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t he wave diresigntof ewhrgy transsnigshm, These waves transmit energy through all states of matter.
Transverse waves typically involve particles moving back and forth at right angles to the
direction of energy transmission. These waves transmit energy only through solids. In an
orbital wave, particles move in an orbital path, These waves transmit energy along an interface
between two fluids (liquids or gases).

[0004] Waves occurring for example on an ocean surface, typically involve components
of both the longitudinal wave and the transverse wave, since the particles in the ocean wave
move in circular orbits at an interface between the atmosphere and the ocean. Waves typically
have several readily identifiable characteristics. Such characteristics include: the crest, which is
the highest point of the wave; the trough, which is the lowest point of the wave; the height,

which is the vertical distance between a crest and trough; the wave length, which is the
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felt globally. This adds yet another need for the creation of an

envi r onmgpffictent 8§y hi gh efficiency, | ow cost energy device. [0008]
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[0008] The need for readily available, cheaper sources of energy are also keenly felt

around the world. In places such as China for example, rivers are being dammed up to create a
large energy supply for a fast and growing population. Such projects can take twenty or more
years to finish. The availability of the energy created by such a damming project does not even
begin until completion of the project. Accordingly, there is yet another need for an energy
device which provides energy immediately upon construction and has a short construction

period.
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[0013] In designing the buoyancy pump devices to be located at a location in a body of
water, a system and method for designing a buoyancy pump device may be utilized. The system
may include a computing system including a processor operable to execute software. The
software receives input parameters containing historical wave data from an area of the body of
water and calculates at least one dimension of a buoyancy device of the buoyancy pump device
as a function of the input parameters. The dimension(s) of the buoyancy device are adapted to
enable the buoyancy device to create lift pressure for a fluid matter being driven by the

buoyancy pump device.
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pr esent ] ion W ll .becone_.apparent |n the faqllow ng detaile
witten é@éc{e??}ﬁt@%meéﬁfiﬁﬁf%&ﬁ%ﬁﬁw W‘?H% BPAW-NGS [0016] A nore

conpl et e undef091Sirtlienhoes ast¥ng] ARIBRINA0YjBRRA! RiResOfndl
i nvention ma bt ai ned by refer enrée t“lo the fol I ow né‘ageaﬁt?éa%%?g%%emesem

be Q § ; .
Descri pt PEFURWIH bpeques appatest iafkeiolovmgaletailad meittem desciiftéone| enent s,

when taken in conjuncti geitetied Iaﬁ%ﬁgr@?ny RGN EYS Wherein:
[0017] FIGURE 1 is an expl odeIgE s(?gle-el eva ioirllglgbw ew of ~a buoyancy
punp devi ce ilR03] 4 mosg coamtierd undsnstaidngarthe tiatho and tpatdne qIthdabghes

of the i i for e | uoya J pOWer system
(00181 P epnen SiE thleRa tlirettRiod § s ol gl Pt cne v o
FI GURE Ireferfi00 hgherals@QomtigBikieslanatp stiers@én Rtoffunf iR B8 at@Hinying
al ong Iiﬂlea“grlr%- 2% %0_0201 FIGURE 2C is a side plan of the assenble
buoyancy pun'pgS %% of FIGURE 1; [ 00211 FI GURES 3A-3C are top plan,
side, and i sope17]iRIGEREVBisiaaRAblo¥ENEe-AE

M 43 0 vaBiBnal YRR %%#%@F%dfg{cg fia

in accor ancebrf\qith the principles of the present inven

FI GURE 31551 €mopdnas ingecerdaacs wighcthe grinvipleanf thy eresend ingvebtimyfanuse iblock
havi ng abuog.g{cgwip@g,ep stelpn; [0023] FI GURES 3E-3F are top plan
views of an exe ary adjustable base portion of an exenplary
buoyancy bl odﬂﬁﬁ FéGéBﬁdi’atﬁtaetdp plen vieguuTabe ouoyandy mrpadutid of FIGURE 1;

configuratio i o 1 F A-4C are side views of
t he Ibggyanizyqggl%%ggglﬁ%?ﬁg#%ﬁ%%éﬁfngt ﬁﬁ%é@ tﬁlﬁes"saé%“gtlh’re%%\@fl?ﬁit he
buoyancy punf0@RViFe@URERI2E]a stde@URFor4f dssenfbled bieiTahdyCpunly dsidedk FRIURE

an exenpl.ary wave; [00261 FIGURE 5 is an el evated side view of an
al ternaté embodi nent of an exenplary buoyancy punp device for use in
a buoyancy pyMe1peYEURESSVEST afaep flak%ideOaddi8oMEkiR CleRhifohaliewd N

present invention, _ , _
exemplary buoyancy block in accordance with the principles of the present invention;

[0022] FIGURE 3D is a partial cross-section of an exemplary buoyancy block having a
telescoping portion;

[0023] FIGURES 3E-3F are top plan views of an exemplary adjustable base portion of
an exemplary buoyancy block in a contracted configuration and expanded configuration,
respectively;

{0024] FIGURES 4A-4C are side views of the buoyancy pump device of FIGURE 1 as a
wave passes through the buoyancy pump device;

[0025] FIGURE 4D is a schematic illustration of an exemplary wave;

[0026] FIGURE 5 is an elevated side view of an alternate embodiment of an exemplary

buoyancy pump device for use in a buoyancy pump power system according to the principles of
the present invention;
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B URE 10 s dno) SIGDRERG: BELRER Sle vl o RERE Mo HNGR e r ot Cipdlary
exenpl ar YWavBweyameytheplalsratdnttmdiment 0f en buvyandyuninandeyicd ush @ buoyancy

i inciples.of  t present invention; [0032]
Iszlygﬁg ﬁ’ﬁ?@ q}é)gglé%yg?%{%ﬁg@%%éb@?emwlﬁ ‘%ﬁéﬁﬂ?ﬂ?ﬁ}t BUTAYCBevi ce coupl ed

to an exenpl §#030REIGURE Qs & é]b@tédﬁide&lﬁ@wioﬂa@otﬁ%&%ﬁﬁ&heﬂ%@m&% 8
system accor di nﬁ to,the principles of the present invention;

FI GURE 12CYECKLRUTP (gides 1oF PS5 guayangy swpp apyetysiparregordingrid the prinnigles of
that may thdy@eden€iglv@sion; structural conponent of another enbodi ment of
a buoyancy pu devi ce; H0034] FIGURE 12B is a perspective top view
taken al ong altUPAEEIGERE 185 asfelevated sideoyemofyat baotharenthdim BUREmlexehplary

Ahg : o] in FLGURES 12A: [0Q35]. .
e i T TR
FI GURE \mmpresspfingantiess as a cap of a piston chamber; [0036] Fl GURE 13

is adrawin or._dynam.cal | y deferm ni ng and/ or
:aZj usting tﬁeﬂ@lgg]e o% a ngWn%Vagf%ag‘%ﬂg%%a%"r?y\ﬂ}é‘i)’é’uﬁé‘td&,‘”%lﬁ?ﬁpledtoan
syst em depingtlaimgqainulturagg fafusein SBRSARY fanf pAfer S¥EIR h&:ro}’di}?%,lgé%%@(&ciples
bl ock di spl ayed on a noni tor of a conputing system [00371 FI
is an el 8@%‘?%&5%? IFEE ary buoyancy punp power systemthat
utilizes a waf0es3] PGRIREETRLHNGudRibA8s & éﬂﬁfgmrgﬁugaﬁ%h&a%ﬁ:gsreqnﬁt fhat may
inventiop, [0038] FIGURE 15 is an elevated view oyancyr f)
power syg"f ‘é%ﬁiiaﬁaé’i‘i“‘?“ﬁ?]t @rpepent efbebsrentbodiowat of Migidyendypemprdenizepl es
of the presenioosMERiUTDi28 RA3Rks el w:fLigwltglce%nal%g%vc%s%gec\:{t}o%vgf%ze yet
anot her buoyancy ‘punp power sys &N

buoyancy chamber of FIGURE 1 that utilizes the buoyancy chamber ring shown in FIGURES

12A;

[0035] FIGURE 12C is another embodiment of the buoyancy chamber ring of FIGURE
12A configured as a cap of a piston chamber;

[0036] FIGURE 13 is a drawing of a system for dynamically determining and/or
adjusting the size of a buoyancy block based on wave data, such system depicting an image of a
schematic of an exemplary buoyancy block displayed on a monitor of a computing system;

[0037] FIGURE 14 is an elevated of an exemplary buoyancy pump power system that
utilizes a water tower according to the principles of the present invention;

[0038] FIGURE 15 is an elevated view of a buoyancy pump power system in an
alternate embodiment according to the principles of the present invention;

[0039] FIGURE 16 is an elevated view of yet another buoyancy pump power system in
an alternate embodiment;
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FIGURE 17A is an illustration of an exenplary punp field 1700 that
i ncl udes of WBIBYARN! punp devices configured to drive flRGTEURH3Q45419
reservoir in[@R9PEIGEREQ 7WAY & illutiraidn @¢ erasempla§binpHledRD0 RS indudes of
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and [0045], FI GURES 40-44 are assenbly and detail view of a buoyancy
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is shown Dby i n‘ﬁ? fFIG-UIRfEfﬂ'.S.ZtU:? 0 st@rﬂgﬁri aiml_ﬂ Qe VAN RE 1RORAES PRAD Scdofding to
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[0047] To solve the problems identified above, a buoyancy pump device is provided to

convert the potential energy that exists in the natural movement of very large volumes of water
found in the form of, but not limited to, oceans, lakes, and rivers in the form of swells and waves
into mechanical energy at a relatively high efficiency. The buoyancy pump device is adaptable
to pump both gas and liquid, or combinations of both. As such and as referred to herein, gas is
defined as both fluid or gas, thereby including both air and water. The pumped gas or liquid, as a
mechanical energy source, may then be utilized to power turbines, air tools, ventilation, or any
other mechanical devices using this form of power. The mechanical energy source may also be

used for the creation of electrical energy utilizing similar mechanical conversion devices.




used for the creation of electrical energy utilizing simlar
mechani cal conversion devices. 6 WO 2006/ 065994 PCT/ US2005/ 045419
[ 0048] Ref eMQ He/MdW+t o Figure 1 through Figure 2C i n cob@I/HSa0045419
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st or age,° ufOFRgetY ?ﬂ g\ P lapish Hereeave {ﬁ‘rﬁjeff‘xéfﬂéﬁt,tféspaﬁh@iw Easow lisfuid
gas or |fr@ie dikerangesired location fromthe base 102. It is to be
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base outlet 132 may be connected thereto to allow flow of gas or liquid to a desired location
from the base 102, It is to be appreciated that the location of the base outlet 132 on the base 102
is adaptable such that the base outlet 132 may be placed anywhere on the base 102.

[0052] The buoyancy cylinder 104, which may also be a buoyancy block housing, may
be connected to the upper surface of the base 102 by chains 134 that in turn are connected to the
buoyancy cylinder 104. In this manner, the chains 134 stabilize the buoyancy cylinder 104 on

the base 102, It is to be appreciated that guy wires or other connection means may be used to



the base 102. It is to be appreciated that guy wires or other
connection nmeans may be used to 7 WD 2006/ 065994 PCTUUS2005/ 045419
coupl e the WAdYuAEY? Lyl i nder” 04" to the base 102, and tHG8/USe@Se#RI1Y
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tide changes, this exanple changes sl gnt [ 0056 changed
exanpl e, wit h[‘lﬂﬁﬂ bhwaﬁ@yewmée dey bedy an’vaieritavmg a 19dh waier Hepth 2 bubyancy

ti _de Chaggﬁxd exﬁnﬂét%% Had 18ftf t d Qé atdﬁllg%ganufélsc}prfro }t(IOI%al ng @8%41 ttévﬁ(fle 0 fi.

this chan erence n
tide is &added movenieat bfethgbhnyaﬁc}t HsieclwaMamlwamyhndyd:hmnb@ WBCordﬂJ@IyQYlﬁd

That is,,in an environ re,.ma ve hej is, 7 ft

T 1S biepl SN b 1R Fu TRhRaY MG ety S is sttt gy
tide andnmg{m%ésg@usv&uﬁl 1eb,gm{lge§tshghﬁlyl s is added to the buoyancy

cyl i nder Iengt 7 ft for maxi num wave height) + 10 ft. (to allow

t he buoyancy [098%hp bebe slanged gpmplg. avithibg @WY@N&’@DU@WW éha )0 &. spapyith a 2
(differ eﬁcﬁdm}taﬁ‘geei‘@sdltg‘% @ﬁqlt leg Bf ﬁdaﬁil@@r%ke f"lﬁbracéoﬁxf? G thid Uﬁéﬁgﬁ GHe télfference

cylinder |ength of lows a . stro e on

days wi t hetweemntpe émelahbél ‘f@de m‘lﬁélgbatgbumgldméw@e lé@ﬂﬁﬁ]thah@ymhn@er to be
cyl i nder 0 L inge

her con, ARt drisl BA0 LR e THIRE bt IEh AL O oot Wk 5 g0 . an
fl ow ng highoide iml%ahaddferermh aatioeen o 2tider @ﬂlh@ﬁtﬁiﬁl thtld bed gl Shéyis added to

cyl i nder the%uo}ag%{’ g}t’lll}lrdo Ul%ngth U]ie‘c & E?‘qul}gn'i \¥aveqielg'ilt) + 100 ft. (to allow the buoyancy
pump device to operate in low tide conditions) + 4 ft. (difference between low and high tides))
for a total buoyancy cylinder length of 21 ft. This allows a 7 ft. stroke on high tide days with
complete use of the passing waves.

{0057] The buoyancy cylinder cap 106 is adapted to support the piston cylinder 108
thereon, and the opening 118 therein is adapted to prevent liquid flowing into the buoyancy
chamber 112 from entering the piston cylinder 108 therethrough. The buoyancy cylinder cap
106 may be connected to the buoyancy cylinder 104 by welding or threads, or other suitable

connection means adapted to resist environmental forces while supporting the loads created by
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106 may be connected to the buoyancy cylinder 104 by wel ding or
threads, or other suitable connection neans adapted to resist
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affecting its behavior in the water. An ex)e_;;g ust nrent neans is
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120 and buoyalg LI g%l%%%i s&%@ céxﬂﬁ%, OtR% uc&'ﬁgﬁ l\éﬂ‘cﬂmn%@éﬁ%‘ﬁ‘f
flexibil M@/rgsmytrktecoanéﬂtlen@intth@ul@lﬂ t[he::(?]tﬁﬁctﬁl:fn }ainwl\lh%]?l}&mujﬂbeed@[gned to be
other suitable c means The on. shaft 6 is

desi gned % ﬁ@’ﬁuﬁég RFPOnsH &P @{Y Slaﬂm IeyhelrtB%Pléft‘)Ne ot thebupyppey
the pi st ®ockhad tvhdd theGRstdr moeéldtﬁﬁoffeuﬁ?bloﬁla 1@4 hiRmoEXRABMIRNES fRhHbvement
environnmental conditions. The piston shaft 116 is further designed to

trans| at & fls¥iblisy map ke eehicves hsgugicipe niegdie swivelconnle er ghentsgiable covphive
fromthe pi,gton 120 to the buoyancy block 114. Finally, the piston
shaft 116 may be tel escopically adjustable, such that the | ength of
the piston sillo0] 118e pisjontsbalt htt éabden&drtodbeﬁgh\‘&&@bimﬁb@mmg}t@mythe
require f devi c 00.. Th ustrre f the
pi ston gﬁ%ﬁsﬁlvg’fggﬁr}@?ﬁgg%%{e})e %ﬁl\i\rﬁé RS r}%mﬁ)ﬁﬁ% A SURE 8or t he
hei ght ofenvieoreieneit cauitidns. @h@pﬂsﬁﬁ%hﬁﬁlarﬁ ﬁé@tﬂe&bé@ne$mﬁmiﬁwﬁimlﬁom the
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Finally, the piston shaft 116 may be telescopically adjustable, such that the length of the piston
shaft 116 may be increased or decreased, depending on the requirements of the buoyancy pump
device 100. The adjustment of the piston shaft 116 may be needed when air is the pumping
media, or the height of waves or swells are less than desirable. Such adjustment enables
maximum utilization of the potential energy in the waves or swells.

[0061] In order to seal the piston chamber 122, the piston 120, which is slideably

positioned inside the piston cylinder 108, may include a seal therebetween extending around the

perimeter of the piston 120. The seal is adapted to prevent seepage of gas or liquid from the
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[0061] In order to seal the piston chanber 122, the piston 120, which
is slideabl positioned inside the piston cylinder 108, may include
a seal ther¥getid6mW?ext endi ng around the perineter of tHﬂE‘/IEZEfb@#HW
120. Thec&éwinmest inthdpe pdtonshpneard AL, adepage pdh‘torgcﬂﬁmdaér 122q0 e SnhREALAR,
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pl ural i t¥hn%f y Connec é t he i nner_ surface of
buoyancy”cy i @Pﬁﬁﬁom?ﬁtg E%tsﬁfs‘mi‘éﬁ}“ AP ‘I%F’ﬁu‘éﬁ@fl‘éh@’h&ﬁ@ﬂ@“t H&e Shlms T40

per i met eaxiaify éxfiendalngane yerimydiéridtefe thiddancgRPlifdel { HE LS R,
stabilize the orientation of the buoy gnc§ giock iéfimvm tﬁﬁ@r&ﬂf}em stabilize

buoyancyﬁ’EW'FWﬁté?n ofthpbugypray blogk Hﬁwlﬂén ﬂl@@ﬁ@?ﬁn@}t tdihdef. BheshimsaiblOanay be
mat er i al gorst#edie t he,.shj

and thecobuoyaniéﬁsluggﬁe %%%fr bl %l!rl%g% gée ézor'aelrffg&ér?gggﬁ'} V\ﬁﬁe o e %?l‘rgl 148 %ng
m)verrentthéﬂ’u?mcbbléylahlfyamrmﬁesmm wi t hi n the buoyancy cyI i nder 104,

a pluralit vi:ded on th ce of the
bugyancy v ﬂﬁ)ﬂ@& pﬁ%g{ d}n? g%rgée ;&eg)u%%y %}5’812 ﬁl ﬂ)‘ﬂnﬁ eboyangye
posi L i olnwitlgd@fmﬁhaaﬁlatahgsoﬂsﬂdpsggynhf r1]:.3 e vidien t?@mﬁﬁ{s‘lﬁffa% ﬁe%zssﬁgamy
stroke t wi t.hi ston. cyl i nder

[ 0065] @Pﬂ&éh 43ad gﬁﬁ%ﬁﬁé PQ%’(I?W%B‘%“‘&&F’&Feoﬁoﬁé%%%maﬂlgtqﬁ@e@wem&way be

bl ock llﬁjmstedttbalat&hlmeaﬂé‘d/stﬁbiﬁb iengarof HpikhANSh a&tﬁ& thé?p; h%%hﬂ&%i’?d%e”t
thin the piston cylinder

of the pisto
shaft 116. T&Q&éﬁs}t’\%ﬁ' tg g ppderstpodsthat axeah msyement qf &i’tErhuQYamB biaqkﬂ ey m the x

t he OShyioh &k bI ocC
114. Foo%de;(j Rggfédrntrlﬁlbﬁmfirn%\%f/% P 5%%?8%%@0{;%28&% Blesxog‘rarlpﬁar ) ﬁgﬁo&fyhnder

bl ock 30H8da dEpigten shafttdp Phepistos shdt Ialrtﬁchndsommrcjowtsem further fix the
respecti as an openi ng 302
0% ttn 0}_{}% ﬁ&cﬁ'}e’ P‘{g)g\%ﬂfj}eg elét t%qg Li(gfgn(‘( a}EMZ

adapted to recelv | 0in B) and thereby
couple to t thOQﬁ]stlbafemhghbwidﬁlg(Jﬁsgwm Iah. ex&ﬂpldmﬂfoym iR 3804 dhdwn

t aper ed td from.the perineter.  of the buoyancy bl ock
300, and fh EE%r éfdg gnm@fsomélc ek %E"eﬁtﬂl"fﬁ%’ 362 buopﬁxgcy[ Blpe 200d1es ?héXlalpper
por ti on @@ding362 saap&makecema{mh g johe 1 9 aNane yBPhLRCGK 3 le t
especi al l'\%)l}&rfmg‘gi?& ge buoyancy bl oI():k ggOO IS %ﬂ mer gd I ne mg}?%orup nd 7 the
movi ng tid & (Eighredde ABfappgigopianeid IN&Pﬁéﬁ gﬁdl-?tlibrenwvéﬁsm marpt:nmater
S04 1S ST@MLRSaRgRHRE00 EARhilAUC ?'% F 106,240
bl ock 300, it |§s y be appr ecr?]ét Hﬁ% 6;118% gsrog n@y?%gﬁ O#%F? %}mer
any por tHOE?FPD&Mt&h%St@W@y@nE@}nM ot the B0Oyaanylblock 300, especially when the buoyancy
block 300 is submerged in water and is moving towards the surface of the water. Although the
upper portion 304 is shown as separate from a lower portion 306 of the buoyancy block 300, it is
to be appreciated that the tapers may begin from any portion of the buoyancy block 300 and
terminate at the axial opening 302 to facilitate axial movement of the buoyancy block 300 in
water,
[0067] Referring now to Figure 3D, a partial cross-section of an alternative, exemplary

buoyancy block 350 is shown. The buoyancy block 350 has an upper portion 352 and a lower
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term nate at the axial opening 302 to facilitate axial novement of
t he buoyancy bl ock 300 in water. [0067] Referring now to Figure 3D,
a partial clVOHIEEEHon of an alternative, exenplary buB§HHEAPIHM4GOR
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P(r)l:ler peﬁ%?’gﬁa@ftﬁ‘ieﬁ@ per portion 352 of the buoyancy bl oclt<)I 350
I 4 ancy, .bl.oc
T gener al Ly oyl har real s Sorefase SRRl bRtk I En B BriPe o s o
on the eRWERAPT fegadsrderorned emthelestsenal painétarof3atowEhgortibi 884 SThedbRads

I i ! to mate, w,th t threads 360 of
the upper ooy e s 3ByiRg 34 SrBARLE R bR STkuhioes Sfho bhares speioons:
354 with amqg@lbﬁe‘caxialonmmeup@"ahe ooret p%ﬂ01355’4 witﬂ@&?;}% ;m]ébglg ggjlair peftidn82,

i i t to the upper porti o
acconl i shed POl HESTLE by oRer 6 Beyirepisbiaihe arprparton 352 i
connect edccomplibteeditovash HRké 6k m3BAIGN &l HIREH6S wéoﬂﬁ&éegﬁt? ufé IO%VErgpmion
| ower po # on 354. A drive_shaft 366 coupl es the notor 4 0

upper surtatbasEresiitacesad ekthe iwer poxsion B6f-t AchiveSHati 36cacouples the motor 364
predet er {9 tAe tpshir "sﬁ(fz%ciﬁg@iﬁ ahdRRBYihe Io%eggﬁl%ghg;gtl Enhae r% QY anc%%,cgllggtgé'l,tt 5Oé:by

The tel escopi ng of ower portion I'Nct eases ~of T :
hei ght ofeleseping by Areyanpy blokk 35D, Tlehelembying ot edswathodfionEarigasisaor

bl eck .1t is to . be appreciated that
the di anaparesthe RAEH M R Biots 330, ey Reiihuet adfcbiesis tedsprigey

sim | ar ofthtbdsyang 00166 3 Refletsno bgapiosiited MbOME BRmdkr %ﬂgxe%ﬁoﬂrdélc}é block 350 is

i 0N, i ew. of . | ary adj ust abl e buoyancy
ggrsﬂél g%fﬂ?es%%eﬁ%&ﬁta e‘\ésvn?ﬁﬁ“ggf‘re{gég%uoyéncyj bl ock base 370 incl udes
outer plates [020] i ReRfrirlbes e cATRRRIFRH bAbiBOY1SE BIANST 372
an axi al | ?isp sed nptor 376 connected to a gear , ‘and a
pl ural i t §°B¥ m&'ﬁmﬁ bpaitagesloclbrndeq isghewn. Thmacﬁeﬁal'blezl&ymm Héd%t& b_a:e
: LS ne se 370 i

eal cd by o o QTR R IER Sl chilfee MY AR o e bl
as, for @segspd motor §BGernneqthdto st ATE, andis plurality gﬁ&pbim %fymk bnected to

Vi . pals fr tering into the buoyancy oc ase
370, | [ 00TLPeAa i B odes b3 “hl Hsupirieneas Ty alesk ravep i
rol | ers 884d by plastiqitheemsopladftsbr atieovealimy RERAA T8, SR a9 UbLdxaRpf gu%béi. 2rhe
W th respect. to t pnner plates 374. CGuides for the rollers 384 may
be posi tsigglﬁlétdn%ﬁwﬂéggg&’tsi /Rty FRYEQEegfal {nﬁﬁ?riéhtf@n enieringninterthpbenyescy
372, 37klodk02gé2}370The notor 376 is axially positioned within the

buoyancy bl o base 370 and powered by a suitable power source. The
not )C/)r 3)7/6 isc[lé%mec,{@d)q% PlaRs 3j8 4P truiphertitiates ifdona rollers 384. The rollers

384 allow movement of the outer plates 372 with respect to the inner plates 374, Guides for the
rollers 384 may be positioned on respective surfaces of the outer and inner plates 372, 374,
[0072] The motor 376 is axially positioned within the buoyancy block base 370 and
powered by a suitable power source. The motor 376 is connected to the gear 378, such that upon
actuation of the motor 376, the gear 378 rotates in a clockwise or counter-clockwise direction.
[0073] The gear 378 is connected to the expansion bars 380, such that rotation of the
gear 378 in a clockwise or counter-clockwise direction results in respective expansion or
contraction of the diameter of the buoyancy block base 370 through the movement of the outer

plates 372 with respect to the inner plates 374 via the rollers 384.
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actuation of the notor 376, the gear 378 rotates in a clockw se or

counter-clockw se direction. [0073] The gear 378 is connected to the
expansi on DHP3VBBEFOEuch that rotation of the gear 378 HGT/EE2005/045419
cl ockwi se or WHiHt eForcaxemprig Egucti Itediive thertemydiics biotk st ¥ @ontracted

expansi o r.act.i ; di r of the yancy bl ock base
370 thr ogf:gf;%nh}feég%\?gﬂqn@rl\%&o bt 0 1 Wien e oo S ¥ Ao bap tapterehe mear
i nner pl i a3 teckwiise difeetionptheekpar3Bdh. bakh ¥R 2 BARBSAY tate to thereby ex and
PCT/ US2005/.045419 074] F xampl e, Figure 3E shows t%e E)uoye‘{ncgl

bl ock baglg ety r?fHL"g’JJ‘ﬂ%’ ¥ Plogk 08%i 320 a s indigurel PR eed delindsikd bpate The
by DI . Whefindd@tioRiaehiaBYE lilewiet : r-.378 in a

cl ockwi se di rﬂg?tli on,, the expansieggér%grlﬁsl%é%%h2%@?%%%%%@?%&#‘”8%’%@bltoﬁk
t her eby SRPSIRH Aeqoedinglirhe Brovgncst Meckibnsy A7 yHoh usdd ihaseo 3Ry Bems eviee,
in Figurg i . h t her L asti c terial 382

| ket oy ablg edflddf SoRiachit e B derthet IR B iidas Sy ey byokency
di anet erblogig dlbisdd hehypredidted thaoyinngh shoekinhasaed ) cy MR US8T i, the

buoyancy Vi radi al.l y expand or contract to increase or
decr eas ebl{aﬁg%g iqja(@?lorﬁlla(tGD §§e %ﬁ¥Webed§§3?¥ 8?%?@“!‘3’*3’89%1@@5‘7“‘11% e fhe desigh end 0 be

appr eci aegdrdnieats of aid hoygityphemieviRea general |y cylindrical

configurati 0[1 Oﬁi buo anc¥ bl ock base 370 may be in other

confi gurati ord g@ﬁ%’i‘ﬂ%n‘b‘ﬁ ¢ Figuge 4AghB andi4€ ahebuasareyt mnof dévire 100 is
buoyancyshpwiiin 4e\tus Besifiéid 45h wRet [ to.Figures 4A AB 4C,

t he buoyﬂ%c‘%/ pu dg(\a/ﬁlce 100 i s ?\gf?\g%eﬁqﬁ%\?ﬁf}%@g%&@gFﬁ%ﬁgerézi]&%ﬁ%é)-
(W pass %’F%@hpftswgﬁg@}éﬁbybmmepum&ev@da 190 hevel geometiEchar RSistics

(W passhamihgﬂﬁqgﬁb‘%ihg; buoyancy punp devi ce 100 have geonetric
characteristics 1ncluding the follow ng: Wave height (WH) is the

vertical distance betweeleighiéWe) issthe (’@)icabl‘distﬁn&hbdlﬂieéﬁthegfestth?oil‘ﬁi\éﬁ oint
and the trough (T) or lftg Qvoi nt‘?{f&? t he V\&\{e; Wave | ength (V&l’_ 'S tﬁe
di stance between equi val SRt 5o Le trgugh (1) oF losy poighof the watghs, on t he
waves; and Stil | wat eéWatelgdtl % thdibthge s f i he
s A e q‘%aelglﬁx?gﬁ%giggﬁ bsts

absence of any waves,  generally the m dpoint o
(WH). [0076] 1n Fi gur e @uehstapdhpugyesnend bl ock 114 is shown at its

hi ghest vertical poSfiiakr] L. (C f the wave
(W as fluid is output thr oﬁ’gﬁ@%feﬁ%{?ﬁéﬁa&%ﬁé@ﬁ&t&&n tﬁ%gb*‘tﬂﬁ% fAL VEvRS:
travel s through the bugsiardly tesaidpeint ofithe bpvahdglgt($ihge of about

one-hal f (1/ 2)o76t hErLENE A as 0 in Figure 4B, the
buoyancy bl oﬁ 1Il4 flgﬁ ?At’ g{}?;%ulsa y#\é&;@mﬁc}?\}ﬁﬁ’%g a greshvakiieah pesitiare
trough EUMPOEREd bhhewssst(QYYE the webe (W) hsthdd avuti Hebsh hBsulid hale Y@% VEs
124. In theﬁ;,zg}ér(g@z}%vdg 9{? w%\éﬁ é ha;s travel ed the full wave |engt
(W) so that the BudyantiEdRoieyias chamber e by metistinseof sbgit ghebalf (1/2)
vert i cakheposictiéngth (¥ )tabehdval InQURE 48T 88 bubyaddy BB 1444 ki Agal i
AR ou‘ghh,t hhe s Le,} e L y@% y alls titAGRELR vertical
posttion Within the trough (T) of the wave (W) as fluid is drawn through the inlet valve 124. In
Figure 4C, the wave (W) has traveled the full wave length (W) so that the buoyancy block 114
has returned to the highest vertical position on the following crest (Cy) and fluid is again output
through the outlet valve 126,

[0077] The piston stroke (Ps) (not shown) of the buoyancy pump device 100 is defined as
the distance the piston 120 is moved by the buoyancy block 114 as the wave (W) travels one
wave length (W) through the buoyancy chamber 112, As the wave (W) travels through the
buoyancy chamber 112, the buoyancy block 114 drops a distance (Bp) equal to the wave height

from the crest (C,) position in Figure 4A to the trough (T) position in Figure 4B, and then rise
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[0077] The piston stroke (P5) (not shown) of the buoyancy punp device
100 is defined as the distance the piston 120 is noved by the
buoyancy bl WORMHESNWE t he wave (V\Zl travel s one wave | enRETUS20E5045419
t hr ough t'HeSARESIEMS (Bridrte fhetomgh £E) ndsmommvélg(u\ﬁ)élﬁ teaheblsstt(ttgwﬁoh he

buoyancy rahiaeher Hbhds, il igN dro gt ance (BD)
equal to wave hei gh?ﬁS onr%%tgﬁ )Qéll@gst‘ gﬁ%eﬂ%ﬁ(ﬁ}ﬁ?ﬁ gure 4A
to the trough (T) position in F| gure 4B, and then rise 12 WO

2006/ 065994 PCT/ US2005/ 045419 ? S%r‘?e gl stance (13R) fromthe
trough (T) position in Figure 4B b s+ By Ef 1(02) position in _
Figure 4C. Hence, the piston stroke (Ps) equals tw ce the wave hei ght

(WH) : Ps=BD+BR= 0Q78] Thus, the piston 120 has a "half stroke"
descendi ng anﬁ’_ﬂg{%htgsr Q?t%%bl”orhasa balfaroﬁm" desedrgingeddtad'half strdl@” rising, also

roppi nesfakedoss iand: il Shit Ol SEERRSELIRLYy [00791 The veve

has a gi ven wave hei t hrough the
buoyancy punpl®e&y] @be YOG ha?r'hgl\buoxaazndnylghtJWn addaperﬁﬁi Woas Ra&ssas ihk&tgﬁ@he

stroke P fi-ne t he piston novi across one ful

wave erlg%c?%éﬂ;\ﬂgﬁd%ﬁn&bigﬂ sggn FoyeRf W’épawe Bg{‘as MW@iwve%PaMms

t he buoyé‘tfwdlbwﬁtm pieton 0B VIRArrdsend T WARS Vel ORK. K@\éﬁ?bé el u{? re 44, as a
associ at 8@ Woves t he B% sing wave. [0Q080 V\hen t he buoyancy

device 1 a4 Q%P'émgfjatléel s thehyoyanay ploc kltmfks m]dfhects
abl e to assamaiort\hehﬂn@bgm@mv%t ance resulting fromthe wave noti on,

i.e., 5 é% stranslates into a full half- stroketravel
of the p| st on{ 08 P%atnéhpwpldﬁ‘deﬁrlm;naM®-@tes£me SR, ﬂtlelbuﬂye@tuji
of the pblat;}emzpﬂg@gjé%tgm% & 0 errin bac

Figure 1_and_in oper ation, gﬁkergﬁmhﬂt%r‘ugréasﬁglng Fﬂ)t é‘(ﬁ’%&f’tleewhé’sm

been pl aeWe Thistsaasirtgs intp aftbiduif- amfokmami pf the (ph;tc&ﬁlQ@ﬂn afeqaston blRer 108,
river, Ofhigh ing,environnment, the initial
pressure In ?tﬁrges‘(’)@%{ﬁe%tﬁftheﬁ%c g’t‘ '&l} {;%Vai‘% and piston chanber
122 begi ns at[088Rdepngbsukrie Fidutd & andinbpéRitioN AW Ge 'EG ﬁtﬁﬂ%dew%e 100

propertigs, arrlves. uoyancy punp device 100.
wave i nckfagr?g?t]t%f“fe l?litla]ﬁ%mtaﬁ@laﬁﬁ Vattspuchedpanmspan Jake, river; tdﬁ@thmtnave- or

fills t vl dmﬁng ahabiha
ise i th Lhe 1 arng wator T he FEApraay N6 s ite 146 oBidode 135 end

n

buoyancy?¢" £ he)?y'a K B EROPIASITG Sthess | Ay e, Siacihg tdrapnisedBibpdriissy
f the dowess , I t

w thin (0o booyanty, ciapibap U571 00 ey Bo b s PepeeliS ol Rbuerancy

t he buofﬁﬁ@?efb'l 1gc k\SIheﬂfWWﬁt fillsrthe heoytaucwdmmbeﬁhlal;r’ﬂﬁrbu&%cy bRSL e b%ﬁo

departs,nsgt&gthﬁgg%a%%agtgjc{ 114 ?JWWDP% the settling water in the

buoyancy cha *ston shaft 116 transl ates
the” movement [$82] e bummachfthé)bnmyénd;ltﬂoékol mnedetgstee SuckAfler 4 BYEH e
e

the oth ectrum n the buoyanc Vi ce
starts %Lefa?tgy B ocﬁ 9?4 I'IB es relatively 1‘4“%% out of the wa%ér within the uoyancy chamber 112,

thereby allowing axial movement of the buoyancy block 114 within the buoyancy chamber 112,
As the wave departs, the buoyancy block 114 lowers with the settling water in the buoyancy
chamber 112 and by gravity. The piston shaft 116 translates the movement of the buoyancy
block 114 to the piston 120.

[0083] At the other end of the spectrum, when the buoyancy pump device 100 starts with
maximum pressure in the outlet line 130 and outlet valve 130, a majority of the buoyancy block
114 will be virtually submerged within the water in which the buoyancy pump device 100 is

placed. This results in a decreased stroke-length of the piston 120 through the piston chamber
122,
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maxi mum pressure in the outlet line 130 and outlet valve 130, a
majority of the buoyancy block 114 will be virtually subnerged

wi t hi n t he YWA2&EEH*4vhi ch t he buoyancy punp device 100 iRET/RSEH419
Thi s resul t's j0aS4H (ﬂﬁ&ﬁ'ﬁﬁ&@ds ﬂmrd«)m-shen@éﬁthebudyb.@cymlsﬁkon4Ja216 tﬁehﬁﬂbhg 20 as

the p| st on. chanber 5(%'@4’ %90 06/ 065994 PCT/ US20Q5/ 045419 (}184]
Gravity PBVET ¥are agFF o kAN SRe Kt i3 gaypRye BT Sl s %’H%FCFH’

pi ston 1gRyascylGkVER pieEesAhe ﬁﬁvﬁbher%ﬁﬁl%%mdﬂ 120 \tieh@le EE% Shtd161 Wekn

wave or swell, the buoyancy of ancy bl ock provi des the

i ft/ powriston d 20 pressyse Sewriba ogleyvalve Ko igilasy.d @waﬁmcmbi@:k Mieides yslasively
120 pres wamh]eqmah e Blio ALY Ehahdtl 'bgcalu?e‘f’]‘%lebu@fgﬁggﬁg%ﬁg% Ryt 14

rides relative er wmthrn
because telaivh m)ghamo;k Ibreésurer@ljuﬁrecemtd the piskon chumbat i22evid the bheetlvalvk 126,

pressure deli the piston.c r 122 via t Iet val v
o6 Looas) RS, WhBhfheforireist ERRE R afiarmiis el S5 Ebidhasibiidk 14
the buoyatisiy th miyaﬂclg,ﬂchambéﬂis HmitB, rEduDie YhetapIRY blcﬁ:kllrmfﬂﬁ@ lower in the
resulting in the buglé: ncy bl ock 114 riding | ower_in

certain WRlgh Jrsuainiehairaisws sfatesim thepisgenehaghaides thfé’EOY%ﬂ‘fé bl@ab%‘hwy be
bl ock 1141n1$§=wco%1eta5 melgwmid%hﬁlaxlaﬁg ms% 9@@&1@{@9 bﬁéyah&y a?éhﬁalell bt 3 g he

wi thin the buoyancy” chanbér to rrg gas wth
pi st on chaiiher gaprpithiEihempisien ¢h,%mbtnh ~pr£‘e!sstm1@ themmstme Tesum tivetoutletlvabfe 126

126 maymlag 8955& 3 @éa‘?%ﬁh@%{x e}f:iltﬂg}’ ijt(ﬂx %Q@Qnéle bl%gg lﬁlu %n&yenbc:g%keft%y ng

even when provr e enou
force t osubmgegadhmploslbmger j:ﬁﬂlde,@nomgh lftippfante to'mlma/e thensiytan @ 90. bADthks pbit, the

and pistpn 120 ) ven as the wave or swel | continues to,
e’ i BibvRES AR 1 T S Sk Fimismiet P EE 250 ST Rl gitives e
exanpl e, Mtﬁr@phﬂ%ﬁxﬁ%ﬁom@pﬂﬁyu@@c&m ng a buoyancy block with a one
foot hei ght de tg)yed in maxi mum pressure situation, the buoyancy
punp device wY Bﬁ | s sxamplgs jp 2 Heyansn Pugp dpvisphainesdeionrray Hlogkiygth a one

pi ston cyok REBKr-depidged & aarnz)ﬁ@l\‘lﬁnlcﬁles@ﬂtleﬁltﬁ’d?ﬁnf ﬂl@%u@%nhl p poﬂéwcetwbiﬁ l%se

buoyancy punp device will not pu [0 Shoul I nt not
r eached, achbotRfoyaefayniy stroke Withing plpﬁostc dep0Shiufd a wevmefi andeonedoot be

axi al | y %‘W@E’Q‘gefpdeéﬁ&t’w@“%\ﬁgﬁ ve or swel | until the wave or

swel | ve maxi iu ght, allow ng the piston 120
to rmve the | 10§87]dSimuldas pomt hbebepieadhed the:llnmyhnmyb]m }Ilhrandlgfstotnheo will
outl et val S.S i.nt ai ned unt

oy ese i el R BRCEE Aot 95 o S L et Hate GRPE] reaches
al | owi ngitotekperrice fhkewiun H&Q@ﬁ] alMﬂ‘iﬁg b 1stw1qy}6ﬂ|@)hobé fieHighiforigas Al th®piston
subner ged or subrrerged yet still axially noving, this is terned the

hi gh wat e¥P15E ! o thrgh HERPAR RIS déiF mecestig ma,n@alp%u%d\;@ BEximERe| |
passes, &d?ﬁprbéam%onﬁ%ﬂ{e %ftorfﬂ&faﬁleeﬁmgs Ivéaaleﬁ%mnpano%%&n@&ﬁl fict.

termed the 1 ow waterline devi ce
di st ance bet w8888}t Whemihgfhuoraney biople 1 tﬂamwtmwqurm sublaergedysiegll exially

power st 51851%&0&11&19?6118&?{118 'ﬂlgi’l%g)aterlme of the buoyancy pump device 100. As the wave or

swell passes, the lowest point of descent of the buoyancy block 114 is termed the low waterline
of the buoyancy pump device 100. The distance between the high waterline and low waterline
determines the power stroke of the piston 120,

[0089] For example, when gas is the media to be pumped, the inlet line 128, which may
be adjusted to connect to a gas source, is placed in a location that communicates with and
receives gas from a gas environment such as ambient air. The outlet line 130 may be connected

to the base 102 for storing the compressed gas. It is to be appreciated that the outlet line 130
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[ 0089] For exanple, when gas is the nedia to be punped, the inlet
line 128, which may be adjusted to connect to a gas source, isS
pl aced i n awooweti69+4t hat communi cates wth and recei veBCOES2007/ @31

gas envi meiiRtonSdéedd 18 andiditenatioiidr stoFing tilidak Sfuch dsefiladilstdraye 26k that is
connected to the base 102 for stori ng@t he conpressed gas. It is to

be appr edpustcdgxicrnal thewoyaicy epmpidgeica 3%). 14 WO 2006/ 065994
PCT/ US2005/ 04%19%(131 R gQ@ex %@ﬁltl‘{s%1ﬁ6}f)i”tlﬁ5w|31@(€ﬁm L8:fig w%%é[)'it' Bbtes a

t he gas, such as d storage ta | ocat ed extern
buoyancy veewm iiehié piston@bampa(908] anknirgwregag elsowh\pinéet linhé 28 arbthgind¢tonlve

120 | ower,s W, t ettl t crea |sto
chanber 15}% mtgﬂ'ﬁ’ pdgfg%h gas W ‘?lt tﬁ ?ﬁ ﬁ%w?l ‘e %gg; tgﬁ&; Peﬁg Wﬁ(é"fated
v?l ve 31.2149, buﬁy&ldgfbﬁambatldl @rdhﬂf&ﬁhe E@ano&tblédkﬁllﬁmomg&‘ts tHe stdpe 1\4@\/&6&1oﬁnd
after the er has, evacuat e t he_buoyancy c er n the
buoyancy 1%‘“@&1*1@&9! 1goygyend 96*35 %&%@n%bleam‘lrﬁ#lmlﬁt%n %%ﬂmﬁé?axrmum
dommrdam\gg{@rgasgﬁsgh@?ml%mﬁﬂ@gr pizock 114 and piston 120, the

maxi num anount | s the piston chanber 122. 50091] As the

wave begins tdﬁﬂ‘»’il]séxSéhmwmh@gmsﬁtrimﬁt‘feﬁwryﬂﬁwmﬂmaﬁm‘@ -ﬁh@bmpcy chamber
chanber i C

t he waterIJI ’leﬁ B\Ebﬁraﬁépé/lé& ¥14qu§ﬁ%b%%%a%§§8 (ggcﬁgqug resu S ?ﬁ‘ag& Hthe
nat ur al |tubyanof bIqule 1 b«tumm}m;a ablaoed liftlef thmbuo@&myrtécmktld%ﬂnmspdmb ngthe rising
water within t. anc er. 03| 0

the buoy aitg ki BEPHAVR ERATRE 1ud: D Bl fe Eirdiion 56 the3pitner Biodk e
by the piwittoRsbebtthelfibton Uﬁ@aspfasilhmedﬂ%ﬁihé PR3 shétt Ui 6, €t pistoe 20 18 it direct
the lifti %g of t{u E}guoygg}ﬁ% bl ock 14, %0092] The gas that has been

i nt r oduc EoR 6 theliftige e BHE‘WS&P ogb 31 onpresses within the piston
chamber 122 agpjong T*Bé'@é(satﬁét)ha%%@néé&xcéd $8Sthe PiRidnl chhz%eﬁ”@%%ﬁfp?es@s within
t he conpressed gas overcones |1 ne pressure in the outlet |ine

130. At tithe sistopichamber A 32 agihe bumcr bloek gH 19ee wiil thepresgup péthezempregsed gas
th t
e ou e()tvekbﬁ@s ﬁa@ %nﬁg%séu?e% tﬁ@ SR ;hﬁéjlf; A tg‘%%b{n iy Cg giedaﬁggxg)@%h glrﬁ%utlet

or storage. e exenplary base
ot her st ombgd2b enditbcontlctdine 180 ased tfaosported r agmired locheoncionpseas sedhge. For

gas. It is further con celvab hat be dis eIIed nto he
o mospher B BRE PR TENE 1a | Grierathut AR5 00 eh EHe e be b ¥
reachi ng stdr@gelmfmemﬂfﬁﬂﬂ&'s@hgasaﬁ ik furfhas 6@Beil/ AWl O thghtht lkes MUY BiSjellel tHTP the
devi ce 100 vvater %l ns.to, exit .the buoyancy chanber 112. Gavity

urges t h&BeBheReEho ui fhssiuation rg@tiisnar d with the wave, resulti ng in a

downwar d novergis y@f poh R PARLERhHE01s mé’*ﬁﬂaﬁt}ﬂ h%fgﬁtaéq%pa%séé%%ﬁ?ﬁ R bubfancy
pi ston chanber The vacuum agai n draws gas into on

chamber mmpacbvmé@%vﬁé@ hegiag ioerst the budyanehshambprekZi rfgavlneurgmb@ byoyancy
w th each,suq 1%%51»%{%%& the R&%F %g%gg{ag{NX 'a’a%wﬁl%d%%%ﬁi’oﬁg%m gUbBe

100 to successive ica as into anbet
122, conprlesscregaes a/wetchum m the pisten chanmbleaiide rThtZ@cumnmgaﬁmdmws g%mtcrtémpmton
t he pi st

021 ﬁhq er ,122, i to,thi B@ e0102 " p| ston 120 t her.

conpr ess Fhamper gads ?SSIITE BIRVipws by pra 1ng e'process with €ach successwe wave,
thereby driving the buoyancy pump device 100 to successively and cyclically draw gas into the
piston chamber 122, compress gas within the piston chamber 122, and force gas from the piston
chamber 122 into the base 102. The piston 120 further compresses the gas stored in the base 102
with each cycle until the buoyancy block 114 can no longer overcome the pressure of the stored
gas and in the outlet line 130. At this point, the buoyancy block 114 no longer rises with respect
to the waves.

[0094] In another example, when a liquid is the media to be pumped, the inlet line 128 is

connected to a liquid enviromment, such as water, The outlet line 130 may be connected to a
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wi th each cycle until the buoyancy bl ock 114 can no | onger overcone
the pressure of the stored gas and in the outlet line 130. At this
poi nt, the WA3Y®AEYIbl ock 114 no |onger rises wth respaREI/US2605{0ME19

vaves.  [sQRRAredef A flchlling@and 1Bnitdde A |akel ve@Uidler tsweior omeli watisybtem.
punped, the inlet line 128 is. connected to a l%‘iz uid enV| I‘Oﬂ{%%l;l
such as Weereincormpressiig Higtidy suple as watehery bpie SUMA 1390 ghafls ay not

2006/ 0 6@?@1‘% #{E{(H?%Lg 0260434 Royah S ﬁﬁ? Je%ﬁg YOl phiflf bHEH Me p{/év]t&l Ahber

limted wat er t ower r wat er system
i nconpr dﬁguéﬁmn;bletqhnfdbdMﬁhfamcmpi@lssf@lc dqwdi ng punped, the piston

haft 116 t b
3e\6/l| ce 100rm)ipmm IB{S T ﬁmb%isttsh?? %Wgc % %grgl S co?r‘%?ﬁd&ggp‘:mtm
filled Watduh Rethe Ersmamamrhrze Whighi tiﬂa.ws[v@iﬂ&Sl}mhgh thiénlétilinei1d8 endintealve
the | owering of t

Lhe. pi STGA ShaRER P15 bR 2 SHbGROBR RO TS IRl Fl e
and i nl afyoyaic X%harﬁl?é} 130 Ghr R tHefRI0PAR) %[bcﬁh@lm@{tacl@tﬁe s 3 KMhbf 1@11!1@{1

of the wave ahd when water evacuates ancy  cha
when t hdutbaydemoyats metenenioftbn baryescst bieckslldp ep@QﬂW&tﬁﬂiOﬁm fﬁﬁllqmd fills the

further mﬁg yement of the buoyancy bl ock 114, the maxi mum
anount dﬁ M ul F?T'Ts the piston chanber 122. [0096] As the wave

begins to ri smesm]dwm envd bﬁgmsrt@risadtﬂdywe[téd ihgempgaliublisithe puerraeheramber

The' buoyHaed S Yaney BBt T s saeR B SR adRf pL AR dndbub iicy B GF -
t he buoysngindy ek 114 4esults hesponsidift of thiBuoyaner iowknt i ih yespbsse m@t}wat er
wi t hin the buoyancy chanber 112. Due to tagﬁglh 1?;83 nat e of, t

buoyancyNBFBER bty nSing PRier DihAe PuoeReY o udo hedredoa “éf‘doft}{}e
the pi stQpyelgitiocklbs v&timeresyﬁbtst@) e pidn nmimama&:ldlby thé Sie®nisRafeli m;:&ie

relatlontothellftln t he buoyancy bl ock 114. In the _case

wat er aspisthe 13 ificeementally Flnsqﬁ in élrpﬂé@ﬁmre@éh%h@nwaf@ra bWYEWF}ﬁ blogle 1 b‘f s@dhe
chamber éna%g o{ ﬁthlr &qggﬁ?tﬁlg Ght | hﬂﬁ%u cﬁﬁ?ﬁ%ﬁbl‘e J?%Jl@lgf {h@tplsltdﬂjﬁlaﬂa%gr 12@'[

this poi wat er ows t outl ve 126 and
out | et | dveecohB thedimst pir&smrean&pontlﬁdlmacﬁ& Aethis dnt] @ga&tate@ﬁlow@rchrg@ tbe

st or age. e uid an

G Spor | eantentave A iR eel B Sh ad i B roRf o st R Tor w0
Upon t hesyaye K @asRbdigabid thatthaiiguitehdbods nay betdispalaisiatot the eglplieneshould
buoyancy  punp, devi ¢e 100, and departs, water begins to increnentally

exit thethBgoyaioBye M anber 112. Gavity urges the buoyancy bl ock 114

downward, 1 esjabh)NGpdath@waawaxaith ADYENRR Kight Beit pRised BfoubB thettdyancy
vacuumin the pi ston chanber 122." The vacuum serveS to draw liquid

and/ or  pamp flexiee H0eansi dspats, m@nbwmq@zncrqm@t@}ymbe P@Yﬂ@ﬁé&!@@éew 2h
each s ucegaﬁgtgmgge@%%mg{h%g %p%k 194 byl gsmwm%vwspd HRVLAS: 1P

to succes dr aw and/ or wat er Into

pi st on cpiawhdf0 ddPa vendmpn e 1113131 bhznnhed I@qdﬂmrvavmmeserf’%dorﬂtﬁvehqﬂl@ anghor

chanber ,C:;LaZszmto the piston chamber 122. The process is repeated with each successive wave, thereby
driving the buoyancy pump device 100 to successively and cyclically draw liquid and/or water
into the piston chamber 122, and pump the liquid and/or water from the piston chamber 122.

{0098] It is to be appreciated in the liquid example that a loss of buoyancy lift must be

factored due to the weight of the water/liquid present within the piston chamber 122. However,
in the gas example, because of the relatively lightweight properties of the gas vs. the liquid, this
Joss is virtually non-existent. The loss in the liquid example may be overcome through the

adjustable properties of the buoyancy block 114.
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[0098] It is to be appreciated in the liquid exanple that a | oss of
buoyancy lift nust be factored due to the weight of the water/liquid
present w t Mh20p4EsPist on chanber 122. However, in the BEBUS2NeIEEE9

because of t ﬁ@?gﬁlﬁfe'%@aﬁoﬂ bhé wedyahly ﬂﬁqﬁ}:pﬁé\’«ideelﬂe)o @bpdnd® ol @R eWSiroriniént

liquid, this 0Ss is virtually non-éexistent. l'oss in the [iquid
exanpl e whgre Bds hsrserhel ariskeuplh, Whee thgb@qygﬂcam@qﬂedﬁérlpﬂ dsssitgpte jran ocean

i R ST s B

operati o uoyancy punp on' t he environnent
wher e i tcdupletioo betrusied rel&ore texwrmpdves, w\lpemmbﬂtd vitndyed ast yughuthys thielnioyency

100 is situated in .an, oce havi m annual | z

aver agesPUERESVIRFIYAREPS B ﬁ‘%atﬂ’g\ﬁoﬁlé‘gﬁ &tﬁﬁﬁ"é’f’e esqug ST EE ﬁoél?cpbe\,\faxe% or

st ruct ur gpE@hidily el QGrich@dMBIRR. a REwHOS) tdseiethluddrth-Rad hegigesuahont difkt
t he buoyanc punp device maintains its relatjve position to the

waves. Suainling efiibe hnexenesopirep feviqe Jado Bie ocganyidqosn Pye) qopngatigagpre gpuumon,
could ing 48 lﬁvﬁﬁﬁ‘ﬁ?{]&h%xd %13 SRlustr? aRd fc@ﬁt@h%}‘a&% t8'hE LIS ARAL un®on with

di rect |ng 0 ncy punp V|ce to the ocean fl oor.
Such conthembia bso;axney pm‘mxdcmce H¥pecirdingyo tietphinnipteh of Sielpresart igeeption.

ndustry, and | at :
Inovgl bﬁoyanc[}@{)@ﬂp @qugt %gg@ﬁagﬁ"g tIStm} }Q{Rﬂil“ n@%tgﬁe@r%if@ \{1%2% piston
pr ers1ent ﬂ‘[ﬁftﬂﬁﬂﬂr@ﬂy rél?@d@cﬂt}wﬁb@yaﬁb@kﬂaﬂk}’y litichpablility. @hmtetmglly Her qmaa‘lpdﬂ;l given
within the piston cylinder viat t 1S lrect at e
Fo the by asmin o herbady ey ok ot [0 VonensblsstisRhs sy anet iy g
given a ltOQBﬁ ptcHNhRS SRS, &ﬁb@nﬁ%@ﬂﬁi&@ﬁs %r@‘{i’rib@t) aA0hd ﬁSton weight (2.5

subtractln e buoyan bl ocK wei g iston. s

connect oug?f@n 56 o bl cameR 0D leops 4 copebiinp e Bp o Eeirial tgine
2.5 0. lift

((:apabl | f%e ﬁ)ﬁ@%}%ﬁﬁﬂﬁﬁ’ H%’me?iﬂ%@?@ﬁfeggtﬂt?uﬁ%g’ ffi‘ Bfndkp Elgigbﬁ%vﬁpul

devi ce 100 opmﬂaﬂﬂslta&mmtenﬁﬁ%daﬁm the émyan@y plhmsdefvmerﬂlﬂoalla)?[wgp | t

o e PO R ATk Bl s s

t her eby ﬁ&lﬁﬁxﬂlelvaﬁﬂe getﬂelwa{zé Mllvﬂbﬁigbﬁ En pdidhtit ﬁrpia’cedtl) all’ clbr\eaamlalel el astaandcs may
t ic is place al | as

coup! 33"@30@&9@% oy AR Tice | QDB BRI Soh e S proBRT Hhayerey

bal I ast . BHEY B0t hay y Pusp seot1igRidlie HEYalRTNIGAEd EHerdbly @Ujust thelbesition of
t he ball gst tanks and ther %&/ adj'ust the position of the buoyancy

punp devkheduepocy phapidgece 0 wtatwa%the [EVe emifionments fugh g configutation’may be
confi gur
| qur at 1 8k 0RY Sou @ﬁfgﬁgg&wﬁﬂe 3 §i2 H@Bﬁd}%&;&ﬁmﬁiﬁéxx% 1ob 'i’@thl'%gllé%fc

t he buoyancy punp | ast rovid
control  sanktaedptovidief asintfol systemtoqadiustiflouintoand g of diel i@ﬁastt@hmu@@n a

P et ot eSO R0 80 AR 5SROt
[00102] bﬂ]u!stﬁmﬁi &Qh@&i&y@ﬁ@ﬁﬁaﬁﬂﬂdvmu{mhe I engt h and width (diameter)
TR TR PRI S TR
the buoyang¥e BliRskd 1o forrebhdiRMb 8RR pulrtpingdh8di® Br the PropRiticB T Meiston 120, the
buoyancy chamber 112, and the buoyancy block 114. Likewise, the piston 120 may have a
telescopic adjustment or the like thereon for adjusting the height or width of the piston 120
similar to the buoyancy block 300 (See Figures 3A-3C).
[00103] For example, flow rates and pressure settings within the buoyancy pump device
100 are related to the inside diameter and height of the piston cylinder 108. The larger the piston
cylinder 108 and the longer the piston stroke within the piston cylinder 108, the greater amount

of liquid or gas flow is accomplished with the least pressure present. The smaller the piston
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tel escopic adjustnent or the like thereon for adjusting the height or
wi dth of the piston 120 simlar to the buoyancy bl ock 300 (See
Fi gures 3A-VS@RU06[0681H3] For exanple, flow rates and presSUVES2815(0#34Ys

Wi thin tA8 dBURIRERE YhdXhBRARY big@n koI @itidn ted fitesl cy‘tlﬁad&hﬂ)&, ﬁfslgd@test
di anet er’ and hei ght of the piston cylinder 108. Th Ql ston

cyl i ndepresgse igmeesenido fhdigaid qugas EP%’taB‘ﬁﬂ?tl?a@k@“%“F ﬁf H%fﬁige%ﬁs BH

cyl i nde e greater anount of liquid or gas flowis
acconpl %%C%%%ll@& tlah the | east pressure present. The smaller the piston

17 WD 2006/ OfB264] RGT/eLiSA0ES/ et Sridt®n lm,sea maepcenn, gversthangh mpdess Apyalaed to

e P BT O By b e BB S shO Ry A2 151 B ARl ot
:cl_qwtd ﬂfellge'ﬁarfdldmemlveammpm sPﬁd [00104] It is recognized Ehat
rrctron [ osses nmy OCcCuUr even (o} no as re e e

| engt hs and Bﬂ“ﬁﬁﬂsﬁbﬁéﬁ%f’f@ﬁéu‘?ﬁﬁ‘%}f éi%l'“rl?él 1c11128m§r]i’30¥ﬁ§‘€¥ E{OCE' L‘gmi‘%glsghﬁ

ot her ' Bub @i douéd ficivadyy eSuch ddjusthdht b
[00105]rr§ Elgtbgl rbﬂgéggeﬁ%gg&gngy%ﬁ&%beg 112 ar:c1 Wgaﬁc djg? ock Silliaﬂb: )

may al smade, fonetjarple thanvellys by infeschapging@nitirawiopaticaalye hy ngdelpseaping
efficiency, Such. ggpggt}‘;g%eﬁ lolP ?enﬁ)&a? eUCY Jogﬁﬁw&ﬁuromﬁﬂl f¥idjRbthe

i nt erchgﬁg| RGO RFf &P Al onat ca g tel escopi'ng
port i ongraRrtiehef ﬁleslpﬁmﬂlcvmpommdn enss manyer,rtherotchycy myncdavided (P imay te

oo el R by S e bk S et e BRLAE BuSPIBPPE aeid

functiongg ﬂla%éﬂ@%dhﬂﬂégag)f Varpd/ wiees pantadierdviegsind s\laeéls liahriaig rhére nindesagency
punp device 100 may take advantage of |arge waves, snall waves, and

waves haVeRs§iefore noderate properties. [00106] To take advantage of

these waves, d‘l@ﬁf%ﬁé‘l&%«:&u Shendse wat0d 0asyae) puf aessarid dochame
to be secure he base 10 Rat her, the buo %ancy punp device [Hi%g)
T

be, for neesssarily baverto bipsasyreddo tmebasq HBr Rether.iibe PRYpLGFDWRR dvicedeny
to a stryctul mgl%{%[ \t%qhé)ﬂocgr%?tﬁel of Qrfa\tef Qgcu?é?;ﬁ% a%ftrumfeelﬁourﬁ&%ﬂ 166 fber
arigd Froat f

orm secure or other nounting
| ocat i onﬁ‘thd”ia:ﬁypf waedeecamimtmlr@qbﬂaatfugmhatfmm $esuzeqm ¥ siacvall, of gba07]

The size of th e.100 a t he nction of the
buoyancymlﬁ’ﬁlﬁ% %aﬁla%ﬁﬁ'r“gpaasg%# {’:lStf?rﬁeoré eLcjl}%]tval%ﬂuener gy in the wave
or swell may [mmdptmmze od tHé)buoﬁ&&M? pahp fedtor®. andahe fixetigr @ the luegency

i nclude: the annual hig w and average wave Size: . the

hi gh, | dwnmﬂfvwép%eéﬂt?d 'Eﬂ’éh‘?rﬁrPR‘s“t of FRerg B thy WaYresHl gy i {%av*&e%w

swel |5 tdae. deBlifOFor J»!aﬂhb!ed ke fBRAL:9BS4NAR HEh, 1hE al@Merak vaekibe; thbe
di stance rom shore to the wave or swell; the geography of the near

Vi ci ni t yanofal thigh, m@dmve@mnde meikay the Ayeragsderipd 0Ehe erem PeswL; thgdepth of

dev) co. TRFRETEEHER 5t R vk ok Sn BB AR o, Ak 0 ROV a S PtAGD

devi ces geﬂgx&p]gsf oftthé asin wmnntycof phenpateanr geell mhtunm sndthe ggeture of the buoyancy
pump device 100. It is contemplated that the buoyancy pump device 100 may be used in
combination with other buoyancy pump devices in a grid fashion to pump larger volumes of gas
or liquid through the pumps.

[00108] To determine the horsepower generated from a given wave height and velocity,
the wave horsepower (potential energy) and the buoyaney block horsepower in falling and lifting
configurations were calculated. From this data, the piston pumping horsepower was then
calculated for both water and air pumping configurations. These calculations are described

below according to an exemplary testing configuration.
EXAMPLE A: LOW WAVE SIZE
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or liquid through the punps. [00108] To determ ne the horsepower
generated froma given wave height and velocity, the wave horsepower
(potential wwengy)ssand the buoyancy bl ock horsepower in pat/usngsasy

lifting. confd.guratio re calculated. Fromthis data, the piston
punpi ng 1hors W I%rse Se en calculated for both water and air

punpi ng conf i[gox0a] IImf&rllaghmespbaifmmlﬂﬁioim@&esa#fé-4ﬂ)ewv¢ lmebpobret O¥ave HP) is
according to, an exe tes confiqurati

378 1S ST oS50 (ST URBSOA SRS o Pl P e etk (T NOdT
Ref erringgwnse specifically to Figures 4A-4D, wave horsepower (Wave

HP) is det ermned for a wave (W_traveli n% over_a di stance of
one-hal f the vvave l ength (1/ Vey9HRS [(WelPyEP)INEse HP =

[(W/)(D)/ﬁé#gw\/]( where W (Wave Vol une) (WN (WD) (W) (gal | ons
water/ft Wave Wdth (1/2 W) :175feet W = V\ave3Depth:17.5

feet W = Wave Hei ghWy%Wave é@ﬂm@ﬁﬂ%}é‘%@(ﬁéﬂ)ﬁgﬂlbﬁs Vaitwit')( 8. 33

| bs/gal) and HP = horse p r ve Speed (1/2
W/WH  and WI = Véve time W8t VA L pAdRRNA ‘ﬁ‘? et 'g%) [001101 For
exanpl e, the wave depth (WD) iwpaswdieDeptp=lg.%fgesal to the wave width

(WN so that the profile of the wave ( will_conpletely cover the
buoyancy bl ock 114' which is cYHT n‘Mi*Ye\c%?igl?tn %f?ﬁ For the nunbers

i ndi cate bove which are exenplary, the calculations are as

fol | ows: ve HP = [ (11, 453 1)(8.33 | bs/ /(550)](2.2 ft/sec) =
382 where W = (1,531 ft)(7. =8ﬂe@sw/0ft«v}ite&?31 lg/galyal ;. and W =
(17.5 feaeI;td)/(7.953 see) = 2.2 ft/sec.

HP = horse power unit (550)
and
Ws = Wave Speed (1/2 Wi/W1)
and
Wt = Wave time to travel 1/2 Wy, (7.953 sec).
{00110} For example, the wave depth (Wp) is assumed to be equal to the wave width
(W) so that the profile of the wave (W) will completely cover the buoyancy block 114" which
is cylindrical in shape. For the numbers indicated above which are exemplary, the calculations
are as follows:
Wave HP = [(11,453 gal)(8.33 lbs/gal)/(550)](2.2 ft/sec) = 382
where
Wy = (1,531 f°)(7.481 gal/ft’) = 11,453 gal; and
Wg = (17.5 feet)/(7.953 sec) = 2.2 fi/sec.
2. Buovancy Block Dropping HP
[00111] As the wave (W) travels through the buoyancy chamber 104 during the
dropping stroke (Figures 4A and 4B), the buoyancy block 104 drops with gravity into the trough
(T). The buoyancy block horsepower generated during the dropping stroke (BBp) can be
determined from the following equation:
BBp=[(BBv)D)(WR)HF](DSs)(TRp)
where
BBy (Buoyancy Block Volume) = (VB+VC)(7.48 gal/ft)
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2. Buoyancy Bl ock Dropping HP [001111 As the wave (W travels through
t he buoyancy chanmber 104 during the dropping stroke (Figures 4A and
4B), the busgpamsysdbock 104 drops with gravity into the ggraugbusoésiie

The buoyancy bl ock hor sepo _ rat AN R dr oppi ng stroke
R LT

(BBD) can be determned fr W ng equatj on:

BBD=[ ( BBv) ( D) (WR) / HP] YDS5Y 6MRB)of Cohel 84’ BB nhBLR(aayd:BiAck Vol ume) =
(VB+VC) (7,48 gal /ft) 19 WD 2006/ 065994 PCT/ US2005/ 045419 VB =

Vol une &fd Base 114'a = 7rr12hi VC = Vol ume of Cone 114'b =

(i ch2/12) (d12+di d21gg0n) e dispiavantdat weighher e Bidyasemiadk Wek ght  of
t he buoyancy bl ock™ 114" ° where D = density of water (8.33 |bs/gal)

and WR wh¥sei ght ratio of water to the buoyancy block 114" materi al

and HP = horsepower unit (55Q)L = (DR PRI Stroke Speed =
BD TD where BD = di stance 05[9 s%eggg eol??\?dé%é%mﬁgngagr opping TD = tine

to travehddi stance BD and TRD = Tine Ratio, i.e., the percentage of
time buoyancy bl ock draps .during a. wav eriod. .z % 41 Ng
symetrical |ong V\gl\}?e_é&PEI%IB(ﬁFﬁ%%?{tt? ﬁﬁﬁ?@ywcyﬁr%cgg{géx@%% ary data

set fortfgabove for the Wave HP cal cul ations, the calculations for
BBD are as follows: BBD = [4, 186 gal ) (8.333 | .Qgé)gal ) (0.10)/550] (0 25
ft/sec)(0.5) = 0.79 HP (i.e., BPRREPLeFAHRH>2ai | abl e from Dr oppi ng
Stroke %dBuoyancy Bl ock) where BBv = (BV+VC)(7.48 gal/ft)

DSs = Dropping Stroke Speed = Bp/Ip
where
Bp = distance of stroke travel when dropping
Tp = time to travel distance Bp
and
TRp = Time Ratio, i.., the percentage of time buoyancy block drops during a wave period
= 50% (assuming symmetrical long waves),
[00112] Continuing with the exemplary data set forth above for the Wave HP
calculations, the calculations for BBp are as follows:
BBp = [4,186 gal)(8.333 Ibs/gal)(0.10)/550](0.25 ft/sec)(0.5)
= (.79 HP
(i.e., the horsepower available from Dropping Stroke of Buoyancy Block})
where
BBy = (BV+VC)(7.48 gal/ft’)
= 7, %hy+(ha/12)(d, 2+ dp+d5%)(7.48 gal/ft’)
and where
d;=1754%
11 =8.75ft
d=351
=151
2=2.01ft
so that
BBy = [1(8.75)*(1.5)+(n(2.0/ 12)(17.5* + (17.5)(3.5) + 3.5))(7.48 gal/ft’)
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7r12hl1+(nch2/ 12) (d12+di d2+d22) (7.48 gal /ft3) and where dl= 17.5 ft
1 =875ft d2 =3.5ft hl=1.5ft h, = 2.0 ft so that BBv =

i ][51‘8 7)5) 2(@(5200((/6665(9/2. 0/12)(17.52 + (17.5)(3.5) + 3.52)] ¢@TH82005/045419
al/ft3 20 WD 2006/ 065994 PC 0 74361 ft3 + 199
t3)(7.48 gal /ft3) = (560 ft3ﬂ§7&§§05§9?ﬁ¢@ &85 gal and DSs =
(1.00 ft)/(3.976 sec) = 0.25 F{60e) 7 aRdal(BBw)4 86 gal 34, 874 | bs (total
di spl acerrec{]t) and (BBv) (D) (W5) = 3,487 (usable weight) 2b. Buoyancy
Bl ock Lif*% ng Horsepower [00113] As the wave (W continues traveling
t hrough the buoyancy chanbensgod.oufy/nd76tsbe = 0.23 fises oke (Figures 4B
and 4C), the buoyancy block 104 rises wth the wave until it peaks at
the cresénd C2). The buoyancy bl ock |ifting horsepower generated
during the lift stroke (B = i he foll ow ng
equation: BBL = [(BBv) (D) ??PWH%A%(@%ngﬁﬁl%glﬁéLSs = Lifting
Stroke Spmkd = BR/ TR BR = di stance of stroke travel when rising =1

ft. TR =tinme to travel di =4 JRR = Tine Ratio
(i.e., percentage of tine b@o@”ﬁ%‘%@?o@k‘m&@%@eﬁ&ﬁ a wave period)

= 50% asguM NBuswATEBldck aliftingBorswavea. (BBv) (D) (1-WR) = Usabl e

wei ght duri ng[t)lolliig]I R% t‘r?et ‘.’rvgvlée(\)é)%zinu_es %%ﬁe?i%é tlllrgggh t?ag%lrxlmgagg}tf chamber 104 during

the lift stroke (Figures 4B and 4C), the buoyancy block 104 rises with the wave until it peaks at

the crest (C). The buoyancy block lifting horsepower generated during the lift stroke (BBy) can
be determined from the following equation:
BBy, = [(BBy)XD)1-WR)Y/HP] (LSs)(TRg)

where
L8s = Lifting Stroke Speed = Br/Tr
Bg = distance of stroke travel when rising = 1 ft.
Tr = time to travel distance Bg = 4.0 sec
and

TRy = Time Ratio
(i.e., percentage of time buoyancy block rises during a wave period)
= 50% assuming symmetrical long waves.
(BByv)(D)X(1-WR) = Usable weight during lifting stroke (UWy) = 31,382 Ibs
such that
BB = [(31,382 lbs)/550] (1 £t/4.0 sec)(0.5) = 7.13 HP
2c,  Total Input Horsepower
[00114] Accordingly, the total amount of input horsepower withdrawn from the wave by
the buoyancy block(BBr) is as follows:
BBr=BBp+ BB,
[00115] Using the above-exemplary numbers set forth above, the total input power for
the buoyancy block 114’ is as follows:
BBr=10.79+7.13=7.92 HP.
3. Piston Pumping Power (CFM/PST)




BBL = [(31,382 I hs)/550] (1 ft/4.0 sec)(0.5) = 7.13 HP 2c. Total
| nput Hor sepower [00114] Accordingly, the total anmount of input
hor sepower wibthdressms f rom t he wave by the buoyancy bl og(BBE)osi0Ss1a8

fol l ows: BBT=[0RBDY 354-131[8@@ bnbs Watangt 4 gee@ﬁ&\&ﬁnamem gérxnauﬁ‘qemu%ﬁa a
forth above, the tot i nput power for the buoganc 114" i's as

fol | ows: 8’881?@@9811?@1“41‘?97 PilaSQBaf?l@%l (BB forzachphalf Gl stinke Wherpdgdroyancy pump
(CFI VI / Pakvicit i 20066 Q8RB Whid? é&&%@@é{h%éfb%%n%i&% 6] The piston

punps water at a dgiven rate in cu CFM and a
given pressure in |bs. perPFsﬁBwa@Wntchﬂ(nPS‘l(}Sv)(Si?M}iBEhf)half (1/2)
stroke ol he buoyancy punp device is configured to punp water
according to the followng fornulae: PF = Piston Water flow =

(S") (SPM ( BPekf f I) ﬁhﬁ;\fehﬁae per Vostioe ﬂ@ﬁj@&t(ﬁilﬁ@lh@ (Zt(rtﬁltel’léri@tlﬁ)pl /s]E on)
radi us) 2(stroke | engt r 12 in 1,728 in3/ft3
=1.74ft3 and SPM = Strokes™ ;Sﬁ/?g(%ng PE (l” 171)5@& wd)@e’s/m n and BPeff=
Enpirical Tested Efficiency of Exenpl=a1y4§e|oyancy Pmp Device = 83%

so that PF = (1.74 ft3)(7.54 strokes/mn)(.83) = 10.88 CFM = 0.181
CFS. [009:‘1d71 The determ nation of the piston water pressure (PSl) for

each half (1/2) stroke ) 1S made by
the foll owm ng equati on: %ﬁihﬁwyﬁ%%%@%gféi&gyﬁgﬁs
vvater/ftST)Q}/SAP where UW. = usable weight during a |ift stroke =
31 386 | bs 8.33 | and_ SAP

~"Surface Ar eaP"Cfrf_ ][zlﬁgmlg TIDStﬁ:d %ﬁﬁainc}ff o(Ilexempleary ]guoyancy lpum]gﬁe yice = %g%

so that
PF = (1.74 fi*)(7.54 strokes/min)(.83)
=10.88 CFM = 0.181 CFS.
{00117} The determination of the piston water pressure (PSI) for each half (1/2) stroke
in the buoyancy pump device (PP) is made by the following equation:

PP = {UW_[(S,}(D)(7.48 gallons water/ft*)]}/SAp

where
UW)y, = usable weight during a lift stroke = 31,386 Ibs
Sy=1.74 ft’
D = density of water (8.33 lbs/gal)
and

SAp = Surface Area of the Piston (in®)
=77 (8.925 in)* = 250 in?.

[00118] Accordingly, for the above-exemplary numbers, the PSI/stroke for the

exemplary buoyancy pump device is calculated as follows:
PP = [31,386 lbs — (1.74 £t°)(8.33 Ibs/gal)(7.48 gal/f*))/250 in®
= (31,386 lbs — 108 1bs)/250 in®
=125 PSl/stroke.

(0011%] When the buoyancy pump is configured to pump air, the surface area of the
piston is increased to compensate for the compressibility of air in order to achieve similar
results. If the radius of the piston is increased to 12.6 inches, the surface area of the piston (SA,)

increases to 498.76 square inches. Also, the added weight of the water above the piston
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=rn (8.925 in)'" = 250 in2. [00118] Accordingly, for the
above- exenpl ary nunbers, the PSI/stroke for the exenplary buoyancy
punp devi cewiOztgdlesWiat ed as fol lows: PP = [ 31, 386 | bs -PEIVUSA05/045419

ft) (8.3 /164139 defd® hStlsuBBaddsrork @ dshisy s
in2 = %é\@%b}{???%é}éﬂ@ggmﬁgﬂ V\hle% %Hhéeﬂgs%sjgncyu urrrt) |s0 conf |Sgur edﬁétp{[)

punp ai rduringéhedift stepke (HMGa vwhen ealeulatiieghonpisios arrr%rSé'érsé%lPaBo Lot nenbes
for the c V. I

17" the rarnoioR fid e il abih PF 75k b2 pRE! GRSl PP i ERE Do
area of ﬁaﬁewmgsrahms(SAP) i ncreases to 498. 76 square i nches. Al so,

t he added wei ght of the water abov 1{:: ?tﬁlvgn WD 2006/ 065994

PCT/ US2005/ 045419 [(SV)(D)(7.48 ¢ a/_f 1) 8 Ibs] is renoved and
thus is not subtracted fromthe BB@QBES\PSU&MI\e during the lift stroke
(W) when calculating the piston air pressure ( PPa)

nunbers rend0RIYy Boraussamg Skrélﬁélruhs%rroa drregdilypndpgtand Hﬁcﬁlﬁf%ﬂ%@t“éﬁrf*
S, P SV JTR O ot koL e  REp ifie

PPa = 51 in the art woul

readi | y 4inderldiabledigniges - between the use of a piston to

punp wat er or | ] -
burp vet er o' udin gy a%”? P Ry Bt i Bt e B B Whgunation
bUOyanCYIS I@Uﬁ’ﬂ:cﬁ&w a:reewtelmpaarw&tami sforugpitandy foousk iy powdringran eb{smp]aryrwdbletdrbine,
to an ex I wat er st etan for use in po exe r
wntar £ uBERing SabisR) BG a1 re%ﬂw%’mrﬁrﬁf i SR sl
power prgdseed by the buoyancy punp devi ce: =

PP) ( BPef f) ( Head L Hed Ft./ Secti
(PP (Tof ) ( KRB TP Ren BeR s sr es ?&Segi}%n&% ERT MR

effici enﬁ,}{el 88% Head = PSI to Head(ft) conversion factor = 2.3 10
Loss = Pipe |loss efficiency factor = 0.068 Pipe Ft./Section = One
pi pe has a | ength of BR@G= Empiricalitegted buqyescsrzpmgeif:‘lmee%’ o88%i pe such

nat L e, o pe = 5 8058 oy ol Bsgheb i Tusiy e o 1) clency
ft/sec to KW= 11.8 HP = Chbaosset Bipeivs efficiency factokKAX@HEHP =. 746
Pipe Ft./Section = One pipe has a length of 100 ft., and 10 pipes = 1 section of pipe
such that
1 mile of pipe = 5.280 sections of pipe
Tesr = Turbine efficiency based on existing water turbine = 90%
KW = Conversion factor for ft/sec to KW = 11.8
HP = Conversion factor for KW to HP = .746
[00122] Accordingly, using the above-exemplary numbers in combination with the prior
calculations, the Output BP for an exemplary power system utilizing the buoyancy pump device
is as follows:
BP = {[(125)(.88)(2.310)]-[(0.068)(2.310)(10)(5.280)]1}[(0.181)(0.9/11.8)/.746]
= 4558 (total Output HP available).
[00123] When the buoyancy pump is configured to pump air, the output power (BP,) for
an exemplary system using the numbers above would be about 2.72 HP. Rather than using a
water turbine to produce the output power, an air turbine would be used including, for example,
the one disclosed in U.S. Patent No. 5,555,728, which is incorporated herein by reference.

5. Input HP v. Cutput HP Efficiency




[ 00122] Accordingly, using the above-exenplary nunbers in conbination
with the prior calculations, the Qutput BP for an exenpl ary power
syst em ut i | V2i2l§/0638+ buoyancy punp device is as fol | owsPCTBRS2605/045419
{1(125) (. 88) (0@ BHORbod:iR2QEGE canaHAd SHiEHC 2Tk FFo Lo APY 11. 8) / .
746] =.4558 (tot'al Qut put HP avai l abl e). [00123] When t he buoyancy
punp |sd€t©mm@}1l¢@f&0tdéﬂaiﬂﬁ]ﬁ lpwinghe out put power (BP3) for an

exenpl ary system usi ng,-Hesiow 'ie?mf lhdshe. @b@gﬁ%z 72 HP.

Rat her than using a water tur 0 produce the output power,

air turbine muns; mhua,ussdg cmpirueﬂuangtheromncelmtapﬁes appréfeat aﬁh%@xe@@é@y

in U S _Patent ich is.in

r ef er enEBOYAECY P‘H%flwll—ﬁg a\(fto éﬁﬁ%eﬁgngp}eis & fgie% 955%?%1%%6&1 ﬁgééﬁdzf ?

PCT/ US2Q05(:84/f 18th dnRRddghrAeser divigd, Has dbbat a:m% eosiemsioredfficieh@nufitheof

i nput HP to output HP |s det enni nabl@g a%cc%udl ng.to tge fo g
Conver sibereBTer iy n-{raspp BESPIILAY a5 SpBTI9 P Pt dﬁﬁ?%eus dpsy
enpiri cgj)m@élgf gg‘ee pretical data, it is appreciated that the exenpl ary
buoyancy punp eV|ce accord|no to the principles of the present

i nvent i @A aneplon with an exenpl ary water turbine,

froma pase ﬁg"f@ W’? é%*f'%'%“@%{@ il %‘5‘% 5P AR AP A Remlby iy
source (bﬂocﬂld\AQ’r havingANBlel d&me@é&ﬂf{%@pe\ﬂw oﬁlt]ZﬁEge[OB&MGJ]f thEHmoyancy block

above-e tjons .were rrad

o ock 1aiP bt bl S LAEP SR el P TR RAR P REOKE Rt krery

t he buoyahe¥nddnaEhr diffdénaided Rir@B the(yobr at ehd) locdiionl Thig lﬁaedeqnpblem at ed
that the wave heig V\H% varies for different. |ocations and

di f f er edecofigws OH@F?JM((}“ %Oﬁ@é%bfblafk‘%aé 1 GE JEVHIE VA alaFtF“?tE’S as des"”bed

desirablg.t0 Td é?:l‘s:ﬁl@flﬁg@l%rfﬁcz@ﬁmédﬂx'é%hgh%ﬁ/d? WY o f etk y RS %ﬂ)ck’ﬂ 14'Td@n
varying wave characteristics as described above. To ensure hig

ef fi ci erteiadipsted. hEorreea@pte, thedueyangy bleek b4’ ¢pn bodesigisg an e@zum%wmﬂ%e the
S, goe B RTINS b s 80388 o

de5|gned ease el g its base 10
and rel aieegﬁtdva}mtvatlbbdemﬂne&rhﬁdwte waves having a greater wave

hei ght i be d bed b 0127
nave het oy Q0] sPSnEEah et (v et PR 08 e 0en
si zed V\/adbﬁﬂage tih&i \h@&leﬁlhﬁe Hﬁlgﬁthﬂt&&@t}é?ﬂﬁy bl@)bla@kselihﬁes ﬁﬂe}sed%yllrfcft e(afsaeiﬂg

by 1.5 ft see t he buqyanc
i ncr easetnie. d@%r‘éi?fp” B@W@Pﬂﬁ?&%bwk tt‘i’\élc’(?ﬁﬁ)ey ﬁeveral&aﬂ:ggr ?ep}g' tﬁlfhbuoyaﬂcy

bodi es gglﬁz‘ﬁﬁae%fce% b&hid PSR her SHR Ila.\f%gpﬂ‘/élllg Sn LA @ERe of 9 &. [dorrespondingly, the
|

Correspon gly, the stroke |engt i ston increases and the
nunber oftroke leoRibof deqisasmcrpgses ahd 6wglumber of strokes decrease as follows:

Stokes = 5.52
Piston stroke length =42.2 in

50 that
Sv (volume/stroke) = 12.8 ft°
[00128] Assuming that all other factors remain the same and applying the formulas
above, we construct the following table, TABLE 1:
[00129) TABLE 1

Values 5t Wave 9.016 ft Wave
1 Wave Power 382 HP 2,952 HP
2 Buoyancy Block Power
BBp 0.79 HP 2.05 HP
BB, 7.13 HP 31.67 HP
BBt 7.92 HP 33.72 HP
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Stokes = 5.52 Piston stroke length = 42.2 in so that Sv
(volgne/ﬁtroke) = 12.8 ft3 [00128] Assumi ng that all other factors
remai n the L. appl ying the fornulas above, we con
fol I owi ng t.abl, e"éﬁ}sd i 1. .[00129] TABLE 1 Values 5 ft ?&f@%%&rw
Wave 1 Vve P’mmrPum V@f952 HP 2 Buoyancy Bl ock Power BBD 0.79 HP
2.05 H® BBU 7.13PHP 31.67 HP BBT W.82CHM 33. 72 HP| 2Z45WFM
2006/ 065994 |PCT/ UFP005/ 045419 ' k [PI1%i RS gl ower PF 1088FSEFM 27. 98
CFM PR 125 |P8knekdbr PSher4BEBener at dr 4BoSEP (BP) . 4558 4B22QP 32 HP 5
Punp Efrlglenpmngzﬁﬁﬁg&@{00130] Adceredl ngly, 1t can|#®¥een that
| ncreastTig the pbuoyancy. punp height b o 11 results in
hor sepower i 109}38] IAWFW%HWB&J"Sﬁﬁqrﬁéatd\m?ﬁ@%ﬁ%@/‘&%’/@@cyﬁwméﬁﬁ?y L5t
| ar ger {est DRI YogSoF SieSitioVhrich blJERT ek tput
overallqgéﬁgg?gﬂ%ﬁﬁ&@ gﬁenfap \ &§Eg¥ V§$¥abl|l y gf Iarger ﬁﬁi%épu
at a si tiﬁ)rwpoweldaﬂleacxsmubmswfemﬂhpriwd gusrallaiBoinryy Fyndgsaentallyyihgg
| ar ger buo ocks and .pi
(o o pratRRlY o8I gy Bt b oDk BBy s g HED TS noRlcBik isplcy s
gﬁ gd1 Bavmga?r &?)dd?hncﬁtbkﬁ:kgambﬂsis&)ﬂs:ﬂmﬂ generafedatadflovAsatesde gd PEFoVBIS

e di aneter i) of the buqyancy bl ock 114" (see .Fi 4D) .. ma | so
bo- ad] LoeEh e sscmERP g Ga e e 1B 20 T2 of Sl Eees ot
table, TABLE [?;01319 ! Ayﬁsté@&%sre tth@dﬁffmatd,{]@fmbbﬁdyaﬁ@rm@m DS (se@ Figh4D) may
di aneter of t buoyancy bl ock affects t

| h
(BBT) asalsdiee adaus@edsip@wn(rwsatwlaﬁgpwa\ffé @t @Slﬁpgﬁxse?f? ng%a% %é%t“‘%(
and  as 1&1“&1‘&‘3@5&? gﬁérg% wﬁﬁﬁ'v%%?t {2 11%@%&‘16%1 &f 8R%R6yank P B3R hifd ABlE 2

Wave Buoyanc uoyanc D aneter” (in) Horsepower
(BBT) ( Vh&}ulﬂbgﬁornq;mm%ﬁp s %m&vp{ppﬁe\i\g%mms for a specific wave height (Wg) and

as the wave height varies for a specific speed.
[00132] TABLE 2

Wave Buoyancy Block Buoyancy Block
Height Diameter (in) Horsepower {BBr)
(Wy) Ws =3 mph Ws = 8 mph Ws =3 mph Ws = 8 mph
Low Wave High Wave Low Wave High Wave
3 12.6 126 0.9 26.9
4 16.8 168 221 64.76
5 21 210 4.39 126.94
6 252 252 7.67 216.88
7 204 294 12.28 349.77
B 33.6 336 18.45 522.78
9 37.8 378 26.39 745.09
10 42 420 36.33 1622.9

[00133] The data for TABLE 2 was generated based on a wave having the indicated
wave height and moving at 3 miles per hour for the low wave, and 8 miles per hour for the high
wave. The equations set forth above were used to calculate the horsepower for the low and high
wave settings. The diameter or width of the buoyancy block was adjusted to perform in larger
wave environments as indicated and described above to maximize the efficiency of the buoyancy
pump with respect to the varying wave heights and wave speeds.

[00134] The larger and faster the wave, swell or current, the greater the potential energy

available for extraction through the buoyancy pump device. Likewise, the larger the buoyancy
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Low Wave Hi gh Wave Low Wave Hi gh Wave 3 12.6 126 0.9 26.9 4 16.8
168 2.21 64.76 5 21 210 4.39 126.94 6 25.2 252 7.67 219.88 7 29.4

]2-844%2433 g\g%ﬁ&f’gg)g‘g?’ 6 336 18.45 522.78 9 37.8 37S 261,8;[9”52{}@{093”)

0133; The data for TABLE 2
based ohlogk.eéther inAgighon ¢t¢rd he grcaipr thabn?f%’ﬁdam %@ exfracgon from
m | es pﬁjr vba%fr ”lfhg h@r ah ‘Qﬁo e v@a@g Sreliok %ﬁmﬁﬁ rth@%éllefr &He }JO'E@L’EIQ“ @@rgy

wave. uat| ons set ove vvere used tO cal cul ate the
hors epowﬂabhrfo:t dxtrabiion facmi ﬂm \getter thaugh thetbupyapsy PHp daviaredigrlady. the dt h

of the buoya bl ock . us erf

envir onﬁ%‘ﬁﬁ{? %b'if’ﬁa‘?"é’ ﬁ%@ ‘i‘ﬁéma@sréﬁeﬂ& %\}/'%%1% b%?%n&rzagwﬁom the water.
ef fi ci englpBhidcthe priomaneergpaviiable fom @S bﬁc@ﬁandzsqamﬂqedawweyl|0ﬁgthwmlf&’amy

hei ght s and wave eeds. [00134] The | arger fﬁg ascsg ekngﬁ}e

el T oblastird EAkouls gy sdpe Rt R garUA p G BHEt R B gsheigH R e or

extractlglgléégr ough the buoyancy punp device. Likew se, the larger the

buoyancy 2006/ 065994 PCT/ US2005/ 045419 bl o' ck,eitlier k’(ﬂt
hei ght or di 4088} Altcbfethgﬁ@améqs abpies %@mthﬁhqel@wwaa\%ﬁﬂeéﬁ?@

extracti on. the r HbEMR\eraB¥Ritly OF
current *P§ éc’%{?flnflgp dtal-[ﬂﬁ erlllgrb{j1 a?/g&}qgra?el  or exfrraactlgn
fr Olml t h%ft‘;(]@érgr Fbﬂumausg% ldhhﬁegandﬁygﬁmwr?a ttmgtlts\ﬁt emmf'@lmanana fpr eqohe'l;y of the
smal | er the bug ock, the s er n [

B s U S5 s SR PSSl DGR p Bl oo
avai | abh@m% B}aftéa%epéi@k‘ﬁflﬁbieﬂié”ﬂ“héw}c&&n&ﬁele (tm@mmyamtesmammam
shoul d be f a/ subner ged and shoul d not _e gﬁgQ g dt h or height
of the v@am@lﬁoi Olsﬁﬁélﬁeb%lﬁ’é’qoﬂ@)(‘)@\%fmm @Réﬁyst taerg‘f s above assune
that certain size waves are availghifafaBLEspecific site and on a
regul ar daily basis for the buoyancy unp device to be operationally
efficient. Fortunately, data régmiﬁlﬂ@ﬂgwé%el ghts at specific

| ocations for each day ?Jyﬁ?—il?bO}V‘WrBﬁ (av\éaelrldgghe.lfzr;j@g]fggyeral sour ces

including the website a bc. noaa, gov whi ch

i ncorpofated herei n byanerer@ice. The fpllow ng tabl &qe(rl\)?\ifaatﬂl)(ﬂl )

GRAYS HARBER! -V H6 0186 EIaL ot inub | S84 Mave MJE: ageb O S 0

Har bor, |WA Buoy (water depth = 125.99 fket) Height (ft.)
1 8.20 11.020 1 8.00 11.500
2 9.20 11.020 2 16.20 11.500
3 7.10 11.020 3 16.50 11.500
4 10.20 11.020 4 7.50 11.500
5 9.80 11.020 5 11.80 11.500
6 13.60 11.020 6 6.40 11.500
7 6.320 11.020 7 7.80 11.500
8 7.00 11.020 8 5.50 11.500
9 10.30 11.020 9 040 11.500
10 16.50 11.020 10 9.40 11.500
i1 9.10 11.020 11 6.90 11.500
12 10.60 11.020 12 6.60 11.500
13 6.50 11.020 13 5.20 11.500
14 12.10 11.020 14 4.10% 11.500
15 8.80 11.020 15 5.60 11.500




January 2001 February 2001 Day Wave Height (ft.) Period (sec) Day
1 8.20 11.020 1 8.00 11.500 2 9.20

Wave Period (see)

Hei ght (ft.)

11. 020 2 16 ) 3 7.10 11.020 3 16.50 11.500 4 1 2
7.50 11, 500‘@2“@‘9’%8&’ 1.020.5.11 80 11 500 6 13.60 11 09RC1§8§2]°§§’1&
11.500 |7 6.30 11. ozomumgmoil 500 8 [7.00 11.020 8F5b5@r312_00600 9
10 30 1_ _ !'\")!'\ n [l a¥al 4n a4 ) .
e‘!vht’ ér X UL J.L t:l 4UW&VE J.J.p 1‘.}' d é,é
11.020 11 &%%0| 1 ‘6 %10 68 5*’%‘%‘3 12 %ayac 11,500 13 6. 50 61°1J(oco
13 5.20!11.500 14 12.10 11, 020 14 4.10" 11.500 1@y 111. 020 15
5.60 11[500[¢ 26 WO 208§/ 065994 RERBS20057 445419 Janmoary 2001 11.500
February_2001 v _\Wave Fbigkt (ft ). _Per| od (sec) naﬁ_mayg_ngLgd_______
(sec) freight [fi.) 260 5. 30| 11. 020286 5| 70171.|500 23908, 40 11. 0He3007
5.00 11}506—38-9-36—44—02018— 72011500~ te—1tA 40+ 02
11.500 |20 & 7) 11. 0926 20 6, 80 14 %80 b1 18 do 11, 328 L 50 ’?1%?00
22 7.10 [TT TR0[ 72 6190011 500 23.08040 [1. QR0 [23 6. 5@;011. 500 24190000
11.020 24 5. 60/11.50025.9.10 11.020 25 4 00* 11500 26.-10-50
11. 020 26 62070( 11.5097027 ol 8o 14.839%0 2f 52680 |11. 506-50 11.500
21 17.20 11.020 21 6.60 11.500
22 7.10 11.020 22 6.80 11.500
23 840 11.020 23 6.50 11.500
24 9.00 11.020 24 5.60 11.500
25 9.10 11.020 25 4.90% 11.500
26 10.50 11.020 26 6.70 11.500
27 9.80 11.020 7 3.60 11.500
28 5.00 11.020 28 6.70 11.500
29 19.00 11.020
30 9.40 11.020 *Non-operational (less than 5 ft)
31 9.60 11.020 |
AVG. 9.89 11.020 AVG. 7.38 11.500

[00137] In Table 3, the wave heights were measured for each respective day of the

month to achieve a daily average. Wave period was averaged for the entire month and the same

wave period was used for each day of the month. For January 2001, there were 31 total operation

days, given an exemplary buoyancy pump device having a minimum wave height operational

requitement of 5 ft. For February 2001, because day 14 and day 25 had wave heights less than 5

ft., there were only 26 operation days for the exemplary buoyancy pump device,

[00138] Referring now to TABLE 4, the average wave height data is shown for January

and February, and then for the entire year (the remaining data for March through December 2001

is available at the web site referred to above).

[00139] TABLE 4

January February Annual
Average Wave Speed 11.02 11.50 9.922
Average Wave Height 9.89 7.38 7.467
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28 5.00 11.020 28 6.70 11.500 29 19.00 11.020 30 9.40 11.020
*Non-operational (less than 5 ft) 31 9.60 11.020 AVG 9.89 11.020
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or the oper at i ona nuar rua th .

ot er m B 5 A5 19.BOH e PHRRI B data and et 5% s Bt Rlir e

oper at | hté’@l‘d%p@ﬁhgﬁ'ﬂa}fsQ& a@%iﬁﬁdbyé’fﬂgﬂﬁ déafcy caikuativaul d be
averaged at 8.75°f of over a eriod of 57 days of operatlon

cal endar yearl0¢bdi, Tltemnwewé?o She bnypngy oW deyieg d OQawisblagsdanied (o fé‘ﬁmon
average ;o 91%'5 ol ef%@ﬁ‘ nhEY Eubf h&é}{ ochn. 8addike 1%1 Apd! §cﬁﬁ1fd?1fent§ obﬂﬁmﬂﬁ%c? BiRp

devi ce disc erein 1s able to obtain the publicly avail
dat a andlesizedOfimvet lsive enti-ovidattommrapdritesdinday ethetvdsglhr @r@ﬁde@m&t@‘ﬁ i &n

days T or, g0 ¥En, RHoN S Sror R SRHLE ShcGRRT 1AW Bon %&hzi%eh may

conponer®’ BVP ¢e
functi orpe ex@o@dsatliersenamdnrrgmm’ﬁmﬁmerﬁuﬁﬁy e arfiliec placed tlémem i g ysut t he
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into the buoyancy chamber 112 or the buoyancy cylinder 104, the seaweed will act as a natural
lubricant between the moving components of the buoyancy pump device 100. For example, if
algae were to become lodged between the shims 140 and the buoyancy block 114, the algae
would reduce the friction between the shims 140 and the buoyancy block 114, thereby increasing
the buoyancy pump device efficiency.

[00142] Referring now to Figure 5, an elevated side plan view of an alternate
embodiment of a buoyancy pump device 500 is shown in accordance with the principles of the
present invention. The buoyancy pump device 500 includes a base 502, a buoyancy cylinder
504 connected at one end to the base 502 and enclosed at the other end by a buoyancy cylinder
cap 506 and aligned generally coaxially with the buoyancy cylinder 504. The other end of the
buoyancy cylinder 504 is open and exposed to the environment. The buoyancy cylinder 504 and
buoyancy cylinder cap 506 collectively define a buoyancy chamber 508 therein.

[00143] A buoyancy block 510 generally cylindrical in shape is slidably positioned with
the buoyancy chamber 508 to move axially therein. It is to be appreciated that the buoyancy

pump device 500 in this embodiment eliminates the need for a piston and piston shaft by
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provi de for mninmal environnental inpact, the inlet 126 of the piston
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storage tank, the outlet line 518 may be connected to a flow |ine 532
to nove gemmypicpiienbeiyeen the buoyancy chamber 508 and the water 524.

[00148] The inlet and outlet valves 512, 514 are unidirectional flow devices which

permit the flow of gas or liquid into and out of the buoyancy chamber 508, respectively. Itisto
be appreciated that the valves 512, 514 may be positioned at differing locations, so long as a
desired pressure is achievable within the buoyancy chamber 508.

[00149] In operation, as waves pass the buoyancy pump device 500, water contacts the
buoyancy block 510 through the opening in the buoyancy cylinder 504 to raise the buoyancy
block 510 in a cycle conforming to the fluid dynamics of the water and the hydraulic or
pneumatic system characteristics of the buoyancy pump device 500. Gas or liquid in the

buoyancy chamber 508 is expelled or exhausted through the outlet valve 514 and outlet line 518
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rises wth respect to the wave. [001

0] Referring nowto Fig {1e 6
an el evaBasd syipgss 62%ave gponpeted snibe Aess 3 pedipefilined pn the %959%‘}1%{/]‘ B U
device 6 [ A j L RC: !
502 5 oy s S p iRy BE T AR A EHHRE L AR b AEUMARSCOGRRR of the
housi ng mepatdeunpuplied 6Gbint dysitivnoglatieyto Meusitenf2604, and a buoyancy

housi ng base lLed to the.other en f . A i

004 Adi ai 1y ESIE RO e el Ra LD CEBEp st 69
connect eghuplel & SldpdsBioAedbetivesn thd biidyafichthomsitlg aagpbfr akdithey burfyagdystousing
supports 612. Connected toé@g other,end of the piston shaft 610 td
pi ston stAspBPE <A piwality ofstosdSa RrGRAPIIOBET QR ESPICHES ﬁ?&?f W%Yﬁrﬁ 0 %O?he

posts 630 to maintain the buoyancy block 616 within the buoyancy housing 604 and limit axial
movement thereof. At the top of the buoyancy housing 604 a ballast cap 634 is connected
thereto to assist in maintaining the buoyancy pump device 600 in a fixed position relative to the
water 626. The buoyancy housing base 608 connects on one surface to an outlet valve 636 and
at the other surface to an outlet line 638. The buoyancy housing base 608 provides for
communication between the outlet valve 636 and the outlet line 638. The outlet line 638 is
telescoping in nature, and slidably received through the buoyancy housing base 608 such that
should the buoyancy block 616 move in relation to the buoyancy housing base 608, constant

communication is maintained between the outlet valve 636 and the outlet line 638. The piston
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buoyancy housi ng base 608 is positioned a buoyancy bl ock 616 having
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connects to alf0iPleln qpgrajiends@ Waye ARV IHHPESRFIRNEG AT oIS APPI9aResand
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connected to an i Ine 642 to allow communi cation W tf )
pi st on chunybrey ook weils G18enaveskialy upwpid plagvrtodke ccbopySningeto the fluid

buoyancy bl ack ) fe. Sk | ¢ ‘
rospect HEAHE 1k e MARENEY bRy RLy KL Bo Ao pRia el fy Mg
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nove axiglly wthi buoyan housi ng 604. .The.interface between
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coupled to the outlet line 638. As the wave departs the buoyancy pump device 600, gravity
urges the buoyancy block 616 and buoyancy block walls 618 downward, thereby creating a
vacuum within the piston chamber 620. Gas or liquid is then drawn through the inlet line 642
and inlet valve 640 into the piston chamber 620 until the buoyancy block either contacts the
stops or reaches the trough of the wave. As the next wave cyclically approaches the buoyancy
pump device 600, the process is then repeated.
[00157] Referring now to Figure 7, an elevated side view of yet another embodiment of

a buoyancy pump device 700 is shown. The buoyancy pump device 700 includes a base 702, a
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permt the flow of gas or liquid into and out of the piston chanber
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yet anot her enbodi nment ancy p device 700 1s shown.
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[ 00158] A buoyancy block 714 is axially disposed wthin_the buoyancy

housi ng tpdzmﬂ;ezua @‘t’eéli*fméﬁ%fﬁ@ M@n%lﬂﬁ@tw wvtlﬁehy@w%mwe&:@%f t he
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is for rremabemmrposxhen opibe bueanéapenp flevi¢re’0bireletve 18 badyeofwaiwe 734, The
surface n a
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t he pi st mﬂmﬁnﬁmﬂn@h the?lihaayhimydwgkmg bese[¥08t on housi ng cap 710. The inl et
valve 720 and[ﬂ%%é]e&‘hg 1?'15‘(\(/)1% hggsmg ‘}(Otﬁms a plurality of piston stops 744 disposed at a lower
end of and inside of the piston housing 706 to limit axial movement of the piston 718 in the
piston housing 706. The piston housing 706 is further adapted to allow slidable axial movement
of the piston 718 within the piston housing 706.
[00164] The ballast cap 712 may be used to further stabilize the buoyancy pump device
700 with respect to the body of water 734 by having a predetermined ballast or a variable ballast
within the ballast cap 712.
[00165] The buoyancy block 714, which may be adjustable in the manner described
above, is adapted to slidably axially move within the buoyancy housing 704 as limited by a cycle

conforming to the fluid dynamics of the water 734 in which the buoyancy pump device 700 is
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t hrough the ballast cap 712 and connect to an inlet line 724 and an
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provi deslimy74ef f28ahd Wevd padd 0B bﬁ@yanf)}tlmﬂh}m Gerg@s700( the ibqoyathcy blecle 7, nnged
pressure relationshjp. [00167] The inl and ,?Lét | et. val ves %0, 72%1
are uni dv¥ ga¥itn ﬁgqcelpqsml%%eeb tbeewﬂ!ifet énston 18, moving 1n direct relation to the

descent of the buoyancy block 714, likewise descends, thereby creating a vacuum within the

piston chamber 719. Gas or liguid is drawn through the inlet line 724 and inlet valve 720 into
the piston chamber 719, thereby filling the piston chamber 719. The cycle continues to repeat in
relation to the cycle conforming to the fluid dynamics of the water and the hydraulic or
pneumatic system characteristics of the buoyancy pump device 700 itself.

[00170] Referring now to Figure 8, a side elevational view of an alternative embodiment
of an exemplary buoyancy pumping device 800 is shown in accordance with the principles of the
present invention. The buoyancy pump device 800 includes a base 802, a housing 304
connected to the base 802, a housing cap 806 connected to the housing 804, and a housing base

808 connected to the other end of the housing 804. A piston housing §10 is axially disposed in a
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flow of gas or liquid into and out of the piston chanber 719,
respectively. It is to be appreciated that the valves 720, 722 may

be positi orwd2ems/oaispf erent | ocations on the piston housimg/isamsioidy

so |ong 6%6%0%%’ 496k MABHEYL tRe ﬁ%g%@% § M ihlidestaBsioh BéRMeCAFRPEANI
719. [00168] The inlet line 724 i's adapted to be connected into a

desi r ed agagomhousingibiask 814nd pisteahendingbalasimotiéonsdl@ds fenageiediprtiepistongas
or liquid 1. . yancy punping device 700. The

outlet | nglgg/ggo @é@%«%ﬁégﬁ{kge@ﬁfé flow line 742, which in turn

directs flow{e7a] Albsivaeg BlodallisdnvingGiéR}ennmed peomncnns diggosed withia the

approaches th uoyanc devi ce 700, .t he upyancy bl o 7

oo g dORTIEE SV P B o By oneristdnanorhepd LB Biy kT Blosh AfK and,
the V\/a\éé‘gten'dr@&kiﬂifﬁ&@x@fr@éS Arpikton '8DY & doAnébiddas ihd theleh@bf he pisher shaft 820.
buoyancy bl ock 714, thereby expelling_ gas or liquid fromthe piston

chanber Theoision Si7gH adaptedgarially wanve eithpnthe gigtoandovsing gl 07 26 pistpnshembey 824
line 742 B«ﬁ‘@gﬁ Bg ﬁ@w& sH8: roggheyr?&m?&'ﬁ/ stBi ABusHEHaSE8 1408 thdisto

buoyancy urge avity,” descends wth respect to the
wave. ThHeugingB8bh 718, noving in direct relation to the descent of

t he buoyancy 714, | ikew se desc t.her eh "l m
wthin tne " gPEBH ARl S es LERGRY Ryt SNppaloBhE Db AL
[ E| et bl idf"daﬂmfl l\ﬂﬁcaﬁﬁﬁ uﬁﬂlﬂtﬁépiytahvhl@n?nbﬁé@ gpat Dikeﬁrtse,amidlsxtletrvammés cohh8sted to the
thereby filljng the piston, chanber, 719. The cycl e continues t.0. repeat
in el AHERIESREESE Y aélge%ﬁ%mm“ﬁ@ﬂqnow@h@eﬁa Séﬁrbfhavﬁarn‘%s Agyinjeh ke €30
wat er angqtahuildin@ b & @hnecRAa MRl dikerS¥speaMeehdd staheinlet bhlos 8§96 arddifutlet
buoyancy‘(pgu_r%adew ce 700 itself. [00170] Referring nowto Figure 8, a
1|

side el e al view of an alternative enbodi nent of an exenplary

buoyancy pu nﬁb?ﬁgﬁi eip’)ﬂe%s@% ih&u&&%ﬁﬁpdr{iﬂﬁé&c %éair\gﬁ@ﬁ: Ectifid dhalBBnect t08a0361pport

principl es of resent i1 nventi oyancy punp devi ce
i ncl udeshaae B3 el@0Rpp@t tese 83ty aBted orstegtiest atflyor B digbeb8yn Tl veater 8§40.

h i 80 d he h i 8 d i 808
conmecs oRst ks P AE CBfert Ol AR uR Hltihs e SRS AE R AR B
i's axi alfeyeivh s edpd] baidasBahdiik2BOMaREH0 e potTibnG200 bie/ABdd Sump deviee 800

portion of the housing, 'SU4t"' pi ston housi ng 810 includes a piston
housi ng Wﬁ%f%ﬂ@t%‘geg%d}’p‘?fé‘(%ﬁSlqgusi ng base 814. A piston housing

bal | ast port i[@@l’ﬁﬂ@“ﬂeﬁm‘ﬁﬁﬂ%@@ﬂi %%l%eE Qﬁhﬂiﬁ* @%ou@ﬂ%%@@@flﬂ%&nﬁhe@to the
| ower portion thereof. [00171] A buoyancy bl ock 818 havi ng

pr edet er duniag bareciPEre gne ¢nsl agfl spie dgusing ¢APB0PHEthe pEes Pt “@M%uﬁing)legﬁ St

shaft 820, end of the buoyancy bl ock 818 and
. 1Rreb@eEn, _ yancy
ext ends %%?l@?’?@%ﬁge% fr%ﬁ% rflbpl st%n 822 is connected to the other end

of the pi st on08LZEHt ASRE: tankT$v® ipicenrente8 22thie snletd e 880 andoutlet tih¢ §32enmd

1L, 02,04 0, 1048109 0 RSP, FRERRS o i Sul IR B

pi ston &ipysilig 888QAnd b QOLTRE 860, The Abwialk\8a632 costradiuvetand fioht the giston

the pist ((;)hr;m%gly 8§2|4r,] gndbc%?eect gtilﬂ%t ﬁg\g frio?n the piston chamber 824 to a desired location through
the flow line 850.

[00176] The buoyancy of the buoyancy block 818 is adjustable in a manner described

above. The buoyancy block 818 is adapted to slideably axially move within the housing 804 in a
cycle conforming to the fluid dynamics of the water 840 in which the buoyancy pump device
800 is positioned and the hydraulic or pneumatic system characteristics of the buoyancy pump

device 800 itself,
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comuni cation with the piston chanber 824. Likew se, an outlet valve
828 is connected to the pi ston housi ng base 814 and in conmuni cation

with the piston chanber 824. An inlet line 830 and an outl et

line
832 is conn¥Pt g‘ff""fb’)f he ot her respective ends of the i nl BtVUHICAIEDS
and outlet VOIYe &85 pisiaibhas BZTveintrasseth8Bdbyane! biddes Suand dle pistey §2384a

1< adapdieat Faetegtagar el S rabP s p SR e AoR 5 R gty

Bal | ast fahken842 are connected to an upper surface of the support

base 836 and adapted to receive and/or ex st ther
mai nt ai n thei'ﬂﬂgg i 1ba hapsing,8040ins ¢ Pyt GRP Qi’é’{}‘fy(?e %Oﬁ IPOf‘lggrbe)é&na"n

to the bogy &fthé'\ﬁ&u%fng%é% 84&Q@ﬁ1¥1‘ﬂt]aﬁ5hﬁlob%§it Bﬂt@%oﬁe@a@?hlo@l@@l@thexem

plural ity of "hous I egs 844 connected housi ng base 808 at
one end lLakavisg tltdmstbmhmtsng %Q@aswaluaahtx h’féIJISI@IFl étppe%i-ﬂ oMY 183G of s
844 all ow ter

fre fJ oW, her tank 846
i s connddi¥Y ‘fUSmlgﬁ;gO An g?dytio g’% ﬁ%lg ?ft]lhg%lszo %Q ﬂleiér{ B
posi tioned orno@ 79y ﬂ&ﬁ@ﬂe@&aﬁd@(ﬁhﬁdsum vbbzs 82868 unkiectidnaivl o s dkvi8s6vhish
further connected to a uppl. e 8 ndafl w |ine 850. .The .fl ow
ik Gae] T o e b RHOR AR Pedt R p SO P PRy Tyt
di rect %Pﬁ%fa Jd'tf?é’é’tﬁer Pk Res RS tRf HehRbaehedBR ifffing |stetbisash thopidtonon
t hr ough 'l ne 850. [001 ] The buo ancgeb‘6 t he huoyancy g4,

bl ock 8lI®usisg a@qe@éﬂeagl leng ¢ the fAepiiné preguiseisia fan thepistayy
bl ock 818 is 6’?}’?@% éQraﬁJn q? Qfg{a% gﬂél%%%démﬁﬁné@ dnBabieliBes el Bah804

in a cyclec[ mcs of the water 840 in
whi ch t Heobarmyanoy deuiep Sﬂ@;\thsc’mm@@@:yﬂéochﬁdﬁtan@newna&%a ingremenyilyaisei & or

Teol T B R OERo IR L B AN s oK Sefiling on

pi st 6n" haé tsu@%%dﬂ@de%ﬁmd&&dtth mempmmy 348 akav@i Bitauthe pishe qhiamiborf2g 2i2ough
maﬂxedrelaﬂon;}é&} venment of .t ebu anc I%gg@w
cor r espdhg lgtdinggoe ’t“leéf’alv?ﬁ p‘%‘%‘i’&ﬁ”a@ epafty SRR

has a p| 5@ by dny 650&16 Bﬁ%ﬁ&cﬁﬁs@h agkllp H&P§W§5 2h &5y &dr@;ﬁlﬁﬁnr@ﬁh@@as dr ﬂlqulde

of the u5| ng limt axial novenent of the byoy %l‘ t\{ | ock
818 t hermﬂmn thulktemplseember Re4 pndsexbausBe oF pigpebing thragas o Brvid 71 IBPlston

pi ston sctfhagﬁ,epgﬁ Ribudfl ﬂ{er];[ﬁﬂ'ét St @%eol,?fetﬁ 3°Pﬂ§&r9£lﬂml6-°ah& gxomﬁle 850.

adapt ed rm't novemne e piston 822 therein.
[00179] The i[00#81] vRtfering26wandFigue Dot sidedinations viaveinani apmeeys eyppdiment

fl ow devi gces which ermt the.flo a8, O

the. pi ot HECHEMBER BTNy aE I8 o #87n The bl i 8REeetep itiudes
the val vgsas8262, 328 sifR Y04 eorpestet tmb’edeaf) djh‘ohﬁng nap mﬂmﬂuadmsmg\basheos
pi ston housi ng base 814, so | ong e desi rehougr essupe IS

achi evabpdioysing PHiastRorers 9EHs diFBass FX‘S ¥ above the housing cap
[00182] A metallized piston 910 is disposed within the housing 904 and is adapted to

axially move within the housing 904. Positioned outside of the housing 904 and adjacent to the
ends of the piston 910 are a plurality of magnetized buoyancy blocks 912, having predetermined
buoyancy. The magnetized buoyancy blocks 912 are positioned next to the metallized piston
910, such that movement of the magnetized buoyancy block 912 corresponds to movement of
the metallized piston 910 within the housing 904. A guide rail 911 is provided on the housing
904 to guide movement of the magnetized buoyancy block 912 in relation to the metallized
piston 910. Piston chambers 913a, 913b are defined on opposite sides of the piston 910. A non-
metallic seal 915 may be placed on and coupled to an outer surface of the metallized piston 910
between the metallized piston 910 and the housing 904 to prevent fiuid or liquid flow between

the piston chambers 913a, 913b.



[00180] In operation, as a wave havi ng predeterm ned characteristics
arrives at the buoyancy punp device 800, the buoyancy bl ock 818 and

pi ston 822 \!\,B%g[ggﬁg I ly rise. A vacuumis created wt rrlﬁcn thg%

hanber, 824 | d, d 3
(s:oﬁr cgrconnec[o@él8 fﬁét lé\fﬁb%l a?“??é“@k%&%“é‘rv%%ﬁ@ ét)"ﬁ@e%?dsmu the
chanber Bdfiddag 995‘ withfigs pigtbe Ehelnhlfb? 9 f;B?aO 'I%@ Girithiet varal 912 .84 @i‘i st BandiNGive

wave departs the buoyancy evi ce ravity urges

buoyancySH @t‘:@mxﬁeélthryuaidgmhmsmg ot obgion dApFas SlhEa Hee GhSata fist
l'iquid chanber 824 and exhausting or expelling the
gas or I?%tkite ?ﬁf%b%{%%ﬁi ston chanber 824 through the outlet valve
828, outlet | [(IGQSLQ3B seédrﬂ\&tﬂbamkvew aadd stdoadolilereraBB 924 p0:bBAdcted at one

embod o SeeR e ERE Brsy S0 By PGS it S b00M SouRUbR: Va2 and

buoyancy s@uaPostRY k510 990wk bEAredRs at @hé}aﬁ%e&%,enaa B QkS B Pkt line 926 and
connected to a base 902, a housing cap 906 and a housing base 908. A

housi ng %PF%@‘#H%BPQ?% 909 is di sposed axially above the housing cap

906. [00182] a*rhé &%992% ﬁkﬁfaegéglu}aﬁwgn tg@&gzggés . ng&ggg_ﬁ PO o the

904 and is ad pt axi nove W t
Posi ti onbdusmﬂ%iﬁl@ad @1f thc héleh«msﬁgp ragummt tndl9 3| Breenpparpbash 832 iasmdsmeﬁ to rest

th t I d b bl k

havi hg it bl sl kb Y e T RS e R e vk a0 Biaeea

a][ e EOSI ti one[;ﬂ(}mﬁsqt) Th@hddamgt;rﬁ:@ua:?(dlmckgd phirsiitpBf stgﬁs@%&m@ﬁ eixtoaial Bﬂ&%a&ﬂhch
of the tiz oyanc oc corre onds t Y

metal | i z@% agf‘@? Iﬁ‘bgwnlt ﬁ‘i"f‘imiet%oﬁé%@?%‘&né Oﬂawﬁﬁ@ |r1r$ @1 oytlet I P“es

provi dedogn) 9bRarchQnsdcRd to 99w hedndSs: tf@x‘dxﬂﬁ@i@h o®floherfB 9N 8 HE R location.
buoyancy block 912 in relation to the netallized piston 910. Piston

chamber s 913al00883p The @aa@ﬁlﬁ%@wﬁnw&é%ﬁ PE2 Biodel aofyclerenfirsingfo gegluid
A -
non %ﬂﬂlb%ﬁﬁ?*v?tl = Ml fe bﬂ%&%gﬁ%ﬂc%ﬁ%@t af]IlcﬁeZ gjé@g{egi %rre}ullc

surface o p| ston en the
910 and phenehoaib¢ ﬂgtegodlar@tmbwfﬁha‘ hueyeheg puinpgleiide PODiksdbe t M dnoyanhe of

piston c 913 6/ 06 4 / US2005/ 0454 9

P bon-; Unppd Bovatdy Boc Bl M R RT floodne i DRt fugvancy

connect eHlot:ksr Y2ghith Hprebaeniingt fhap oQQﬁld\/\bﬁd’Xpélliﬁg posit thenapadtized b&wﬂcy

The fi rsk7 if\)l (A val ve 914 adn firs outlet valve 916 are connected

t hr ough 19909 to a first inlet line 918 and
o S Fepadl gt bf

a first outl g1s8jnendiddt vERSPBIGL b¥eAnd. oukiOO0ABAL ofs 908 ARt it RtioNA Y&

922 and a second outlet valve 924 are connected at” one end through

t he housHeigeas adechamsmititheflavef gasor Hauidirinped ogrfihe pisen gl@@dw ?lﬁa,eétl 3b.
val ve 92?0@&9151g1%eﬁ19 st oMb Rl ﬁ'4‘é%o%$ﬁo@rlgtgg&’s%e&faﬁﬂexaéngt %rth ﬁﬁs;c %Uétlet

respective ends fo the second inlet [ine and  second ou
928. [ 00¥8349halolnadvoaR of thelpiderschambkiitidhi The saéorsiuplpbvalvd %@wmacond

cupport BARETREERA IR Sl s T oLl ST B ol Eprfhctred

the first inlet valve 914 and first outlet valve 916 may be positioned at differing locations on the

housing cap 906. Likewise, the second inlet valve 922 and second outlet valve 924 may be
positioned at differing locations on the housing base 908, so long as a desired pressure is
achievable within the piston chambers 913a, 913b.

[00189] In operation, as a wave from the body of water 946 departs the buoyancy pump
device 900, the magnetized buoyancy blocks 912 incrementally lower due to gravity, thereby
magnetically lowering the metallized piston 910 to create a vacuum within the piston chamber
913a. At the same time, the dropping of the magnetized buoyancy blocks 912 and metallized

piston 910 compresses the gas or liquid within the piston chamber 913b. The gas or liquid
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against a floor 934 of a body of water 936 in which the buoyancy punp
device 900 is placed. [001861 The housing 904 includes a plurality of

st ops 938 owoawcaxkeinal surface, which are adapted to paPus0e0s819
novenent_ of the.ns.

neti.zad. bl
020, 928iegsin l%ﬁh%‘é‘%et%g"& l“% Gﬁ?‘&%ﬁé\?ﬁ‘%ﬁ%‘“‘“@ﬁ mftge% V%l‘r”agjse“mgésgé’!“@%“ﬁéf’ ﬂﬁ? ot 2as
t her ei n 9 a@ MRS 1iHEM0. a8 &id Hflon {clfa&&%?msﬁhmewa@mm drzed ghnmwamdyfrduhdtﬁ@st

912 nove in a cycle conformn%tothe | uid énamcs of e water in

whi ch tmeﬁm@éﬁé@loﬁhﬁ} &y inle valye 914, a9d dnep ihsrdeton FRAMATE  RAdr aul i ¢
or pneumatic ﬁ}@bﬁ M GharaE Wald Sir&RheY tHehSadhbipxanayy e hlodied 10end 00

itself. The uo of the nagneti zéd buoyancy blocks 912 may be
adj ust edndnglhiddqmium @1 Q maem&gtnkh’ Fiseiah abuagnah@ylte asiorshim withygspect o the

predet erm ned fl e I| r
oy anoypeseouset i, Rered piSeruPlngii e o g SRl B R GAE5 130 an
inlet vaky@indid.g a&@r&cﬁiﬁﬂthﬁjﬂghﬂie firad ouglst B 91624d firss outletdine 824 lmmﬁbw

flow devices which fl ow of gas id. nto and
the pi stisg 9%Rakbepiston fgﬁnbe@%éﬁj becppies 3y ’e{hefﬂb?g %FWIE% = qr&qu@%h?%gh
914 all cﬂﬂ‘@se;ckﬁ"inle@ fife §365 5QBng NATRAe 933 and ARGt Betdn dhatbensiBe! Thy plovess

916 all ow out of the piston chanber 913a. The second inl et
val ve 942cymhidalierspenied with ¢ash syesessevegy@eal | ow fl ow i nto and out of the

pi ston chanbg(,? i%hohltdl th%plfegﬁumngggé@%}ééb&ﬁ/etﬁ@t 024! iliBibt hﬁo%mhﬁt' Rlhe

val ve 914 an e positioned at diff erlng
| ocat i onﬁetmlmédwlastohGllk|thﬁgunagptlgbﬁoyahc)k@ml§§l”chH sepessn Bomrthemeinliz

922 and seco out| et .val ve 03|

| ocat i orRdst 8’?18?%@ fH%‘i?s"Pﬁg‘eB%{"g‘Z“’g‘é WXV e o egﬂgglg ?atrlhzg&l% B 9’1@ & fhe next
achi evabdvﬁ,evuyglal n the piston chanbers 913a 913b. [00189] In

operation, as a wave fromthe wat er, 946, d art he buoyanc
punp devi ce 18812 tl?ﬁ@erﬁlﬁéﬁ@t"lt‘ig %%ﬁbaﬁw%%?m@f’@? i 8’??@?#3%% Syancy
| over dgﬁnﬁlpd&‘i&vl'()bﬁf is shB&h GPNccofBARAYHE Mk pYintigWe bf the I‘d@&tﬁi&feﬁﬁén zed

pi ston 910 to create a vacuum wi thin the pistaon chanber ghea@d %10

same ti nByoyehey pimepgiving 1600 tW@dﬁﬁ@h@Fﬂ?% aﬁwa*gﬂa&é%%qoae%ée 9

metal lize SLOR %eelgo n cite
chanber %ﬁ%f) gf%ﬁi()({%&%gﬁg I qui é&&%lg%%%gé%%%g%c% @%&%ﬁ&’? '
t herein 1(S10d$<ﬂ1lspcisbdaduthm tekalsingd 00H amuglhlutltﬁsi pisloo nplinsier ¢apt 10}3) apnd agpsfon

second out | ne %

chanber 9184¢ er %St \Pﬁ‘%’ﬁﬂra'nag‘} %%él‘*‘g%i%e‘li’e ‘r‘“&&ﬁéipf re?)#g{%éeﬂaf%lgrb%?e% ?&he
l'ine 918tk Qy'lghiei E\% foilpStA fistbet 0 Maik wéap@bdo ariatly imotve within thé pistn cylinder
chanmber 913a. [0019 As thg next_ wave, a roagjheiﬁ B%z({m net zed,E
buoyancy!®edk ‘1‘39@2036{%‘6{31‘1(% &% PR PositiopeshvEh Brehiolsing L OB
a magnet LG bt 815 8h@ls! aﬁﬂﬁt@d R Midily hR=RAGTN R h'b{iﬁng PE®BIS lmgluwaﬂt)eéf 1986n

t hereby pressurizing the gas or l'iquid within the piston C[;éqrn;ier 913a
and expsiafts ﬂ;@ZQ ¢rsengfeonn p 1gvyey siidace o€ Geghstemh 016 and comseioato Sufages of
and firs e%% %E Uo’@l@l into flow I|ine 940. The pi ston chanber

913b becdifes cuum “thereby drawing gas or liquid through the

second i nl et lﬂﬁmﬂﬁ]QBﬁ;nisBGHmethmi avaitieb vl o2 1 (iddré paneetp@thpughdhe piston
chanber 9]Im

er cap% 0% toa p1ston chamber 1026 formed by the piston cylinder cap 1012, piston
cylinder 1010 and the upper surface of the piston 1016. An inlet line 1028 and an outlet line
1030 are connected to the inlet valve 1022 and outlet valve 1024, respectively. The inlet line
1028 and outlet line 1030 extend through the piston cylinder ballast portion 1014.

[00194] The base 1002 includes support legs 1032 connected to a lower portion of the
housing 1004 at one end and to a support base 1034 at the other end. The support base 1034 is
adapted to rest against a floor 1036 of a body of water 1038. A ballast tank 1040 is connected to
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is cyclically repeated with each successive wave. [00191] Should the
pressure in either outlet valve 916, 924 inhibit novenent of the

metal | i zed wostene®0, the nmagnetic buoyancy bl ocks 912 mits26epasas e
froth the gBlakli L 3hOH b £ | hB bhGRRGF Pk PadvR& 108 6h a fixed
and re-gﬁéggé%%h§5ﬁgﬁ§ﬁP?§ed %%gp%nngﬁ%ﬁFﬁethe(ﬁéxfﬁﬁmaﬁe cycle. He
[ 00192] dasiien rdlaiyenothetbodFofwrter 1838. yet anot her enbodi ment of an

exenpl ary bu .device 1000 is sho I.n.accor -\

ot i nei pl os ontg! BEReE YAETpPHS aslglR ey b SE A2 BytlhC abdifea
I ncl udesp anbase WAG2038 thAveitigettb0tnC Tne Boishth legs 1048 chamet tb@BZhousmg
housi ng cap. 1006 connected to the housin %004 andshlz)ﬁ USIH base
1008. A grasi . dye haesine 1004 forthes inpludss a eBuality AT Siopid4R derste %ﬂf@é‘&lﬁhnd

i ncl Udessfgf%w SR L MR 088 R 1319ijegxia?xﬂ9ye%éa?& 8¢ @8 busphéeiesk PEils! e Ein.

portion 4 connected to the piston cylinder 1010 and di sposed above

the piston d§®i%iieConpaged ®ithe owtlepiing isra ficga Bk § 04y apichds emastpdia the
nove W t,hi n_the pi.ston, c¥l i r u i ;
axially l-bogglpg pﬁsﬁf@gﬁ%\n ?lﬁe %i'#u"é/? ouls0 ﬁ%gsjz%%tﬁﬁ gab(ggegpﬁ%%péﬁigg%%#gﬁgﬁ ?Iﬁ(lfé%me
1010 andi(i3$ aadapipgcht Goaxirah he cutuding 104D o 4 flewlioudd4y 1004. A
lurality of pist shafts .1020 tend froma,l ower rf.ace of 1he

D1 ston 1016 AN arearaer comisy WS Stem b BEeRe poeFine LS ER o e e
1018. [ Of493duchthat Whet masl¥@adQR?hoioth SFfa0iA tBE plé@h V016,024 (8ot shown) is
connected through the piston p\é}; nder cap 1012 to, a, pi.ston chanber

1026 f or previdedon e ppiiwetshoEr pistRer 1046 fp mo¥ent cynuppiqatiqhebwigathe pigtgn
and the H%%fl@%éfaﬁ&ﬂle%d%wwgﬁﬂm- 1016. An inlet line 1028 and an

outlet line are conhected to the inlet valve 1022 and outl et
val ve 1024, r[@81983t Thegiiston TRES, iwhiicbtis hdjnssable Drgmanngr desctiead abpke isjgidebly

extend thr. h t i.stan cvlinder a i T
base 1009 nhanaiee DUiEhER S 8o R0  BeeBE et and B ey e
the housd1sgrd @eatd vinchepiston Richft 926, mayzpent ofths budi@Bay block HE 8ot her
end. The support base 1034 is §]c§iapt edwtlg rest against a floor 1036
of a bod§PrEEPeRds it dikgEBOVEne of ¥hk'*2040 is connected to 37 WO

2006/ 065994 PGt dgp2PR5HQG LDk 100D 8Es PREddigimindd Hudgarkst ok thabtise
1034 to mai ntain the buoyancy punp device 1000 in_a fixe posi tljin?}g‘ggh

rel ati vebtayandyelopkdhP18manss uta airgonioonirssp thelif diarHes Aot it
a plural %%PQ;@P%g)ﬁlﬁ e 6900504 B1alddl Gfhe %ﬁ@yaﬁ@f@f &d bué?%né’:} bie¥k 1@ may be

wat er 10 erebetween. The housing 1egs 1042 connect to_the
housi ng adjasel ib@GBannFhdesbithesliabgvel depeniling vhéhe ¢hatictstisticsang fluiddynemics of the
stops 1045 forymed on an inner surface of the housing | egs 1042 to
Cimt axPBer ASUBRERETSE  he buoyancy bl ock 1018 therein. [00196]
Connect ed t o [00RO0)UTheknldt andoutiet aalfidsoM22 a4 bpAGidivdetiaial flsweleninecwhidh

to the housi base 1008, The flaqw t 1046 is ad d to diregt.
{1 ow r ecBIRLF AT 8 Giaue infq nd ou %356 Bin hfﬂaﬁ%ﬂ@? f?ﬁPS%VVF%%&Sﬁ%be
outlet | ppgedtdPmbOmavhlke 0228020k be positioned at differing locations on the piston

cylinder cap 1012, so long as a desired pressure is achievable within the piston chamber 1026.

[00201] In operation, after the buoyancy pump device 1000 has been initially placed in a
body of water, such as ocean, lake, river or other wave producing environment, the initial
pressure in the outlet line 1030, valve 1024 and piston chamber 1026 begins at a zero-pressure
state. The wave, having recognized properties, arrives at the buoyancy pump device 1000.
Water from the wave incrementally lifts the buoyancy block 1018, thereby lifting both the
buoyancy block 1018 and a piston 1016. The gas or liquid that has been introduced into the
piston chamber 1026 begins to pressurize until the pressure in the piston chamber 1026

overcomes the line pressure in the outlet line 1030. At this point, the gas or liquid flows through
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[ 001971 The piston cylinder 1010 is open at the end opposing the

pi ston cylinder cap 1012, such that water may contact the bottom
surface of the piston 1016. A seal (not shown) is provided on the
peri meter oWOANEAF®ion 1016 to prevent communication bePGEEFRUPHES1Y

pi st on ‘iRrdGnideTaldORR1and tidmilboihe 1060 wad Brirah§idfed (BOLARe fThvelips 50480 a
1016, which is adjustable in a manner described above, is slidably

axi al | y desivadgpeatign {04iuse OHYO1BESt on cyli nder 1010. Because the piston
1016 and buo W aftt fhe TRBY Gl davithBO0i Sk ol af the

1020, nnveneﬁ or]?ﬁﬁﬁﬁﬂ%ﬁgﬁﬁy bﬁ%gﬁagﬁﬁ%gcoyresponds ?h g%?%ct

nov enentbuofartch dlqek 40 thdavo ghergtygesdingriha corespanéipe Bpverardexgl mayergent of
pr edet er,m ne aney,.. S b : ] ;

Cyel o coit Brirrg Y SREHans HESa bUfkish Ml0. ok U BeRClf wHAEHOPBIER s
buoyancyl (R¥ne@ey fia®inkQRe of Bqyitl #rekh thémld lioy 2028y indét viahe 162dgahiogo the
bl ock 1018 maybe a%kyﬁ%gd in,a nﬁnﬂgp de%grL ed above .dgﬁggding on
the charRidtPRrhasttes $020n £ hECHflE IsfyiRHeRll denshtef Rt GRgh BCCRRN P RES sy st em
[00200] The l[@bﬁsp]mexﬁﬁg hed 1y BIVERE 19 2Bere 102 bvar ketiplath sidctibwnaf the

fl ow devi ces whic permt the flow of gas or liquid jnto qnq @yt %P
the pi stwyeramvop depies |00 eEHE: d jay epypled tp ap gxeraplary aqyispinge rigi!d 50+ fuifs
the valvesnbagon, iy iBtuBSigNq80 idARRE . Rlurdllrf LEBAIRE hRSal) PlshoaRritAS
pi ston <Tyl'Frider ’cap ¥ , 36 long as a desired pressure is

achi evabidreangid dtiont arkdeopiestedrio tredhmiogancy @asp devioe099. The eyt sanksh110 are
after th uoyanc u deyi 0] Lib L : (o .
Pody of TEAE OBt aBaaL R 117G b Eafhlfty b By Yirk, PR Thpfhcli
envi r onngfallag: ks i 10iAdy vapy @sletigtd or widthé& adél tetstabilize te(B0yanea pump device

1024 and_ pi ston chanber 1026 begins at .a zero-pressur.e tate. The
wave, halAthuith eBghicABROBIng T EY Bem aerly obSaiet T TEm sty he fuiongy Bump
devi ce 19Q8ke 1094 sdsitfonn t he wave increnentally lifts the buoyancy

bl ock 1018, thereby lifting both the buoyancy bl ock 1018 anﬂ a

pi ston 1016. [PA204aEhedrmoypngyinymptiieyica awy e eanddwar GERRMEIIHES P he
piston Cﬂﬂ%ﬁé oraatieBRA ke baABILSS P(letazb‘?e BNy hdcyliighpRieG R W HeRetluf}fin one
pi ston chanber F10Z6  over comes the fine predsure in the outlet line
1030. At lochticn, fiemattjeds 4rel sgtagp mranbihgulodationoWbe partahilii of Sie\lgoyancy punp

2006/ 065994 PCT/ US2005/ 045419 he,outl et. val v

line 1033”&??&1?3’5"% %{W@Fléﬁ?d:%‘“fl r?&l%?ﬁ 8’(%‘:Fr 'ﬁ%°¥W%ﬁ“ﬁaﬁg‘g%%ﬁgtt%ﬁ greq{étfaé?‘trt%b e’

| ocat i ongifcBras HSGited FloStiabageonitAR2aPemAmentie atvae docddpar Merdoler, bgmyparnc field
punp device 100Q, gravity urges the buoyancy bl ock 101 0

thereby PeRAiablehgoraeRPEsP H@%Bﬁﬁﬁ?ﬁ%ﬂ ’H‘&\’/m‘ﬁ%&? v |p£weﬁ&fgi‘:%‘?¥mg?d L

pi ston 1016 Whilfehilons f@bREEIIRe SMnEME AEMARHLRr pAwHAC RtiBxaspll £afoed of one or
within the piston chanber 1026, thereby draw ng gas or liquid .

t hrough teee busivancypume depizes mpy bedenlesied @t a spabaggidoratiop tq spPot ARiljiRry base
chanber ' ' | M hstrBloBRE oSG ESS 81 ¥
wave. [ oé‘%g‘]ed&? él?‘)ré?ér%gm{n%ﬁg{%{gﬁl&ﬁ%%%nﬁe t gglgwgs; ng hown_oexerrpl arrygim._1

si de vi ewsraaftet he group of buoyancy pump devices may be deployed substantially anywhere having

sufficient sources of wave energy with waves that conform to the specifications of the buoyancy
purmp devices.

[00205] FIGURES 12A shows an exemplary buoyancy chamber ring 1200 that may be
used as a structural component to construct an exemplary structure, as shown in FIGURE 128
and formed of several buoyancy chamber rings 1200, to function substantially similar to the
buoyancy cylinder 104 (see FIGURE 1) of a buoyancy pump device. The buoyancy pump
device utilizing the buoyancy chamber ring 1200 is modular in structure. The buoyancy
chamber ring 1200 comprises an outer ring 1202 and an inner ring 1204. The outer and inner

rings 1202 and 1204 are concentric and may be coupled by a number of spacers forming spacer
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buoyancy punp device 100 of FIG 1 as coupled to an exenpl ary

aqui cul ture rig 1100. In this configuration, the aquiculture rig
1100 i ncl uckgﬁ FF‘)R urality of ballast tanks 1110 concentri cal | y o
arranged abBH"®6 ¢bnnected to the buoyancy punp devi cePClOES200FRAS419
bal | ast pgignkesa 1Abdgealectivaty o) cﬁhmmat@*d:atrmléﬂﬁ meebs capdigiugd in paplked and
1110 by a plurali

t anks 1898 pEgH ]ﬁ)épolswoﬂ%cﬁad}o#%%s éﬁ%ﬁ W ¥He aag“ p%LIISE Gﬁgyﬁgg&%}%al

buoyancyup%Hﬁondﬁé/ b&6r anlQhaprings THIRAE 1 204H (omeommguamamsr feocometric body
of water 1130 in which the buoyan punp device 100 t‘}rtﬂgﬂ’ si.tioned
ct

[ 00204] corfguntieyapicpagstipay ey dze 1B, SRR L PRSTh qutes gng gnier
al | ow t g, %Q%@?ZO«CP U oLaNDIES th%s Q&f&%&ﬁ%ﬁb@ spae@ BEHREH theRURY AR dhner
punp devi € set up in one location, dismantled, and set up in
anot her nhgs:m()izcand 1TWempp be widlideitt y of t he buoyancy punp device may be
di sti ngui she m i n i

not port abl eﬂmaé@c H’Oés‘? rglgvéﬁn&)er 1 %Yckbe?c%gﬁgg nlg'? dr%%%?&‘gg%zdrlé %?1 elis

at one log@dddudupll ieaickbf the ogreoanmmherfﬂrgb dl7Obaindp]dnﬁatﬁheglbd@yamgxhnders
punp devices nmay be noved. to rOV|de ower to erent.J.and or..se
based appl{Bay P%H%h%e%‘b}’%qmt H@DOEHE B?W@“‘H’e‘ﬂ’éﬁ%erf e ]p‘g pjo b1 1216

exanpl e 8asad1£bh§§é9 b8bwake) PIGURED 1 2R mae@mpmﬂﬁabmnmaﬁeer rmg 1200
depl oyed at a sea based location to support a mlitary base yed

to a newaydgicomppesd odateehfodonimajsainlsomopps fb‘?ffélaﬁsrﬁtplfi%m’rt t&E‘“‘JF@
differ e vﬁ(ﬁ'@; e‘i{&tl nfbl?&o%i‘ftﬁ Whre rlfbsgﬁtQHBcé%BolP ARG oRMERs devi ces may be

depl oye y any having sufficient sources of wave
energy with \{@0203] FiGUREIEGs epespechize Hpadew fakan Rlong 2 61053 sretipueRthncy

deyi ce 05
PG 1o0ussy Chapen o (eI RE IERE of Sy oYy QAR IETRIPRbat
gxerrpl aﬁMhﬁésﬁ%@bwy@ncyaﬁmglbgwﬁhgi nfﬁbﬁatsﬁanﬂ«zegl?snmt o'ﬂmbhotyanc?re:h@flhd‘«r 104 is
uoyanc chanper ri ngs | unc on, sups I m I o]
bu oy an cg%mé'%dl ch@ga&’éﬁﬂa Pé'éagltﬁ?% "I‘m'éer BUSY an zm(i({/mbﬂﬁ'ﬁl %%/m%% P thﬁ% Be

buoyancyfinp16 ﬁﬁi’fnﬁ?bé‘hiohht%ﬂ fo b B@se@h&)&ﬁ&m reflaiben and ageddf}vartically
nmodul ar i n structure. The buoyancy _chanber rj n&hlzoo co ri segﬁgr@k

out er rifrmn tedRonnkie bfhiY i vestery Dgpendingaon tig denth pkthe Spgy '?fh‘ Frs €36

1202 and 2 u p10ha extend
spacer o Wk 206 Bt B0EATHGRERGLIRLBESHE N, BBy aR THRGR! Ohney
pairs 13Buel ﬂﬁ@uﬂﬂé(rn@blyhﬁawbll@ pogigiened rmelljsgiméﬁmepbapya@cnmmyn@e
configured mparallel and symmetrically positioned about axes x and
y. The s er pairs 1206 provide structural support for the outer

and inner ri nge2o8P0Riband sHiz94 21 kherdiss vemidaily Slonnihed base of denpbyirey pump
configurations of spacer be utjli .tq. OVId st uctural
support degiced R Bay ?C‘&Wie‘jltﬂ 1nnq1|r1[§1651§§4g512ﬁ e’fZ Etoggyé?%ﬁeés of fhe
truss C%%Béeggéx@st 1798. 9he ARAGLEBNMRGRYESR uhh@edlalétg@{deélftﬁ albuB@mcy bloﬁg$2’>0

1202 and 1204 may be utilized.
(shown in part). The buoyancy block 1220 may include or be coupled to a buoyancy ring 1222.

The buoyaney ring 1222 may engage or be guided by the tubular shims 1218 to maintain
alignment of the buoyancy block 1220 as it travels up and down within the buoyancy chamber
104. Because of the modular design, the buoyancy pump device 1212 may be constructed and
taken apart for relocation purposes.

[00209] FIGURE 12C is another embodiment of the buoyancy chamber ring 1200°
configured as a cap for the buoyancy chamber 104, The buoyancy chamber ring 1200 further
may be configured to position a piston chamber 1224. Positioning spacers 1226 may be
substantially aligned with spacer pairs 1206 to form a rectangular region 1228 about a center

point of the outer and inner rings 1202 and 1204. A rectangular guide block 1230 may be
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[ 00206] CGuide ring cylinders 1210 maybe centrally | ocated between the
spacer pairs 1206 and coupled to each of the outer and inner rings

1202 and 12Q4 20ddags@yi de ring cylinders 1210 may be utipdgehobfissiio

posi tion and support the buoyancy. chanmber ri ont o piligas 16
(ae o squebea iR NG aR e s cpaied ik SRR iRl (28 2he,
chamber £inguk20ide BRYk he3CoapasRde ah osdnael 1230di0d orRtet ihapsjonsthelnbas
fiberglass or plastic, that are resistant to. _envi ronentaI

condi t i dife4 thesthrangh deBRRRIN the BitoashaRbestRE? R PER rRFReS!on BERB%YT (not
FI GURE 15@1@@; Ig%@%dzogq%g&%oa At pie%\y%siak eMmAhePEe Atk RS 8ly SREHell @Rd Siked

t he buoyan see al so GURE 1) for an exefnplary .
buoyancydepemingi@vthe shap? 22d sikaof the siidnzrelsconipendili 6 anpigtos ishamlar 122hdeing

1200 shown in FI GURE 12A.. The buoyancy cha » 104 is fornmed by
engagi ngguﬁpﬁﬁgraﬁ%iﬂ%‘eégyBlbeo}i/ué)ﬁ%cycc%gnn%%rrmrgiq%gés 1200 axi al ly al ong
ei ght pi | i Nngg06210] SHIGURE 126 drivaing By besteim U300ekr intamicallyalsenfindtg and/or

shown) residing on and extendj ng verticall fromthe floor. of a bo
of wat eradSEpBHGisHE 05?1]3%‘%@“%%]9%( Bﬁ‘se‘% ﬁ’éwﬁ}ﬁ%%t%fsu paem %mqn%]an{rﬂ%geq%m

pi l'ings i SXRANHY tabydRel biok §3GEd onASn&HRM303 ¢fen
pilings %f%ais%h%@%/fm&%a@nd tﬁ?oug% t{';e 0gui de r?lﬁgbtegyl i nders_ 1210

posi t i onauhpugidg system By tThelsempuidyesysipmcl3Ariraludes Agrocessgn! 3004k dpgperable
Tubul hi di i ; 1
ubutar - 2 eécgcﬁli%%%@vﬁag@; lt'_’@@ "'y S%{ig%rg.l% gﬁ%i{}% ugéﬂmcgllaﬁla{%%ﬁgl%ﬁq ﬁQﬁd/BM%@éle

punp deVi e’ coup e rnner ring 12 in alignment
Wit h eactpepdtionhéilspacgmsy dlock 1202 kyseten hipaiical vigreBataTers locasionan 2 bpdhel

1218 are utilized as gquides, for a buoyancy bloc i
part). TH&ehH Bﬁeﬂwarﬁgé’é‘wpldfﬁﬁeﬁﬁ’i}g c1'd cglrb?obcg lé%%ltgégpgs\@meg' The
Buo%/ﬁnc%/scgivfbge ﬂéﬂ)%%aay b}fzﬂigb%maﬁl_@s/ ?fc@oﬁg oﬂ%?xﬂulﬁayomai?agiﬁ @grdaéshgeﬁ, foed

y the tubular shins 0 majntain . alignment of the bu Cy. . .
bl ock 12ggmede i thespiyaied 30p neicy mﬂgwﬁm tﬂattqﬁé1@86%?18‘3}316%3@%%“0“"31
104. Bec%seedagzt ardd ot FROHE Han RSO icdiBR aRb SHBRCYpRstiTRatRY. Ce 1212 may
be constructed and ‘taken apart for relocation_ purposes.

) 00209]
FI GURE 12C i s[082bl] hEie comodingyaterni 3Q4artherdpelndss acnemye r13£(? fRyPEddp the
configured as . p~f 0 C #
chanber ¥ ]ioﬁeéjss‘il%ga ;‘rféﬁ ]E"ﬁ};enrlaﬁy Iﬁa%ﬁﬁgﬁlgzgg I gur eﬂéél_é}ggrg%{;ﬁoi@ gﬁbf gﬁﬁ ?gotdgﬁed )
chanber #Rady. Badjut/onipng(lsDaieeics 111226 compledie thepriostssont 1386 myc[) ugied ghgeive

wi th space airs, 1206 tq forma rectangyl ar regi o bqu .
center P 6‘&5{ St d@ﬁémﬁﬁlag? t%?Foe’ﬁ?Wag& ’%1“25? PO %%S%%%.OQA% Storlge unit
rect anguh g1 g eenithidtion 23t theprdoesséiOl 30020 BGpefbRAE store a database 1316, The
PCT/ US2005/ 045419 posit'ioned I n the rect nt%ul r region 1228 _ and.
coupl ed deabase 1psney deredbe Ristaeer!svare dga andafer gt @%ﬁ g heoPHE B

1230 may ,jngl LAY ddARR 15} EBhyhieni. NRQRE eibBEdifieht, B dalabasadan 16 is
1224 thepg€%r%%gﬁa§}ﬁ§9ﬁng?n ain the c%’)e?styonnchanber 1214 therein with

connect i edataBleventsinineotata atesiaipd with thetpayencldlagkdéPat ood that the

R

1224) bek@gmunication path 1320. In one embodiment, the network 1318 is the Internet. Alternatively,
the network 1318 may be a satellite communication system. The historical wave data server
1322 that maintains a database 1324 or other datafile containing wave data collected by buoys
from various locations from bodies of water around the world as understood in the art. The
wave data server 1322 is in communication with the network 1318 via communication path 1326
such that the computing system 1304 may access or look-up the wave data stored in the database
1324. The wave data that is accessed and collected from the wave data server 1322 by the

computing system 1304 may be manually, semi-automatically, or automatically included in the
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supported and aligned by the buoyancy chanber ring 1200'. [00210]
FIGURE 13 is a drawing of a system 1300 for dynam cally determ ning
and/ or adjwetmewgesdae size of a buoyancy bl ock based on m@ves20@&idsi19

such system,depi .Gtk NG. an.i e.130 f atl.G ;
Doy ancRBPoCIe 16305 B P Ay RSO 1 B REERich Aoft ars KRR Rfions
L e e aof tnar o 1308 The. Safrwar 6 1308 & Usad ko
cal cul at e di 8%k o iBREy lﬁm\r%di]éq buoyapsy chﬁl%h# niaﬁgu%kff&nacl}}?:d?%ﬁ/l%og&%f
1302 ba i Stard; WRtdaha/drQn ReRutedResults i digdyy Hélds fat er
that a aﬁ%g%ﬁ%{;}%%e?r\pélgg&ip%% uéi ng tﬁelsﬁﬁc}),l ag%y bl ock 11383 is to_ be

posi t i ofeibnidbitae bsybbaydlecki308. dedesigaerr it ORI B33 &St the input

formul as contained i.n,a spre 3 . : : Lhe; iohs @3
| el udonrancergn prieHPmA RO ASRRE it Yoo AT nERFIBDIANGGiohS

wave da&@ta&n,]glari@u; pitife. mekhramiehl, tixrspit hheateteonmante wpd fiom afrsaide ploredin
data. [00211] The conputj ng system 1304 further, i nc

1310 cothsiskagegungtidls, dh%g’g\%gai%ﬁé‘fer%%{’ﬁﬁﬂﬁ?vflhe#rgéh(ggﬁ@fa ?ﬁ | zegé%ﬁéage
store thgprogram 1308 and data produced thereby. An input/output

(1/0) device 1312 is coupled to the processor 1306.an sed 1,0, .
recei ve and[0023dsh desitaing th%bl&Yﬁ&qwtg}OCtkoHQi ERPEFARY tﬁ? Blﬁlia'tlﬁ[éon location

conput i 2_12% i%?lﬁ%n%éﬁ;egﬁataﬁhtﬁ%% I thifintinto bedent. SFdr Rx &RMELINE BAs Ay P

the pro I'S operable to store a database 1316. Th?1
dat abas deviads torhy instabedsintatyertivuby decaden fopaperierheldimm qudtasdhreg grogths, then

related to,the configuration of . SHEEeS

for depi§drsisher may %ﬁeé IS A maa e ?gg%ecemgg%agg@g@@%yifogﬂmage gat afile
cont ai Nipgn@hticak thedagioaiantoeion ihldetipeny teypanyanch blsck 13ED A thedmeyay PHEP
conputing system 1304 may be in commyni.cation w.th a _netwar i:
comuni éatoj tsringialied f‘lrﬁéc.’%lﬁfiméﬂ’&n@% f’hﬁ’ﬁ’f”, tg?rht\geﬁ]%‘?’v%@? %fgerlé tﬁéﬁéﬁl
I nt er nety, Al @ibA Ay V8 leiteredidier NRbYGPeridB BB subleasdivegieets| dotdetermine the
comuni cation systéem The historical wave data server 1322 that

nai nt ai mEmensttas abths duagpay blocki HEr datafil e contai ni ng wave data

col l ected by fr Vadni hQEH heRSnl HbeFPRIEL snchidivekBles, grids,

around the M%gggilﬁﬁ@g%esﬁgg%@r% tﬁe fa?lg}. Thgﬂ%&/ave data server 1322

i s in comphidatmhdges onblibr vile! tybwiotdasgigiBe desienebofinPecyenanPush #vi%26

such that the, conputin t.em QF o lePRKT WO E 96

data st g&‘(‘-ﬂPgi the g??@ﬁ“d’&?%b‘)?ﬁe b‘?§%‘i&%’l“@dﬁg§gﬁ§§? 2 %hat 1 g access egg%and

col | ect afodesQRudHe tNRY Qistiaked wiah vapardli8 EXANPLRS A oo RABIGES y<h and

1304 may be manual |y, sem -autonmati cal,l or aut cal i ded

in the FHCHBEDLSSAE689 éﬁ' W?r&m&%&%ﬁﬁ_@pmaﬂﬁf’a@gsﬁeﬁ i‘? 1%_{18%%% ‘ )

utili zedey ARrid 8 '{a&:‘éra?@%w@gige),lmmwe nebaide eginplasioonslizmghistorical

nodel operations ‘of the buoyancy bl ock 1302, @[&Oé\iﬂ The i macge . e:I%nOl

of the beaeatatainishwpRINEIGROWRSPHRANEHAS S+ REINFRE O AMBIRY OGP 2GR

fields to recelve ipn AR SoRNGLREs M BRbAc £ BB VEdme €8 B Y, Solutme

di spl ay Q%laéﬁeggm;(%g" H‘ﬁ%%ﬁ"%ﬁf)héﬁt‘he %lu’oygncy bl ocﬁahlgoz. A desi gner, of

t he buoyesfiwye VO kolkBB2f hasg (W8, andetliengimensions, may be computed as a function of the
historical wave data. TABLE 2, which describes buoyancy block diameter as a function of wave
height (W), may be used to determine both dimensions and system parameters. The results
shown on the image 1301 may be graphically displayed in conj unction with elements and
dimensions shown on FIGURES 3A-3F and 4D, for example. It should be understood that more
simple or detailed graphical images of elements of the buoyancy pump device may be computed
and shown on the image 1301. Input data shown in TABLE 3 (Annualized Wave Averages) and

TABLE 4 showing monthly average wave information may be input into the computing system



paraneters to enter information associated with specific or typical
hi storical wave notions for <certain periods of tinme. Alternatively,
the input paraneters may be read froma datafile stored in the
storage uni WOHYSSEY t he wave data server 1322, or el seRREPE00FHFI1Y

di spl ay eshoan abfBnihsB&eportat or thoBLbddcy puntledsvipei bagpdtdnahdloostioneyd dhmitikn
1302, consideration of the installation |ocation and duration of the
i nst al | &rideploymento be taken into account. For exanple, if a buoyancy

punp  devi cegdy$1410 R i B4y Fields @RAlst@Rd dhotv résulte Foad
of tine, suchdogéé]t @g@ﬁ%ﬂ%?@gﬁ%%ﬁﬁgg@& ner ma; ent e1r Cow

l.ow,

peak, asglcdsoragpeducst oy the adftwae é30Robdingexfeonte hb@%n@ﬁ%isbﬁ?%ﬂgo%ﬁ%s
at the particul ar. l.ocation.in designin - AR 3 ki
t he buoﬁH&?ﬁﬁWﬂn theg lﬁp(ga}’?éelﬁﬁlsn%%ya 1?%‘ Cfor 1e§y ?r%ll(ra)ég per s gﬁ%ﬁc%legi;%é of
time, fj h}%yahb}emlb@m 3qq¢aie1uda1§d1e?ghe(mp@ftm Baso(ee FLGUREAD )ndininetar (da)/ofishe
entered over a |onger period of tine, ,such .five years
det er i Mese; heightdhahehiesREc. Gpd PEr %m&y%m hfeBigeeliggher f‘%eé‘tii@]‘s Fhe
| mage 1304 td c{f%éﬁ%ywwmvfé@hﬁy%eﬁbﬁbﬁ%d, suflchdstg dinsenbiess. The
grids, grgp I cal 1 mgeés, "or other viSual |ayout, to %ssi,st t he
desi gnerisplaytftetishuayascipclydaperenetesshat affegtiongratipnel sRESHGAIS LD 3% 1epFY
buoyancy .pu devi,ce. .t i I: 0 ; O8Sdniiint B QRESS
such as ofﬁt&g% S i %ﬁ%%ng&{%gﬁlgﬁﬂrl%g’:irng qtﬁ%pr%{\%ﬁg%ﬁb\ and B,n TA%%ES' ;ir—eZS,ure
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t hat i npl det ai |.ed hi cal . .
Uy ancysesA RS i Heeusy PRt Sars b Rl T R LRl ph Ao,
| nput  daygncs NAWBubyAnd Rk Sevide Brtalkhlabie aihudapibir tagémjevarmbergy ABmENdS exist

show ng m)nthl_y aver age wave information may be input into the
conput i n@rgpsﬂ@ﬁhan@gmbzm@me%m PCT/ US2005/ 045419 1'30'0" in

desi gni ng coi i o QoS th FEGDREYIANEY clBvHIRY Wewiof en babediment dflaa
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13, the eiesplay bioyehcispamppaseadytiomdABNhabYHIZes 2 PRatHTO A TP AT GriFoup
o 5 FERE 9 B AR s of
of mechapimah agppekicihmet configufaiont Fee group 1405 of buoyaney pump device(s) 1410°can
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buoyancy pump device 1410 in receiving wave motion with little or no effect due to other
buoyancy pump devices 1410.
[00219] Outlet lines 1425 from the buoyancy pump devices 1410 may extend along the
floor 1415 toward a short 1430 that supports a water tower 1435. The outlet lines 1425 operate
as water feeds that deliver water at or near the top of the water tower 1435.
[00220] The water tower 1435 operates as a reservoir for the pumped water to operate

one or more turbines 1439 located in a turbine house 1440 at or near the bottom of the water

tower 1435. T should be understood that the turbine house 1440 may be included within,
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Sevor al asqaupe ok Faem L) BAC P A C L LR PR B than by

provi deghQye 6thy'ﬁ%n&°pies% HRUBYAOTY fRdPatelay ltlﬁ‘eﬁ@at&rtew&cm?,abﬂl e and
adaptable to atever energy demands exist for a particul regi on
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buoyancy devi00es2]l BKBURE 1diistx elbertelviaw of gnaiher eobpdimentoism exemplay of
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buoyancy"BHp HWEB@(?)SYTiTQ%g%n?E Seag}?oo?; %“81%‘? &d % tBH%féLé%P ?5?/5 ofone
ot her wi S nfdk$buoyRidygtiniphtieRicoR M¥1@raldng aafﬂxmrfﬁbﬁaﬁsebc&iacdﬁ watﬂn é%ﬂ@@\munrp
devi ce 1410|nrece|V|n e tion g% ittle or b

other  BUGYRRCY T ehed” THe gronp b4 0f braprcg e Bhe B0 el D
buoyancy Me@lﬂ\éﬂ ﬁsm%'ylgr HBYrvAd BAHb@bORG fligher td eQ:ﬁdSmﬂléElﬁe tahudyancy
short 14f§ at supports a water tower 1435. The_out] et s 1425

oper at e puaw degiced S I(bledsce@‘-h@g wale] e viigh Hitler ng effpctdpe f%g rg‘ﬁ°¥ﬁ“°¥ Remp
wat er toqxéer 1145.’:@ [ 00220] The water tower 1435 operates as a

reser voi T Fot e punped water to operate one or nore turbines 1439

| ocat ed i n a [0022B] rotleokixs 1527 Gomtthobuayerey e dryices hd K menextengiadeng the

t t d that th

bo" nci disn i1 ArR e DBk oaREs h Bk IR bR L ISP st D 159,

d' adj acejjkdmaivels| @8 géseb(/mrﬁ(?@ 835 fdy be I:chﬁtrumfgig.tct theeliff 1e{3548@s ase ergnore in-
r t tore In _the on_of

G avi 1y SrONGHRSAIS 08 DEKSC (1P CUUR Oy P SRF R, B0 RE AN b gppr near
the t ur by, D¢ &ﬁ)f Jy?e‘}é&m\ﬁaiﬁrs take ARSUREed MhOLGHHIE) msbn@emafbnﬁétag

be returned back to the body of water 1420 V|a turb
d| schar geodde sespndamagees. ADpe ﬁwétsps;;@ﬂ@ry usdis adishdvatcheh &e 1eserv01r 1535 operates

to store the water pumped from the buoyancy pump devices 15 10 to operate one or more
turbines 1540 located in a turbine house 1545 located at or near the bottom of chiff 1530 to
provide for maximum water pressure to be applied to the turbine(s) 1540 as a function of
gravity. Alternatively, the turbine house 1545 may be located in other locations so long as it is
below the reservoir and capable of driving the turbine(s) 1540. As understood in the art,
different turbines operate on different water pressures so that the height of the cliff and/or the
distance of the turbines below the reservoir 1535 may be based on the type of turbine being
utilized. Electricity generated by the turbines 1540 may be conducted onto power lines 1550 for

distribution onto a power grid 1535.
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di scharged for distribution for other uses, such as irrigation or
desal i ni zation to convert to drinking water, for exanple. [00221]

Power |ines 1445 e be coupled to the turbi ne(s) 1439 for
di stributi oWOoYKE el ectric power generated by the turBfHERWGHES 1Y

power grid 146622up TeGURE e bpdhetraidn dfesothddemplagy codigiation pfbucyancy

cont enpl at ed, t hat S that ,are provi other tech

Chan by ureytes MUARGsaap sBRT abvErL B BRerfe PHUG b SRR AR

to the RS, trWBhoyhfidPpinip @&@déé d@@mﬁe%xﬁﬂguiélﬁo Afives g, @ﬁch&fs atrh’@xrough

present 1 nvention. For exanp nﬁQ t hat sglroduce ower ation
b

means arditlerlings riéoqy@\mﬁpﬁhwo BEOSIE‘PP gl (not ‘P‘?rya'tlcd’ "I‘?Hr" {q&¢
tover 143, bFl{ng%%%& ngbv%E ARsdSoRRe® I%X%@Qcé&b@% R ARRLARM 610 o

enbodi nment n-exenpl ary buoyancy punp power system 1500. The sane
or sini laidegonmidgutat shore &0 as te@apmi$ 06 cunpiosred ant depsmet prsdjabe gievated

devices 151 f
e 1 by 2 pecidd BEF iR n dthRe de Fao R TRo AL ks ot S et
1510 mayy Fl‘ié re§e@Wdit g%US?!i‘a in@uﬁfe%:l’ 1iths 1816 @yrecdve the bﬁnwfémg ghstordrivatleduibine
nner
s mmer {2 Sicommants Suh UAICE, R bR Lt e
devi ces %g%xge 1d1QQ3§§Lw§lgr|d%ob bpeﬁlelléaﬁl fLams b Resdyoyancy purrp

devi ces may ex the floor 1515 toward a _cliff 1530
that suppor t s[00225] oFlGHR2 1 7 mmﬂu&t@tlm gharpxemplary pymp §pldii5ap that includes

Al ter nat "ﬁf’bfgﬁ?jl ok Bk ERELCL S Wnsdorfen IR0 AufiAB 3Ll ofid 700 ifrebihse to

cliff to nore 1 n- roun poo or ponds he outl et
| i nes 15@&veang0incanaseanl 8. fl‘he;imnp tiatd 6D iisemigatd s agrid pf brenyancytthenp

may be eiea 1707 ppgeeasvs LAORIE S UpRe TP S SRR RISl bl |
fish hat ghgde¥ 170010 HchS@fe\dO I ¢t pRpeloag eSolub sspmtes dihpavatreo bpampem
fromthe buoyancy devi ces 1510 to %gerate onﬁ) more turbines

1540 | ochirapdpvics 1¢0F Hppeeash ey BEmiteriyoRbemay ZIotGIoNR2A0Y SHREHE Pism of
cliff 1580, é}%ﬂ y ﬁ@ﬁ WdAfeh PF0 B AEh YahSH. B&%@ﬁd&‘ﬁtﬁlgtdi’ sPRimBE bﬁﬂ/ah@y pump

the turbrn as a function of gravity. Alternatively, the
t ur bi ne touse 11648 Sﬂrawn,tfewa‘@dhatewﬂeﬁa@@%@rﬁrﬁb"@émlfbﬁsaﬂé@ewéﬁ% by bpqyapey

bel ow t he reser.voi bl I

under st oBYY AEPHE 12 ‘? dga}? eregfr??&'?ﬂl ‘%:{%g%“%@?%wgﬁ&g. b éﬁggﬁaﬁ?%dr
pr essur esolg@nichaid 416 eai ghiermhdichiarlg Ilocfafedé)ntﬂe@n a3 atidst ssthe svapuoyhecy
turbi nes bel qw.the_r servir 53 be based on the e rRine
ot g GPYRP Seticasa b S b, Sos e A e, e RES R it AR P14t R
conduct eg.c8A4 ColRANRY to'rb&‘?ﬁa sLa&thifall thwbaﬁierwatwrenagy chat @asarepamb)guhed

1555 44 WO 2006/ 065994 PCT/ US2005/.04541 ot4) ""t'l OQUREL'
an"i | | usbvnestehehpuwhp %Wﬁé?lﬁﬁéﬁﬁpb?@lné%’%‘isbm? Bh jgfe § ?3‘“%%‘?&93’3“"3’

devi ces k{?r% atq %tl%ﬁv tRr BAEY o HinheLE the hERAnT SHen&@0 VIR Id (RGInV@HEm each

energy into nec ani ca energy. The buoyancy punp devices 1602 are
conf i gur edv¢.oBylniivimizingythe amountoigsergy that tstﬁr@gg:hfrom the wave, each buoyancy pump

device 1702 located in the pump field 1700 is powered substantially equally. It should be

understood that other configurations of the buoyancy pump devices 1702 that provides the same
or similar minimal alteration to the wave to provide maximum wave energy to each pump may
be utilized. By using the configuration of the pump field 1700 of FIGURE 17, the beach 1714
receives each wave substantially the same as would have been received had the pump field 1700
not heen located in front of the beach 1714. The configuration of the pump field 1700, therefore,
is an environmentally friendly solution in generating power from waves.

[00226] FIGURE 17B is an enlarged view of the configuration of the buoyancy pump
devices 1702, including specific buoyancy pump devices 1714a-1714c. Outlet lines 1718a and
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outlet Iines 1606 in response to buoyancy bl ocks (not shown) of the
buoyancy punp devices 1602 being noved by waves. A reservoir 1608

may be | oc L, of a shore 1610 or underground on the shore
1610 as thg%égg'%ﬂgﬁfgge conpressed and does not need to WY BYR%EH

to dri vé7isbtoftdifracy putih'doncest| At dnd 14 1¢umbpaetivebiuats cosfignredrigextend from
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of an e EM efbhs}aqcylgﬁﬁpwfﬂc hacdes to Bk obuaYaBay1fuR addition,
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punp devi ces [40224h Gomtinging sith FIGEREOY/Bakexesnplng copBepaipLlimensipngsre shown
device 1714c in th I . ecei i

Sare. vale herdy . FALERIaR ol GSicbAZ0FRE IR EURERa0 b0 G feer
1714a ang séhadedion distdnbeof 15 SfeeCimitwenn ih robhe.s.apes atdndm) of theHmoyancy pump
buoyancy. pu evices 1702 further helps to mnimze the anmount of
ener gy td73tces 7U4rSP¥FEd from each wave. By nininizing the anount of

Fner gydt hat ih[ﬁgﬁlgpi w]gg ﬁlil-g@ir}?egég@gma BIGBR%h mgm)eam_pvolntmm lcﬂ:e?e:i@a akTifop
ocat e Int e punp | e 'S powere supst ang equ t
shoul d bE18 mwegiies aisepemend frm e RugH#CY @P&P@daﬁ@e%lf’)o_{% e %’gy@ﬁé&%‘h npe
devi ces &Zt%aé)g@% siBHeQ ¥l e mﬂeir%@@@ancpﬁo&ém-@gh ght@uﬁa&d Bhdsarat ion to

the wave 10 'provide nmaxi mum wave energy to_eac np may. be
uti | i zedurtBye()<notghowm loedd igartabingbudding 1@2% ubks Watey eyl rodsdprae bars

17, the b h 171 i i al t ] ;
woul o halte heereer daef GES i CRER A PGt BErSERB Ry e, |
front ofjcthel &rach bddldl waktresiwhn bgebast coan ofl-dritlewgpimp fiel d 1700,
therefore, i i tally frjendl | uti i . |
pover 1 om el 513087 aprestpsed PaLinEBhayemEy pitap Sy f BE e o
conf i gur @piffe19fabidi® aRURYANEHteialEner gleft b @adsiiidwadersnti usk thgt myet i the

buoyancy punp devices 1714a-1714c. Qut| et Iiges 1718a and, 45 V\Q .
2006/ 06589unePACUSEWS sbarsa heyein) Fliegitiyely, the buoyancy pump system may be designed

eraLc | 4P EHRay, A Adearc LI et by e ki
first comaymtilide thogwt o oty arradzesentsdpnita gump field, but include buoyancy pump
devices in some or all empty plots based on the arrangement,
[00230] Refering to FIG. 18, a buoyancy pump system 1811 according to the principles
of the present invention includes at least one buoyancy pump 1813 having a buoyancy block
1815 that reciprocates in response to wave motion. The buoyancy block 1815 pumps an
operating fluid, preferably using a piston and piston shaft similar to the systems previously
described. The operating fluid, preferably water, is pumped from offshore at the location of the

buoyancy pump 1813 to one of a low reservoir 1821 and a high reservoir 1823. Preferably, the
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in sone Qr

Referri n&f‘frgnﬁ'—el té@gés@rgggggf;%ﬁg@n uné)}ngy g’te]é’asﬁqg %gﬁmé‘?c%‘?lg%ﬁ‘gk ta 13 “’Eﬂhe
princi pl esogiife thhethp casept coultentbarletd ncinubids a atultitedessd resaevdmoc;w}noflwhich

punp 1813 havin .a b oy n bl ock 1 t. reci at es.

Lo Wave FGE IR o E e B nld eh S B et ing b E i Rt
pref er ablyyg Wﬁhﬂ&e%u@}a%&%’ﬁlo@ﬁ@ ddju‘éfe@f(fvﬁ% d)t@h@raﬂnaﬁlaf wltdhe. systens
previously describ erating pr ef er abl

punped from of403Ablr Befuringie Qch%.adwozs@cv ﬁémpﬁmwﬁeyy%ﬁﬂ%@éh%Hmclples
one of a

Che S S BHsERSRNRpIARaTR b paRy ap 3BFiR £hasal e
re' | ocat 481 biheeipechias incespodshie Wrys imdtione Beesfute efiibe potentiad af laxgestqray and

or new plhtautr{cgnerpm areas where buoyancy pumps are used, the buoyancy pump could be at risk of

becoming dislodged from the ocean floor if wave heights become excessively high. To
minimize this risk, buoyancy block 1915 includes a relief port 1917 that allows the buoyancy
block 1915 to be selectively flooded. While flooded, the buoyancy block would not exert any
buoyancy forces on the piston or the rest of the buoyancy pump 1913 (or if partially flooded,
would exert less buoyancy force), which would prevent the buoyancy pump from becoming
dislodged from the ocean floor. The relief port 1917 could be opened by a valve 1921 and a

controller (not shown) as shown in FIG. 19. The signal to open the valve 1921 could either be
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The | ow reservoir 1821 is provided to receive water punped during
normal operating conditions of the buoyancy punp 1813. Nor nal
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[00234] An exemplary buoyancy pump 2111 according to the principles of the present

invention is shown in FIGS. 20-39. All dimensions shown in relation to these figures are for
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for 48 tapered region 2181. The spherical shoulder region 2179 serves to lock the ball end 2159 within
the semi-spherical recess 2169. The tapered region 2181 is tapered outward as it extends from
the spherical shoulder region 2179. The tapered region allows the piston shaft 2115 to rotate
about the ball end 2159 relative to the ball joint 2165 such that slight angular movements of the
buoyancy block within the buoyancy chamber do not impart significant torsional or bending
forces to the piston shaft 2115. The primary angular movements of the buoyancy block 2113
against which the ball joint 2165 protects are those angular movements about axes perpendicular

to the reciprocating motion of the buoyancy block 2113.
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rises, allowing an operating fluid to flood through an intake pipe 4031 and into a lower piston
chamber 4033. As the buoyancy block 4013 falls in response to wave motion, the lower piston

4027 is driven by the weight of the buoyancy block 4013 to expel the operating fluid from the
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block 4013. For this reason, the buoyancy block 4013 may be designed to be heavier than a
buoyancy block that is linked only to a single piston. Of course, if the busyancy block 4013 is
heavier, it is also advantageous to increase the displacement volume of the buoyancy block 4013
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[00241] The upper and lower piston shafts 4015, 4025 include a plurality of nested tubes
connected at each end to a ball fitting 4057. Each of the tubes includes internal threads on each
end to threadingly receive the ball fitting 4057, The ball fitting 4057 includes a tiered shaft

comprised of a minor portion, an intermediate portion, and a major portion. The major portion 1s
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the | owofolh Tr b e it BetRe S IRLENRE p Rl BN S R
bl ock 40wwe&mhe&mﬂﬁnomsom aridite puidy powt 31 191, Oite a«ﬁ@ujlar mm,rentmtsdﬁ“si_mgned
b ston - Brovaardack R ey mmigest b abence ot Brindlh dhwel st 1PyepiSin

advant aggRus 4b s, 4pey ease the di spl acenent volume of the buoyancy

bl ock 4013 to support the extra weight while riding in the water.
[00243] The buoyancy pump 4011 is anchored using a plurality of pilings that

structurally support the various platforms, piston chamber, conduit, and other systems of the
buoyancy pump 4011. Preferably, the buoyancy pump 4011 includes eight pilings (perimeter
pilings 4211) that are spaced equally apart in a circular pattern, and an additional center piling
4213 located at the center of the circular pattern. Since the length of the pilings is relatively
long, and since the pilings are subjected to forces from the pump operation, the ocean currents,
the ocean tide, and wave action, a plurality of wing struts 4215 are connected between each

perimeter piling 4211 and the center piling 4213. Each of the wing struts 4215 includes a sleeve
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[ 002411 The upper and | ower piston shafts 4015, 4025 include a
plurality of nested tubes connected at each end to a ball fitting
4057. Each of the tubes includes internal threads on each end to
threadingly receive the ball fitting 4057. The ball fitting 4057
includes a tiered shaft conprised of a m nor portion, an

i nt er medi attel baraacand ahthcavindjsont, pod Ba’mhmleeﬂaeeae&jedronp@lﬁﬂg)nPﬂe&reﬁaly,Vé@ch

2006/ 065994, PCT/ 045419 idly aftd ched"t LI ehd' 4
Ench of t nSCRI IS IRRO PR g o e o e B P T ing Bt fag e the
portion i nFiiiﬂ@@S Iﬁxat(ﬂ'itﬂﬁﬂ td Efe@@qﬂﬁl W&%l@@%&b&%ﬁpoﬁw Eﬁlﬂ?@ :l'éﬁtl\%o £ one

are assenb one of the fittings 4057 is attach
t ubes at e@)@fﬁfl@ richesehohstiffeaing the pelmgﬂ),dhe whieg sirwto 21 pedd noms;ddrﬁﬂe welght to

i nternedi a ang. .t h naj rtion en one of he.tub
The ba b - H e r A Sy SR B S heRaIRIE s e e i s
anot her andle&ﬁlﬁ)ydirﬁ:ytﬂmip ade, hoadgsis elslméﬂﬂlfyﬂﬂlpbﬁaﬁt%eﬂ' Sh&H MOIyﬁncy pump

thb
4015, 4025 are_distributed to all of the’individual % The "ba
end 4059 of ¥R& bal | flttlng 4057 is received by a baII jOInt 4065

Bal | joint
surfa%es oﬁnéggﬁgﬁg 5%@9 gpié€§§QEH%8£r%P ?%fgﬁgmiﬁggrgwggnmmungthe
further conwemﬂcmj and Ehach:opé dfh@euippeitican shduddelot [iesésedisly 486l Timifd2ify this

The baI i nt. 4065 includ i a sem.-spherical recess for receivin
the bal e SFoLpEen- The s5eRs ?FS‘ B BresEANEINtipAés Batrad dglised by dopBllowing claims.

provided t U 4
confi gur at szgﬂof@?ﬁﬁ%e%{)ﬁ?g?ﬂ% Q,%]%%&&F ethtﬁ)gl1 e@ﬁiclgh&lf 3'1%541293[ & e-m? the
rot at e abopresance dfajthtedfdatd@Sointedeat,i stepst ar thepbiadnts bytotods A6Hresludd the
that slight anqul ar nts of the bugyancy. block within the
buoyancy  RISSBE " ABUHER OF RPGPE mEIGRIF EAMECS Bt aleP CoBwRARY OF eroups
forces to thagopi ston shaft 4015. The prinmary angul ar novenents of

t he buoyancy bl ock 4013 agai nst which the ball joint 4065 protects
are those angul ar novenents about axes perpendicular to the

reci procating notion of the buoyancy bl ock 4013. [00242] The angul ar
novenments of the buoyancy bl ock 4013 descri bed above are mnim zed

by the presence of at |east one slide nount 4111 attached to an
exterior surface of the buoyancy bl ock 4013. The slide nount 4111

i ncl udes a gui de passage that is oriented to receive a guide post

4117 positioned around the perineter of the buoyancy chanber. The
slide mount 4111 assists in guiding the buoyancy bl ock 4013 as it

reci procates within the buoyancy chanber 4014. Preferably, the guide
passage is lined wwth a polynmer material to reduce the friction
between the slide nount 4111 and the gui de post 4117. The angul ar
novenents of the buoyancy bl ock 4013 are further mnimzed by the
presence of both the upper and | ower piston shafts 4015, 4025.

[ 00243] The buoyancy punp 4011 is anchored using a plurality of

pilings that structurally support the various platforns, piston
chanber, conduit, and other systens of the buoyancy punp 4011.
Preferably, the buoyancy punp 4011 includes eight pilings (perineter
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pilings 4211) that are spaced equally apart in a circular pattern,
and an additional center piling 4213 |ocated at the center of the
circular pattern. Since the length of the pilings is relatively

| ong, and since the pilings are subjected to forces fromthe punp
operation, the ocean currents, the ocean tide, and wave action, a
plurality of wing struts 4215 are contBaAIMS bet ween each perineter
piling 421%a{gd. the center piling 4213. Each of the wing struts 4215
i ncl udes a'sf €8V 52 4217 at each end of the wind strut, and each

sl eeve recei ved xo0nemBi kMi@neRligk Slcalicdy c&affsing! €eeve is lined with a
pol ymer netal -on-nmetal contact Dbetween the mﬁn% strut 4215 and the
pi l i ngs. | n addrenvsringovypreaveen mip mrdessalbepowoyenent of the pilings

relative to one,.another (thereby.sti.ffening the pilings), the w ng
struts %215 addf‘%‘élﬁéiagﬁrﬁta‘%%a \Rei i oie e _%hi’)%?}é%%‘g?f &%’B“‘Wf?ﬁm*he
wei ght of the WiAGIngLrsdéshdpbntat FRid Ysifs BleSh&hhMcAMORRE tdWsechereservoir;
buoyancy punp 4011, which is especially 1nportant when a portable
buoyancy punp flewinghe opgetug fluiifeom plgnst wge dbdedirgtand se¢oand géservoirs; and
preferred enbodj n.J ti .the inventio and the. s .
of the inventi OE&%&&%@QA% S{rﬁéglg}s%gfrf Pﬁ(ﬁn‘%& anlf%ytc’gI&h? ﬁb?’mgsol’e’iag’ng%lgglnto
descri pti oslectfiogl seqe of the present invention is instead defined by

t he fol bovvi ng cl gi ne. [00245] "Conprises/conprising” when used in

this spHcifi cat ORI thealtish opgratdng dnfdyistdiven gpasuwase & wayamwgion of a first
features, jf S t ecl t he.

br esence. ol g and 6FF Sedhd ERARENAS WiarklBERy 2ehoRi e A% wifign of a
conponent ssa@pndmagpisudet her eof . 53 CLAIMS We claim 1. A nethod for
generating electricity conprising: converting wave notion into
mechani cal power; 5 driving a first operating fluid using the

mechani cal 2 poverhé thethdd 4RbrdifSRr MBH 1, wﬁlérbl\él' tAd fﬁst%ﬁ%@go@pl%&%ipsg%rg on-

fluid using the mechanical power to a second reservolr; | owm ng t
oper at itAg $haue tesémvens at | east one of the first and second reservoirs;
and converting at |least a portion of a kinetic energy of the flow ng
operating fluid into electrical energy; 10 wherein the first

operating §| ui dThé nibihofeRcdoRIiAEIPRRSA | OwNGYa NBLreNrcRErvairfib hotitioned at a
magni t ude, and the second operating fluid is driven in response to
wave not i olPv6r ekgvatigncthar theggendygervat. The net hod according to clai m

1, wherein the first and second reservoirs are on- 15 shore

reservoirs

20 4. The method according to claim 1, wherein the first operating fluid is the same as

the second operating fluid.

5. The method according to claim 1, wherein the first and second operating fluids are
water

25
6. The method according to claim 1, wherein the first and second operating fluids are
air.
7. The method according to claim 1, wherein said converting wave motion into

30 mechanical power includes moving a piston in a first direction and a second direction in

response to the wave motion.
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3. The method according to claim 1, wherein the first reservoir is
positioned at a |ower elevation than the second reservoir. 20 4. The
nmet hod according to claim1l, wherein the first operating fluid is the
same as the second operating fluid. 5. The method according to claim
1, wherein the first and second operating fluids are water 25 6. The
met hod according to claim 1, wherein the first and second operating
fluids ar air,. 7. The nethod accor.di ng t.o clai - Wherein sai
convert i ngg'vvaveTl.f?DH%f’?%i %°8f‘8%%%ﬂe°3ﬂ§h3céﬁh%%w{3 ﬁ@]"ﬁ’&e@enﬁiﬂ ﬁ‘@gasecond
pi ston in gpefdtingtividsraahérQdnide Second direction in response to

the wave notion. 54 8. The nethod according to claim1, wherein said
driving the firigtakingdhe eperadng Bpidriatrespgnsd iei the Waie trosion dympevisg e piston in
i nt aki t i flujd in response to the wave notion by noving
a pistg% ﬁﬁgsggﬁagﬁégg%h direction; and exhausting the operating
fluid in respons@atgingthe wpeetinptiod iBefRvMbO® e wapé Sh@idni By tiBing the
first direction. 9. The nethod according to claim1l, wherein: 10 the
first resdtisteninths fsgditeciépied at a | ower el evation than the second
reservoir; and the second nagnitude is greater than the first

magni tude. 10. The method according to claim9, wherein the first and
second resker voiTle rmethodaecosding @ ¢leiset woharsin: 15 11. The net hod
accordjng to claim1, wherein the step of flow . ng the operating fluid
i ncl ud @ gr avi ttg? IFR) TESRE O e PAYoRFdrat Al gralevabion tapithscenrd repeupircand
energy of the qaeg&fohalaqagmmaeqsg%@er%mﬁéﬁ&%haagﬂﬁw 20 12. The

nmet hod according to claiml1, wh inthe step o ow ng the

operating fluid includes utilizing pressure to flow the operating

o el cot i car TEERRYS Herriiado fm o RRIR I S5 PRER 1o pu drfhon-

the step aohoroRyeVditddg the kinetic 25 energy of the flow ng
operating fluid includes driving a turbine using the fl ow ng
operatlhg fluid. 14. The method according to claim1 further

conpri si ng @appl g ehD§ agéo?ﬁihéitg %1ai1%q?r\ﬂ%rein the step of flowing the operating fluid

includes gravitating the operating fluid for converting the kinetic energy of the operating

fluid into electrical energy.

20 12, The method according to claim 1, wherein the step of flowing the operating fluid
includes utilizing pressure to flow the operating fluid for said converting the kinetic

energy of the operating fluid into electrical energy.

13, The method according to claim 1, wherein the step of converting the kinetic
25 energy of the flowing operating fluid includes driving a turbine using the flowing

operating fluid.

14. The method according to claim 1 further comprising applying the electrical energy
onto a power grid.
30

15. A system for generating electricity comprising:
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onto a power grid. 30 15. A systemfor generating electricity
conprising: 55 a punp located in a body of water and operable to
convert wave notion fromthe body of water into mechanical energy,

the punp including an input port and an output port and being

operable to intake an operating fluid through the input port and

drive the oper atpuny lokated imabodhoDwgter bk operafdatio panstert wave thotist from the
outlet lin (fllu' dl¥ coupl e@@to he out put port of.the @Errg the first
outl et |1 Bt BhIBHS 1B mEdEPteh giosptri PP naPdng i BREDAM ARY SDGHPuL
the out put ppRLhi HRINREFRAMIOW nblkeldnefdinb i fREREMetiBplt RO PHve the
port of the punp, the second outlet |ine capable of recelving

oper ati ng Prepdngiflident uevghthe aglput prst;out put port; a first reservoir

fluidlygzconnected. to the.figst, outl | i,ne; and 10 a seco .
reservoir flui df‘glr%té)ﬁl Igtglﬂrgdﬁqlgiyﬁ%p@éé%hﬁ oéllfﬁqt@f’rtlc’?ﬁée, pm&% first tlet line
punp i s ope#mbleofireceivihy BpdraenoReiddived ofd tivhh MEosi@Puttiae; T i r st

outlet 1line in response to wave notion of a tirst magnitude and to
drive the oper afisserd eutiet lingribudly edvpledetedhel ogtnut eprt] ¢inbe i pumpe shro sepond
to wave notj ani . 16. The st according to
claim 15, GRCTdR: AR e TR obbAye e el 16 BYSLATHEGRlER

oper abl e to nove first reespongeidlyccondy@edmtthofirsdBotleninécaridhe  oper ati ng
fluid. ,17. The syste accor,rg{éng to claim15, wherein the punp further
conpri 489s: 20 a2BerspanesTBGlwdlyronaeted todhesseand autetfinest direction

and a second di G@eldiPhe }éjhr%;f gsztafég%ge tPaMey ﬁler%)te%aqf[ﬂ'ﬁifﬁﬁg tl%‘logéfg%h%nﬁrst outlet

connected to the buoyanc positione

chanmber, tihe ibwespanssytobiveek matiohpefor dirdtymalgrividagnti e drivet the @erating fluid
buoyancy bl,ock ves in thel-"  first '"direction and the secon

di rection, {}Fﬂ%ﬁgﬁ%ﬁqnﬁﬁﬁﬁd”\ﬁlf‘ FTSRORSGLC Biave B‘rﬁ’tlEHQ?ﬁé?cop magnitiicak e

the operating fluid as the buoyancy bl ock noves in the second

direction and to drive the operating fluid as the buoyancy bl ock

noves iR the fi dhe syfitene gedonding 18clailh &5 sylstreimtlacpwonpl furthet coroprasem 17,

30 15, The syst ri-RKBEdRG PBPs MY kharerie. RevBUoyaHey MBh diRe the
i s adj ust abp&ating fivi@l une to provide a first maxi num buoyancy force

when the buoyancy block is adjusted 56 to a first volune and a
second maxi mum buoyancy force when the buoyancy bl ock is

17. The system according to claim 15, wherein the pump further comprises:
20 a buoyancy block operable to move in a first direction and a second direction in
response to wave motion; and
a piston connected to the buoyancy block and positioned within a piston chamber,
the buoyancy block reciprocally driving the piston as the buoyancy block moves in the®
first “direction and the second direction, the piston moving within the piston chamber to
25 intake the operating fluid as the buoyancy block moves in the second direction and to

drive the operating fluid as the buoyancy block moves in the first direction.

18.  The system according to claim 17, wherein the first direction is up and the second

direction is down.
30

19. The system according to claim 16, wherein the buoyancy block is adjustable in

volume to provide a first maximum buoyancy force when the buoyancy block is adjusted
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adjusted to a second vol une. 20. The system according to claim15,
wherein: the first reservoir is positioned at a 5 |lower elevation
than the second reservoir ; and the second nmagnitude is greater than
the first magnitude. 21. The system according to claim 20, wherein

the first and second reservoirs are on- shore reservoirs. 10 57
to a first volume and a second maximum buoyancy force when the buoyancy block is

adjusted to a second volume.

20.  The system according to claim 15, wherein: the first reservoir is positioned at a
5 lower elevation than the second reservoir ; and

the second magnitude is greater than the first magnitude.

21.  The system according to claim 20, wherein the first and second reservoirs are on-

shore reservoirs.
10
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