WO 2010/ 069569PCT/ EP2009/ 009067 1 A Method of Installing a Hydroel ectric
Turbine Generator Field of the Invention This invention relates to a
met hod ofweabmlogieast al | i ng a sub sea tidal hydroel ect riPCTiRPREIV0EI0E7
generator. Background of the Inventioh The increased interest in
environnent al awar g ‘ £IE LS Otk ETHrisiHe RARLEAGYAP! € sources
of energy, has led . WaoT € Tgy systens, e.g. 10
sol ar power, w nd power, thermal power, and tidal power. The latter
involves_the installation of turbine generators in an area of tidal flow,
and convEBicldof the Isyentign of the tides into electrical power. Wth reference
to Fig. . s L I t ; L 4oehibhalr bi ne
15 gener AP G ety K B BB RS SR e
gener & ogenkfataronpri ses a ring-shaped stator 12 and a rotor 14, the stator
12 having a plurality of coils (not shown) | ocated about the circunference
of the stator 12. The rotor 14 conprises an inner rim 16, which defines an
open cenBhekerblifd Pt Inkéntibht her conprises an array of generally radially
extendi ng bl'ades 18 captured between the inner rim 16 and an outer rim 20.
The 20 r%h@mC&%SffdJmtqﬁ@Gf i enwongental awarengss, ad aEghuancetastly SRARA) di sposed

about the o rLd t Jel he r ot or
Ta. i ¢ Rt bk b, AT freafeR UGER I ol A Rt et b o
t he nHEYNsdla: poee, Wiidgioated) thdindl popes iahd aidaicbdwer aThealager iakolvesithe ifidtallatiosuch
that the potion of the seawater %g ﬁhrou h t he generat or %}%@fts on the

bl ades 18f turkinggenergjorsin ap azrga;of tidak flow gveriuthgiepsiey of e3P 12. The
notion of, &Iﬁ]g W@ts relative to the coils of the stator 12 causes the
magneti c e %Il generated by the magnets to induce an EMF in each of the
coils. These induced EMFs provide the electrical power output fromthe

t ur bi ne erator 10..3Q In.the,intergsts of accepted gopd .practice, it is
under st oddt W_g?re‘?f’@rt?gi’%] s8 Ef?'qrmeég‘?éﬁﬁwmeqt af%%’ (&ﬂ?&l Ctﬂ_ﬁégﬁingki ng
the ipst g&de?étbpi@ RAGiRAMNPE QfpIREtibh B, POTIFEED02/006258. Otk pRAthQIBOL, €. g.

t he equi pment shoul d be switched out fromall possible points of supply;

i sol at edcémprisealalringeshapés] gatooil Aesd afoteu phithe steter g havime@ myrabitr ftopilp fitocks
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earths.
rim 16, which defines an open centre. The rotor 14 further comprises an array of generally

radially extending blades 18 captured between the inner rim 16 and an outer rim 20. The
20 rotor 14 further comprises an array of magnets (not shown) disposed about the outer rim 20.
The stator 12 concentrically surrounds the rotor 14, with the plurality of coils providing a

magnetic flux return path for the magnets.

The generator 10 is positioned in an area of tidal flow, such that the motion of the seawater
25 through the generator 10 acts on the blades 18, resulting in rotation of the rotor 14 within the

stator 12. The motion of the magnets relative to the coils of the stator 12 causes the magnetic

field generated by the magnets to induce an EMF in each of the coils. These induced EMF's

provide the electrical power output from the turbine generator 10.

30 Inthe interests of accepted good practice, it is understood that certain safety rules should be
followed when undertaking the installation and connection of high voltage electrical
equipment, ¢.g. the equipment should be switched out from all possible points of supply;
isolated from all possible points of supply; safeguarded by safety padlocks being applied at

switch points; and connected to earth by circuit main earths.
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WO 2010/ 069569PCT/ EP2009/ 009067 2 Wil e the above criteria can be easily
adhered to when dealing with above sea electrical equipnent, the problem
associ at esowntoned®0l ati on of an underwat er turbi ne generarTmpr200ang®by cones
fromthe inaccessibility of switchgea?, and the need to energi se and
de-energise the 5 turbine generator froma significant distance away (e.g.
froman on-shore power substation). It is therefore the object of this

net hod patgRithd £boRE Q¥iteiR can MRt {dherddns twilehideglineith abovecdeh kipcarical
hydroel ectric turbine generator that provides certainty and safety
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the t Ur biufsinggareratbofrota sigsifippityigaricd awsly ifg g afrembmem-siorppoeer subithigon).
wherein the hydroel ectric turbine generator conprises an electrical braking
system 15 operable to apply an el ectrical brake to the turbine upon

i nt err upfi;OfeRford tROHSIEQ! of $hiS Rtthod R itd pldvRieGOMEIhe for iab@llingSindr ansmi t t ed
froma controller at a connection point to said supply grid through said

s ugmar i neonpesting ahyslreclecthie turbing@gneratos thas prayidescegaimpsanst safgty)andgodycgs o
submari ng power. cabl e. i nt o posit.ien ) L ne power cabl e extendin
froma fﬁﬁsoper f‘far,ls %?ﬂu%iedgg’rﬁn‘ﬁ%‘ﬁagﬁ%%?E%tcgﬂg@b%'p| ypgri d, to a second )
20endjg at an installation site where it is desired to install a sub sea
tidal hydroelectric turbine generator; (ii) connecting the submarine power
cabl e t oSumamaryofdhe In¥engiopnt; (iii) switching the submari ne power cable

out fromytigasuRP nerdls HoViabd e nftRdiPot iksifithg QRub sea tidal hydroelectric turbine

generator and connecting the turbine generator to a supply grid using a submarine power
cable, wherein the hydroelectric turbine generator comprises an electrical braking system
15 operable to apply an electrical brake to the turbine upon interruption of a control signal,
wherein the control signal is transmitted from a controller at a connection point to said
supply grid through said submarine power cable, the method comprising the steps of:
) laying a submarine power cable into position, the submarine power cable
extending from a first end, at a connection point to a supply grid, to a second
20 end, at an installation site where it is desired to install a sub sea tidal
hydroelectric turbine generator;
(ii)  connecting the submarine power cable to the connection point;
(iii)  switching the submarine power cable out from the supply grid using a supply
switch;
25 (iv)  isolating the submarine power cable from the supply grid using an isolating
switch, connecting the power cable to earth;
W) applying a safety padlock to the supply switch and the isolating switch;
(vi)  interrupting the control signal at said controller by opening a control switch,
applying an electrical brake to the turbine generator;
30 (vii) applying a safety padlock to the control switch;
(viii) deploying said hydroelectric turbine generator at said installation site;
(ix)  connecting the submarine power cable to said hydroelectric turbine generator;
(x) removing the safety padlock from to the supply switch and the isolating

switch;



25(iv)isolating the submari ne power cable fromthe supply grid using an
I sol ating swtch, connecting the power cable to earth; (v) applying a
saf ety pasbaolo/dsessbhe supply switch and the isol ating sSRCT@EP2000009067
interrupting the control signal at saBd controller by opening a control

swi tch, applyi an.electr.ical br O(vii)
appl ying a sak’g? y '31 8?%%‘?1?{?%?11%%) v@e‘é%{a élglfgog?eﬁl%%thgq%q%%pﬁo Jw‘t"ﬁ‘g sai d
hydr oel ect ri c (i) blsW&cﬁﬂQ@lﬁ@;bWer&hb&&indo itiessupblyagridusisg the; suppby)swdrhnect i ng
t he submarine power cable to said hydrgelectric turhbi Ee generator; (X)

renovi ng the §dfibt yerpadngéhe qafq;ﬁpgq,loglﬁgogy}bg,pg,ntg%smtﬁ =MW the isol ating
sw tch; WO 2@)&”1 0@%&&5@%@? t?nﬁ%%t@ﬂ%%@ﬁ thiit the, electrlcal @ﬁ‘dk%e 18 FeHESARA E% the

power cabl e from eart e isolating switch; (xii) swtching t
power £able on to tirbiregepematayr and alloiwigg tHegeserp]@lryo smintrehge gedierdtionr enovi ng
the safety padlock fromthe control swtch; and
As the turbine generator is being lowered into position on site, it is impossible for the
turbine to start spinning during installation. This is because the latched contactor cannot
change state without a supply signal, which can only be applied through the submarine
10 power cable, the cable remaining unconnected to the turbine generator until after the
generator has been deployed. Also, the electrical braking system of the turbine generator
requires the receipt of a control signal before the electrical brake can be released from the
turbine. As the control signal is transmitted via the submarine power cable, it is impossible
for the brake to be released without the power cable being connected to the generator. Thus
15 the installation personnel can be assured that the turbine will not start spinning while the
generator is being deployed. Furthermore, as the submarine power cable is switched out and
isolated from the main supply grid, installation personnel can safely handle the power cable

during the installation operation as it is not live.

20 Preferably, the method further comprises the step of testing that all sub sea circuits are dead,

prior to step (ix).

It is important from a safety aspect that it is certain that all sub sea circuits are dead and are

securely cut off from the supply before deployment of the generator, to ensure that there is
25 no danger of electrical shocks and/or movement of the turbine during installation.

Preferably, steps (ii)-(viii) and (xi)-(xvi) are performed at said connection point.

As the majority of the steps can be performed remote to the installation site of the turbine
30 generator, this reduces the number of steps that must be performed at the off-shore site, and

correspondingly reduces risks associated with operating in variable weather conditions.

Preferably, the method further comprises the steps of:



(xiv) closing the control switch, such that the electrical brake is renoved
fromthe 5turbine generator, and allow ng the generator to commence
gener at i oNO 208)/a6bss9t ur bi ne generator is being | owered i RCO/EPR@ONIWAT ON
site, it is inpossible for the turbiné to start spinning during
installation., This LS because fhe | atched. t

W thout 2 supySrRER IO BHeSRRBH § baned s aft efiPBaSh PRARIRRAMAE, 1
power cabl e, thgosabbsble 6R®d the POwWeNEaN et tdn bwitthed dutfahd iwlgehi@andt or unti |
after the generator has been deployed. Also, the electrical, brakjng system
of the turbi n®)FEoekuster (XbyErfaag %Ih@étheéawmd@fow%#&%wg}gg%ém bef or e
the el ectrical : d i : : Q[btnE

signal is transﬁlg%ﬁgaﬁgggg%\th@%%éﬁ%fg? %ﬁg%%\eglﬁoé&lagﬁ?pﬁ&ﬁas&li@%gssi #iélef or

t he brake to be posleeastdel wi t hout the power cabl e being connected to the
generator. Thus 15 the installation personnel can be assured that the
turbine will not start spinning while the generator is being depl oyed.

Fur t her NpREimAEmEREH S BMRAEDNEatEPWEfiR@Bh Steb ik tHab &R tat¥inapshetA6d wiled from
the main supply grid, installation personnel can safely handl e the Fower

cabl e dupildetdaployedatthe geirent legatipnt andrenaures thaf hejptaliatipa oporativee Wit 8| vy,
the nmet hpd further S . i sea circuits
are dead,ge %er}ngétl %thgﬁgg{d(eié%&&?ﬁ?%ﬁ)@tﬁﬂ%@fﬁ%&&]ﬂ)ﬁ%%%ﬁ ggf E%C'aspect t hat
it isicertain that all sub sea circuits are dead and are securely cut off
fromthe_supply before depl oynent of the generatQr, to ensure that there is
25 no daResderably, sndlocatimlesignsting comayisss C%%Q/%‘Pf@ﬁﬁn%?s't he turbine during
installation. Preferably, steps (ii)-(viii) and (xi)-(xvi) are perforned at
sai d connection point. As the majority of the steps can be perforned
renot e t Breffdreblyntht atdtladd fumther ¢c@npriises tee dtepsliifne 30 generator, this reduces

t he nunmber of steps .that, nust be rforned at the off-shore site, ,and
cor r espondi(@} Fl)QS‘PE &L]Etégedr ?‘gﬂ%“%fs@ﬁg‘f: gﬁ'grd’e%ﬁ”r‘f tB%é’?eagqnﬁbat?rnto\?QP{‘% PE weat her
condi {4 Onggpgj%ﬁf%&@m%e&%hee HERbBOLrhina s theCId M6 8k E c WiBinSoRRSrafdl to cAMA

2010/ 0695 EP2009 067 4 (a) recording "a | ocation designation
associ at ed wi phiot toaleplyingisaghby drbele¢teic swrbingrgeneraipswe said istadlabpe site; 9ad power

ble h b i tched t d. ,j.sal ; d i.0f.
L Eyras REBRNHhS SRt Bl R e R e Bl b
desi gnati on ags&fih@itRdatéhddlcdntftras divdoiidt the chud tgraiihdlS bf the hydRRRKire
S5power cable. The 1 nplenentation of a dedicated verification step neans

t hat the turbturbinggaeeratosfrom ¢arthonl y be depl oyed at the correct |ocation,
and eﬂgur es that the installation operatives will not be connecting the
turbi generator to a potentially |ive submarine power cable.

Preferably, step (ix) further comprises deploying said hydroelectric turbine generator at said

installation site such that the axis of the turbine is aligned with the direction of the prevailing

tidal current at said installation site.

25  As the turbine generator is aligned with the tidal current, this provides for the optimum

performance of the turbine at the installation site.

Preferably, the hydroelectric turbine generator comprises a generator cable for connecting

the generator to a submarine power cable, and wherein step (x) further comprises recovering
30 the second end of said submarine power cable and said generator cable to an installation

vessel for connection, wherein the submarine power cable and the generator cable act to

stabilise the installation vessel in position at said installation site.



10 Preferably, said |ocation designation conprises GPS co-ordinates.
Preferably, the nmethod further conprises the steps of: (a) closing a
| at ched cwotawwesedn t he hydroel ectric turbi ne generat oPCTEPC@0W67 t he
15positive and negative output termndls of the hydroelectric turbine

ot oa o T Tl gROEP bl gl et ol Pt Y ARG féhcldtirifadsner ator

hydr oel egfobiifig Faeilkty B6r e iestaladion absssRhelpingstbatabiliscahe Bistablatiapsitei 21ghd b6

| at ched contactor to disconnect the output terminals of the hydroelectric
turbi ne 8¥eloSAYINfrom earth. 20 Preferably, step (ix) further conprises
depl oyi ng said hydroelectric turbine generator at said installation site
such that the axis of the turbine is aligned with the direction of the
prevaid i fhertiidalbo providedia raethediplinstadling drearrayrofdiydecelfriggirbine genarigorse

generator is.aligned w th tidal, qurrent, .this provides for the optinmm
per f or nafiUBPTE ﬁ’ﬁ S?elPF 6’& Hést‘agﬁnﬁ %gngﬁg}ygrqeiqqt%%&gl?lpg SISt %P Lasdegriog
hydr oel eghdvieCwherehi the hg@reledtrR tufdidsdneaorfugiBeradontfises ab bepansion eablededt i ng
the generator to a submari ne power cable, and wherein Stelgta{\(é‘?l‘l further

\4

conpri sesommsetingtoagrther hyssodlectnn firbing gsnergior.ush High aiphga droslestriend

sai d genaﬁeihgge&quégfse&ag r?%Qi[ai]sggéhglrleﬁtdg%erﬂxe\f?%ﬁe\bhgr%rn tﬁ@meﬁ@rdi fARnerUaGHRists t he

submari ne power ¢ genera cabl'e act to stabilise the

i nst aj0 athearepg@$sel in position at said installation site. WO

2010/ 069569PCT/ EP2009/ 009067 The subnarine power cabl e and the,generator
cabl e of tH& f mpgé&ug@ﬁgmgmr%ﬁs%a@%gwrﬁ? REh] o ACPIeEYVe B ion

installation ygssel, helping to stabilise the installation site at the
of fshore locatidn. 5 There is also provided a nmethod of installing an array
of hydr oel gb) comnettmgpiheexgamsmatablesof tho prceding ydivelestriggurhte gansragwrtong a
singl e hydroelectric turﬁ]igni ener at or aa d Sfritbebd above v,\/neéei n the
hydr oel ect ri c e EBFRRLOr AR, of this SUCESSIYE by {S’r‘?&c ricIroipe gEneIdiel 8 cabl e f or
connegg i ng (Epre?)egt‘i’ﬁ%t §Q6ps (@)/Qdcpﬁ%_?&ﬁéabﬁ of tHeltydfocBRRES RirBihe gontERofsiathel

ur

plurality of” hydroelectric t i ne generators can be daisy-chai ned
t oget her, andamhgrwiencinistepaéa)H{opareperfoanedprgrrtp steps (xi)-(xvi).

As the hydroelectric turbine generators can be daisy-chained together in series, the
installation of an array of turbines is carried out with the entire string of turbines isolated,

20 earthed and locked. The entire array of turbines is then energised together.

Detailed Description of the Invention
An embodiment of the invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

25

Fig. 1 is an isometric view of a prior art hydroelectric turbine generator;
Fig. 2 is an outline of a sample configuration used for the installation and connection
of a hydroelectric turbine generator to a supply grid;
Fig. 3 is a view of an installation vessel and a hydroelectric turbine generator prior to
30 deployment at an installation site; and
Fig. 4 is a view of an installation vessel and a hydroelectric turbine generator after

deployment at an installation site.



10 the steps of: (a) deploying a successive hydroel ectric turbine generator
at a successive installation site; (b) connecting the expansion cabl e of
t he precealDngionseienel ectri c turbi ne generator to the gemeratrososoveddb®z of the
successive hydroelectric t ur bi ne gene6ator and 15(c) repeating steps (a)

and (b) re?ezre?ce( Fh ig rﬂ;%géggré ﬁ%e&b R ;;r sent eof%esggl ?eagc%t h§xﬂg & Afééay’

wherein s steps

hydr oel ee{stalleubmmba Hﬁdr@él@@t&x@ttﬁib&@g’ﬁﬁehﬁ)rdﬂ THe ghiraer 10 Bgasiaked atanser i es,
the install ation of an arrggl of turbines is carried out. with the entire
string ofnstaliatipmgite ing ageaef tidah flowy theagngrater 1§ bems prekided apiaseabedr ay of
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only, bperabifsem eoroect mg¢ﬂwtanubwﬁbm3suhgladnem\ngsqablmthﬂge@hratcz$abl|e@4 1 is
an isonetric. r or art. hydroe ur bi n ener.at of, ;

Bq. o somrigng teterftiat hmiraings fregupsioh fo e s SFREAFREME | ati on
and conngeidr&Br 0. @ hydroel ectric turbine generator to a supply grid;

Fig. 3is aviewof an installation vessel and a hydroel ectric turbine
generator prior to 30 deployment at an installation site; and Fig. 4
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6 10 comprising a further set of power lines coupled to the power lines of the generator cable 24,
the expansion cable 26 allowing for a series of separate generators 10 to be daisy-chained
together, so that the output of a series of generators 10 can be connected to a single

submarine power cable.

15 The generator 10 comprises a set of mechanically latched two pole DC contactors 28, the
contactors 28 connected between the generator’s 10 positive output and earth, and between
the generator’s 10 negative output and earth. The contactors 28 are controlled by a DC

control wire 30, the input to the DC control wire 30 received from the generator cable 24.

20 The generator 10 may also comprise an electrical braking system (not shown), the electrical
braking system operable to apply a short circuit across at least a portion of the coils in the
generator 10, in order to apply an electrical brake to the turbine and to prevent rotation of
the turbine. The electrical braking system is actuated by a control signal received from the
generator cable 24, such that if there is an interruption to the supply of the control signal the

25 electrical brake is applied.

An on-shore substation is indicated generally at 32. The substation 32 comprises a
connection 34 to a voltage source, e.g. a supply grid. The substation also comprises a
plurality of controller 36, the controllers 36 operable to generate control signals for the

30 generators 10.

The substation 32 is connected to a submarine power cable 38. The cable is laid from a first
point at the substation 32 to a second point where it is desired to install the generator 10. The

cable 38 comprises power core lines to transmit power generated by the generator 10, and at



Wth reference to Fig. 2, an overall viewis presented of a sanple circuit
schene for the installation of a hydroelectric turbine generator 10. The
gener at orwhQoicep3est al | ed at an installation site in anpar@&e2ab/iovdodal fl ow,
the generator 10 being provided on a %eabed nounted support structure 22.
The gene I PLLS o]
connect ge%téenHSECgP Irgf‘%ﬁgfort aragstfﬁfsra??%gcong\?vte?lgn gﬁgﬁlﬁﬁsuggﬁ@&eﬁo%&ébl e 24
conpri si gendriter & Prheowas €alilo BB s J:drﬁﬁSteﬁ&fthﬁmaﬂdmm to the out put
termnals of the generator 10. The generator 10 may further conprise an
expansi on cabl e 26, the expansion cable 26 10 conprising a further set of
power i t
Epansi o G g ] o e b e B 2 o 8%
dai sy-ZhaBmath th@g@l’@grsoum cohmctioh 84oartdoigolatidn awrt@hres g8 cofingpting tthxt poveer10 can
be connect ed b@ﬁf g‘i". ﬂ_ﬁgbmarl ne power cable. 15 The generator 10
conpri se > YOG nEh ally latched two pole DC contactors 28, the
contactors 28 connected between the generator's 10 positive output and
earth, and between the generator's 10 negative output and earth. The
cont act odge E@Séﬂﬂé’né@rﬂlftgw inmisena pentealler veltaggispurcg @4 apseabinigurrovidet he DC
contr 0! $bke Bnd EGRIGRE 1 O LiEoAENGIRLOLGAPLE oBhect IOk @FRGIENSG, 1O
may al so“conprise an e rica | ng em ectri cal
braki by siad ewmrofler supbly dwitchpdd.y a short circuit across at |l east a portion
of the coils in the generator 10, in order to apply an electrical brake to
the turbine and to prevent rotation of the turbine. The el ectrical braking
syst emi e
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signals for the 30 generators 10. The substation 32 is connected to a

submar i néorghevapcomibg effgigore Blestricabverkiss 1 aid froma first point at the
substation 32 to a second point where it is desired to install the
generator 10. The cable 38 conprises power core lines to transmt power
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| east one control wire for the transm ssion of _control signals fromthe
subst atl should be plosgtk Thisfnezation is witngsied by dke SAEB| Ehesg tyvg spyph agargemests; he

subst KEREPO
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34, and i solation switches 42 connecting the power lines of cable 38 with
earth.

Prior to deployment the controller supply switch 46 for the controllers 36 is also opened, and

padlocked in place. The key for this lock should be also be retained by the SAEP.

25 The SAEP shall ensure that all sub sea circuits are dead, by using a calibrated voltage testing

device while at the on-shore substation.

Only when the SAEP is satisfied with the turbine generator isolation arrangement (by the
closing of the contactor 28 and the cutting of the supply to the controllers 36), the onshore
30 substation isolation (by the opening of the supply switch 40 and the closing of the isolation
switch 42), and has possession of all the keys of the safety padlocks can offshore operations
commence. The SAEP is required to give approval for departure once they are satisfied with

the above.



The substation 32 further conprises a controller voltage source 44 operable
to provide power to the controllers 36, the controller voltage source 44
connect edwbaotomsssont rol l ers 36 10 via a control |l er suppCy/EPamOO4BE. | N
preparation for turbine deploynent an8l connection, the mechanically |atched
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el ectrical person (SAEP) for the installation operation, who will be
responsi bl e for the upcom ng offshore el ectrical works. Prior to
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42 shoul d be close IS operation is wtnessed by the SAEP. ese two
swi t chS averifiyipetbatitbe O Sanoerdihates eftbe installation vessshieeoingdel witbikthe eord

possessi on,. of t key is . retained by the SAEP.  Prior to.deploynment -the
Controt | BT yhe (e PEfgh of P ety ol gnd it ot e REURER' b
padl ockeehi RasHeas Qerifl&i theedepl@mdritios tHeQGHvisd@ine thtdrel (edt Ske stallefic siedDy the
SAEP. 25 The SAEP shall ensure that all sub sea circuits are dead, by using

a cal i br BREGOPNMEGe testing device while at the on-shore substation. Only
when the SAEP is satisfied with the turbine generator isolation arrangenent
(by the closing of the contactor 28 and the cutting of the supply to the

cont r b0 | Fhe tusbine geteraton$0 ds depdéyeduhidi theinoschiasiodllit lawhed bynthdter 2panthag of t he

supply swtch 40, ang, t | osing.of the isolatjqn switch 42 and has
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comence; : V. ; r y are
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depar t ur ¢hat thesuBAERNe powerdsblecifails inohcomeotedraniddherefogeitds imgpaskiblecfod thef t he
submari ne _power.,cable 38 that has just .been.di sconnect.ed from t.he, supply
2nd | sol SPREFIORRY 1 GHEnes geon gF ey ieric] BEke G BIPHRET LY s Bk stflel 55" 4
reachesl, fillBoPa-fcionsticis padstid.e for 5 verifying that the GPS coordinates
of the installation vessel 50 coincide with the coordinates of the recorded

position of the particular cable end that was isolated above. Once this has
ibﬁ:? a?’f};,'[\)&:c’ighﬁggelr%%%gg %{?n%ax g%%eélg%érh% a‘i\'drtﬂé Elﬁ)pgﬁ%%@&% 22 GreFbwhiif to the
seabed 54 with the generator cable 24 and the extension cable 26 being paid out under
tension from the deck of the turbine deployment vessel 50 as described in Figure 3. Once the
20 turbine generator 10 is positioned on the seabed 54, the vessel 50 begins to lay out the two
cable tails 24,26. The ends of the cables 24,26 are deployed with a clump weight (not
shown). The ends of the cables can be handled with no risk of becoming electrically live, as
it is impossible for the latched contactor 28 to change position, or for the electrical braking
system to disengage, without a supply. Supply is not available until the cable 38 is
25 completely connected to the generator cable 24 and unlocked back at the on-shore substation

32. The contactors 28 also connect the generator cable 24 (and therefore the extension cable

26) to a local earth point, so the cables 24,26 are well earthed.

The end of the submarine power cable 38 and the end of the generator cable 24 can then be

30 recovered to the deck of the cable installation vessel 50, and joined to connect the generator
cable 24 to the on-shore substation 32. The generator cable 24 is safe to handle during this
jointing procedure, as it is not possible to make it live until the cable joint has been

complete. Further reassurance is provided by the fact that the supply to the submarine power



10 The turbine generator 10 is deployed with the nechanically |atched
contactor 28 in the closed position. The SAEP and working party can be safe
in the krwol2etgsotchat it is inpossible for the turbine gemapaionodo7t o
start spinning during deploynment, duedto the fact that the submari ne power

cable 38 i t caognnected, and therefore it is,i.nApossible for .th ont act or
28 to chite RisARIoesE frofhe Bhen pralicn (RBpisviRh “PE AR ey RimiheENl”,
simlar pbsskesivit dfQhe BAFPNA cRAgBOF theRableaiibectdht h reference to Fig. 4, the
generator 10 and the support structure 22 are lowered to the seabed 54 with
the generator cable 24 and the extension cable 26 being paid out under
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t he vesseperdtiorbthgivasset 50 valy be aligrtedewvitinthecabrkrt, wathl te/ir datl6 catdirzice spisadf t he

cabl es 24,26 are deployed with a.¢glu wei ght (not sho .. The ends of the
ool oo ZTinehst Riaan LG Bepertas solf 28 s Vs Suach et B e AIRLAFbiDE FARPBN 26 1'e
i mpossi blgydnae 2R RIERATSOR LREIIR t12A1WitGH BB YSedBSIrbViad sighlfichRr t he

el ectrical braking systemto disengage, wthout a supply. Sug ly is not
avai | abl sogring forcé\eWghouteexgg:ding the maxirp it abloyvablgripesieeen thy aahlssghatrat or

cable 24 d unl ocked. .back at th -shor e substation 32. e.gaontactors 28
a1 50 confiatt calFuP L L maeRlor cl8ls J0 A nBIEHR Lofts 2y TR L 6
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t he submarine power cable 38 and the end of the generator cable 24 can then
be 30 refstasvdientcariying Qubjaindng eprsations|ie highsangrgyaidabsitésessel 50, and j oi ned
to connect the generator cable 24 to the on-shore substation 32. The
generator cable 24 is safe to handle during this jointing procedure, as it

i S not pomse tHeeable joimk & dompleted, tharbnds dfhike sadbéablgsdi8ii4 widkbdleverabiophet e.
Further reassurance is provided by the fact that the supply to the

submar i née‘%ﬁ # WD 2010/ 069569PCT/ EP2009/ 009067 9 cabl e 38 i s padl ocked in
the open position (supply switch 40), and the key for this lock is in
possession of the SAEP in charge of the cable connection. Since the turbine
gener at ofTharffshare eperhatigmischom camplatedcThe wnbine deneratgr 1 earca@v &ej oi nting 5

tion th | .50 will be aligned with th iLth tw bl
oat enar | SNBSS ARA E e O il BorhalioR a1 IRSIAER ftiiths U e n
to the tigab stBsidions2s MRPA SafSyPadloekarédembldd. be of sufficient strength to

allowit to be used to provide significant nooring force. Wthout exceeding
t he maxi num al | owabl e tensi on on the cables, the two cable catenaries of
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gener al | ywichi@ly dloel, ammbaing/hie powar ¢abid38 Rithe jidNThe gorftleatupphsswitch
hi gh-energy tidal sites. Once the cable joint is conpleted, the ends of the

.

two cabl 48 1g®red o [tlis Bew|peswbledo releash éheserises meghanically latched contactor 28
using the appropriate controller 36. Once the sub sea switch 28 state is changed, the

electrical brake is released, and generation can commence.
25
Through use of an earth return circuit on the control coil of the contactor 28 only one control
wire is needed per turbine generator 10. It will be noted that there are a limited number of
control wires in a submarine power cable 38 and therefore a limited number of turbine
generators 10 that can be fitted onto a single submarine power cable 38. By use of an earth
30 return circuit for control, it effectively doubles the number of turbine generators 10 able to
be controlled from a single power cable 38. Also, the voltage drop is halved, as the earth
return circuit resistance is very small due to the large support structure 22 immersion in sea

water. A continuous flow of control current may lead to corrosion over time or navigational



The offshore operation is now conpleted. The turbine generator 10 can now
be conm ssioned and nade |ive fromthe on-shore substation 32. The SAEP
returns twothw/wehore substation 32, and all safety pa@Coaprsotneosenoved.
20 The isolation switch 42 is openediwdisconnecting t he power cable 38 from
oad. The. cOlEySHSr By B R & Pr R A et R B BEb o
rel ease theﬂ&ubnseadMEﬁ&aﬂnﬁahéyn¢ﬁ£@hﬁﬂogombﬁméeﬁwﬂﬁnmsmng the approprlate
controller 36. Once the sub sea switch 28 state is changed, the electrica
brake is rel eased, and generation can commence. 25 Through use of an earth

return circwy fecoll tieneC@RbE lde@ @ the @fray N8 18ONARCHM g B8 s HetBBEaLiileo!
wire is needed per turbine generator 10. It will be noted that there are a

limited namBeeveof Ncams Wby siae Wikl need (odiersqlaied. sehed 2pd ickedeefargd seqafl ef or e
a limted nurbeE o bctM'Eipd P[%egﬁﬂ@rs@ithg'bﬁum&sh@{hel@@i'flzr@@edftbéétﬁéj onto a single
subrmari ne power cable 38. By use of an earth 30 return circuit for contro
it effectively doubles the nunber of turbine generators 10 able to be
controlled froma single power cable 38. Al so, the voltage drop is hal ved,
as the earth return circuit resistance is very small due to the | arge
support structure 22 immersion in sea water. A continuous flow of control
current may | ead to corrosion over time or navigational WO

2010/ 069569PCT/ EP2009/ 009067 10 interference. The use of a |atched
contactor 28 neans control signals can be pul sed through the earth, and
therefore has no inpact on corrosion or the environment. A second turbine
can be added to the array at a |l ater date using the sane nmethod as detail ed
5 above. The entire turbine string will need to be isolated, earthed and

| ocked before a second turbine can be added. The entire string of turbines
is then energi sed together. WO 2010/ 069569PCT/ EP2009/ 009067 11 Clains 1. A
met hod of installing a sub sea tidal hydroel ectric turbine generator and
connecting the turbine generator to a supply grid using a submari ne power
cable, wherein the hydroelectric turbine generator conprises an el ectrical
braki ng system operable to apply an electrical 5 brake to the turbine upon
interruption of a control signal, wherein the control signal is transmtted
froma controller at a connection point to said supply grid through said
submari ne power cable, the nmethod conprising the steps of:



(i) laying a submarine power cable into position, the submarine power cable
extending froma first end, at a connection point to a supply grid, to a
second 10¥O@p10469%M i nstallation site where it is desir ®@iTEP200000%bT a sub
sea tidal hydroelectric turbine generdtor; (ii) connecting the submarine
power cabl e to the connection point; (iii) switching the submarine power
cabl e ou m the supply grid using a supply switch; 15(iv)isolating the
submar i ng. pev@hodethinstaflingm sﬁ.lbeea’ﬁti@eﬂ|hyd@i’e'lditrﬁ,tsﬂuﬁgnageﬂesalbﬁﬁﬂd‘rg)n&w'ttmghhe

connecting the power cable to. earth; (v) applying ety padl gck to. the
supply sWTPias gﬁ'i*ﬁiat?h@ 3 S4Pht %“@Rﬂ?él’\bmﬁm P‘?‘?ﬁ?ré’ragﬁ ;ﬁ@"’a&égﬂg’foﬂecgl‘:gnal

br aie. t o F e Ber By ot IR ool bkl nﬁ“‘%%dé% D e ne
controf buake edithe (twibine) upsh@phteyrupigors of zdcchydxi sighalc wherein thelvontolgegrel & or  at
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t he SUppEx)’brﬁéMﬂe%v@P@aﬁl@Qhé fRURI dehpriMdete s®pd 8f:) di sconnecting the power
cable fromearth using t he i solating switch;
() laying a submarine power cable into posmon the submarine power cable
extending from a first end, at a connection point to a supply grid, to a second
10 end, at an installation site where it is desired to install a sub sea tidal
hydroelectric turbine generator;
(i)  connecting the submarine power cable to the connection point;
(iii)  switching the submarine power cable out from the supply grid using a supply
switch;
15 (iv)  isolating the submarine power cable from the supply grid using an isolating
switch, connecting the power cable to earth;
v) applying a safety padlock to the supply switch and the isolating switch;
(vi)  interrupting a control signal at said controller by opening a control switch,
applying an electrical brake to the turbine generator;
20 (vii) applying a safety padlock to the control switch;
(viii) deploying said hydroelectric turbine generator at said installation site;
(ix)  connecting the submarine power cable to said hydroelectric turbine generator;
(x) removing the safety padlock from to the supply switch and the isolating
switch;
25 (xi)  disconnecting the power cable from earth using the isolating switch;
(xii)  switching the power cable on to the supply grid using the supply switch;
(xiii) removing the safety padlock from the control switch; and
(xiv) closing the control switch, such that the electrical brake is removed from the
turbine generator, and allowing the generator to commence generation.
30
2. The method of claim 1, wherein the method further comprises the step of testing that all

sub sea circuits are dead, prior to step (ix).



(xii) switching the power cable on to the supply grid using the supply
swtch; (xiii) renoving the safety padl ock fromthe control switch; and
(xiv) cl osongindseseeontrol switch, such that the el ectri ealr/dre@kootos? r enoved
fromthe turbine generator, and al | owi2ng the generator to conmence

SR R E R ?4‘55?@3%92 L e

poi nt . 4corifieetxdfrepckiﬁd as claimed in claim1, wherein the nmethod further
conprises the steps of: 5(a) recording a |ocation designation associ ated
with the second end of the submarine power cable once the power cable has

been sw hcﬁ%gﬂ%d%glahﬁé’d i @8im ANWhdrBh tl?é h@fhoﬁ%ﬁﬁ&%ﬁiﬁ@ses #helsteby b9 t hat

the turbine deploynent I's occurring at the |ocation designation associ ated
with the secofa remidmfg aslacdlq@addsng@aﬂlm assodiated iwith thoweqondzbd of theGubmarihe

met hod as clainmed. in gcatl n desi gnati o ri ses
&S Coordi nat es Power cabiS plee e A8 oibid b hoe SRRy S oA HER AT
wherein the ng) f'&ﬁ)rftélﬁtteP‘%fx) OCRFBying @sat tHecuiinSdgISyAét i 6acueﬂn@é[s;amse a | atched
contactor on the hydroelectric turbine generator to connect the positive
and negative outlpﬁﬁtméieﬁignam@l gogipted wyt%rtb@ pecend iead pfisaid partigalae pehmearineo
earth prior to dp%Qv(?)ééﬂg sai d hydroel ectric turbine generator at said

i nstallation sit'e "(d) after the deploynment of said hydroelectric
turbi @ generator at said installation site, 20opening the |atched
contactor to di onnect t he utpxt termnals of the hydroel ectri ur bi ne
gener at of- Thegnethgd @ claimed in claim 4, wherein sai locatlon esignation comprises GPS co-

ordinates.

6. The method as claimed in any preceding claim, wherein the method further comprises the
15 steps of:

(c) closing a latched contactor on the hydroelectric turbine generator to connect the
positive and negative output terminals of the hydroelectric turbine generator to earth
prior to deploying said hydroelectric turbine generator at said installation site; and

(d) after the deployment of said hydroelectric turbine generator at said installation site,

20 opening the latched contactor to disconnect the output terminals of the hydroelectric

turbine generator from earth.

7. The method as claimed in any preceding claim, wherein step (ix) further comprises
deploying said hydroelectric turbine generator at said installation site such that the axis of

25 the turbine is aligned with the direction of the prevailing tidal current at said installation site.

8. The method as claimed in any preceding claim, wherein the hydroelectric turbine
generator comprises a generator cable for connecting the generator to a submarine power
cable, and wherein step (x) further comprises recovering the second end of said submarine
30 power cable and said generator cable to an installation vessel for connection, wherein the
submarine power cable and the generator cable act to stabilise the installation vessel in

position at said installation site.



7. The nethod as clainmed in any preceding claim wherein step (ix) further
conpri ses deploying said hydroelectric turbine generator at said

i nst al | atworrosvasesesuch that the axis of 25 the turbine PsTalPRgAMOGTIth t he
direction of the prevailing tidal curBent at said installation site. 8. The
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submar i nef PRI MgCAdhEe hadbeleiceurbind Bdhetatdr dswidifed i€ anppieseding erbuer i ng
t he second end of said submarine 30 power cable and said generator cable to
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A net hbd wabink geherhlorsgandse daisyaghatfedhyghtive| @t whereinuhéd methagefuethert aongprises
conprising the steps of installing a single hydroelectric turbine generator
as cl ai §tGps y preceding claim wherein the hydroel ectric turbine
generator fur ()edepfiRY 4 S&XcRVEHRROAEQAC RRBING gbMXratof BNSGidcB&ivednstallaifonher
hydr oel ectri chpurelgi né genergt or, ‘such th%t a pﬁur ality of hydroelectric 5
turbi ne generat ofite; can be dai sy- chai ned together, and wherein the nethod
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generator 10to the ag,ener ator_ cabl e of the_ successjve, hy%gel ectri C'“fmrebi ne

generator; an€o)(Epeatiapstars e anddpaforgpchipldhe bydroglectighrivpe gepgrators in t
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performed prior teps



