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TI TLE "A SYSTEM OF UNDERWATER POAER GENERATI ON' FI ELD
OF THE I NVENTI ON The invention relates to a system of

waesny@ser power generation. In particul ar, apehaugivs/000779

not exclusively, the invention relates to a system of
converting the kinetic energy of noving water to

el ectrical energy. BACKGROUNPrTO THE | NVENTION O ean
power generation has beconme™a mgj or concern due to the
ef fects @A SYISol=M %WB@RV%EEMOWER&ENMTION”
generati on has been devg = INFTOR! cells, wnd
turbi nes and wave t¢ - PNt fect i ve

renewabl e W\ﬂfve@ﬁaﬁfrélaltéﬁltosd%ygﬂmaﬁ undén/t/éitebpower generation.
devel oped using ocean currents. US Patent

In, padicule, @ltbelgl erotamxelppiiel Jbef@weg%@rerrﬁlat% tgodesystem of

e e e
are attached to BM@K@R@UN@IT@FEHECINWHQM he ocean

current. The rotation of the opel l ers causes
rotation &eangm%%ﬂeﬁaaogé}?@r @EONae & Maley ggncerpedue to the

t par P S
no‘%&?easi yc}dr%llnv\&gﬁp@@cat grEH?WéSIehg%a&qﬁﬁ hgéﬁéﬁ'gb i 0 has been
ddvetapsah usingr solas . ceflsr Wind | tuthiresy enelr wavertudﬁmesuertj;awever an

QTS JoBpBEIS Powel e atioT Snetem dias yel XM, Helglopsd using
Soekfeéhtdi scl oses an underwater turbine plant for

generating electrical power using ocean currents. The
t ur bi ne i sU8rPatemt uyot AS83|, 182 disdd@swan eapraratusnfor generating

th t ur bi he /| I
Sk ot Byoub edrientsy | e, PRRHAIS RoRirbed ABd f EicsBred to the
dt%awﬂdd“ratA hhﬁhﬂéﬂfd? goaspénea@bré attaeﬂm@d IO tHAMNY 8nd dfe rotated by
Pat ent di scl oses a hydroel ectric power

tappmean@rrematt Thec refatien &f fierapslises eauses Fatatiprof a generator

@?gméer‘{% ?ele?f{@rltxg?@{eep Eﬁvﬁ% “ﬁé’ E)P%P%tgg g tr?egocﬁg agnlb%ratus is

AdtQASiP endPRitEo e eforMepang e iribeadiretiohefiotean@urrents. Further,
sufficient to drive the
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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turbi ne. The disadvantage with this apparatus is that
power is required to extend and retract the turbine.

wobher052 t he ocean current area that is util i BeADU2005/000779

equivalent to the inlet area & the turbine.US Patent
No. 5,440,176 discloses a hydroel ectric power plant

simlar toyshpatéit No. @4430“176%1361033@ ag%%dkdblé&ﬁb Fower plant

series of turbines are extended and retracted

sigpilan danthal poin Ush Patentolo; \4.885318 wcéat auseriast of turbines are

%Scbgé %{‘f 2&\@&%? géQSﬁ%SM tﬁg ei@&@{ pﬁ tﬁﬁtocean currents.

Smwraﬂi@ddaﬁ@geseéxisﬂ With Peiiee plows . I%n$35|58[b3edUﬁa US Patent
Pat ent 863 di scloses a fu lé submer si

Hspéﬂépu?ﬁr @ wgt@rtbse APpafptes disdasadip USRateniiie 4885319
| ncl udes au%“%fél?ﬁ ol\fé ré‘%@r8%3h&§blgge§tfﬂfllyosm%oﬁﬁ% apparatus

thereto. A’serres es are connec

fbln@e\neramgaeleotrmmyt ethdypphmtos dasludey adnioyant Saueﬁlre having a
ctri Clt to be generated. A disadvantage with t
chr Boyitacs thargfo. e SEERR 04 aRes ArecpeRaqted (9 thg Totor. The

n v
CEREN AR oty B, BLesn Suright 168550 Blaciity) /68 MiBrated. A
digadeantage withrtbisaapparatlseistthaictheygeheoaticoc elele ciicite ig dependant
The stem ses M s that are connected to

e weg e tgent hatihe Vahag ars ABIdOSRRLYIE. cabl e | s
vvrapped arQBnqbaQeﬂleWa Y0313 056 disBBed’ 8 E?%Fr?dfo‘rn%@neratmg
t he ocean and noved froma drag position to a non-d

glestricity frano ocean muomma FFbeesmstam afsesHwocdiisigs. th@hare connected

sadva with t tem | ener at or
{4, 3BPHEM, BRs 4 5. ki, the S GE i 3pger around a
Qérieﬁ‘étdronsl' heFdfddseare tlb\ﬁe%t?ﬁr&b fiePBE¥ah SatP ISR FRIM a drag
as the generator is constantly changing directions. GB

Pesition tappInafadiagh pesition, E3gecipiosale seevemenipphithe wable.  The

T A I

@rﬁergynwaenTﬂm%tedntn ioth diksetibnenc Fugthes thep@ner®yf supply is not
cylinders that are operatlvely connect ed to drive a .

eRIRIARI s thegRneraior is:cNRIaR Ehanging ﬂ@ﬁmr@d so t hat
water fl O‘gféﬁcrl:%ﬁéntt P\%r;i) Jfechie Eﬁ’%ZWL X etst %Iﬂg apparatus for

hence rotate the cy e prog emvvl

larp@ssing paveertfrarh nadtiil flliidoffevs. hﬁ'hagipparétuermcladés afcontinuous
vanes and thep through a_rear set of vanes. on th
RelhhAOS EnwEber of ¥ares: The Sonliareys bl BOCkses 4 pair of cylinders

#at &re t pdrafifsiy ot o tdiRe” §28embhtdt! RBCEoMAHlous 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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hence efficiency of the apparatus is reduced. OBJECT
OF THE INVENTION It is an object of the invention to

wWO®samee2 or all eviate at | east one or nore of PET&U2005/000779

above di sadvant ages or provi dé& the consuner with a
useful or comrercial choice. DI SCLOSURE CF THE

I NVENTI ON | n one JISONOSURECOBITHE INVEMTON be the
only or indeed the broadest form the Invention

resi des i nlfaPneniRPhaphoydndt ngedenat ith g serlin or indeed the
SRR, 1 (AT ORS BT 5of A pr b system
taaptisioge foil attached to each of the carriages, said

foils able to be driven by a water current; at |east
one |?ﬁ8%%%?%%+?@é3@19&o the carriages; at |east

one p : -k j RNSS ad |ine
nenbeﬁ\;mjmr,ﬁgﬁgﬁr?%maeg grl \%Ee%kfellcr)?blvéecaus‘é’ﬁtgﬁtgmcgﬁlgages
t o nodkeleasbone foiliattachadktoaeach ef tiee caniageasy\saick fivilsodble to be
‘ﬁai d E)i ne ntenber to power said power take-off. The at
VRN DY, AVALET PURBRL o5 substantial |y within a pl ane
that aeleaybsidliié Mdnbarddmrétediothet@rfidgay; of water
current. The power take-off may be operatively
conneat least enexppueptake-qft aperativelyaronniestdd toesaidline enember;

appar aherd offp e e 5 b ARG 2 are KOG Said track
&Y REnE&S6IR&HdWRIn{dnt BEaldRNG NembE? t8 poinelr shldl power take-off,

under standing the invention and to enable a person _

ski | | ed i nTh@eataleast @ngufoilt Fpsatesyeupstantiallyt within a plane that is
i : ' i tion will be

%‘2}%@%@2& poesa\e/@(;/m@g P{g’i@%%\%ﬁn%&%y "reference to the

acconpanyi Tige rowdrngke-off @ia) be bpératilelyheorneztddo a pump or

vi ew of an underwater power generation system

gRRyAtAN Ry the like dpYise. enbodi ment of the present

| nventi on; gy rther 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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FIG 2 shows front view of the underwater power
generation systemof FIG 1; FIG 3 shows a side

waewsiionst view of the underwater power gener aeCTDAU2005/000779

systemof FIG 1; FIG 4 showst a side sectional view
of the underwater power generation systemof FIG 1;

FIG 5 shopiG a7 6Rews isea¥oss-sactiorl ish 0Mhd ffadk Sond;the line B-B;
FIG 6 shows a cross-sectional view of the track al on

the |ine AFKSFBGShowsawap aviewoek asuing crﬁmfomemﬁr@fpla% and a

E&%écrtiﬁﬁl%rﬁ{-ong the line B-B, FIG 8 shows a top view
of ‘a wng réeinforcenent plate and a connection arm

FIG 9 shoRsGagfstws di feantofieWwhef thiengince reihforcament plate and a
pl ate and a connection armshow in FIG 8; FIG 10

Wt'ﬁnﬁrﬂbshﬁ"éﬂvi’bﬂcﬁ-@ connection armof FIG 8;
FIG 11 Shg"% ﬂ)lgﬁg\ﬂ% aVdiG¥v R 8f el do ; Egb?%l?rln of FIG. 8;

assenbl y; ows a top view o
carri age aBHEanbl ghos Bl fdntvigw BF &.foil Barfapesassesikly

view of th 0] arriage assenfl f FLG 11: FI G

shows a botIGm % sEaMBe BRaIOT el jofcaiagr assmoar Fle. 11;
FIG 11, FEg 1DsRORYS ddé VRN of@iedoll RErmdqavasienitlf of FIG. 11;
power take-off of the underwater power generation

system Fl EG.1d4shbows = dettain adeweeft thendoil \dagtiagd assembly of

E t_take-off of the underwater power generation
@f FIG 17 shows a detail ed side section view of

the under wWai@r 15uMwsdanest dStiled Siei ofthe pdwes R&Soff of the
a top view of an underwater power generation system

aedematerpPewengearetion sygiemnent of the present .
formng paf[Col® PRavE Adsalfhesshel Ysul 8Pl naiaryBld iy of the
ghddrivateriowérd genetatioheystem;si de vi ew of the
underwat er _power generation . i ) )

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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systemof FIG 18; FIG 2 1 shows a top sectional view
of the underwater power generation; FIG 22 shows a

wGer@e/18%61 i onal view of the underwater power QBRCEAERG06/00779

systemof FIG 18; FIG 23 iss5a perspective view of a
foil carriage assenbly with foil nounted to a track;

FIG 24 i spps fag Lhgar i fdiMEarYib§¥ dakemblyPWith foil mounted t
carri age asserﬁy vmél{ ﬁl P\gﬂe&rmlunt eldgto a tra)gk; FI G A ©
@faekfront view of a foil carriage assenbly with foil

nmount ed t tyack: FI G 26 a,rear view of a foj]l

carri age dECer § aimoeGraER et 1l Gy Pggissemaly mounted
t87a tracleab&dtdiRcfol PIEi25¢i ew of a foil carriage assenbly
nounted to a track according to FIG 25; FIG 28 is a

si de sect il 28i iswaofside fssictiopalr viexyeofags &ibicarriage assembly
mounted to.a tr ccordi to FIG 25; FIG 29 is a
T8Hn{ﬂd§\?/%?a %a%ﬁ&é‘ﬁlﬁ]gg@ I|‘—c;|)|§/]\1%!5’generati on system of
FIG 18; RFIG. BDid a tapsiie® ofigvanthdred powdrogeseratiorisystem of
Igl_eq?eratl on systemof FIG 18, FIG 3 1 is a sectional

|

d8iew of a cable; FIG 32 is a top view of an

anchor ed p@lﬁ%@ﬁ”{%ﬂﬁ ﬂ@wéc%’féth@@n%&bcf 8\%% pgﬁél@tigﬁé%stem of

is a side vView o € anc power genera n sy
FMiG.NM& unnel; and FIG 34 is a front view of an

anchored p r. generatjon systemw.th funnel. DETAI LED
DESCR PTI NGO TriseR paRfiaRl sSpiess Of 2 Gable; show an

under vat er pROVES s Y GbIWCSF £1Y Sh&TBrél gR@r 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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uses water currents to produce electricity. The
underwat er power generation system 10 includes a frane
wQ@osaigsack 30, a plurality of foils 40 and aP@DWE2005/000779
take-off 50. The frame 20 is ornmed froma main
cylindrical body 2 1 with two arcuate attachment arns

rﬁgunt'\{'ﬁbntr%%@d@é&' trRQE¥ugpdrt 'rﬁerh@{aﬂ 9?\’ |§Ft¢mf&§fr§m a track arm

centre fi that extends rearward rom-t mai n
26/ anddr frack ciadts 27, detalls df vitiichs aBﬂshownlnmEéGeMatTW(h@Oit holes

d fot I h
2 §& oSatea R ikl e ol trtash ¥ idekio Hineidie 2r®
gener at | 0nrr?é'ﬁéméosh&a@h@mo&@@btaﬁhﬁmbsmsetoax tigebarin shape.
to ends of each of the arcuate arns 22 are

Thetiaele 30 tin farmeskcisem two gide diackipbges 3d, ad)qjtqnhérack plate 32 and
R, Eioapee PG nER sl e TRk o uf tBESibis gges section, is 2

re@@tngumr.gﬂa@euldhgnﬁbr ucture Track support menbers 25
are attached and extend outvvardl% fromthe main
)

cyl i ndri cdragvefthe foils #Ads formed mﬁmwwgmfér@hzwndn&@ 17,

AP oRPn o 4L i, (b Wit B oo RRRY splERERGth respect

t8 Teadtebthiar arefl amhinclinad ejdwhﬂva‘rdlynwﬁh Cﬁesﬂéct fowthebedrinection arm
hol es 28 arelocatedeggprou e cradle tpo atta
45 oFRe Hinge a1 arerEesrTon Mblercless 56 athouR §41-JrIpishape when

\ﬁ@\’v?& in br n%éf’?ec?oésosgctldns oval in shape The track 30

two side track plates 3 1, a bottom
track pI atléac&?mmgiha\soaMlagapﬁﬂoqcemen’ngalaﬂeaéé,ssWnTheCIGS 8

AL Dol e ands B aih D PR AL i Wit 417 ofhe folbepmnection am
427 diefhvd frPP‘IGSDSWQn;Sﬁd 4olis ffrRIMA ermFé Goil %6nné&ibrﬁ44 plate and

connection arm 42. The tWwo W ngs 1 are rearwardly
twl mylmbdmmmneoé@pemngtmateacﬂﬁ oTIh@poamctmnewln@cplate@d% are used

t t 4 h
GiRgURGresbebtq sfifRReT PR PRl 451 FiErealisJ6 Thgfiugd Hound the
refifbrcdhtdht SPRRS %erbdﬁn%‘éﬁdnl\nmbr PRAYEIEE and the top of the foil
cross-section. Each wing has a W ng reinforcenment

griroestiag plata snta prqdlugs the faihand asspeiatedwingss Arasieghof holes

B F3iE SrobE By eyt Pk ST TRELAAES A bre used o
®O0AESEi foll af4 desitbd amte (vth réé}@écttm@%lbmﬁagéla@sembﬂw%
pl ates 45. The connection wing plates 45 are used

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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to nount respective reinforcenent plates 45.
Fi bregl ass is noul ded around the reinforcenent plates

waosaosecti on wi ng plates 45 and the top of PEEADZI05/000779

connection plate 44 to producd the foil and associ at ed
wings. A series of holes 46 are located through the

foil conneghtRif MQb&tM wHEE d3ekRbIidE F FreURfAel From a bottom
mount the foil at a desired angle with respect to foil

ghaft Padwving sristipns wheeh 82fropuntedrfor sefetias sdiasient e end of the

RO Libor6e hokBat Wige! ¢%,4¢ B it SHrEERhaih Hegrt member
Hm(ﬂs used b@ﬁ’ﬁ@mtwhéﬂiotm %ﬁbftIQQS Washéhe 98 hitk osated Wdtween the
mber 70 is forned from a aped channel. A car

wmdvheﬁis 823&@' thelbqt@rraﬁha% ﬁédaﬂd the hotpmeshnt bband the chain
v(ﬂ%rﬁ he chain support nenber 70 Each of the
W ee asserrblles 80 is formed froma top shaft 8 1
havi ng twoAt chmimiraelistirR? nermbéred3fiercommieated to dlok ahait support
shaft 8 1. Each of the to

i f th
opgghm t@eﬁgé Cg‘e\ﬂ;wipigg‘ﬁ&rﬂﬁf@ egls eMacRd (@ ardrive greain 74. The
the t
U P 74 BT e Bordiifery S baReSn Y, e
connect i onlnpuse,¢hé vihéad adhaadetsoointheniopesicdels @re Piadad on top of
h t h t al ted to th '
Bacaob Pt 31 908 b Gkt bbb ¥ Spratons e
fopCofopit SHENME 8. aFﬁ@'ES%'ttbﬁﬁw%@e%r §2er|‘: r!%?r‘i’ocftlf\IS)rﬁlléng the inside of

bottom shaft 9 1 having a bottom wheel 92 nounted
hhet ehameladPacdie battiomnwheels 92 bos thaid S\Wilfin. thEhe:hannel by a

B B Ps75 28k TrBveiihe BR Sisss SrhlRfomisRP dbfailed from the
M%h’@l%(pg 'I%etdpoﬁﬁ’éf%j Sbeﬁ%’?astthé f@ﬂtéaﬁﬂé%@%%bérr% 60 moves

and the bottom shaft 1, and the bottom shaft 92and

angengdrihe rargla@ipcﬁeptlﬁ%@f)ﬁ?e track A0cHd(n 1&&1@/\7%@6@&5@81 pivoting

42 41€ SCOEBHE Lo Va0 A HERAB B et o e

Jhe drive chain 74 extends the peri phery of the track
30. In use, the wheel channels of th p wheels are
pl aced on {1689 PowerHakeofedq ﬁB@Wndnd:t|@§ 315139@ 1§| inglydes a main

9% Shnrouifted 5 %pBRT BBRL Xnd 520 THE el o el B2 % mounted

\ahdhg trdek BOsardethd midie oyhadmdl b’iﬁy Jhe Tid hoain vdezel shaft 52 is
mou%{e% agjlagemit girﬂldtd?eeo aengr%luatey 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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lubricating strip 75 and prevent the top wheels from
becom ng derailed fromthe channel 30. The top shafts

w@25p19961 as the foil carriage assenbly 60 nOREBFAU2005/000779

around the arcuate section of 8he track 30. FIG 18
shows the shafts 8 1 pivoting as the foil carriage

SfEeARt|aNy S aRMethaar SlenBottdiA %éé?u@s €T ﬁ@@ﬂe@ﬂsln@fea‘sbesmall gear
track 30 The power take-off shown in FIGS.

102 isneonnesied torthenbgltam gear vimarchadn 184a The ﬁpg@%rncrease large

f £~ 45 na s mounted via the
@%% 1{91 gtggggm?e&ﬁﬁ%ﬁqb? Eﬂah g%?ﬂ body 2 1. The main
gear shaf tTag puinpeesémblicsli 40 antl 12tears ldehtedaidjadent the speed
arcuate section of the track. The nain gear 5 1

inppaseasseahly i\08. dhagh PYmPARsenblyincledes resrectiveRuMp gear
ﬁf"éﬁdq 1 8&“%&%’ I ech Buﬁﬁggg?ahfgn Eé@ﬁ‘?&pectlve

rac e pome I'so i ncludes
rbmhpwha@temz 2B dMRZ s csm&tdtent e dndodrives pymppsi tiet amﬂ 124. The

st nwPERseog d4D 80 ctydsieA Banafer oAt g tBahierBogRtgd to the
@26‘ s“f%?@‘ﬁ?ngﬁgefa%%e%ﬁﬁﬁ%la%e ]IQI% ch048Y ad r@fdy@%%git to the first

power tak eed 1 1Acr ase asse
puropugker &1tpeed ichained$d. | Bhedragsier géar 4Ad ia chtma@ted to the

%en%%bggﬁﬁmﬁgs?egdsﬂf@ﬂ@%g%ba%%Eﬁ”g%@eﬁhqrﬁgeeg@ﬁm” {ooa turbine

HegshewApunted for rotation through the main
cyllndrlcal body 2 1. The speed increase gears 101 and
102 are | o]Slae é@ilsml@ arenattacheskio the foil sapmgeTassesplelg 60 using two

AT, 16 CIRAARELE iR ) b ghTBsed to e

fotl m&e@ﬁéﬁ%lét@ 40 andehé @B”rrﬁa%;@f cofirfeclioate 294 ThEhengle of the
spee I NCrease ar e g%ear is the sane size as

t he
fodt 4@ nisgable. torve ml o@ Sisitg ithe saresaed hales dp@ated in the foil

AR BT ThE SRS EAE R BBy A mens
duilch a®thy eslotity of ihespster avd theldirestiad bf thédvated cliz@nt.
Each respectlve purrp shaft 112 and 122 i s connected to

and drives/byfgs tha angeawater. pawer gensratianmsysiesenty) s located
‘gq&IQPhe ptép‘éhﬁgﬁfsq Eéﬁ‘ ffhcld8 ls%s'fé}ﬂfqllgspéfﬁéﬁ‘&leglar to the

e spee I ncrease rge ¢
waterictiremhn §headateo cuirent acistorpinepfode 40 dridlcause the f0|Is to drive

ha| rrrvel%: alnT% atr{)ﬁqué ftl’% tgac%r 01 13I'hlesd(r:n%1 R %tme% 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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second punp gear 121 via a chain 125. Each punp is
connected to a turbine (not shown). The foils 40 are

wardaskws2 to the foil carriage assenbly 60 usiPQI/AWR005/000779

foil attachnent plates 47. The&® foils attachnment plates
47 are connected to the foil connection plate 44 and

Fé%ﬁe@ﬁ\ié 'p@ﬁ?pé3qnﬁe§ﬁd o hHich préviddd Hrasslfsedf V\Feﬂ@r to drive a
foil 40 is able to be adjusted using the series of

hobioe to ceeatedlectricihe foil connection plate 44. The

Such as. tnbe ekl ins 2418 WS R HER AR Fo BT ER R, vack 30

by Ehefdils 4 OCdbgseidt. cadudetiestabiligationder wat er  power
generation_system 10 is |located within a water current

so that thelG3atk ta@1i shaywpsrurierypts; Rewergrnesation system 210
gpg? g\ggg%at‘é}’%pﬁ’% E{‘gr{tﬁ}cge:‘ée{r cﬁgtan%f’éﬁo éd“iﬁ;;ﬁe"wa?er The

cause drive

andernatéhpowerngendatiohhsyster\21 (Cimelutieéda ifrante 2200 ai tyask 230, a
[ mai n 52 and bottom gear 53.

the main ge haf
ﬁ*Hé""%Pf@ﬁﬁé’é ra@PEWP(/?i(et?ft 23%eed i ncrease | arge
10 1, I
Pror case shaf ey 220HE SR thakonfh BRFRBIRRE embodiment
ape éxifarmedefism danagie ey 22011avmgp’mmjarcmatead;tacbnmlnt arms 222.
ear 102 .Speed |ncreas ha i s .substantiall

i, 0pd 251 i3 Koo g RasheRsEto 30duce s Qradr ¢adss by water
ﬁ’é\/dmg éé?'fh@%d 53S|dEh|'ﬁnsSEQ$%ré fl'&éa%éé%t'tﬁé%‘i’d&eaf th’eoﬂqam body

driveés the |rs gear 111, first punp shaft
a2t tTremsmcalyearZZBlextemde‘romtthe|acmlaate\mtanhnngntoarmma22 to the

f.irst 111 113 d first

G4 B8 e i, b5 357 i 80V e sBbiB Mrose 229
SRERds IoUBNSRMHE flofd Hee aeRh bYdy 22§Rﬁ€ﬁebﬁﬂiee%€érsé[&Fént over the
ear 102 and 'speed increase Shaft 103. The transfer

#3248ri ves the second punp gear 121 and second punp

Chei 1 os pe L SuiRE MiatiBerk 228 e, Afadiidd Bngetend outwardly

Pomsthemaiactbodt 221.t Thertiack supbortthembess 2P8airé used to mount the
electricity. The side fins 24 can be adjusted so that

track 230 athiash tack FlPRATHEICBRLME2] Weforr@ieplsfrom alyask ggn 226 and
Qzﬁg\%ﬁ c‘??&l‘a%?‘ LFRrq8 th%tI %wr?'ﬁ} H fr é 1&%{ ﬂ;éo %Bdlment The track
unaer S

generation s uses wat e
230 ragyairs ist ova:lr mdshzqoeal adier iraclt 239ne| fatraed desmla satge rotated T-

hrneskoetal Wil Sieenel erihe faghsragis 227 *' o 210

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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plurality of foils 240 and power take-off 250. The
frame 220 is simlar to that shown in the previous

werwodigeent and is formed froma main body 221P¢EXI2I®S/000779

two arcuate attachment arnms 2P@. Main body 221 is
hoI | ow and is shaped to reduce the drag cause by water

?Yg D%h@ﬁ%{j atnﬁ%ﬁag%hgﬁ g?rzlé i{&fc@r@iﬁ 8rfous gﬁ??@ vid a top wheel

e sl des Ten lon C
;mxoteanm fpin@8¢heT e domwhes! paohmemt piar2ts abows the Ih@p wheel pivot

S0 R e S T BSAR e BB gt 22

éhsna@wt\b@% Foin e dop See Povoradrfl 288rdrRNtot@¥Mly hhidunts the
foils 240. Track sud?tgrt menbers 225 are attached ‘and

topt wheeli2B2var Haghf ofdhettap wieels B8dyhapa wheglehanagk285 located
S t .menber 5 are used to nount the track 230.
‘%ﬁ@ﬁ%?é%&%&ﬁﬁ%ﬁ menber 225 is formed froma track

arm 226 angagh bf gfkbettadl whéa) assermidlias 290 iHfaimedun a bottom
in the previous enbodinment. The track 230 again is

sﬁaﬁ 20h, athotiom wheel 2821anzza bodonbiheg! pwghaaﬂs29€g| dhe bottom
é%ltrﬂggtz@ﬂ?zgg %zﬂhﬁ)‘%'éﬂq IS azt%:ﬁﬂar{ﬁgp%g dﬂ B&mia@Hbusing 270

\ﬂasa: ooteeh Iwhetdhqmmteum@qﬁn eaﬂdodTmienbottcﬁaC\lvhéell blvaﬂ@rm pin 294
has two win a conpection arm 2

iovveths Bﬁtt%“rﬁvb@f@ IPI'HQt arm 93 tHReE With e?@ﬁcbtoath? foll carriage
@(%Jétlrég?fol A%e Béﬁ@r‘ﬁb%waft?@@Z é’)ﬂ?}’i@s | JutHBEA Yfrdn? thé %&tom wheel

is formed froma foil carriage ‘housing
pivot aiop 288ewd exdstablyl mesnZthecbuttdmovheet 285 V\Mh of the bottom

se es 290. The foil 270 is
VBReB 92 s & vkl Sharesl ZUaIpC g Witk (B ke Wh%%'e%%
247 ext endigyRrifibXyhearedimelobBs GHithe 496 vtk 282 re placed
dr ag redu0|ng Wing 271 covers a portion of the housing
amdop of doe $radck2p0nard théeviveal mMgeeba&%s)f ttine dodfont Mdsleels 292

FRipae o Rt e g Kk QBN e irTide SSRREDIY 260 to
MnVQIanrtﬁb?’cg .of the ﬂfﬁk »0@elTHY W wheBEBRot arh 7[§|h§m and the

is attached to the foil carriage housing 0 via

b@tp:mﬁwmeelmlmitarm pingi 204 pivot Rdhe dpil mwgepas&ﬁm@v 60 moves

B ek, SBEi By TR 281 AT bR piment

whtdrtackSan &rd Pild R40utovarivé! thefoapiiadgdicatotnd whe elacRi2s0ot
arm 283 and rotatably mounts the

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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top wheel 282. Each of the top wheels 282 has a wheel
channel 285 | ocated within the top wheel 282. Each of

W b@shosom wheel assenblies 290 is forned froPCEHAU2005/000779

bottom shaft 291 , a bottom wHeel 292 and a bottom

wheel pivot arm 293. The bottom wheel pivot arm 293 is

e{-resd&‘ﬂ%t & hE fétmgéclhﬁgrtél% 3ie okl InQéﬁéﬂsaSIﬁ) BRGWIgtiver to be
Vi a ottom pivot arm pin 294. The bottom

tnm@emntpd\ﬂﬁﬂlcmmﬂpl ipia) favexainplewe powveerigiik om wheel pi vot

ousi ng 270 somalis RuhB A 32828 ErbklecCff fle ffigmator shaf

JoomTHee skat WaBr\haap dHiveOB26r dfi’R3aassh Iwtet plinp shaft that is
mount s the bottom wheel 292. Each of the bottom wheel s

cogmertesl to andedrivesamsen watsr InseeR o4 Twi Balt watae i Himped by the

sape” B b 2 dFRaNFR (B 18 Blo dup akn e

wheel charfied sSé’§5watert hmnhpt B40 Whealse 28Anectedpltaced set of
on the bottomof the track to allow the foil carria

SRS S0 (oata ARG Hae e oSt £ 1tk assumiiators are
TURS { glv%‘ﬁ?é s&% ﬁﬁs 3 \ﬂér}%f‘.ﬁg@t v%.nﬁycﬁrléﬁllé’%ltno{ﬁ %an). The
prvo 9 e 0| ssenbly

rm pins vot carri age
AN ©ss %Oumbuléetharsndmtﬂassaﬂnt tobedddjatentt wilcdut2tB@. need to

As in the prevjous e iment, water acts on the foils
PRyt g SSEIRE PSR PGS SRALRBEMEN G ack 230, The

pover take ﬁ’f&r%% r@gé&dﬁﬁdté’l@ctﬁé' Mok B@USS%&@)VM@UCQ adjust
are rmunte to respective main pulley shafts

balkast withirhtheeiaire body @2 125BIlosr valves t36d alaw mester to flow into and

GitiotiS mai pasia2 DBy liing B dinbnC &F P el i the main

Bchngf 53 ﬁbuattﬁetd?r &ﬁhbre%éar aAdnémfdla %62% Usé@ o BBHEONEE flow of air
270. The main pulleys 251 are driven by the flat tooth

mewideaetzy thiei ajhccbmptqasnr ta variousesediipnsid th@ maig edy 244 -

seserml | eooggl Sotabatd o LCRe TR D Pk 0. oo

dpctidnserdits ST Breeded efarvation \ob tHeabpedd iof @ie amater current. A
alternator shaft 301 that is connected to

RILE 33hpravidesna crniyehstrateghdageantsl fhe ﬂQWangwatQitle@ and out of
ith the al
el 2357kt hd PLRTBOSls BUPRIERAS s s fn

21 (g the\eectgiudatedd350he i nverters 330 all ow power to

be transmtted efficiently into, for_ exa , a _power
grid. In order to secure th>e/ frame 220 within a a?er curPent, 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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A sea water punp drive 320 is connected to the
al ternator shaft 302. The sea water punp drive 320

waleioges0s2 sea wat er punp shaft that is connectrRdI/AG2@8d00779

drives a sea water punp 321 .1%Zalt water is punped by
the sea water punp through a desalinator (not shown)

fhat Beorapie 1ofl 88 Abkaicfind ANsositith vRledst BHP withGebpeét! t8Ghe core
connected to a set of accumul ators 350 | ocat ed

3 wcwateriawerentde fins 224. The accunul ators are used

ram (not shbiyEtriet befbcn 1P Jb EH8BRLY F AN fEr tfkylpad cavle
39218Taédadj@stb©na61an@@nn1w|§ aaghdd® @eﬁdrkteqmee)% %hable air to be
the sea water punp 340 for small novenents.

om thedoallass 410; At i§rouaped dnterthei @é@onom from the air
' |
Y o e
Stk ottt =
0 a i i
s Used T A delefiRt PUSIOBT 430, Tpaledaadasont e and of the
EIC320 tréﬁsng:% cg}ézaﬁ(?r%ﬂ 'dért‘éllsot)r the dm'eﬂNQféﬁjypo%?e"r generation

peed sensors at various | ocations
é;&ﬂemTIfEO spek dss spaead of 1O \Amtelvcdleenhftbe rpmSItmm ohﬂtehﬁfame 220

d of
R respect; (s yater” Eufretand 1HbS reRRRch T dhe dbfe e & lang based
@b’éraﬁfr Fﬁ?th@ﬁ' fhebePs ?e?émetr‘f%b@i%s ;P@af) éﬁéIQﬁQtr%ctlons such as

contr ol erotatlono he side f VI a .
mommgutr@t f:rame3220 lefh er@w: and/eeadjtstmgetheﬂamghtzand turnmg the

Berha S ARl seRib el bu8h 8 o sEnthl ATH5H pe8eqobérator
shown in FnGgse2theidddRvatéhpoway! g‘éné?raﬂoﬁfs%/sférﬁozm is located

anchored via an anchor 400 to an ocean or river floor
withina watelecurierel s that tb@\x@ckg%ﬂbﬁawbﬂm@t;ajw@ﬁrg@odmular to the

FeBl' s 3608 viEr DR, 84S tbr Bl 2Rg, ApTicRysE e fois to
rrmm/é arebn@sh8%ack 80 and cynsednlyi diveothe figt toodtibeit®53. The
bris defl ector cables 393 that assist in preventin

m%rtg@thd@@t 253fipdumetiveshe mein pulleysdb! and krnregihecalternators
ﬂ?aHaggg\Wétgp g yesogeneration system 210. FIG 3 1
Shows a sec

| ew of the cables 390. Each of the

cabl es 3900noel tlndaesea watee mﬂptm leats rcoesméheed apdration the
ggc%n?u bIo?s f3?)0 are%ﬁed ?o 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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wat er drag. The cable foil 305 is able to rotate with
respect to the core 394 sothat the cable foil is able

wa 00bi1mdsa posi tion of | east drag wth respectPCDAUR®S/000779

core 394 in water current. Aniadjustnent balloon 410

is attached at an end of the | ead cable 392. The

adj ust ment TR@! || ARErwAESY | w%‘rt@fﬁlﬁrgt' R $ystEnEKgbtafied Ao
ena}bl e ar to %e rel easgg fromt e%al%oon 410. Algr |és ve are
enviseunentally fitiendiylasothrey4use fnadunal eatar cuoenptesseate electricity

3 t,o.,0nflate the ball . 410.., Agai 1. PLC 380.
WBRedtomebieraRsfin 8f 2ronRoTHisin T Hettitiiapiaighisa renewal
éhgrghaddines. ad viditsr icaleRy kkcls et B3 fbundP@ftrRdrs, oceans and

adj acent the end of the snorkel 420, transmts
opated by e tides, siccyr lequertunder wat er power generati on

posi t1on ol ¢ NATPRLRF BOue) cbfiEB S ihs EliadkiiBis that rotate
ipUsULBtantRg ihhe siefe plafe. t Mhef Mideiwhaterapowedgbasetion system is
operator. Further, telemetry receives

g the GPS te ) i

RpEienatbra thatibemizie il theddilsaarenaiateyg is mempendieulanty the flow
c%f%% \ﬁl?%teF 'cgf} nﬁ‘nﬁ{eg?eﬂ%é‘ﬁ]rb[]%ntcgqs RALA8 a@r}ﬂ?thﬂg‘é@propelled

he "alternators and/ or sea water punp on or off sent
by tiee lveatdr i sthd saraeainstant Iresuiting ihhiacroasedvaffieiengpweA further

neratiop system 210.is | ocated within wat er .
divarcage Shing Batinag Heing permdiia lodhg favap! yater current is that
1P 18RS AvralPhrdviid ARt @ € e t i
acts on t?ye P%i I's %Zdor an@ tg%ﬂgnge @%&n%ﬁs toﬁ?r%vérdﬁa the entire
patbwag. t he track 230 and consequently drive the flat
tooth belt 253. e flat tooth belt 253 in turn drives.. ..
Lhe mai n pbi S 21 apRteqidRdcingl asions, RS gndomodiication
@AY B thatR! &Y thausMbddineliddschiBed SAith A idy) a‘%i&{q)ﬁ%ﬂpthe spirit or
haS commenced operation the accunulators 350 are
$qdpecef the invgidiont y so that the side fins 224 can be

noved as desired. The PLC 380 receives feedback from
the speed sensors and uses its control strategy to

adj ust the position of the frame to an optinum

position within the water current. The position of the
frame is changed by noving the side fins 224,

adj usting the amount of water within the main body 221

and adjusting the anobunt of air within the ball oon.

FIGS. 32 to 34 show a funnel 440 attached to an

under wat er power generation system 210. The funnel 440

is tapered with a |arger end of the funnel
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440 | ocated furthest away fromthe franme 220 and a
smal l er end of the funnel |ocated adjacent the foils

WQ2®5/1Whter, as it passes through the funnel, PCABA®ES00779

in velocity and hence, in tur4 the velocities of the
foils 240 are al so increased. This increases 'the
@HAFN‘!%: of the alternators 330 and the sea water punp
340. The underwat er power generation systens detail ed
boveAnuadenwdteo powet gehgrationsaydtem sompisindise nat ur al
water_current to .create electricity wthout the

or eat FRAG OGO IUCDs ek ¢

" The electricity produced is

a r engphiraft) F MrfjestRapareMboableHrbend SarMgdcias
those found in rivers, oceans and created by t

he
ti desat leastione rfethadiached twheacin ek thecariagesesaid foils able to be
%ﬁ{}i{@al on ts cS:trEenBt' all have foils that rotate in
u "4 ?E// YIRETLE s ngl e pl ane. The underwater power
gener g least sslirietnisrsddnnestd ©he lwatriddes; pl ane t hat
the foils are located is perpendicular to the flow of

the vidltleastane pewer takecff operadivelyqennested tosaiql iae sxember;

t i: . | t ]
hst aipefdin Inéidiveh Bl cllelink (HBLES 16'mQnE afY said track
arty heheg eause trivvepmnh of gakldinegnpmees ol poweasaitdopdwer take-off.

46 Bhe LRSERSHTFBbe ol or Dot o G s East one
g _ e _ .
EIREAe SULUHph VAP AR PR SLBLHAP bttt o o
afesater loatent.t hout departing fromthe spirit or scope
ft [ tion. CLAIMS: 1. [/ d . .
Sener 8¢ OB BREHIR STSBfon, VP BL O GIRIT dphergbuLhe power
l‘akéfd‘l‘fj is?ﬁgé‘ﬁ@ly Ednﬁ’éct.éé"té a3fiftp bPaEnérRon®ViABl Re device.

aroun track; at |least one foll attached to each
4f t hEhe aindeowrier powied dgevieratiarbsystem ofeclaim viewhpiein the track is
wat e urrent: at |east one |ine nenber connected to
MRUNIEG 108 8. 5t | east one power take-off operatively

gonnethedindengaief dows gandration \Wystedh oftdigintlai WhBrein the frame
foils cause the carri a%es to nove around said track

inctudes rcmaimeyiadnics twe aseatearme anshivack seppiser

§ o, B0 b SR e oAt BU4BH by BRILG whggein each track
support includes a track arm and a track cradle.

7. The underwater power generation system of claim 1 wherein the track is
formed from two side track plates, a bottom track plate and two joining plates.

8. The underwater power generation system wherein each foil is formed
from two wings and a connection arm.

9. The underwater power generation system of claim 1 wherein each
carriage is formed from a line support member, at least one top wheel assembly
and at least one bottom wheel assembly.

10.  The underwater power generation system of claim 1 wherein each foil is
pivotally mounted to its respective carriage.

11.  The underwater power generation system of claim 1 further including a
speed increase assembly and at least one pump assembly, both driven by the

line member.



foil rotates substantially within a plane that is

substantially perpendicular to fl ow of water current.
w@200Fheosmder wat er power generation system of BCHAIRMS/000779

wherein the power take-off isldperatively connected to

a punp or generator or the |ike device. 4. The

yndervié aindeWaterdgoReRgeprRratici %gbféfm cdfathrirh1 WvRERIiR the line

the track is nmounted to a frane. . The underwat er

rpewder ieashain.on system of claim4 wherein the franme

incl ' Lindrj dy, t : .

{9 5ckNES SRaPRAAteE POURD dertattRl Yystolilaf bR e fHEh iRBding an
gy sdbmpredsot laadsiSctib eistbntccadinst balkist aithrothe raitl beths

a track armand a track cradle. 7 . The underwater

power generation systemof claim1l wherein the track
is formed fromtwo side track plates, a bottomtrack
plate and two joining plates. 8. The underwater power
generation system wherein each foil is formed fromtwo
wi ngs and a connection arm 9. The underwater power
generation systemof claim1l wherein each carriage is
formed froma |line support nmenber, at |east one top
wheel assenbly and at |east one bottom wheel assenbly.
10. The underwat er power generation systemof claim1l
wherein each foil is pivotally nmounted to its
respective carriage. 11. The underwater power
generation systemof claim1 further including a speed
i ncrease assenbly and at | east one punp assenbly, both
driven by the line nenber.12. The underwater power
generation systemof clainm wherein the Iine nenber is
a chain. 13. The underwater power generation system of
claim5 further including an air conpressor and

el ectric notor to adjust ballast within the main body.



