an alternator 310. A heat exchanger 311 is associated with the alternator
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drive 320 is connected to the alternator sha
speed sensors 370 provide information on the speed of the water current. A

PLC 380 provides a control strategy to control the flow of water into and out of
the main body 221. Further, the PLC 380 controls the rotation of the side fins
224 via the accumulators 350.

In order to secure the frame 220 within a water current, cables are
attached to ends of each of the arcuate arms 222 via anchor points as shown in
FIGS. 29 and 30. The cables 390 are also anchored via an anchor 400 to an
ocean or river floor to hold the underwater power generation system 210 in
position. There are three types of cables. There is a lead cable 391 that
extends from the anchor point, main cables 392 that carry a majority of the load
and debris deflector cables 393 that assist in preventing large debris from hitting
the foils 240 and damaging the underwater power generation system 210.

FIG. 31 shows a sectional view of the cables 390. Each of the
cables 390 includes a core 394 that carries the load and cable foil 395 to reduce
water drag. The cable foil 305 is able to rotate with respect to the core 394 so
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302. The sea water pump drive 320 drives a sea water pump shaft that is
5 connected to and drives a sea water pump 321. Salt water is pumped by
the sea water pump through a desalinator (not shown) to provide fresh
water. The sea water pump 340 is also connected to a set of
accumulators 350 located adjacent the side fins 224. The accumulators
are used to pivot the side fins 224 via respective hydraulic ram (not

h 0. uat rs,350 enable sid flns 4to be adjgcent
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assist in preventing large debris from hitting the foils 240 and damagin
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e foil 305 is able to rotate with respect to the core 394 so 12
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flat tooth belt 253 in turn drives the main pulleys 251 and hence the alternators
310 and sea water pump 320.

Once the sea water pump 340 has commenced operation the
accumulators 350 are filled to capacity so that the side fins 224 can be moved as
desired. The PLC 380 receives feedback from the speed sensors and uses its
control strategy to adjust the position of the frame to an optimum position within
the water current. The position of the frame is changed by moving the side fins
224, adjusting the amount of water within the main body 221 and adjusting the
amount of air within the balloon.

FIGS. 32 to 34 show a funnel 440 attached to an underwater power
generation system 210. The funnel 440 is tapered with a larger end of the funnel
440 located furthest away from the frame 220 and a smaller end of the funnel
located adjacent the foils 240. Water, as it passes through the funnel, increases
in velocity and hence, in turn, the velocities of the foils 240 are also increased.
This increases the output of the alternators 330 and the sea water pump 340.
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394 in water current. An adjustment balloon 410 is attached at an end of
the lead cable 392. The adjustment balloon 410 is attached to a snorkel
420 to enable air to be 5 released from the balloon 410. Air is pumped

into the balloon 410 from the air compressor 360 to inflate the balloon

410. Again, the PLC 380 controller cthtrols the amount of air located

within the balloon. A GPS telemetry system 430, located adjacent the end
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the balloon. FIGS. 32 to 34 show a funnel 440 attached to an underwater
Bire JRALeaRo e RIRATITE N ARSKIINeS) WiBoUt dRRRNG o R Higspit or
soopefdhibdlinvesitiBe. 440 located furthest away from the frame 220 and a
smaller end of the funnel located adjacent the foils 240. Water, as it

passes through the funnel, increases in velocity and hence, in turn, the
velocities of the foils 240 are also increased.
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This increases the output of the alternators 330 and the sea water pump
340. 13 The underwater power generation systems detailed above are
environmentally friendly as they use natural water current to create
electricity without the creation of any pollution. The electricity produced is
a renewal energy source as water cu#ents such as those found in rivers,
oceans and 5 created by the tides, occur frequently. The underwater
ﬁ\%generation systems all have foils that rotate in substantially in a
single plane. The underwater power generation system is positioned so
that thedplaneeihaten@ovies apaeseine$ystpaTgemmdsing: to the flow of the

water current.JiRRceolRSSIMRLbRRGREK (RRiedntarIpis attapwpelled
10 by the water at the sgme instant resultigr; in @creas?@ﬁgicie cy. A

further advantdgjs"Bf4he 835H'€A%%§ Héefharﬁ Afeaiy Hgé\]/(bf water
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changes and modification 15 may be made to the embodiment describe
withouPdRRSHRTYIAYHT BRIy ReBsaUsHRE IRVBRRGN®4 CLAIMS 1.

An underwatestpeasrgenkmatioarsystetoncorispigsingoatineast det connected

contin%t@lérgéijﬁ 'gé; gHBstantiaIIy in a plane; a plurality of carriages that
are movable arourid the track; 5 a plurality of foils mounted on the

carriages, theFbleRSlRIREP e dritRsAHdnctfing dy arslifysiHEaraRlk tending
respongethavaier el ianicieving tperagivertioontatisoStHesisuwiadlake-off to
perp_engjg%larrr.to gge plane; at least one line member comprising a
continudds Belf%dtinected to the carriages; and 10 at least one power
take-offvirrieidirmgavempotieysthtechslegsseaningd dheutidakeltivesptileypower
an@ Qeeratively connecting the power take-off to the carriages;

2. The underwater power generation system of claim 1 wherein the carriages
are each connected to the belt via a link arm.

3. The underwater power generation system of any one of the preceding
claims wherein the track is T-shaped in transverse cross-section.

4. The underwater power generation system of any one of the preceding
claims wherein each carriage includes a drag reducing wing covering a portion of
the carriage.

5. The underwater power generation system of any one of the preceding
claims wherein the power take-off is operatively connected to a pump or
generator.

6. The underwater power generation system of any one of the preceding
claims wherein the power take-off is operatively connected to a generator.

7. The underwater power generation system of any one of the preceding
claims wherein the track is mounted to a frame.

8. The underwater power generation system of claim 7 wherein the frame
includes a main cylindrical body, two arcuate arms and track supports.

9. The underwater power generation system of claim 8 wherein each track
support includes a track arm and a track cradle.
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wherein movement of the carriages around the track drives the power
take-off. 15 2. The underwater power generation system of claim 1
wherein the carriages are each connected to the belt via a link arm. 3.
The underwater power generation system of any one of the preceding
claims wherein the track is T-shaped ih transverse cross-section. 4. The
underwater power generation system of any one of the preceding 20
ims wherein each carriage includes a drag reducing wing coyerin .
3 ion LI MG Ao PR RHIER S e S (e (0 MR P dhaing
anabserBpeesprecedifsiitatoWhadisthalgshwithikhe Mpiropedtatively
gennectad (ordHIAR ORI SsaHIratiarD sTIBrH CANALEhO@Nehe preceding
gfneratlon S! sten}b?f,?ny one §f the Precedlng claims wherein the power
R4 Ik%%f@&% 0 B A OREd R YR NP AR DRI power
deneraliba systemadérapyweregsintratime caciteg) dhiany whereinttiee prackdisg
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7 wherein the frame 30 includes a main cylindrical body, two arcuate
RTINS & ARHORE R ttP RIS ARSEEM Pbwer generation system of
¢@im STwbenadeeatbriaekesypperaiiuciusieseamtraickay mrandfatti@gieceding

: . ower ' . laim 8 or 9
AL R
within the main body. 11. The underwater power generation system of any
one of the preceding claims wherein each foil is formed from two wings
and a connection arm. 5 12. The underwater power generation system of
any one of the preceding claims wherein each carriage is formed from a
housing, at least one top wheel assembly and at least one bottom wheel
assembly. 13. The underwater power generation system of any one of the
preceding claims wherein each foil is pivotally mounted to its respective
carriage. 10



