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A COWPLETELY SUBMERGED WAVE ENERGY CONVERTER
DESCRI PTION Field of the Invention The present

wonv@micsasm rel ates to the field of wave ener gyPCT/IT2006/000825
converters (WEC) , that is to say those installations
or devices for the generation of electricity fromsea
waves. Background of the Invention Various kinds of
wave energy converters have been proposed in the prior

art. HoweyefonpkRomy ¥MEGRReH) hele! HARPBRNvERTER
shortcom ngs, which have so far restrained their use

and di ffusion. Basical lﬂkséﬂﬁ'ﬂw probl ens are
related with a | ow ef f ime+eRrey—a—conpl ex desi gn,

and/ arigl Caost | yhauindenense. These probl ens are caused

by a nunber of factors, to sone extent related to each

ot herTher psepgnt K AOWIS IECS Lrseelamshl Yot kbevdridlshl of wave
onent of the vvave i on. ce the ve notion %ﬁose

e%%ﬁ al ISP F T i f i 8: mponent of SfHe

1H§EéPI‘a’¢§orY@5éJ?dde§§§eéOfoﬁxﬁlﬁf@' eﬁ@@ag%’h‘?@% blectricity
US4453894, US6857266, WR004065785, US4232230,

fUS46§Q«22VQaV€USS411377 and the devices Pelam s, AW WEC

.rk dr dectjvely by the conpanies

OPD LH-Cmiibteanpdrcon A8 cean Energy Ltd
(WWngﬁﬁﬁﬁBnglﬁegj<§@dw§9€a%Hﬂﬂ@&(%QHQekEgrs qsve been
(www. aquaener gygroup. con). | n sone cases, e.(g. e

rdeposed Shovime | pir 1iS4458894H anav&lSH8bri@enH, WEfe suffer from

installation has a patural frequency of oscjllation,
MM FReFEFSRERYS, cHBABle eV eUShG et TR ErR1RRdnFelr use

13{\@v s:midhy,certain frequencies, or a |atching
anismis needed to overcone this limtation.

Basically, the main problems are related with a low

efficiency, a complex design, and/or a costly maintenance.
These problems are caused by a number of factors, to some
extent related to each other.

Firstly, known WECs wuse mainly the vertical
component of the wave motion. Since the wave motion is
generally circular, a significant component of the motion
is wasted, see for example the devices 1in US4453894,
Us6857266, WO02004065785, US4232230, US4672222, US5411377,
and the devices Pelamis,tAWS WEC and AguaBuOY marketed
respectively by the companies OPD Ltd:  (www.oceanpd.com),
AWS Ocean Energy Ltd (www.waveswing.com) and Aquaknergy
Group Ltd (www.agquaenergygroup.com).

In some cases, e.g. the devices shown in US4453894
and US6857266, the installation has a natural frequency of
oscillation, and therefore is capable of using efficiently
only waves with certain frequencies, or a latching
mechanism is needed to overcome this limitation.

On the other hand, in order to seek the highest
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On the other hand, in order to seek the

hi ghest possi bl e efficiency, known WECs using floating
wonons@asessur f ace el enents need to be oriented #@epanmbeie)os2s

on the direction of the wave systemwhich is to be

harvested for energy. In any,case, the efficiency is

sati sfactory only when harvesting nonochromati c waves,
Pessiiplegnyethselomves rmawry WECsi nudhey sdieagdner abr near
Sdirection as gn t he deyi ce of US2005167988Al1, and in

& S¢evi TES PRl afi & velP arfF (B aheEBRpAAPT on the
aéeweRl: ane Qaecty) S, pk ane..c

Furtﬁe?ﬁbfﬁ? nan;kﬁﬁ%ﬁﬁﬁgéV|ceg@%ﬁs%gbgolggig§%ﬁ§%ﬁ$ for
egeggyd dn phragcedasa, t hteswfzonmcy | ke Batigfagpbeyi bnly
HSZO%%&G?Q §Al, US5411377, and in the above nentioned
VHED CELVARE RECTOPOCAHORdHE AREBUORT Ther afllir €asehasaves

apgt Sit, .0 e waves .are hi ggest ,and .
<SPI0 2%, ROSELLOLSH IS B MBUER B0 BLOUREL I s
ofnUSRONE 1617 986AL ; shadeianescabevivkkpeanthiBardly waveprlane
conpati ble with environnental protection. Finally, as
(R¥nti o€t t heCHBPRRYtYy offavied lamewn deRfedsciusena  A/S,

r t extract energy fromthe wave notion
Wgw'?%ggﬁggggéggﬁhéy have a substantial part of their

vol unpuabnyendhe, suahycek®buh h@awalls atud€ask ARy +o
some part of the wave cycle, which can expose them

thecessppdl 9rt plaeedr énwbhehenrdndote, diagedfiert exampde in
es. |s. 1S the case of the installations
O Oaa P e e 3t S euid wazbodggs788ove | mentloned
a&p4282230s UR4E7 2222, aldSp4 1137 7a e helan
AquaBuOY, WavePl ane 5%d Vave EXa%%%g%%g tﬁglcoéigﬁy they
cyanet DpagersApSonedwwharedrragomaiaty arduei d@esbeand with

& re;gpgﬁ f surface el enents which have necessarily a
T it G oSz ST HEY ePPECREdala HPXRIRH FPAI o 78iPte or

néfie-sNBHEt Sfe£nely WRIIGH, ang hardly compatible with
environmental protection.

Finally, as mentioned, the majority of the known
devices use a surface float to extract energy from the
wave motion or in any case they have a substantial part of
their volume above the surface of the water at least
during some part of the wave cycle, which can expose them
excessively to severe weather and to drag due to wind and
small waves. This is the case of the installations shown
in US4453894, Use857266, W02004065785, Us4232230,
US4672222, US5411377, and the Pelamis, AquaBuOY, WavePlane
and Wave Dragon (by the company Wave Dragon ApS,
www.wavedragon.net). Due to the presence of surface
elements which have necessarily a limited size, there is
also a structural limitation to the amount of energy which
a single device can harvest.

Summary of the invention
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a single device can harvest. Summary of the

i nventi onThe object of the present invention is to
woiomwassmt t he above nentioned |imtations of PRIAYZV06/000825

WECs, by providing an apparatus with at |east the

follow ng advantages : - a higher efficiency by using

all the conponents of the wave notion; - working

ef fi cITéﬁcybbb'@tCﬁi wift the poesemto nmtviet tiave 1Sy siceraiantimvent

tgg ébnon nonochr omat i wi t hout bei ng
EgniFIEant | JORFFRRTad by TLEELIARE ditiect FoRWBNAWES, by
p%%&hh%hg“a%%‘agﬁﬂhﬂﬁﬂﬁ§ w1@hs'§P|eﬁggékgnth%as$bfiow1ng

i rpl enent and maintain; - | Tgi bl'€ notion du
apyeotalbesscil | ations; - the pOSS|b|I|ty of bei ng

p03|t|oneg, Rfshore i,n veré deep water; -
sat i sTaft BiyhPEsESfARdency Byt P@#@anéévém@ weapieaents of

tEg|§aggJﬁgklb§ achieved with the inproved wave energy
converter according to the present invention, the

essenti aoreéhagaciffisidnes Wohi ghcrrg ﬁ%ﬁb&ﬁ%oh@t&@ewave
first of the acconpanying clains . Brief description
S¥PtERe AMAWAGE Fhen@ﬁaﬂﬁﬁ@#h@ﬂm@%l@n@n&dvamih@wgtobelng

conyerter _accordin
S%ggéggggﬁﬁggnrgégegﬁgg Bgcoﬁg Scl 887&r £15 %FHQH Snd by
shallew ngvdesagtpt watted8f an enbodi nent thereof, made
by way of a non-limting exanple, with reference to

t he ann@x%émﬁl@mﬂﬁgsgnmh@aéyntOfl@plem&ntsaad maintain;
perspecél rst enbodi nent of the WEC

1 €
accordlngn?%¥%%£b$%v%%?+%% duef?@u?%t%r?% %3%%%%a¥4%%@
of the VY&E qloddiBiNG tl iof being positioned offshore, in

very deep water;

- satisfactory resistance to extremely severe
weather.

This object is achieved with the improved wave
energy‘converter according to the present invention, the
essential characteristics of which are defined in the
first of the accompanying claims.

Brief description of the drawings

The characteristics and advantages of the improved
wave energy converter according to the present invention
shall become clearer from the following description of an
embodiment thereof, made by way of a non-limiting example,
with reference to the annexed drawings, wherein:

- figure 1 1is a perspective view of a first
embodiment of the WEC according to the invention;

- figure 2 is a side view of the WEC of figure 1;

- figure 3 1is a bottom view of the WEC of the
previous figures;

- figure 4 is an axial section view of a central
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- figure 3 is a bottomview of the WEC of the previous

figures; - figure 4 is an axial section view of a
woeonisroasgsart of a | ower nmenber of the WEC of t ReT/I1T2006/000825

previous figures; figure 5 is a perspective view of a

second enbodi nent of the WEC,according to the

invention; - figure 6 is a bottomview of the WEC of

Meirguiod B ;lowelr gumbel icE ameaWiEsl ofedhicoprevewuef fdgures;
central %art of | ower nmenber of fhe WEC of figure 5
. figuret89H§€a ger dfecti VRETTRGFOFVE tHieW eWbodd mesRcond

C r.di dnventian; .- _fiqure 9 is
eg{r?oggiﬁlg}%sggf%gﬁ \Wigwtag:fctola}%ﬁgl%e%gf Lt?%e Wén%go i'gure 8

, figuréigQres 6aiperspettiomevieawodf taef @Bt Bf figure 5;
enbodi ment of the WEC according to the invention; -
figuré FEIES perishedi v&igileww et opemiiperaf paraentral
af-ra o r.af t figure 10; + figure 12
Ps aope\éggggt%%gle\l}?)gv{/ g’? \aé\ﬁfgi @Eﬂﬁ g%bgé’lg%ﬁt 56f the WEC
accor di ngigarthesi nuent iaonpershegtieel 3 viiewan @Xi @  third
section view of a central part of a |ower nmenber of
epheiEenst ofi §liceWEE; accpirging te theannaenaliosecti on

vi ew of e structure.of the WEC of fi e 12; -

figur esf?gﬁg%d 9186°aF8, 3Fd&deSECTEPY. V&eﬁe?’%&ﬁ% &g the
nagi aF seghirengyi ew of a water collector of the WEC of

figure 12. Description of the preferred enbodi nents
Wth reféienee t¥0fiigures perepdctimefiviewenhbdiarerfiourth

ool biPE S Ao B, SOSHAY Sonyer et sccardlng o the
SUb”ELQQQg%EQpeil1iée19-p§r§ﬂéé@g§éC@HeMaQ5fCQ”%@&Q%%%ral
part of a lower member of the WEC of figure 10;

- figure 12 1is a perspective view of a fifth
embodiment of the WEC according to the invention;

- figure 13 is an axial section view of a central
part of a lower member of the WEC of figure 12;

- figure 14 is an axial section view of a cage
structure of the WEC of figure 12;

- figures 15 and 16 are, respectively, a perspective
and axial section view of a water collector of the WEC of
figure 12.

Description of the preferred embodiments

With reference to figures 1 to 4, a first embodiment
of the improved wave energy converter according to the
invention comprises the following main parts: an upper
submerged member 1 (e.g. a cylindrical tank containing
mainly water and air, with inertial mass as low as
possible); a lower submerged member 2, e.g. comprising six
smaller cylindrical tanks 3 containing mainly water and

alr, rigidly linked together in a circular configuration
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mainly water and air, wth inertial nmass as | ow as
possi ble); a | ower subnerged nenber 2 , e.g.

woaopricsismg si x smaller cylindrical tanks 3 CORCE®ITIONg000825
mainly water and air, rigidly |inked together in a
circul ar configurationaround. a generally cylindrical,
central linking piece 5 f'aqborb 4 extendi ng between

abbgndPRegeRBAREL y lcandnfihech oVereREARESr 12nREARIpERBe 5; a
common axi s thereof, projecting beyond the |ower

pokabér e2tandingt bemalcley pheyiutet mvindmnkar apbpaopr thee lower
count erwei ght stem (not shown) , at_sone poipt al on

MERESF ohoPOBHr EEGP ST, (3 L het Bt &b Pesy EPbragr Bedond

thbe Loyer submeLgedymegher @Fteﬁﬁgliyo bUpbines bywith an

nount ed on respective ends of a transversal rod 7 ,

apptegrahtty arcliordhogonat | ysyestoessi nghathe sholwer)4 | mt  some
correspondence with the free, lower end thereof. The
PPolE cahoR¥soltakel PRBBhaper6FSROTAIFPceliOst €8F average

pééiH%&Hrgf @Eéhl@w@kggﬁﬁméfgéaoﬂeﬁBQP bhat ,aPREAr kNGpines

in the drawmngs, ofr in any case a strucfure assuring

6 enugHt &d giodi t yeapdct ésestante toF the tstaessessal rod 7,
play. The linking piece 5 will be scaled up and

1HBEPFREHY acBBfdi REIFROIPEEALST SICHAFKBEDI rigiq hePole 4 in
LL) ; Shib 1 i xed with
cgggéé ?H?gé?%gﬁléﬁ Qﬁégfgeg?g?§%gr eﬁ@d%ﬁ%%é§§ Wit

wat er I ma surroundi em one

can atse PeDyiEenthesoWebhe ViR UBhapBSsrNBaANS L thBetingteel
shape of partially enclosed water and/or fins. The .
spohetures filkéd a obagpswersediimm stpdacéhed ofpperring in

per _subnerged tank_1 via a joint 8 in a way.which
CBP] e ERES cnge Tof BY 1 SRCAL Fort BTG ot SR LHY Shough
ri§388e}y tdhd hedankahce The | 0h8t Sccadsde far exarpl eThe
a bal | -andsocket type joint. A plurality of buoyancy
léhkieatsigce B.gilsnkkl scgleddrpcahdt maké ffigbl ackoaidingly .

TSL%ﬁ%&%Eg?ﬁgh%gpgaésggng%pigge@fgfoghghgugﬁggged members

1 and 2 fixed with respect to the water intimately
surrounding them, one can also provide them with virtual
mass means, 'in the shape of partially enclosed water
and/or fins.

The pole 4 is fixed to a lower, flat surface la of
the upper submerged tank 1 via a joint 8, in a way which
allows the change of orientation of the pole with respect
to the tank 1. The joint 8 can be for example a ball-and-
socket type joint. A plurality of buoyancy elements 9, e.g.
small cylindrical tanks full of air, are attached to a top -
flat face 1lb of the upper submerged member 1 via cables 10.
Under the wave action the buoyancy elements 9 help in
keeping the upper tank 1 at a constant distance from the
water surface and with its top face 1la parallel to it.
They will be alternatively submerged or exposed by shorter

wavelength waves, so that a stabilizing action will result
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Under the wave action the buoyancy elenents 9 help in
keepi ng the upper tank 1 at a constant distance from
woOherswatasn surface and with its top face 1la pacairt®be/000825

toit. They will be alternatively submerged or exposed
by shorter wavel ength Waves, ~S0_ that a stabilizing
action wll resultfromtheir average buoyancy force.

fToam corieckiveraet veeyahsy Fameenol e and the | ower
subnerged menber 2 is realized, as nentioned, via the

| i nki A§epicymestion beryern ﬁb?aﬁﬁmqrnplqn&h@gtbeedmwer

aped bod 11 .on an outer si
Sg%r rgé%f'%eg?géhﬁghlﬁh gaE téﬁksmﬁnianﬁgunt%ﬂa the
1Angbher i gakclousi n@nllﬁutﬁhé@r 'B?éjcail'ls' d%hbhelmgi{né-l piece

for rotatably accommodating a ball nmember 12 with
Cpmpéa@ﬁshdiednﬁﬁrﬁhﬂpwﬁebsdydéﬁleHIn@mroubaroSldhesurface

erefore, there is as ured the rel ative i
S e | B U bF T R0 nBRBeFo3naRgng & fPherical
h@iﬁ's@hgmf[ﬁ&t ign ﬁrntébe pALeqd tidapksyt q it heosliding .11y

engagenent of the latter wwth the ho 12a of the ba
apepheprdd2iof ehealiinkengepi éCewith EumhhemthaplthZa for

tkomea.gegger 2 can,tilt around the pole via the

Gt St4FPR1ENGRGEREAP 0Pt RBEhRPIemBmber within the
housi age1dacef, tEﬁePQdX 1%55@%@% Eﬂ%.%!ﬁg%Q% %%vé%%nt of
rotati on can bé assiste y the provision 0 “hal's

tapd/lowermoldubne raed mentldrer2 oslbed | theabkngl direction of
configurations or other neans to assist the relative

theveReRt ‘pethedkst ke baet §1idingarnoRecmensr ofeber latter
w$aH Iﬁplﬁ fea QHA# Eﬂ%e%%f¥:$:£§SPei5 t L ﬁ?g I'e'king

or t esa i Cl In e aV\nngs

pﬁTEﬁ‘eeIS 2 Eba:mﬂdr@]Edtl%nﬁbﬁéky miefiblehe 27 etgh e+ of + PRl®und
In practice, however, the portion of the pole 4

ChEt RO (TG nEmber St at ahiie? mappene g o evlzg ebh bhgeenbe
W%FggPt E%lepor{gusofngbe!L?a o) bneé/o}go §/he_‘Lle.| eégac% ghé Sq_ldll’lg
and the rotation can be assisted by the provision of balls
and/or rollers as in roller or ball bearing configurations
or other means to assist the relative movement between the
parts so that the lower member can displace and tilt
freely with respect to the pole.

For the sake of simplicity, in the drawings the
lower member 2 is positioned generally in the middle of
pole 4. In practice, however, the portion of the pole 4
between the members 1 and 2 will be on average longer than
the portion below and beyond the element 2, in order to
impress a greater motion on the turbines 6 in response to
the movement of the upper member 1.

The transversal rod 7 is linked to a revolving end
segment 4a of the pole 4, so that the rod can rotate
around the axis of the same pole 4, while keeping its

center on the same axis. The turbines 6 are connected to
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i npress a greater notion on the turbines 6 in response
to the novenent of the upper nenber 1 . The

wonensgwsissal rod 7 is linked to a revol ving end8CsaTIUB61000825

4a of the pole 4 , so that the rod can rotate around
the axis of the same pole_4 ., while keeping its center
on the sane axis. The turbings 6 are connected tothe

terdenels tfe thed rbaM 7 hyitdheithfirotrHde ARSI NG IR the rod,
rod, and with a nounting that allows themto rotate

aafowrddh He ety axiiat o2 liees sahenr bd. ratagegiar®und the
2ystem Lo.acc Iat% agd/or transf orm t he energy

pro uce&xﬁf t'he ﬁ@ti&ﬁ'ofo he turbines 6 , as
eXp!aAﬂe@n@@HﬁﬁéﬁgtaﬂSt@eé&8§ﬁu§99$“aﬂﬁ?oge%%%hg%@ m the
havi ng characteristics that, as such, can be "ear ned
eperder i peddficem the prlieor mattionThefenghee sysbemesans, as

be_l gcat.ed. i nsi t he |,ower submerged nmenber 2 and can
eﬁglﬁépegxaﬁﬁﬁgéfaﬁ&icésfoPeéﬁé@Ffoﬁﬁ9W§-oFmWhtéF%ﬁﬁ}bedr

hg%@%@ﬂéﬂﬁkégtéb%géﬁﬁ?’tMQ%Chﬁg”%% n %%ne%%%|1earned or
ally

storéd and retrieved periodic Yy ships.
depprepri fiten ores camwialrscanse alcableadtioe rapsten tden be
lgener ted electricity to a floating or submerged

AGCRE rBSA CoEhGi LUKy StEMEEESE| Bembegi Ry agdi ¢an| e for

us h r S ut ral _buoyanc .
cHEBpiLhe, WRAA U, asere ol o JBULLAL DUBKENGK oo
ofiphydtbgen,t kaikchweanmenbar b2 Walsli 1R0EE oFdeh @S S elharved

the upper nmenber 1 which is under the direct influence
PBFLPRECHAAGE &0t iS8HPsas htheaRprary iaencre deeneates use a

id i t In particular, in alim ,
cé??%a%¥o¥%4$%$%%J¥qﬁm9%%%ﬁﬁg m%%%?gﬁbfhé%f£Pn@igéﬁﬁtlng
ovaedmey geeind N1ad), rOémeadal dideds, di St ance Hekwesn ity

the menbers 1 and 2 , the |ower nmenber 2 will remain
g&pPF oxi matel y unnoved under a wave cycle. In a rea

In wuse, the apparatus as a whole has neutral
buoyancy under normal operation and under rest. During
normal operation, the lower member 2 will move much less
than the wupper member 1 which is under the direct
influence of the wave action, as the wave influence
decreases rapidly with depth. In particular, in a limit
situation in which the biggest wavelength of incident
waves is lower than, or equal to, the distance between the
members 1 and 2, the lower member 2 will remain
approximately unmoved under a wave cycle. In a real
deployment, in which for practical reasons the above
mentioned average distance between members 1 and 2 will in -
general be shorter than a full wavelength, the motion of
the lower member can be further reduced by increasing its
inertial mass (and correspondingly its buoyancy, to leave
it with total neutral buoyancy).

On the other hand, the upper member 1 would tend to
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depl oynent, in which for practical reasons the above

nmenti oned average di stance between nenbers 1 and 2
waoizbds/oemsgener al be shorter than a full wavel ergrhT20061€00825

notion of the |ower nenber can be further reduced by

increasing its inertial nmass,(and correspondingly its

buoyancy, to leave it with t%tal neutral buoyancy)

novet herot ker dianchi1dhe ppper oeaber thwoulidftigRGce of a
tonove in a circular path under the influence of a

MeSRGERPBARLICC WRAe Wiithh Weaedleawdhh cosmparedtice tio tthee above

bov nti.oned di st anc .as it i.s wusual, for the
m%%)lt ilgrr}lggf d\%/gfcgrrlcgar(taiscIlgs(jlfnélesﬁlatlh qrn%qfeﬁrboetlé?n LI water

paefacheemhide Mawe) infdifudhRe Wave sHRMrchlc wave) . If
nmonochromati c, the novenent of the upper nmenber 1 wll|

the aaygperyrisint ioh ot thenvanironst&¢r cuhar mpakient of the

deterni ned by .the,yarious nonochromatic waves which
UEPE L HETHORE nnt " bhpdients HIOTHRD Ve S y Sttent Nehdarious

chueyaney gétltlg‘e dPRe fRiber, 1 and t\lf@r:p&an%ochgﬁ%matic

el ement s is precisely bal anced by the counterwei
wansisdghtilbd pake the, dandnlaptt kempenght: sofo ft thes amerepalyeten.
along with the transversal rod 7 and the turbines b

to kedPSt REOXARSY (OdvethatuRRRIUtTHAPST t heahi Gie drioyancy
< BecRuayagcy; l?ﬂﬁggfﬁéi bnbgiggéggﬁb%?e 10, t Ea%gterweight

presence of the~l ower subnerge 2 and

insedei atof pbeecount endeight thesivdg ge pel ek , skhe pole
circular notion of the upper nenber 1 is transforned
3ilpng didded-he afsansvereplt Fed olepnéndhsf thebpete 4, to

kteﬁéhin%k%é r aj.ggLor X%izél.o”éé’ Vet ;‘;‘%%ﬂ%’htg{ﬁr 8\%35@%@ the

i on woul d"be~Ci rcul ar “on

bAoyaheyaknansnexadt by atvetgen dpei b ehd kR of the
whi ch cannot happen under normal operation. Under the
lpaes acubsreraate | saBbesnd 2of ané pshe 4 inmrtimvesf the

c%hk%eES%ESEE‘f%éf‘es%ﬁéo%gTémh?ﬁ%E% %%%cular motion of
the upper member 1 is transformed in a closed trajectory
of the lower end of the pole 4. This trajectory is only
very roughly circular, as the motion would be circular
only if the lower member 2 were always exactly at the
midpoint of the pole 4, which cannot happen under normal
operation. '

Under the wave action, the lower end of the pole 4
then moves with respect to the surrounding water and
therefore the whole assembly of transversal rod 7 and
turbines 6 moves setting the turbines into motion. Using
fins and/or motors the turbines 6 can be kept always
pointed in the direction of motion with respect to the
surrounding water, so as to obtain a better efficiency.
During the whole wave cycle of a monochromatic wave system
the turbines make a turn of 360° around the axis of the

transversal rod 7. With a monochromatic wave system the
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therefore the whol e assenbly of transversal rod 7 and
turbines 6 noves setting the turbines into notion.
wolkimsgefdsms and/ or notors the turbines 6 can beCckapi006/000825
al ways pointed in the direction of notion with respect
to the surrounding water, so as to obtain a better
efficiency. During the whiol € wave cycle of a
nechr [ t i pes k uf n
TR0 arbehd e TR PESREE, O TR B T, ere
wabHOoshEoERt e wavensrdemtier osif 7dtbesrewt mohathromatic
W th respect to the pole 4 . If _the wave systemis a,
waYpeFii65PIPon the didreimat GoHbthr 6AHEVE R ekeykt BREnted

.the turhines.hb w | | ways ept Lnt it

My FBRt id&r?eo%l%%t iooén T '??Fg 21&?2?% %gotrlo% thE £ 53¢ he

rébat thhey tdescrdda- @i 8d 0ged1bkajdealrerenddy respeckekpect
the surrounding water and hence the redirection can be

to nthenenrabunfependietgrornchéaafdd dithcyedireneion can be
. turbi nes in extracting energy fromtheir notion

L1PRFBOGHC3he water and to the position of the |inking

pi eceprh @KL t be Pohe 4rdUdiRG S VB¥e toC! urbifes 6 in
trajectory of the Ilower end of the pole will tend to
ebecaneingugheéygel Firphi chleiimstadddroftiviqualt athe Teaher and

small er extent also the_trajectory of the._upper .nmenbe
tq %#ﬂ RO 1108 oﬁ%er&&@%%?%ﬂﬂﬁﬁﬁqc | 218 gv&#V?H%O{e 4

dtPEnROSI tjQR o dne | enRr (BRI AW dH £88PACHd0 N8 of
tmnngngs of théypole 4 , one can négqu t he shgbe and °
tsézpobé whis temglecdobygcoha panthtul atliptimglbénstead of

useful to adapt at. |least slightly this position

cHyfahital [9, 2defendiaty Shtehe Gave ré§ M3 IRFrsipg the
e OUBHLIE LRI IEEN 2 8 VoG e iR oy
viheiefotketpesef foni encyhef 1bhert nehbaes26withndespact to
tgg ggtgnggvifCX%Lf’péyg Z?Sgkgaggnpﬁm;;¥%y the shape and
size of this trajectory. In particular it may be useful to
adapt at least slightly this ©position dynamically,
depending on the wave regime, by raising or lowering the
lower member 2 via variable buoyancy devices and/or
propellers, to optimize +the speed and therefore the
efficiency of the turbines 6.

Under a complete wave cycle, the resultant of the
forces exerted on the lower submerged member 2 will be
approximately wvertical and will depend only on the energy
and shape of the waves affecting the apparatus. Therefore,
in order to keep the lower member 2 at a constant average
position, it will be sufficient to have a control system
which considers its average position after many wave
cycles, and the interventions will be incremental and

small compared to the energy of the waves acting on the

apparatus. In particular, if the shape and energy of the
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forces exerted on the | ower subnerged nenber 2 will be
approximately vertical and will depend only on the
wenersgpsamd shape of the waves affecting the apoameion&000825
Therefore, in order to keep the | ower nenber 2 at a
constant average position, |t will be sufficient to
have a control system whichlBonsiders its average
wQ@?%t |0 A e"coH@‘E}én‘é’aV ofYH e5n120d the, | REAMeRONG: 1]
Wi be i ncrenental and small conpafed to thé energy
r&dch hegaVieismatd ngnan dde fappakat usnténveationsl arill be
if the shape and energy of thewaves remain constant
neefeqd Hhj Fgabi-héz%p%? ata¥eqi nembasch - e§lf| FBRFGMlafystem
no f.urther ryve I n ed tg s [
" ge %mé% ﬁ%%%gT 28%5$E§ 2%%trP$ s$§q5%1§§ %ﬂ@ bégyancy
eBéméhesdevi cecof thee dkddshdf ehbedhienancedrii®MEQtk8her
9 (see the second enbodi nent described further on) or
0@»eﬂrsewpnysemﬁ%ysﬂongl@tlvgrpﬁbV@rbabyanbyOMévcyeéeVlces

t d t d The | h of
S R R G e AT T IS A

of S50rket ek g‘tﬁ havechdepbowers megbernn? Seddnfe r 8ghaRatus
much | ess affected by the dom nant waves than the

cu@b@rbaembeexgebatoto@@dmaéeshotoehave tbdutewepsmember 2

fact, eve t.h t th t K
1712 PGPS STy SR e e e b SRRT O Hott Bhsebhan

tﬁéphgb¥r“hkﬁb@§pﬁh RRd IRIIROUEL éﬁ@&%@%'ggnkéauce costs
conponent of the 5 notion of the Tower end of the pole

I4 fwoatd beennwathoagbhyroppopbie dheeeppenatostwatrkef in a
the surroundi ng water. The dinmensions will in an

case
S%%l%EFPFP§¥de8n86ta?ﬁ 5@%(ﬂﬂ%ﬁfﬁ$?%@%nﬁeaﬁﬁ?%% ZpR&ALlY
[ 0 d n Ke h
w%?ﬂga&%#tgéplagh‘ifne%m%eévb%e@ﬁ% ggkl%n%l%al %Jyﬁfbr{;gennﬁa §f the
mabbye tde kawverldamstbeend e&ﬁntﬁﬁiepomany4mmmaldycbeSJJ1 a
due to the nature of the wave notion which, in a good
I@B@h%XIFQEQQﬁFt%Oé§J¥%ﬁtlon to that of the surrounding

water. The dimensions will in any case be optimized to

obtain a highly efficient device, also taking into account
the dominant wave regimes of the area of deployment.

The upper member 1 will remain above the lower
member 2 even after many wave cycles, due to the nature of
the wave motion which, in a good approximation, does not
involve an overall displacement of the water. In order to
compensate for the possible action of the wind, friction,
of water currents with different speed and/or direction at
the different depths of the members 1 and 2, and also for
possible unforeseen extraordinary events, the buoyancy of
the upper member 1 and the weight of the pole 4 and the
turbines 6 will be optimized to provide a sufficiently
strong rightiﬁg moment. As an alternative, or to be able
to compensate more rapidly the effect of exceptional

events, small propellers can be placed on the members 1
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i nvol ve an overall displacenent of the water. In order
to conpensate for the possible action of the w nd,
wonomtiesiss 5 of water currents with different BOE&TR006/000825
and/or direction at the different depths of the
menbers 1 and 2 , and al so fqQr possible unforeseen
extraordi nary events, the b&gyaﬁby of the upper nenber
ahgand t henwebght afordghe i e dogad the tughines) S Ll
be optim zed to provide a sufficiently O strong
comghtiend zeomeontrals sywteaint ernati ve, or to be able to
conpensate nore rapidly the effect of exceptional i
eventEgesﬁﬁqyaﬁFabé%gﬁ%Pqin?kﬁ@%l%@e666ﬁa9ﬁ€ ¥npdsiable
bbaldneyandiaioadl ehg JRRPUC the AU HBLDY Ang driven
coiput éri zed control system The oyancy el enents
bgar e adetbdycamriabl sy bimyantye depbees matbaehad will
.to the upper nenber 1 and driven by a conputerized
1RoRTYoICoSFs iR THe TppRtn nehbar congitRRt| RvaFpdeasd stance
d r [ t o t ver |.stance fromthe.
fggfrﬂf atg% o%gt?;gc\%ato;,gg%d%%tﬁe%er%g% \%Int ha‘ﬁrsa%eppvéﬁﬂ tts
uppee paral pelratloeilt toand,t Barefoke dfie-d HMHer ieHd RS tions
of this control systemw || be of a small scale
ofopdte A ite enekgy villhbewsfe acshahloscefe compared

tgpgﬁéagﬁérg§no%hk % 2NE ?gPZ%%L& 2 %ﬁ%%&‘ us. In this

ubrer st on,’possi blTy “many

wayr bagecawhiaehieaa ketdsekubnke sTon Moze Mear, angt eRkers
and the possibility of hazard to ships. In a“typica

bgtednitdcorbhguratiare, t ieighpeant ank lLissfldl hbvemdnimize
volune .in the_ran of 1000, whi_l e the smaller
“Fofer ke 3 R LERaBE A bl Gl Ph CRESFEnGE BF-280
8. The ¥okype-ah bLhe hower subpBrged aEMEL 2on0highy 1
can easily exceed 1000 nB in an~oceanic deplqyﬁgnt,

wiidavéswmphe voomd oint hthevarboygs conf igaatmonswiofle the
ene&%% conversion s%sten1mhich one mght want to

th
SURTF 50 OV Ta KTHT 111 UL beRaFBna (RS JCtE oRiBeFaBER of
2bbem®. The volume of the lower submerged member 2, which

can easily exceed 1000 m®

in an oceanic deployment, leaves
ample room for the various configurations of the energy
conversion system which one might want to utilize.

In a simplified version, the junction between the
pole 4 and the upper member 1 can be rigid, keeping the
pole always perpendicular to the lower surface la of the
tank 1, which in this case can more efficiently take
spherical shape with only one buoyancy element 9 attached
with a cable to its upper pole. The linking piece 5 can
take the shape of a simple ball-and-socket type of joint,
especlally in smaller scale deployments, or make use of a
cardan joint.

In another simplified version, the function of the

lower submerged member 2 may be taken by the sole linking

piece 5, placed at a fixed position along the pole 4 and
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pol e 4 and the upper nenber 1 can be rigid, keeping
the pol e al ways perpendicular to the | ower surface la

wohodshvesdsank 1 , which in this case can nore PCT/IT2006/000825

efficiently take spherical shape with only one
buoyancy elenment 9 attached wth a cable to its upper
pole. The linking piece 5 can take the shape of a
winfelieibgl | - did socketnttepesiafnt.oi ntThiespecd ahpyifitation,
snmal |l er scal e degloynents, or make use of a cardan
Gogsthen Vbt hBP Sineyitonisdy Ve igned heneumedagdioly the
H et BWE i SURNE! g r 2.4y be % en_by.the s
]Iinkﬁng pl ece 5_,?%?g§gggafg5 flfgdu géFtF&#@%ﬁMuﬁiﬁh?ugh
ceolsénd andeanttzdinnideg:ayne rc el eyf@icgRiney TS the apparatus,
sinplification, together with the previously nmentioned
2gHeVtedRLdIthE (e GRuranstr UsdtimBe @t e ol ek témael cheap
- r....al t hou causin certain cay in.the
R T r e hAAr deus oS o P BF tdid i ERERGS for
teenshyucinan ®f oWt yo Shaiplirabeheap i nphemental i onss
whi ch is useful anong S?Eéflthings for testing éﬁuﬂ s 3
CerBe6tepi ngipacpdyestol f thhe abpatratustys gomdected to an
.1 y to.the electricity grid or to an external :
e%%&?ﬁéhr8%ﬁﬁGFaI§QEbBP€1é@s?%mietﬁ%?gems spgsendsnédgo no
nbeH afbrengh nenteam eradi edobaithe jappaat 43 abQ¥8s, thus
reducing further its conplexity. Referring 8MItO‘
refygieg fusthsrt 0t? complaxsegond enbodi ment of the
s_according to the invention, parts

appar at , _
corregﬁgﬁﬁfﬁﬁgtEOWh&§% oF IPRESf iLFSE ehbbEi entimra second
mpdii¢ALed Wit hegor ra%?ggdé merals.and . .
ewiII not be describé agafﬁg a§é§£§££892%%rgﬁébe%gﬁngﬁon’
pettehicorappacatingunder thbee wa¥e taet i Oirsts ERBo8aRBNRAS are
ihgat of the first enbodinent, with a | ower subnerged

nbeFed 0¥ ot M RS MRRH 30 at eFesenand Taaisder and will
n?ﬁggﬁé%gggggggg;%ﬁ%§ﬁfﬂﬂfﬁg'%%érg%ﬁg%gi ggﬁgggogu%ft%his
apparatus under the wave action is the same as that of the
first embodiment, with a lower submerged member 102
remaining mainly at rest and an upper submerged member 101
following the water motion due to the wave passage and
keeping its orientation so that its upper face 101b is
always substantially parallel to the water surface. Also
in this case, the use of virtual mass means (enclosed
water and/or fins) can be contemplated.

However, in this embodiment the lower end of the
pole 104 is free, that is to say lacking of the assembly
of transversal rod and turbines. The extraction of energy
from the motion of the apparatus is carried out via
hydraulic and/or electric devices housed within a joint
108 connecting the lower face 101b of the upper tank 101
with the pole 104, and also within the linking piece 105
between the pole 104 and the lower member 102. The joint
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keeping its orientation so that its upper face 101b is

al ways substantially parallel to the water surface.
walhem/oemst hi s case, the use of virtual nass neRAE/1T2006/000825

(encl osed water and/or fins) can be contenpl at ed.

However, in this enbodiment ;the lower end of the pole

104 is free, that is to say]1acking of the assenbly of

losgnaversal sbae aRenled Rishehe Pievadu=aeniigfe BNEr-OM ows
fromthe notion of the apparatus is carried out via
fRydriee | €handrorokel estensatéoncésthmesedtibt Halea and the

e 1 AR R e i Y e ety AT Iy he wave
moitAkinNg 1B e&p180%cbebyeenc heRQ €114 anrd ildhe 't%(]wéxtract

menber 102. The joint108, in the same manner as the
epeagivousTeebolivisets  ambowd eflorin hehehahgekohyg piece 105

orientation between e pole and the upper, tank, and
S & ol A HEE BRrien oy ting WG ot e bn thes poLe

1e4p! ehted HY1ﬂﬁ§ akowe QHEQQ q?ﬁﬁ esf%giexéfaQ£avic are

energy. The devices enbodied in the ing piece 1

aéxerdyt kewemg\ad rouch heandciwdrldcatotngdemt tivedf ihheletail.
ol e 104 through, the hole _112a. This type of devices

FgFelQP é&&?rkﬁgﬁﬁdsstéﬁcﬁ}e@ﬁatwlpﬁ RBE G88chieped 4 dinear

e‘i@t:%.ﬁrlic ,Fg@’neir%%b@ncgseé. ngi. e ttl?l% eiler@ﬂ &8? gg?o%arc]ievice
have a |i'near electric genéerator (See €.q: he“fPheal

igendeatbr #ECI Geoyndrdddel WEC thoyMpsopesednby stheol of
MRSF of the School of Electrical Engineering and

EEsRpULepl SEnghRecrdnggeRdStGaRP UiV eF &l @yce, Oregon State

tp..LLeecs. 0 nst ~edulnmsrf/ whi,l e_inside the _
ot LBl eges. oreagney AL e UNEIBE L Al Pab BT " uniae
inelibier shdrevemnehy tbe bakathwenaw¥esnat oandokienked 1t9s or
dynanos . In this enbodi nent one can also notice a
rﬁiﬂjﬁéﬁi t§ro¥er uPhekh®uoyeacyi e emevesent3 andachietkad to
d%ggmggmer subner ged nenber 102 via radial beans 114
rojecting from
In this embodiment one can also notice a plurality

of further buoyancy elements 113 attached to the lower
submerged member 102 via radial beams 114 projecting from
the smaller tanks 103, and cables 115 connected to the
free ends of the beams 114. The elements 113 contribute to
the preservation of the orientation and position of the
apparatus with respect to the average water surface. Also,
the average resultant of the forces exerted on the lower
member 102 will change from the rest position to normal
operation, and the elements 113 will compensate for this.
The hole 112a in the ball member 112 is in this case a
bore of a sleeve 112b projecting axially from opposite
sides of the ball member.

In a simplified version of this embodiment, the pole
104 may be replaced by a cable with the counterweight

attached to its lower end. In this case, it may be
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the smaller tanks 103, and cables 115 connected to the
free ends of the beans 114. The el enents 113

woanisrickist e to the preservation of the ori ent aPCOATANE000825
position of the apparatus with respect to the average
wat er surface. Al so, the avirage resultant of the
forces exerted on the | ower Yfenfer 102 wil | change

phhemithe reStoIRRE timn Tovdorfahropelsbi ga, aaﬁﬂlcthh%reater
el ements 113 will conpensate for this. The hole 11

diigteheebdirdorméiiee nppe? membert i $heasdra ther ecsffiguration
sl eeve 1 ect.i ng aX|aII from osite sides qf
ﬁg Fal° ]lr?eng{é}é 0y rithae ST %@O%rgg n®Y PRfsUP 1n the

p%a%l ety thes PoLe E‘)gﬁt y *eaglcf%a& rgp!rﬁa@@blnsx even

h thé counterwei ght attach to 1ts Tower end
bemmpmmab tbt imaytbepiaptlicgl itos pdaeeghhe Towervery last

menher 102 at a nuch greater di stance fromthe ugﬁgg.
VRERBEP Pk ke i APPREAEBRT MGULSL iksh RPWavar pBPpEe ficult

t5h8e§9W§ra%%nR% %g%n”HXnE”%o%% %&po@%dp%%X'%%%% ow%§ther.

ea bottom an ate“may even be Moo

to itAat CfLﬁd‘d‘]‘IElnfa{l’téﬁn@‘te:SVQH J_sThttcS mehyiebasttnéerﬁpp@r and
of the apparatus woul d be however nore difficult to

laaﬁroys%be%ﬁ%t BPRPeEAd Wea@xp%%%@wdols%v@pée, of the
cYB8" MLt LNPEnBL BRNGLLYE 1t EOBRRI IS WRREH dea

owWer “su ner e S via an extenS| pé

wiba tyeﬁeﬁg§crl@gﬂrimi&er ody S sma t hingt enggiiE ,  the
provided with energy extraction systems that exploit
r@ﬁépr@@a‘pﬁWatﬁwr@@t@hsaad arrhicontraet | opvenesirenef the
t he In this maég one_can et r.id of t

pgigfgy %g&ﬁioﬁagévi8 i F%he IF nkFﬁ& plgcet%§5 energy

ekt%&bﬁioﬁmHéJE%é@|fthﬁeC@ﬁﬁ%Eh¢n EQ@e“ﬂ@gr@tQéffe and
i nstead of passing through and beyond it. This makes

thhe rppar dt0ds oane sccahpaot , thdougmkiinch phecdr awbsandkad of
p§§ggﬁg? CO Iex %;&ég%%ﬁg Of.tgﬁlgohmkégu¥%e apparatus
more compact, though with the drawback of a more complex
structure of the pole. Under exceptionally big waves the
whole apparatus will move, as in this case also the lower
member will be interested by the wave action. This reduces
the possibility of a motion capable of disassembling the
apparatus.

In any case, a possible separation of the two parts
will not be destructive, and the apparatus can afterwards
be reassembled by letting the pole go back through its
housing in the linking piece (or connecting back to each
other the two parts of the pole if a design as in the
third embodiment is adopted). This operation can be also
made automatic, with a computerized control system on both
parts and small propellers, ©plus the possibility of
changing the distance of the lower member from the water

surface (for example by lengthening the cables keeping the
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whol e apparatus wll nove, as in this case also the

| ower nenber will be interested by the wave action.
wohim/essuces the possibility of a notion capabCe&1Df006/000825
di sassenbling the apparatus . In any case, a possible

separation of the two parts will not be destructive,
and t he apparatus can af Terhrds be reassenbl ed by
k through its housing in the
1 {uﬂg i?%cEQ%S Lg%d%%)gctlng back to each other the
two peitls ofefidisrpnd e tiof didesegn 8s amdtie tHirda third
enbodi nent is adopted) . This operation can be also
emﬂmrélw%n@tfu cthey BRPATEEHBUtEIT UL RDNnEPOIthe siBHEBRION,

R A I

elﬁ@étefl@ur acerd{fofs examl eny | ergldenichg t ReeCcabppsratus
keepi ng theel enents 113 into place) . Wth reference

ccmo:fiw es glemalgty oF #ubliengeshiessiibars 201t he.g. four

arat ys accor t.0 the i_nvention
255 o5 LPRACRIRF oty Trhiearcatcdaite SS¥faining
mQﬁr@W— a; Q& laﬂdt hiis enRRdimaRt f&%@@p@y a&@ﬁngeﬁpﬁgsgéles
a plurality of subnerged menbers 201, . four
20enmber sshaw e fime shaje @trsgh@r$pagenank$lyohearahﬁgral
nalnly mateg and air, nmutually joined by connecting
inobRe 9B RtSas to define a 3D structure, generally
tetrahediaboln the examphee BRCAA&2040LT 0ue k) 2042

consists of a stick 204a coaxially and tel escopically

- ceagibgl by andatslédabpecabhypesnastyhng ant abeladakleemenner

204b. The ends of the assembly so obtai ned are
wihHect e8UPH L PEs FCEVFe 204PnergEd Shidbets oo, apserbly so

oﬂa%é‘fﬁédeéfétébﬁng@é‘@& 98”%%%8&39% Eggfgegﬁgahﬁeme@ 201.

recipr ocat | novenent of f stic S| eeve
A204heairs eq_@ajteﬁ_tcﬁqadvmﬁ hgenheretoendoof tieel Samethe mutual

sl eeve. Al so.
reciprocating movement of the stick 204a and sleeve 204Db,
is connected to the inner end of the same sleeve. Also
this kind of power generation device i1s known as such,
represented schematically and not described in detail.
Reference can however be made to what already mentioned
for the second embodiment.

Both a single member 201 and a single pole 204 (with
the relevant generator 205) are neutrally buoyant when
immersed in water at their average operating depth. Under
the influence of the waves the different tanks 201 will
find themselves in different water motion regimes, either
because spaced by a distance not multiple of the
wavelength or because at different depths. The relative
mqvement between them will create tension or pressure on
the connecting poles 204. As a consequence, the inner
stick 204a will move with respect to the outer sleeve 204D,

and this linear reciprocating motion is exploited to
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this kind of power generation device is known as such,

represented schematically and not described in detail.
weeimroesse can however be made to what al r eadyPCT/IT2006/000825

mentioned for the second enbodi ment. Both a single

menber 201 and a single pole 204 (with the rel evant

generator 205) are neutrall% buoyant when imersed in

t t I ge at. |sngthg9
gﬁ%?%%%ceQ%E%ﬁég%éeespgﬁ§£dlfferenté?gﬁg Q%%f%%ﬁﬁd from
thé ndel hensel wesiion dbf f @i eneraat epambisi @Y rege Mednnecting

ei ther because spaced by a distance not nultiple of
medRs waFerengtReBpebEeauseTht  gPPIetént @eptihe Fheucture,

afghalive, overent betyeen them wil cieale ten3hotghe of

pressure on tonhe I Ng pol es

wgossegdencelekheiudingd thieCkradMaaptlibnmive whtPested for
respect to the outer sleeve 204b, and this linear

eR@eEdypr ocating notion is exploited togenerate
el ect ICIt PomerlgsF%here re e t act fromt

el at e HEEREn of T e BT RL cErfRctpngemate

ifeens @@m@gp&§§ﬂ§shveﬁemlbﬁlﬂ@ogﬁbéyaﬁ£l&m§y85£ugegtew1th
also in this case, 1s such that all (circular)

respeentooft vt @mrpf@mdalnes whreet owhheewsaree zad e opossgtion
harves ed for ener aver a e nenbers

A0t | BB rdore Ao T N E R TE8E: i HHEe ke ngotion.

verPsiAnhi 8k I iehsT88h ML RsEESRESS iR Ehﬁsse%@unﬂb%ver,
wat er” whose average position does not nmove even after

toakgepy dhes slﬁbmdaegwavmenmtemsn 204 1t aal avessgwgansn cahelr
be used also in this case. However, to kee

DGRt gdd TSRS L0Ton DUTRTR Ager i t Nerr. riohr RaPeSSary
f*?h??@é’{ B Te o e Thui et ke 0 RE BREr By by maveno"®
ay, nove
thbe anafaage posiition off t héet abkskandmdl eples asot@s to
B N B L T
buoyancy at different depths, currents or unbalanced
operation of the various parts. This can be carried out by
using fhe linear generators as linear electric motors
and/or by attaching small propellers to the structure
and/or by putting springs inside the poles and/or using
variable buoyancy devices.

If one of the tanks 201 is heavier than the other
three identical ones (though displacing the same amount of
water), the system, designed to have in any case neutral
total buoyancy, will tend to orient itself with three
upper submerged tanks and one lower one. In this case
these lighter members with the poles that connect them to
each other could be replaced by a single submerged member
as the upper member 1, 101 of the previous embodiments, so

that the whole apparatus can be kept at a substantially

fixed depth below the water surface. The other connecting
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buoyancy at different depth
operation of the various pa
woubosiwgsassi ng the | i near gen
notors and/or by attaching
structure and/or by putting
and/ or using variabl e buoya

s, currents or unbal anced

rts. This can be carried
erators as |inear eC®EAT2006€000825
smal|l propellers to the
zprings I nsi de the poles

h y devices. |f one of the

pb88ks+30%hies 1RgAM &fardtibanothe gtheelthiee dded&Rd with a

ones (though displacing the

same anount of -water) ,

sihelsystken slesagned genhambei hhanyatasetnenviakgedt above

buoya

, Wl tend t ient itself with th
“BEBIer GEA EAs drit ohBSl oWeCBiie. TIPIHERase Fhedagous

d%%%ﬁé%%%ﬂ&‘i@%l% L Gheure

er could be replace

gl% that rgeaneat; fcf'eg}ngediment

by a single subnerge

maenber asvidegappef menbetadk, 1E01lofhtde phewi otise other

enbodi nents, so that the wh
threq idpstantiaPr§sti Réd ide

ol e apparatus can be kept
ptle et oW ¢ WRPpediments, the

t nnect | es_to_t k
=BUEFESs fF M S aRa RS S op e T D e Al pgtow
tgenes@t Ladde prar itad  emd saged vakowe lehebubghberki ngetr@ces

t he second enbodi nent. Ana

aktagkedr &oof thei Saths dasfb

cQRECLENK s i ghter than th
ones - A TRt he previ ous e

may beh&epligDie avesRgeadt ba
surface by the use of varia

ogous degenerations of the
ctfinternl isgy BE enviemgegerfzed
e other three identica

nbodi nents, the apparatus

bxedi depihihel aw bhe or more
bl e buoyancy devi ces

oftthehednks 2ht vhhks andacompiokledchypnaccdrpdoymensdmay

t I t T [ ) iti
nERE! o Tt 6 405D i iRt B e g Rt SVEb dgpenc
£P6RaARKE %Q'i%&%{%}idmycﬁ@é’@n,a yelune iaf 4000 pB1{t hepend,

actual volune w depend f

romthe optimzation

ambogenthehi dactodsur nfwn | tdepépdicahmmgvet heggime of the
factors fégf&the %ypical wave regime of the

region of d ymen

As in the previous embodiment, under extremely big

waves the apparatus will tend to move as a whole, and

therefore there will not be

excessive relative movements

between its parts. By positioning variable buoyancy

devices on the tanks and/or on the poles, linked to a

computerized control system,

one can also arrange for the

- whole apparatus to sink deeper in response to bigger waves,

and to rise when the waves are smaller, thus protecting it

from severe weather and optimizing its efficiency.

The tetrahedral structure shown in the example is

the simplest 3D rigid structure that may be adopted; but

many other 3D configuration
simple basic design. For

tetrahedral modules as the

s are possible with the same
example, a plurality of

one described above can be

interconnected to form a whole structural layer, extending

for many square kilometers.

Such a structure can be kept
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regi on of deploynent) . A s in the previous

enbodi nent, under extrenely big waves the apparatus
woizbds/desasd t 0 nove as a whol e, and therefore tReTAaT2004/000825

not be excessive relative novenents between its parts.

By positioning variable buo gney. devi ces on the tanks

and/ or on the poles, linked to a conputerized control

ady st efxeonelepah alfse Fwanghd ot e ol lar Usrerage
to sink deeper in response to bigger waves, and to

SiEies & WHEF S hé nayéed carid tardfianence kg hprsdtiest iamyl intinimize
fr we a optimzing its effjiciency. Th
hﬁg%?%ﬁé%?%ﬁ“%;?%%?ﬁ%éﬂg oﬁ%IYn%%ﬁewgygﬁpléuFb thtrué%ure
woiulpl e5é IMddulHA struct vEgpbbat vRY pbBRecadoptedraPibn andg
many other 3D configurations are possible wth the

NSARE egpisice basing idesiigy. Fdratexabpee, faiplhoeal offy afingle
t et rahedr. ul es as the ong dfgg i bed above can be

| h .
TPRERConrdct 6t 6 FOITH G WOT 6L St RUCPLY al OF Ay8F, he whole

s§stendi ng for many square kiloneters. Such a structure
can be keptat a fixed depth of a few tens of neters
bel owitihe avesffepmeeatsurffiapesed olavairdl i ht er fier eaceourth

tth.ships and _mnimze hazard due to storns and very
eﬁkﬁgﬁﬁ§8 : cﬁgé SRR weGFarBétfodd akhi fvertion,
thespegh 1t oyppuer at4 on @gﬂ?t Lt are

consi deri ng thatm(?ﬁ{e]&?ai %re lgs?én('rﬂgl gfkfrltr)h:%il é)s"?lv\% I Idynamos
cpoplpdevient cabsasi sfiactpuylews kK afl sbhei mhoh es Sysiei@iment,

Wth reference to figures 10 and 11, in a fourth '
DeHBERImenPOBRTt heS apprar B GiseAccbF el nghe tiedative motion

. ! | Lon | | |
SSPIEHL O, LU omis At e SO SRt Bt

membedi, Menld, Hhowevere peweegusnextdiagiiedddeom the a3 system
relative notion between an upper subnerged nenber an

CEPNERELNGuE gBEMpRRBer  Iranfatt omtie comsediment shares
mgh§p|%8ggﬁggs0fw§tﬁys%gg] first and second embodiments

described above, and corresponding parts are denoted at
corresponding reference numerals. In this embodiment a
lower submerged member 302 consists of a plurality of
tanks 303, rigidly connected to each other in sequence via
a central ring 305 and around it.

Instead of a pole connecting the upper submerged
member 301 (with buoyancy elements 309) with the lower
submerged member 302, cables 304 are attached with a first
end to the upper member 301 and with the other end to
weights 316, ©passing through deviation pulleys 317
supported by frames 318 mounted on the outside of
respective submerged tanks 303. The pulleys 317 drive
respective dynamos for the generation of electricity, not
shown, located inside the support frames 318 or in the
tanks 303. Under the action of a monoéhromatic wave

(considered here for simplicity), the upper member 301
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connecting the nenbers. In fact, this enbodi nent
shares many features with the first and second

wenbsdicrmmt s descri bed above, and correspondi ngCPAT1086/000825

are denoted at correspondi ng reference nunerals. In
this enbodiment a |ower submerged menber 302 consists
of a plurality of tanks 303,~rigidly connected to each

tehber td seguenpe Vd aganeenlngl J4ing:1305 apdiareund. This
it. Instead of a pole connecting the upper subnerged
dpsrBEBANSE] aliernadapanc  racsient ©r3@e) asisth onheheowribles,

mber 302, cables 304 ttached with
PR BRL o TERE UGS RENE 507 Ldnd N B offeterors

géRdrheeWeightsi316y .passi ng through deviation pulleys
317 supported by franmes 318 nounted on the outside of

r espe€hpvecsedrietgedft anks 3G ghithe PUkl eysa Bt &s Ve ower

respective dynanos for the generation of electricity,
IHBE §ﬁ66€ﬁ, df%&&ﬁegofcﬁs "C‘déCFﬁens Gppore leRsRes 2388 a3L0) fhat

ohh%v%%%@% %9%3 S ﬁ@ﬁbé??%@ﬁ_QEJ%)W&Q°§QEQQ?5£8d above
wave (considere ere for sinplicity) |, tne upper
thenbem 304t efidsnd s descrite dogemermdhye€i BORl.arThe Ilower

trﬁgegégrﬁ. This determines alternatively traction or
L3BfRa °PHe CEabPB& I NMWANCRVRIFRPemake thisd rpilcisdfré 0817 due

a r e r triicity. .The, presence
e e bt EhgTe R A G Rl L s b EE Thgrass
ahot hot taetirorviarthalelease, dwendcal sarthal 19nea¥eh388 water

thz upper menber 301 will be positioned above the
aReNPEr LoNSHRS GompRE sadwert arenbereBoonadheevomes and for

t in_on.average at their position,
PP R G b8  REPR ) R e BEEoRE OF e F CPRb Ry | Binall
preSslbadst catdledr W1 dmasdAdP PRI Yshould be

encl osed water and/or fins. To conpensate for
agxeepttofaltevérngsand0d orosmalingdr BOE, dusonttorolled by a

céﬁ%ﬁ%é%@%Qdfrkgkkggi o%fg%%ksntsinsngllvariant of this
embodiment the lower submerged tanks 303 can be kept in
position also by additional buoyancy elements as in the
second embodiment.

Referring now to figures from 12 to 16, a fifth
embodiment of the apparatus according to the invention is
similar to the first embodiment, as made clear also by the
use of corresponding numerals for identical or analogous
parts. An upper submerged member 401, with buoyancy
elements 409, and a lower submerged member 402 have the
same general structure as in the first embodiment. The
same applies to a linking piece 405 with an outer disc-
shaped body 411 and rotatable ball member 412 with a hole
412a (figure 13). As in the previous embodiments, use can
be made also of virtual mass means (partially enclosed
water and/or fins).

The hole 412a, much wider than in the previous
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propel l ers and/or variabl e buoyancy devi ces should be

associ ated to tanks 303 or ring 305, controlled by a
woaoBwssasik zed control system 1In a variant of POTAT2006/000825

enbodi ment the | ower submerged tanks 303 can be kept

in position also by additio?§l buoyancy el ements as in

t he second enbodi nent. Referring now to figures from

ehdddamtbitsd fddddimpRadisrentceaft e APPAHAMUS 1T block 404d
according to the invention is simlar to the first

odirbadi pehe | %Qﬂﬁﬁﬂﬁ?gﬂaaﬂnt@ﬁsoSb?emheluaélgt enclosing a
corres%ond rals for identical or anal ogous
bﬁpe?n

uliter GRE ABNFEP ™01 O T witthe basyaﬁeylon of
eqle%r@mcs 488rgand As| Quel: Sukner ﬁ%@e@?@% Wg 8le 404
irst e om

the sane generaf structure as in the
fTré heaneceauptiess t @ acentkdngepirecel 5 mtbndﬁlngutaeually

dISC S 411 and rotatable bal | nmenber 412
kﬁﬂﬁg glﬁEZéaFﬁlng% thy ! 1R§|r¢Q%%-p@éQP@@sthe core
0 , I ry
4gg§n§£?E%F§F§%%&n nc?ggggqagfgrﬁg%g%%géfl%é) Thfrom the
pealiphétRapfntitle wildek “ldd.in the preV|ousenbod|nents,

accompdates a central_ cylindrical block 404d of a
pol e 3b%, YREsesent e@fsciemRotal PP dicl eepmgeled to the

t f. t.h duct of
U SR M R AT SR o

ahanbheuscofgpsh 585 & oCethé aler®Ride mdddk eéieagayg described.
axially fromboth flat basis of the block 404d. Around

Thie loyee @@QJQfr?ﬁ@f@@b¢né0éagévﬂgaélyr@P@@DstaxwaMprle

r the h of t e bl gck 404d. The en
end Pt Sou FekhAnddied T5H ne. ppar oUbhar gggoRT Fouth
4%&‘0%&1d40a1 vhalaieimts AQ8, 108681 NTha %%1%90% the two
fashion to the enbodi nents al ready descri bed.” The

chéwectend ofan heopate 4fedivoimblyd suppordentarabupkes of
the pole 404, like the transversal rod with the turbines

of the first embodiment. Moreover, each collector can
swing around a transversal axle (orthogonal to the central
axis of the pole), indicated at 407 in figure 14. The
collectors are hydraulically connected to a water circuit,
not shown, formed in the core 404b of the pole 404. The
water circuit is communicated with the engine room inside
the block 404d which houses a generation system, e.g. a
Francis turbine, for converting the water flow into
electric energy.

The upper submerged member 401 1is a completely
submerged tank full of air, whose buoyancy is balanced by
the weight of the pole 404 (including the central block
404d with the counterweight) and the water collectors 406.
Under the action of the waves, the pole 404 will move in a
vertical reciprocating motion with respect to the linking

piece 405, and together with the ball member 412 will move
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of water collectors 406, each with an inlet front
mouth 406a and a tail with fins 406b. The assenbly of
woOheostosssseol | ectors can rotate freely around tRET/IT2006/000825
central axis of the pole 404, |ike the transversal rod
with the turbines of the firgt enbodi ment. Moreover,
.each collector can swing around a transversal axle
g ehegeaall atd ngh& idédngamodiios: ofl thherge@es)t, to the lower

i ndi cated _at .407 in fi 4. Th | 1 ect
PSR A A0 B S TR A e
hEQ%”QQZdTﬁﬂﬁ%dﬁ%‘%f@%%&fﬁqL@?ﬁpﬁbfkfgé'o%h%ﬂgnéﬁﬁ§ratus,

circuit is communi cated w e engi né roominsi
ashé&hbl ceked8iduntiucke HOYses id lgenertatiisorasystedere.ihto in

CBPEaLE Wibhorr B e b 568 REATereAcTa & anud red
f . of ad b
reQfpksheky %g@”%fo%’s‘é 2 6#84 N %g%ﬂ?%ﬁﬁgfggggé% the

i s balanced by the we e pole

pbhe @At malllblreska1404ich Wit hithEow oAt BEWekARt Leandathe o
water collectors 406. Under the action of the waves,

CPRe 1pEPENA64 CHtCR D RE ithe ReYei calar Bbeproddeichgrs 406,
ti i pect to I inkin i,ece 405 d ,
St e TE The bal | “ReSber Lato WA WEvErh GHe turbine
insdind agngind i kbong MItd®Oniw tdhilesasédifetfe k@Welrore,

subnmerged nenber 402. The bl ock 404d may slip outside
PPHEThote 4%2hraftadut faphecthag rhéawovki ngosfionheof the

S the cage structure 4Q4c will in this
R e rolRes S COMH | BT e a9 nBRBerslfio0f the
ande Pt ONG deot bey{ eHULEBFLESEST BpgE q
CnDtieon 0 q?%e | ower endg%f t he ggfes%%ggafﬁFﬁgegﬁp%rfn

an i M$ ol ofheresssit i emdodanent | oat hembarepfakaet badit are

of the pole, via the co]lectors 406, and consequentl
bews b@%te+nfl%ﬂi?%ateﬁF$§Es the tt¥BrR&onn Phe §ﬁ@ini0wer

LISk IBE TR L L8y PRYSE0L o
piece 405 and the block 404d, and/or the upper joint 408
is rigid, or both this simplifications at the same time.
It is also possible to consider a variant in which the
collectors 406 are replaced by a plurality of collectors
placed rigidly on the lower end of the pole and facing,
above and Dbeyond a number of different horizontal
directions, various angled directions upwards and
downwards with respect to the axis of the pole. In this
case it might be necessary to place valves on the inner
part of the collectors, to block the flow of water for
those which do not face the direction of motion of the
lower end of the pole. Such a variant (with all three
simplifications at the same time) would be less efficient
than the embodiment as shown in the figures, but would

have the important advantage of not having any external

moving part.
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subnmer ged nenbers, causing the notion of one end of

the connecting pole with respect to its surroundi ng
woalmres#4s in the first enmbodi ment, a nunber ®ET/1T2006/000825

variants are possible in which either the function of

the | ower submerged nmenber é 2 is carried out sinply
by the |inking piece 405 an he bl ock 404d, and/ or

the upperwjdintbeO&pfrddiGithd O Rat hthBi Sabove that the
sinplifications at the sane tine. It is. also possi e
APPIAEFHSTde PCEFAENaNt i vitheh Lheenoldmct bES 4@padle of

: It f |l ect I d rigidl
et ake” Rator bty PURECahieaaei o, Adovein ereray

cbayerdeasnumizer t0fe dijfesent sheri zanal @igections, ..o 4
vari ous angl ed directions upwards and downwar ds mﬁPﬁ

cpesprERat oyt e ffeirensf sheteol o lextirhics caserdy AreRt the
W necessary to place valves on the inner part of the
coFFéctors, to block the flow of water for those which

do notnéacgddiadid eatdnafhMothon of the lower end
of the po%§¥;8uch a variantr%ﬂF% aT?étriﬁké ton ~can be

pseaptli tooal tbasy atndée saterti se) twadl dtbeahess protected
efficient than %Ee enbodi nent as shown in the figures,

EhOt Ui haVEaFRET it drit  d@vanedgeabio ndsHatiany from
sRO¥c &Xt enRak ¥jn k| e appreciated from
the above thggathegggggiatﬁélﬁ%céf iﬁbI§%§ﬁhﬁ}0rs £ Twear
andyvdmtaronof s ofdallre oftcueeUmeNt iMG abl e submerged
limtations of the wave energy converters of the prior
MEPREL S n PERati§9dus &SR caricepesdl | yidhf f sespecsystem the

st Pr&XLE ACY gﬂfﬁgy.gggg#gggsmaggszhﬁgggéﬁﬁﬁg%%¥g§b|9f the

according t ein ron~can be

fohlerivgi eparisieINatend] 688 bpapept 661 £, {1 OM SEY LT €fyp g,
.weather and if desired also isolated fromshorter

1RRNet hdids tvavoprsshiats are contributors to wear

Some of the submerged members (possibly one as in
the first, second, fourth and fifth embodiments) have
inertial mass as low as possible, and a size small with
respect to the smallest of the main wavelengths which one
wants to harvest for energy, but big enough to intercept
enough water motion. Other submerged members or connection
means have correspondingly very large inertial mass (in
the first, second, fourth and fifth embodiments), to
compensate for the buoyancy of the previous ones. In the
third embodiment, instead, all the submerged members have
the inertial mass to compensate for the buyancy inside
them.

The members tend to follow the motion of the water
which intimately surrounds them, which is approximately
circular for a single monochromatic wave. When the members
are placed in different motion regimes with respect to the

main wavelengths (e.g. at different depths), they move
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and tear of offshore structures. Two or nore submerged
menbers are used, kept at rest with respect to the
weunmsmanding water by means of any conbi nati onpof/1T1ve6/000825
followi ng: partially enclosed water (virtual nmass),
fins, inertial mass, propellegrs. Some of the submerged
menbers (possibly one as in the first, second, fourth
W&ﬁé1%#%3pﬁmmod¢@EnES¢hhaw&hbmﬁrHBy rE@?kﬁf%LO%hgﬁ with
i_bl. size small with respec 0
ngrégicgéfelgo?#%%'naﬁ \?ﬁveﬂl’%@%%e wiioc resgri@ aaneser gy r:from
b L.g..e h,to interc ,enough |
Carer Tt o P b mar ok b8l SGF cHRRBEfBn Tetion
ohedHt haveneotiespordimyl yivar yrdS5e: | BN td@he MSS, erged
in the first, second, fourth and fifth enbodlnentsfl,
m%%835ﬁp8ﬁsgPetF8rSPﬁéo%ﬂ@yaﬁcVabﬁrthe previ ous ones.
e _subner ged

I'n th@hﬁgirgh@”@&QéH@?é%?iﬁ%ggﬁgbp%%%ﬁ%ESngaraquhgan be

menbers have the I ner
swuyantyednss déol hems . The nmenbers tend to follow the

notion of the water which intimately surrounds them

whi ch™i st tappfoxioiat elsf fdidiantar beoruaesi gl eises all the

I=C ve,_ Wen the nmenpbers are placed in
cdi%fe?%ﬁgahgth% S@&%ﬂﬁ?%&?%’rggﬁe@€mpér§h@Qﬁﬂ91kept as
mwwwehen@bh3ibﬁegaﬁﬂrégﬁfﬁi@ﬂtr@%%@%%)ﬁ§'¥ﬁ%n28§¥%%ﬂding

23 - with respect to each other. By |inking themw

w%%ﬁﬁecﬁpﬁgrﬁﬁﬁmioi@ it&apldssionlad tapexitdtacd @BEREY one or

' relative notion or fromthe i nduced relative
mgrr%ét)r%oin&% S the THIMESE iOFMRs with respect to sone

submer get MBAHRIEr S Pfe 1 the é'oqﬂg%{} ,vvat er., Thusé N
t he adgantages of tﬁ% preseﬁ%ﬁgppara can bel ©25Y ©
ingifRetityedand f okiowsin, especially in some of the

simplified variants described. As mentioned, this can be
useful also for prototyping purposes.

- Having only submerged elements with very low, or
very large inertial mass it has a negligible motion due to
natural oscillations.

- It can be positioned offshore, in very deep water.
Its average geographic position can be kept constant with
the use of thrust means, or can in any case be signaled by
means of the GPS system coupled to radio transmitters
and/or light emitters and/or sonar buoys.

- It can be designed in such a manner as to be
largely unaffected, or only slightly affected, by
extremely severe weather. The whole apparatus will move
due to very big waves, so that the relative distance
between the members will exceed the limit point only under
& very unlikely combination of factors. In any case, if
the motion does exceed the maximum limit, the apparatus

can be designed to simply disassemble, and one can arrange
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- It is nore efficient because it uses all the

conponents of the wave notion, its nenbers bei ng kept

rest wth respect to tRET/IT2006/000825
surroundi ng water, contrary to a traditional apparatus
using one or nore floats_asgurface element. It can

have a sinple design, very easy to inplenent and

IrEi bl BYséspe dicaldep siserddre iafsetiife csigeldHd eéqom} i|s over

(éﬁggggas describe%. A% gpntioned, this can be usefu
§6 tor profdt Y RgesErpdads. 1L b menbens suenerged.ded
wekBnpRbpeM ERcvery Iow, or very large inertial mass it
has a negligible notion due to natural oscillations. -
It can B& posiksi ared Df faharts, v i wiver ¥ ﬂg%gcﬂ@%ﬁétiba%ave
t

savgrage geo&raﬁhic position can be kept constant w
{Re“lUse®df Vhibist® nedis, mmesiranetany case bend is not

s8h80B8l £d- By AEAY ngﬁipﬁ gPS, system coupled to radio
transmtters and/or I1g f-eRftters and/ or sonar buoys.

- It tafhbesdesi gifedhe appeiraa RIS @Se t OnbE L2 .
unaffected, or only slightly affected, 53 eﬁt?%%eﬁgfgx 1t

C%%ve?%r%%%?heF?OWhethﬁol@aﬁﬁﬁarésuslmmﬁtednvenmye b9 the
t.ive di stance between

wilPE Ve DL On WaX e, 30 {haty the relative -
e e RIS LR FRECIT A oo ROl YoaindeF . Bhould
byeppsanblkely o nAltONaghataehoLs. dib 1Tt han
the notion does exceed the naxinun1%iﬁ%t, éﬁﬁ%ﬁbre than
1@fbaPat ROvsin Kesdesi gheeiragesi fpby dhsansghbl @r aRdgher)
one ngefor the systemto reassenble itself
T once tﬁeaaé]{%rc?heel% BVt (FoSSbly in an automated way,
{1 e Iresrhersuas s o deddiddy propel retlir
works as efficiently with a nonoc ey #ggé%v eé@%?%%? to
thesdl iy tareamon neerotigwrestion onesmesdli nen ot Seositle for
the ve direction,
déﬁioﬁ%eﬁ%iln areas wgth smaller wavelength waves will be
accordingly scaled down.

Other changes and/or modification can be brought to
the improved wave energy converter according to the
present invention, without departing from the scope of
protection of the invention itself as defined by the

appended claims.
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- The size of the apparatus and the energy which it

can harvest fromthe waves is limted only by the
woavesloength. A sinplified conputation shows thaCTiIT2006/000825

shoul d be possible to construct apparatuses producing

nore than | OMV of power (as an average) from 5Sm high

(or higher) nonochronatic deep water waves. All the

enbodi nents have been des@ripim$ referring to their

i c_configuration; enbodi nents destined.fpr _
lggggg@ﬁﬁ%te?ﬁg%Ye§§nMQHﬁ%ﬁnﬂHRﬁrQQW%I@Q@phlaamgsawIﬂeast

' I . hanges and/ or |
oo Y RS O RGP, i o0 means
(énemgpyapdmy efder aALo0L AyNGheo ritfidr eSL8L1 & QYA OtBEe said

i £ hout departing fromthe scope of protection o
Iﬁg gggiéﬁ’P éePP95§S@@ﬂﬁﬁeéobygﬁh@aaﬁped@e?h@ daRr where
A. ener gy, .converter apparatus o
S marrarng St Todt T Meiber e aat 88 Thathiar pomprising
egenggctedvby s¢onneaddon (T@)an%_oédf)co'i‘i%&lk&'i?lﬁf C\éhg)?" how ng of
the nutual displacenent of said nenbers ) in
s?%@p@ﬁgéePBiPﬁemW@ﬁésG%ﬂtﬂniwwﬂkﬂcwwmﬁegméﬁgﬁppaﬁatﬁéans
j th aratus further conprising energy
f%%neé?éfg%gneg%gpgﬁ) %B?HEBHGE???nge ABYRABERONtHE sahdrgy
profnesdj 0ghae a(fb)tdéﬂt@efﬂlg?%ﬁégaégnge{ja% %a%?} said
for storing and/or transporting el sewneré the en
2pr dfcEd, tive amppheatus (bei 1Y) charactemizedel’y t Babmerged

' t least two nenbers (1, 2 ) are conpletely
gty %%?d%%ﬁh%%btpg AERPRG tERe éﬁﬁﬁpaﬁﬂ%,at@kghza?nautrally
Wiéked nead k&l Ly hyo ' a bej provi.de or
o ob g e g E¥ R BEBY R TS SR SUer gt on of
eaminbers sdbsiednt i mibyerded estn¥eth LOEREGHIHATNRE 2t rest
rroundi water Wi th which they are in direct
"o t%%%f?eé}% tRat"EhEUKERBBASNELWaREY willth ndvieeh they are

in direct contact, so that the members (1, 2) will move
under the wave action substantially in the same way as an
undisturbed wéter particle placed in the same region, said
at least two submerged members (1, 2) being mutually
spaced so aéA to assume respective positions affected
differently by the water motion induced by the waves.

2. The wave energy converter according to claim 1,
comprising an upper (1) and a lower (2) submerged member
each comprising at least a tank (1, 2) filled with water
and air, said position-keeping means comprising weight
means associated to said connection means (4).

3. The wave energy converter according to claim 2, wherein
salid connection means comprise an eiongated element (4)
extending between said members and connected in a movable
way at least with said lower submerged member (2).

4. The wave energy converter according to claim 3, wherein

said lower submerged member (2) comprises a linking piece
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under the wave action substantially in the same way as

an undi sturbed water particle placed in the sane
woegismasessai d at | east two subnerged nenbers ( RCTZTI006/000825

bei ng mutual |y spaced so as to assume respective
positions affected differentJy by the water notion

i nduced by the waves. 2 . The wave energy converter
(&dcdiodi Agnidngl dhm Bubreomerd Hei®ean (EOP&Io (sBi AN dhgated
l.ower (2% subner,ged_nenber each conprising at |east &
SLERR™EL, (9 [Haded WWkANEat REcamd @)r , combdising a ball
measkt- egpi co IS wej ght ans

associg?é ?Ejggigeggzﬁeégggﬁ ﬁ@%%ss%%ﬁéb © . ePHagRAget of
semdr@ﬂangwmmieelamgﬁtdumgﬂcgéa@iBhgl,m@ﬁgé§n6§?5dbeing

connection neans conprise an el ongated el enent
rggﬁgﬁeﬁﬁg“Hé%ﬂébnas@pﬁsﬁéﬁbef%l@hddeﬁhnedté@zianaexternal

pARYa . e W sai d | ower subnerged nenber
(2 ?hg)v@#hggﬁgvéféﬁ r 5)00nverter according to claim

53 Theherssien sadtyy owshvekbaRr ged. JTRiTh ) rises
a |inking piece(5) forvlinking t he sugaééﬁegﬁﬁgﬁ%éf or 4,
vhoyein $wid epbpggitbedelmamir (43), isai dohhBkiBg PiEC8aiq

c | S a bal | er (12) with a hole (12a
u$§%rs$@§é%ﬁgggﬁ§§§% n?Fg?V%%fﬂ %@%%gﬁ%@@teK%hént %4),
6.saTHebakd vare ey (12 | r.ot Wit hi n a _housing

(112) defined by A 2kon S’F%%erbo%;&/é?!i%ﬁ\%f J2N S eld the
clzims § toThe wheeedmersgyldeMardaie ACEREEMNY t9) CLatBhys

4 wherein said elongated nenber (4) is connected
b%%gé%idﬁﬁﬁée:ﬂ§ﬁ%ﬁerﬁ%ﬁnﬁﬁﬁ%@r nanb&r a &2 bal | spbilnt energy

cdBersfon i ENer er_according to an
of the clains éévaetlchS , %%%ﬁ%? cfnee&?%snggégdc%?%%%?d to

the)lesarraisl bedond Saiad d avieingituergeshdmmer) (2) |

7S 'ﬁ ener conversi on means conprising turbine means

'(2§ %oﬁﬁ@%%e8n?6gyheCP6MEFt@ﬁd qZrdfnsaited ekarygad€d the

cﬂ?%%gﬁgt%§4%hé57 'wﬁggeﬁﬂvesggsrgglgggggééerefgﬁgégin9404)
extends beyond said lower submerged member (402), said
energy conversion means comprising water collection means
(406), connected to the lower end of said elongated
element (404), a water circuit formed within said
elongated element (404) and communicéted with said water
collection means (406), and water turbine means placed in
said elongated element (404) and driven by the water
delivered by said water circuit.

8. The wave energy converter according to claim 7, wherein
said elongated element (404) comprises an axial core
(404b) in which said water circuit is formed, extending
from a central block (404d) engaged within said hole
(412a) of said ball member (412) and enclosing an engine
room for said water turbine member, and a reinforcing cage
(404c) surrounding said core (404Db) aﬁd projecting axially

from the periphery of said block (404d) .
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claims 3 to 5, wherein said elongated el ement (404)

ext ends beyond said | ower subnerged nenber (402), said
wenersggsaonver si on means conpri sing water col | eCTiIDI006/000825

means (406) , connected to the | ower end of said

el ongat ed el enment (404), @@ger circuit formed within
sai d el ongated el ement (404) ‘and comuni cated with

9s aiThenatvewec obheet i oncarepstst d 4 0&)c oo it ghakgr &H{/b' &€ the
geans pl aced in said el ongated el ement ('404) and
Ai-ién By Fﬁe fat e¥hefedinersaldy emehmwat@mveE it . fans

CoRErare S S ok ARaN S PR B0 c%ﬂﬁéﬁé@lacemem

banaanO$£1cﬂ4%b>hgiafte‘&”“ ehemahd er
f or med, extendlng froma cgntral océﬁ& é&deﬁagﬁédball
mGPREN d&i:d Sidle (MRapediesai ¢aial IbamElnheémkééfﬁ.Z)(lgnd 412)

f d t t ur bi
aﬁa gidngxggﬁggg'ﬁsg§8?ﬂg'gg§iak402€)e;urrguhgsng sai d
l@omﬁe(%gﬁﬁ)eﬁ@Qigr@bﬁ?@kﬁgraébébkﬁlkrogbtg%agﬁr phwﬂ%reln

of said bl ock The wave e erg converte
S@é@oﬁdnngctgoanme@msthemptasasa4pnar81ltyh@febab§ébd(304)

conyer si on means conprise generator means
agglvg%d %ﬁe AT BRPI &Be paRRensehingrged member

(80 géﬁédw§£§”€ﬂé &éheéoé%?aggn%ghg alli?;?b agégpables

412 and between sai d
%&4brp@$sb@@ythﬂdugﬂldév1aﬂﬂonTb@l%@y§ ¢QEVQYSupported by

fconver2$£ accordlgg toclaim?2 , wherein said
TUhPRct T oR MRARRteGnpr i sld poueal Nﬂymgrge@brhemb(a:awgsoz

tho@, t d b
sdd Schieddl | gl Slo it & %8f§£@$gﬂ$g§?@qa)means
disiareh caidiﬂz eSse(i’zﬂM)prHEéy@g t 31 pughs Klevi @b 9oy p%lﬁé{

owe

(317) supported by franes (318) nounted on sa

%3%%} W %gl(pz\)er suihhesrgsd ynagdoeeer ) Jreans
LIgOmRE T Sjg dunams means driven by sald pullevs (3170)
claims from 2 to 10, wherein said upper submerged member
(1, 101, 301, 401) has a small size with respect to the
smallest of the main wavelengths one wants to harvest.
12. The wave energy converter according to claim 11,
wherein said lower submerged member (2, 102 302, 302)
comprises a plurality of tanks (3, 103, 303, 403)
peripherally arranged around a cylindrical side surface of
a central disc-shaped (5, 405) or ring-shaped (305) body.
13. The wave energy converter according to any of the
claims from 2 to 12, wherein a plurality of buoyancy
elements (9, 109, 309, 409) are connected via cables (10,
110, 310, 410) to a top surface (1b, 101b, 301b, 401b) of
said upper submerged member (1, 101, 301, 401).
14. The wave energy converter according to any of the

claims from 2 to 12, wherein a plurality of buoyancy

elements (113) are connected via cables (115) to
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associ ated to, said | ower subnerged nenber (302) . 11.

The wave energy converter according to any of the
woleismesdstom 2 to 10, wherein said upper subnePgET2006/000825

menber (1, 101, 301, 401) has a snall size with

respect to the smallest of e main mavelengths one

wants to harvest. 12. The wave energy converter
raspecting tadel aifmrhbiaahekeins saild) |%M@ﬁn§ﬂﬁﬁ%r&%@m said

menber %2 102 302 302) conprises a plurality “of

lpyREs spBmergsd gesbes03)08eri pheral |y arranged ar ound

lJn al surface of a centr c- shaped

s ol e e et g™ Dady e e noThEoyavey Of the
ceBemngy FeenVer ter 9acwre@eriﬁ tsglanxél%fngtaﬂ%dc'e%%nftf Q®,2 104,

to 12, wherein a plurality of buoyancy el enents

4949, a9, awopxEed loonasterdibile cabrestdie, ]s]aOLd 3BDergy
céﬁggrs1oa t%p surface %Ib 101b, 301b, 401b) of said

GBPEF 50BnEFGES PR SILY GPREBOT MA3ns Uivepeby the
r¥eypreBgt gy cmdﬁo@csaad'é&wa orPf m%%%m%}l%'r@ the

from2 to 12, wherein a plurality o uoyancy el enents
G%ngytadeeéemﬁetﬂéd WDé,cébnEs (115) torespective ends

h%dlal beans (114)(Protrud|ng fromsaid | oner
G VTentBrS 90 2) Ve tethe %%Q%K@h%igyt@onVéﬁ#@r 1,

céf to, an | aj f wherein

sa?ﬁiﬂ%ﬁﬁga?%d biront <, toa, SoBTREE o nglER " eacn
CempenSngeaStiaaBUre tsakd (e0gyg¥icoBvenSkANwARARSand air,

ri sing generator means driven by the reciprocating
S%‘k eI %qgﬁ)d ﬁoﬁeﬁﬁqen@ﬁiu@lllfhec@lrm@m@dvm a

pBhE£IENL (4, £1Q wa y co ver er

accord? g Fo an%% d giem%$§ﬁng508g of aPt orm a 3D

as&@n@lgﬁdsﬁeﬂbéﬂ&n@;&tédC@fﬂéﬁﬂﬁﬂt@Q atodeasdvend a£‘1|§ axially
(201) filled with water and air, said subnerge

Sxebel %elﬁﬁﬁﬁﬂﬁHﬂQW'c@ﬁhécte@ﬂﬁrgya mamvaristipnof means

‘c5%§¥§EE§8 %éﬁn¥5toéz egngo grlvenf%SWl%he reciprocating

extension and contraction movement of the elongated
elements (204).

17. The wave energy converter according to «claim 16,
comprising four submerged members (201) connected via six
elongated elements (204) so as to form a tetrahedral
assembly.

18. The wave energy converter according to claim 16 or 17,
wherein each elongated element (204) comprises a stick
(204a) coaxially and telescopically engaging in a slidable
manner within a tubular sleeve (204b), generator means
being connected to the inner end of the same sleeve so as
to be fed by the mutual reciprocating movement of the
stick and the sleeve.

19. The wave energy converter according to any of the
claims from 16 to 18, wherein said submerged members (201)

have a small size with respect to the smallest of the main



assenbly, said elongated el ements (204) having an
axially extensible structure, said energy conversion

" WORMIRGHEAPr i Si ng generator means driven by t h&CT/IT2006/000825
reci procati ng extension and contraction novenent of
the elongated el enents (204)q. 17. The wave energy
converter according to claim 16, conprising four
wayBRergEBSneRBeNant20tp bemmested via si x el ongat ed

el enents (204) so as to forma tetrahedral assenbly.
18. The wave energy converter according to claim16 or
17, wherein each el ongated el enent (204) conprises a
stick (204a) coaxially and tel escopically engaging in
a slidable manner within a tubul ar sl eeve (204b) ,
generator neans being connected to the inner end of
the sane sleeve so as to be fed by the nutua

reci procating novenent of the stick and the sleeve.

19. The wave energy converter according to any of the
claims from16 to 18, wherein said subnerged nenbers
(201) have a small size with respect to the snall est
of the nmai nwavel engths one wants to harvest.



