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Field of the invention This invention relates to a hydroel ectric turbine
syst em cowei2eti/a3gesef an array of turbines in series andPaTERRé0OGH4SYSt em
for use in connecting together turbines in the array, and in particular a
cabling system which enbodi es a nunber of_advantages when installing or 10
retrieving a hydroel ectric turbine fromthe seabed, and which results in
reduced stress on the cabling system when the turbines are deployed on the

seabed at sites of high tidgl M@é%ctﬁg%%&ugqﬂﬂf SE' t;]gmi nvention 15
Renewabl e energy has in re nt attention,
primarily due to the environnental danage which has been inflicted on the
pl anet as a result of our need for energy and resultant use of fossil
fuels. The race is therefore on to devel op new and i nproved forns of
renewabke 08 @he ihtbnR@ht i cul ar forns of renewabl e energy which can 20
satisfy this ever I1ncreasing demand for energy, as many forns of renewabl e
energy are not scalable in order to produce energy at conmercial |evels.

One area i.ch shows significant tential is that. of tidal ener whi ch
nas tho aohs WS e Bl de « bEROMeBRIHnNE syrim Rvafe ol 35 Wtbied
negati ve isgR&Cirsl a0dablifes o FUIe M catibe@itd tvbutledt tiBings seihiiagdal Yandvai | abl e
around the entire planet. However there are nunerous difficulties which are

encount er eTtiglas agakikygeystes whichegbodieg amuaher ¢hadvaniagss vawaiastalipe PEat i on
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t hen necessary to electrically connect the turbines to

Background of the invention

15
Renewable energy has in recent years received significant attention, primarily due to the
environmental damage which has been inflicted on the planet as a result of our need for
energy and resultant use of fossil fuels. The race is therefore on to develop new and
improved forms of renewable energy, in particular forms of renewable energy which can
20 satisfy this ever increasing demand for energy, as many forms of renewable energy are not

scalable in order to produce energy at commercial levels.

One area which shows significant potential is that of tidal energy, which has the ability to
provide consistent and high levels of energy without negative impacts on the environment
25 and which is essentially available around the entire planet. However there are numerous
difficulties which are encountered when seeking to hamess tidal energy. The present
application is concerned with hydroelectric turbines mounted on the seabed for extracting
energy from tidal flows. Along with the difficulties of locating one or more of such turbines
in suitable locations on the seabed, it is then necessary to electrically connect the turbines to
30 shore, in order to allow the extraction of electrical energy therefrom. In addition, in order to
generate commercial levels of energy, it will generally be necessary to connect together an

array of these turbines in order to produce sufficient levels of energy. This operation

SUBSTITUTE SHEET (RULE 26)



30 shore, in order to allow the extraction of electrical energy therefrom
In addition, in order to generate comercial |levels of energy, it wll
gener al | ywbeoneasexssary to connect together an array of wrhEsP2a00bisses in
order to produce sufficient levels of energy. This operation WO

2011/ 039255PCT/ EP2010/ 064459 2 requires the use of significant |engths of
el ect ri calrequarteb thegise whsighificantderfgthsoafl electricahoatiting which iindiffamti to woatk watth, 81 t es
of high tid ow.at ich the turbjn are.to be located, Due to both the
el at Pvel yartisn i S of fief i ot 8 ShREMSEH G o th BSPEERH o tur bi nes, ang
the 5 extremely harsh conditions under which the turbines and associ at ed

el ectrical cables are exposed, the electrical cable extending onshore from

the tur b| rllueet@ oath tha deliérohe brgcecledirie gmrmnﬁseg¢n¢ratt¢tbb3ahychyeln¢j§@ tubines|2ad ithee y
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wei ght of ekﬁ&e@ afhle €c1éBricl @ablélés;mumgmﬁhb@nﬁlbmge Qﬁrbﬁﬂ&earﬁa%bhlﬁi b&webeeedtor e
both a difficult 10 and time-consum ng operation, rmade even nore difficult

by the ti debinegndha peHsmpstdyantatizelytlpgc and abuher &s Ryeudefdbe dlaetqiobithes
are depl oy, f r t eto
the cabl e ggrl\rl\{glc%lﬁlé |1 gltﬁﬂgnge {m UE?&? imr%lg %?;'%%n %gq%%eﬁtg%a fd]%%n%f%g,
repl aci ng thdweeightbdfi thg catde Bofignificame cﬁhtshmidhgg oﬁ&lﬁ@ableUSthewf@‘ke&)oﬂtd yiffichBt | t
IS ther&f or& an object of the present |nvent]é§n to overqc?grre%{j e above

ment i oh&d 4B SCTRISWHES QPRGBS Yo TPl Frigly th e cRRBiRnsSHRIFIRY 2t he
lifetine C f
the present” oy entTom P LHen U ?E‘esqéé‘?ﬁf%’?ﬂ{ﬂﬂ.%‘em@@%%é%@
conpri si ngraent @mjstiamm@ tauthsi ceblac dupng shmbfean@tca&dme tarhdne arrey, cas o tastkedf f or
rotation wthi.n @H‘ ﬁ?; a,[nd at least a first c lﬁ extending fromthe
orbi na i Ry e OHHHET SHISYM AFRESFO o Y's of rotation of the
rotor. Preferably, the system conprises a second cable extending fromthe
turbine in a direction substantially parallel to the axis of rotation of

t he rotldr It Pﬁl@rr@fpeﬁba%bmﬁef ﬁ@@%@nts@mnt@n t@pV@a@n@theslbpwg@nthmémmhi@mi r st
section of,§abl&sq BT ShERAR!dim LR, GURL0R. GOMRE! $65na0r ghget T cal_connect or
havi ng a 7S portion EhTatPEy Ot s% 10? e and s a’cooperating
second portion connected to the second cable.

Summary of the invention

20

According to a first aspect of the present invention there is provided a hydroelectric turbine
system comprising at least one turbine comprising a stator and a rotor mounted for rotation
within the stator; and at least a first cable extending from the turbine in a direction
substantially parallel to an axis of rotation of the rotor.

25
Preferably, the system comprises a second cable extending from the turbine in a direction

substantially parallel to the axis of rotation of the rotor.

Preferably, the second section of cable is longer than the first section of cable.
30
Preferably, the turbine comprises an electrical connector having a first portion connected to

the first cable, and a cooperating second portion connected to the second cable.



WO 2011/ 039255PCT/ EP2010/ 064459 3 Preferably, the system conprises an array
of the turbines connected together in series, wherein the first cable of
one turbiwe 20s/miected to the second cabl e of an adj aP€emEP2aOOG4I6? 5
According to a second aspect of the present invention there is provided a
met hod of electrically connecting an array of hydroelectric turbines, the
nmet hod conprising laying a first cable fromone turbine in a direction
substantially in line with the direction of tidal flow |aying a second
cable froman adjacent turbine in a direction substantially in line with 10

the di r ectpr&Brabfy, tcdgbtehl @WipraddaeatAR) ftBhuRbn&codh&bed logatheCIARBGES | ON
between the first and secong cabl es of the adjacent turbines. Pref erably,

t he el ect rihsadin deriirsiceablyrpiivar wrbmetiheonnietsd taathd sewod sable abhregdjpeent turbine.
establiﬁhed at a position where the first and second cabl es are running
substantially in line with the direction 15 of tidal flow Preferably, the

second cabi®Rotdind t@nags%e()ﬂoh@gedt € tHel prédenciabéionPhat & @bl Med b he:tiRidastt ri cal
connection is_established by providing each turbine with an 20 el ectri cal
connect or c&VicABY somncrRg Horrdod hyginsdetredurtanashiicmathad eompmrsingalaying a
cooper at | 10y SEERMRBR! AP ANNERLE LGBy RERORT CRPR (AR & (a0 the
first portion of one turbiné w the second portion of an ad] acent

t ur bi ne. Apwdadndesebnd cithe froaran ddpcdntaattent ihiacditegtidn ndstandaliynindindedtit o
mean ei f her hydroel.ectyic 25 turbine mounted on a base, which _can be

| ower ed0t dlfetiFreton At 691 v & @ﬁ?blph@g@ase Citipal QOEEBHPA YV ER PR BN AR ne,

whi ch may (benQUEIEEdr the alifi€ % 8abfds.and the turbine subsequently | owered
into position onto the base; or the turbine in isolation fromthe base, to

be | owered onto the previously |ocated base.
Preferably, the electrical connection between the first and second cables is established at a

position where the first and second cables are running substantially in line with the direction

15 oftidal flow.
Preferably, the second cable is longer than the first cable.

Preferably, the electrical connection is established by providing each turbine with an
20 electrical connector having a first portion connected to the first cable, and a cooperating
second portion connected to the second cable; and joining the first portion of one turbine

with the second portion of an adjacent turbine.

As used herein, the term “hydroelectric turbine” is intended to mean either a hydroelectric
25 turbine mounted on a base, which can be lowered together onto the seabed; the base in

isolation from the turbine, which may be lowered to the seabed and the turbine subsequently

lowered into position onto the base; or the turbine in isolation from the base, to be lowered

onto the previously located base.

30



WO 2011/ 039255PCT/ EP2010/ 064459 4 Brief description of the draw ngs Figure

1l illustrates a schematic representation of an array of hydroelectric
t ur bi nes wocordi3sFst o t he present invention, connected POYEPREN0/06435%€ri es;
and 5 Figure 2 illustrates a schematic representati on of one of the hydro

electric turbines in isolation. 10 Detail®d description of the draw ngs

Ref er ri ng Brewdewriphen afthodpenygng drawi ngs there is illustrated a

hydroel ectric turbine systemin the formof an array, generally indicated
as 10, to be deployed on the seabed in order to generate electrical energy
by extractrif@e MeGaRAIS alscRONRIC rEpreBntdiBnlolf dRbrrhy M Rirodi&tM@t@bint1r ough the
turbi nes and converting same to el ectrical energy. The array 10 conprises a
pl ural ity aefordingtv Heprasent nFensionsernpActedtogicdiar @ sericsanth of whi ch conpri ses
a rotor.(not shown) which undergoes rotation in response to the tidal flow
of water through the turbines, which rotation is converted into electrical
ener gy by Fglirt alllestdids aalgnaticQtprescatapiof of 8A€ Bf thy hhdideldZridybihdicihude an
array of coils and magnets (not shown) which due to the rotation of the

t urbi ne' s 1§odation, undergo rel ative novenent and as result generate
electricity in known fashion. The turbines 12 nust therefore be suitably
aligned with the direction of tidal flow T, in order to extract naxinmm
energy fromthe tidal flow

10 Detailed description of the drawings

Referring now to the accompanying drawings there is illustrated a hydroelectric turbine
system in the form of an array, generally indicated as 10, to be deployed on the seabed in
order to generate electrical energy by extracting mechanical power from the tidal flow of

15 water through the turbines and converting same to electrical energy.

The array 10 comprises a plurality of turbines 12, three shown in Figure 1, each of which
comprises a rotor (not shown) which undergoes rotation in response to the tidal flow of
water through the turbines, which rotation is converted into electrical energy by suitable

20 means. For example, each turbine 12 may include an array of coils and magnets (not
shown) which due to the rotation of the turbine’s rotor, undergo relative movement and as
result generate electricity in known fashion. The turbines 12 must therefore be suitably
aligned with the direction of tidal flow T, in order to extract maximum energy from the tidal
flow.

25
The turbines 12 in the array 10 are connected together in series and, in the embodiment
illustrated are positioned spaced from one another and extending in a line substantially
perpendicular to the direction of tidal flow T. It will be appreciated that more turbines 12
may be provided in the array 10, for example in a rectangular array of rows and columns,

30 although the particular configuration may be dictated by the site at which the array 10 is
located. Each turbine 12 comprises a first cable 14 extending therefrom and a second cable

16 also extending from the turbine 12. The cables 14, 16 may extend directly from the



25 The turbines 12 in the array 10 are connected together in series and, in
the enbodinent illustrated are positioned spaced from one anot her and

ext endi ngwOreoa/d3p2%6 substantial ly perpendi cul ar to the @#craEpeéloneassti dal
flow T. It will be appreciated that nore turbines 12 may be provided in the
array 10, for exanple in a rectangular artay of rows and col ums, 30

al t hough ttimbinea2t ocalteamativolyffragu ndbscomonsp wne odiwdtict thd tbhint He isimbentad. whi ch
the array 10 is, |ocated. Each turbine 1 opprises a first cable 14 .
extend! ng 1T PO Tin S L E0s I RABPE 6 AP b | Expengiing reomn wE e tithne
12. The cabta8e] thdhe dfediBY o NEATDWITT GG h fse M8 dabs 1M0 6 extend substantially

2011/ 039255PCT/ EP2010/ 064459 5 turbine 12, or alternatively froma base

(not showppradlal tetinghistigotatipbphide 1@rbing ldpemnens. aclirelsly wadive! romtion@f a
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ext end subisih@iteisaink ¥idearald bpetOvatursiné $2.0f rotation of the turbine 12, or
nore accurately an axis of rotation of a 5 rotor (not shown) of the turbine
12. In addition, each of the cables 14, 16 preferably extend fromthe sane

e of 1 . . . . $
that the SSLoTREREERlR A EM DEARmRSEIObR, 10 UG ih lnBRARRUE3R0, |
reasons f eablehdcthe acaBomsefor otiichlaes &t oudlidran aftor deleadil. . Wiretonnoctad eigether in

together in 10 the array ,.the first cable 14 of one turbine 12 is
?Qd ﬂeeoarf%loséh«?of[ﬁat @ﬁ% ¢ afngturbpe @df semsete (@ ﬂmsccmé,caalﬁd o thh. I n

connect

order to qh#g&hqagﬁgqgngﬁf$gglof adj acent turbines 12, each turbine 12 is
| 5 % .

provided wwth an el ectrical connector 18. Each el ectrical connector 18

conprises the first portion 20 nmounted 15 to the free end of the first
cable 14 and econd portion 22 unted to the free end of the second
cabl e 16. PTRERE o QoG R LPBRFDYT G it6rat BB i 6reh BiP22) AP e eaiERtant ¢ to
one anot helectricl] &dBEtof P8.PEQYN R t@dal 8diffetiol ¢ LomPNREERd @Rt fdiEbn DS nRRhidd
mechani cal |y robust and water tight. The connectors 18 may take any
sui t ablleé ftethefree end of the first cable 14 and a second portion 22 mounted to the free end of the

second cable 16. The first portion 20 and the second portion 22 are connectable to one

another, in order to provide an electrical connection that is both mechanically robust and

water tight. The connectors 18 may take any suitable form.

20 In connecting adjacent turbines 12, the first and second cables 14, 16 are positioned to
extend rearwardly from the respective turbine 12, in a direction substantially parallel to the
direction of tidal flow T, and therefore substantially parallel to an axis of rotation of the
turbine 12. The longer second cable 16 is then brought around in an arc to meet the end of
the first cable 14 of the adjacent turbine 12. The first portion 20 and the second portion 22

25 of'the cables 14, 16 are then connected to one another in order to join the turbines 12. This
process is repeated for each adjacent turbine 12. In this way each of the cables 14, 16
extend primarily in a direction substantially parallel to the direction of tidal flow, with only
a small arc of the cable running across the direction of tidal flow T. In this way, during
operation the majority of the length of the cables 14, 16 are running in line with the tide,

30 thereby minimising the forces acting on the cables 14, 16 from the tide. This arrangement
will require the use of a greater length of cable 14, 16 extending between each turbine 12 in

the array 10, the use of a straight line of cable between each turbine 12, perpendicular to the



20 I n connecting adjacent turbines 12, the first and second cables 14, 16
are positioned to extend rearwardly fromthe respective turbine 12, in a

di recti orweubstmmssal |y parallel to the direction of ti aal/Hrawodq45and
therefore substantially parallel to an axis of rotation of the turbine 12.
The | onger second cable 16 is then brought around in an arc to meet the end
of the fi rdatctoabdfaidiiflor T, peovadhadershottest bidmodtbvidus phihrlstwemradjasant20 and
t he secondlgortiQnBFZ 25 q% t he abhes 14, 16 ar Hﬂen con ected to one
anot her | nUGHge 2 BOPSYH- Iigeise af P saevesrangpmngn &?8% 0¢ i 1P EPi%d for each
adj acent tyddinifantig-in lifle W¥hSho'BYe SRGdY 1B pbRBiIEFRIreRaliflductl visth@ditadrdrmari |y
in a direction substantially parallel to the direction of tidal flow, wth
only a smandvement ofthe hablewbich centgaidrg waer ofdhe cdhde aend Womataly Gfilutd. dal f1ow T.
In this.way, during operation the majority of the |ength of the cables 14,
16 are funning in line with the tide, 30 thereby mnimsing the forces
acting on Byheotidbigase d&ond 6atflé 06dnger thislthe i GbRY MR T@IBRACtOM IR afefliv I e
the use of a greater length of cable 14, 16 extendi ng between each turbine
12 in t he papifiggediqn a strpaghisection of cable apemithe prray 190 eumpecd it spieh Ealfirst
turbine 1 i r

i oct on 54 RPAEFAIFLLE Rt Ot MR R SRR T ToRREE Bt e

bet ween agpat elohg thir diblieg rindingHiinesle perpthidiculsetoahe HinetiahoY @darffoangeMaist of
cabling_ 14, runni ng predomnantly in line with the tide avoids e

possi bif) t“gpuic? rep 1 MHAUERRTOT B BE MO 4B G OB OB MECREEABP H\ﬁm ch
can | ead r : i : i : (el he
second caﬁﬁgy?g”F%%B% ﬁgﬁ%ﬁﬁgﬁgﬁgfgggp?%%@2¥%%%é%ﬁ%ﬁ%gﬁgg%tgﬁg%%@hggg;alSO
posi t i onedowmmectrdiBomithhstragttseamwndhis stibisend berditg e ramiraised, Ghusavoshmeet #d i n
series. Iﬁ tpe f%rst ang second c b{es 4, 16 were equal in length, the
connect or 158" HERIFEAE THEEHS BHEgSSA “ttyI‘Péjaﬁmaﬁ? thefSg the cabling running
directly perpendicular to the direction of tidal flow T. This 10 woul d
result in maxi num stress being applied to the connector 18 during operation
of thelarray 10, resulting in bending thereof and possibly damage and/ or
failure. By keeping the connector 18 on the straight section this stress
and bending is mnimsed, thus avoiding or at |least significantly reducing
the possibility of damage thereto. 15



WO 2011/ 039255PCT/ EP2010/ 064459 7 Clainms 1. A hydroelectric turbine system
conprising at |east one turbine conprising a stator 5 and a rotor nounted
for rotatworow/hiss the stator; a first cabl e extendi ngpCr@mrediomcisss bi ne in
a direction substantially parallel to an axis of rotation of the rotor; a
second cable extending fromthe turbine ih a direction substantially
parallel to the axis of rotation of the rotor, wherein the second section
of cable is Jonger than the first section of cable; and an el ectrical
connector£§§¥$¥g a first portion connected to the first cable, and a
cooperating second 10 portion connected to the second cable. 2. A
hydr oel ectric turbine systemaccording to clainmns 1 conprising an array of

t he turbides cdnheboddcttiogebinesyitemsempesing whisasgione tirbinf icogiprisiapletatdr one
turbine_is connected to.the second.cabl e of an adjacent.turbine. 15 3. A
et hod ot 2B 880! ERIMGA SyrRler R 2 P A Sep SR BRtiby B0 i iBire T e
met hod conpfitestidisubathiigdlydpatalledto &RbiCof oaiiloARE tHelbtdir NEsdcbndcbld @Géddan)
substantially in line with the direction of tidal flow |aying a second

cabl e whi dien thelteibénerin prlisctionesubptantialtyausiradlef foothe anis affefeternofithe mitele i n a

di rect i on Sbsh A B eck o NG hobBEndh [R5 QR dicle: LAOW a0l 20
establishing an electrical connection~between e first and’ Second cabl es
of the adjcan@storthdving adistgiordorpasintdtedtonhe fiest chise fand atcoapetatsigc@oond abl es
are running substantially in line with the direction of tidal flow by

provi dil g PEEIR QaRgsitetetoths teeand g3t ri cal connector having a first portion
connected to the first cable, and a cooperating second portion connected to
the second cable; and joining the first portion of one turbine with the
second por2ti on Aohydncl28riadjrhme syst¢mambéaréing to claims 1 comprising an array of the

turbines connected together in series, wherein the first cable of one turbine is connected to
the second cable of an adjacent turbine.

15
3. A method of electrically connecting an array of hydroelectric turbines, the method
comprising laying a first cable from one turbine in a direction substantially in line with the
direction of tidal flow; laying a second cable which is longer than the first cable from an
adjacent turbine in a direction substantially in line with the direction of tidal flow; and

20 establishing an electrical connection between the first and second cables of the adjacent
turbines at a position where the first and second cables are running substantially in line with
the direction of tidal flow by providing each turbine with an electrical connector having a
first portion connected to the first cable, and a cooperating second portion connected to the
second cable; and joining the first portion of one turbine with the second portion of an

25 adjacent turbine.



