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[ 00011 The present invention relates to ships and
wat ercrafts having i nproved efficiency and seakeepi ng
from underwat er submerged di spl acenent hul |l (s)
attached to and part of a vessel that operates at sea
| evel . Background of the Invention [00021 In recent
years interest in the use of small waterplane area
ships (SWAS vessels) has substantially increased
because such vessel s have inproved hydrodynam c
stability, Iow water resistance and m nimal ship
notion. Generally such vessels have at |east one
waterline |located belowits design draft with a
wat er pl ane area that is significantly larger than the
wat er pl ane area at its design WO 2005/ 023634
PCT/ US2004/ 013683 -2 draft. One form of such vesse
is known as a snall waterplane area twin hull vesse
(a SWATH vessel ) which generally consists of two
subnmerged hulls, originally fornmed of uniform
cross-section, connected to a VRTKEpP! atform or upper
hul | by elongated struts which have a cross-sectiona
area along any given waterplane area that is

substantially sma IQQ@ %}@Wﬁ%
cross-section of PF@ﬁgt neééggibﬁgﬁﬁgg' hus,ngCthe
desi gn waterline suclDISPEAEEMENYEIETINGBODW®t er pl ane
area. 100031 The interest in such vessels has

increased in large part because of the evelopnent
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subnmerged hulls or a plurality of submerged hulls,
such _as shown, for exanple, in U S. Patent No.

5, 43Ficéof thednyentiorour se of the devel opment work for
t hese vessels, further inprovenents were nade and a
so- called Md-Foil SWAS vessel was devel oped, as

di sc I[mmg THe present iRaéiRioh rdates t&shiﬁﬁanﬁa%te@%@ hueiﬁg @hproved
use a subnerged underwater displacenent hul
| i ft ieHigiency and seakeeping from underwater submerged dlsplacement hull(s) attached

to and part of a vessel that operates at sea level.
Background of the Invention

[0002] In recent years interest in the use of small waterplane area ships (SWAS
vessels) has substantially increased because such vessels have improved
hydrodynamic stability, low water resistance and minimal ship motion. Generally
such vessels have at least one waterline located below its design draft with a

waterplane area that is significantly larger than the waterplane area at its design



body to provide lift to the craft in conjunction with

any other parts of the vessel which generate |ift.
wab@sloedeB4 ng body differs froma hydrofoil in péeBEUSI0€013683

encl osed volune of the lifting body provides

significant displacenment or buoyant |lift as well as

hydrodynamc |ift whereas the [iTt of a hydrofoil is

: | d ic lift. h . of
Cont AE OrRaBR 0¥ sucXELATKIABIG o5 s it fhdgp ang Righ 3inHull vessel

such(d $WATH v&eél) efichaensiallf t@bistdoft@baubmerze@ hiRg, oti@inally
improve their performance and adapt and integrate

t hei formed of Bniforyj eress-seaen, soniagtedrie agyaak platfoon o uppashall by
specifical as.disclosed in U S, Patent No. .

o 6eonE8 drudRulhaG 6T Sttt ol Mg gbnarpigplane area
Mari it $eabRhRialYVeRAIIGRRARS RdteAlarid\@bd G06sSILRABH SEMRE Submerged
dept hs, such as Is the case for SWAS and M d- Foi |

vessbills, Tas, 3 éhedpsignaeatgrline pychorcssglsdiave pemall waterplane area.

di sp t.qf the free water .surface caused by the

pody IDOFET R reh 1R aiiTestfh FisRitbed i SREgER betalddSr me

I nt eg@eldpprn@{volihednddéte® bR PETRE M&ne ISABpy(RE, 1! ABERiety of such
relative to the body's shape had not been adequately

ac covessels haarbeien praducest using tvin sutynerged nliswor alptlurakty of submerged

bel i d that this inad i st '

ubnbl et hEVof e e Ve Faet Ne PR L fihggourse of he
the faelophitat woHPIR i18svansls SeAherSHPIEVeIRAls W h3fe and a so-
vessel s have historically been designed to operate at

gr eatalltd MidsFaib$ WiAS ecsse) was idevelopadgey distlesed o &lyS. Patent No.

2006 Q05835 Buc Bt o saRmaresd yresngey daplgeneng hull or iting
SubnBsdy8 provi@SER RS itRlckaft A BAfNC Fn WiN a!fl*lgﬂvr&eg%a%&%%% vessel

hull which has three di nensional water out it,
but whichigeheraddi. ghtedifting bpdy differsformmalhlygrofsibinghat] the enclosed

hul | di amet.ers..ar e below.the free water surface. .
Thus O oF s i e Redhprogdes ignifiea displgmentar buAgnt lif as well
vat efs IarQRaaAld 179 w‘ﬁEreE%‘ﬁe gl &f Alydpdt6h isd(ﬁ)%i'ﬂ?te}ti Eg only

m ni mal” an does not effect the operation o
bodyhydipdynamiolifiein thardyrshiyficoantioiing daveomheniwork, the particular

7 o o5 His RaBu b i a1 B ARG (@ et thei
1P Tt p@BorRRRASEH a{detba&ig%fﬁtgérafé" th&lY %qutaa\{'i'dg rar gfetof ine craft.

[OOO%] The di spl acenen wat er at the surface
by al[M0#)daredpdoifiballysas dielasedrant 8. PhtenttNoed, 268819, it was found

vess hydr odynanj.c performance with the i npac

var y? | s&qe gubmerged, qugsrpfdpaqq@evem wheg Hag@t,ed rzIPshatllow submergence
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t he é&ffetyeddsy the displactaent of the free water surface caused by the body's volume
and dynamic flow effects. The interaction of that displacement of the free surface
relative to the body's shape had not been adequately accounted for in the prior art
structures. It is believed that this inadequacy of existing prior art submerged bodies
for marine vessels is the result of the fact that submerged and semi-submerged

marine vessels have historically been designed to operate at great depths relative to

their underwater body thickness, as with submarines or hydrofoils.



negative lift (also referred to as sinkage) to occur.

Resi stance to novenent through the water by free
wewosazw3effects is generally greater than if P&EUS2004/013683

subnmerged hull were operating at great depths; and

pi tch novenents caused by the displacenment of the

free water surface vary with sp€ed and create craft
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detrimental effects of free surface water
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[0007]., Prior to ention cl.osed i LS. . L.

pat ot gsed rbfs o5l WA sPhafiSn of &3k aieh cepifs is minimal and
wat edozk abt efftet the l@;@é&ﬁu&haﬂﬁé bYBY. COH EREStRr RanE HydRIBICAE simply
or tear-drop  shaped bodies of revolution. The
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generally straight, or are swept forward or rearward
an d/rmgata\reehﬁ fm&n@élto ag sinlsigapie.octutdiRdssreake 1o, memayent through
canting fro
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t he spl acefrent of the free surface of
aboeeet water fuofdcevarg mnhrsge@kmdairemmcraﬁ msha'-'bllwlgs é?éith thé@dvent in

2005/ 023634 PCT/ US2004/ 0136 - ccordin
C cadhiSRbIG b e Yilen e s WAS. GIAEFnand MaFay vessely
- 81ghick ﬁ&eezmha)low?y éugi’x‘iefgeagggf ﬂl%rdé@{rﬁéntﬁ%l?ﬁg% 9 gree surface water

di spl acenment hul defin romtwo para
shapiamlacﬁhenpam $thmrgcddmlls hes bueh lrecvigeized.i ewed in pI an

I d def t bol
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cr oshapeldiddms o whzlohmoar @hd einplent vadativasaeradid awlﬁbgtlnisfally
foil havi ng a low drag foil shaﬁe and provi di n%
gen lénw g@f%@ﬂ% 5D A pigrShonE, fiFxampig,jgLaP| Batent No.

e aC W3t df%' 164" Qﬁﬁ rs Gld &%pgf sthgpé%l 1@‘5' IllaIH’l%[' gn{ﬂ%r to an

to elongltu i"hal ¥ore an
a1rp1ane wing, as shown for example, in U.S. Patent No. 3,347,197. On the other

hand, hydrofoil dynamic lift shapes are generally thin-foils with little or no buoyancy
and symmetric foil sections having straight leading and trailing edges. In plan these
foils are generally straight, or are swept forward or rearwardly and/or are trapezoidal
in shape. Additionally, they can have dihedral or anhedral canting from the
horizontal. It was found that the performance of vessels using these shapes is
adversely effected by the displacement of the free surface of the water above the

bodies during operation of the vessel.



axis of the hull has a symmetrical canbered parabolic
foil shape with the cross- section along the

wo oovgiorisad nal axis of the hull having the nmaxi PEMUS2004/013683
t hi ckness and the <cross-section furthest fromthe
centerline of the hull having thge. m ni mum thi ckness.
In plan, the hull has a stern or trailing edge which
is d e t
| nef000R" Acbiafled Rhapfingof 8 Forchl 16, 6263 1 Aeinalter the 819
si de% gOSa <Dcfw t‘ii’ag mﬂmatqmnlabeﬂged displaeemdr® GO ]s dafined from two
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Ihas (Z%ﬂ;,ngﬁib Q‘F}Qﬁ}a}ﬂ)ohg @(%H ng Bg@g%ﬁ{&@ﬁg&g%lﬂfﬁew&ﬁmng the
r evoleddih@Bdgadf thdﬂh\lilal Thamdgmﬁnm atoaskséution of the Hudlimformed of foil -
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ar e shapederess-Feoy papwhich ate dsfinpdagamperes RaRD & foifsfaving a low
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é& S;OSS-
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Lﬂggaﬁm%gﬁlon glg,ezlgﬁ%lt‘-ﬁf %tl ’E%g ghg Iﬁg{aen hm@fﬁﬁum thickness and the

meXi PlogLsdckien fumhm’@n&lﬁe Guterlatsofahehult RAvahg masmnpnum thickness.
with the result that they have less, frictiaqgnal dra
becalisplawnfthe bl basc stemios érasl@gfeaé%wawéas defaned byeitherra sraight line,

S L

i ft pagbbleghge. of the " 819 patent, the volune of the
foil relative to its surface area is nmaxim zed and,

as a[QQQQlJ IIn anether egadiment dhe lpdl s@p@gﬁ@pa@h@}agﬁggy efyievolution. Ina

E 881 ({Siirgg i th ﬁ\@f?lsch}ubsha g%’ Cl%éé%“?tgﬁ[élﬁf&ogsgeﬁnon which is

di sp E@@%Wﬁnﬁ@bﬁ@ A6bYIR Wy oWrethIdﬁ@h lcat iRdalM@d separated by a
relatively short bod| es. This allows these bodies to

oper atniorat ntnds@ips\p@tmowho@sewtuﬁmm USsDeRetignsEg ynifomn in shape

tur nensSarregon o hERSatie nak AR Bhag v ldds "
friciemo) drrse ﬁéd%r@h?)ésmaﬁ@ﬁémﬁppi@%&fé/gﬂa@ﬁéﬁtrs and\8}&8 stagnation -

f or med by t hese ies are very uniformand result In
m ni paintmb\@r theﬂmdy avhichymalkt the éothalelss m}s@dgéo cltacges in the body

ta Pglelapageg ggl§g¥ee§or{ﬁe ﬁﬁm 3 OSI t gigq,cg | Qy: ffee water surface
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maximize their volume to surface area relationship with the result that they have less

anjs bod etrical and

frictional drag because of reduced wetted surface area, less structure and thus less
cost. With higher Block coefficients, such as the 60-70% coefficients achieved with
the lifting bodies of the ‘819 patent, the volume of the foil relative to its surface area
is maximized and, as a result, the foils provide greater buoyancy for the same surface
area as compared to the prior art.

[0011]) Because of their high Block coefficient, high displacements can be achieved
with hulls having relatively short bodies. This allows these bodies to operate at high



surface of the water in a manner which reduces the
pressure coefficient on the bodies and allow higher

WO nnspe3Bd cavitation speeds. Their dynam c | iPeT/US2004/013683
then be varied as a function of canber (i.e
variation of the surface |ocatiogn_fromthe design
parabol a), subnmergence, speed and angle of attack. As
are f c [ :
gi verttule pARhUE AR AR Blentlishe 17 TGRS T e wive mating
Fur t irap and g6 ﬁfﬂt1©n|drffgt frerh atthmﬁer Houdidas I5en Wekysfolried by these
by the use of integrated trailing edge flaps, which
wi | | bedies aaverymHera apdregeihn @fﬂlﬁléhdlﬁtl‘ﬁt@@ﬁ%lbeyp@ﬂ the trailing edge
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very large vessels of 2000 tons and up. However, it

i s aswae Al ateran A amaaner which sedyees the prassusp ceafficient on the bodies

capatio s BbhodnsiBient EicaBihee® 105 STMBiTM sopcpep o varie

hul | as 4 ﬁmbﬁcﬁrpdiﬁ:anfbdf tilkevartieiv s bo mheraifacd lot 4R nl frdnh tAHesign
bodi es of the 819 patent has occurred, particularly

for Payabalpk pbmRAIEMGE] spoedans] aslgle[qf@m@qk Thea se,snlrtmmtmaatlon of lift
lift disclosed.in t t
o B EEPS R SO 8 b Lpblng 8 BB T IHREE. purthe,

Home&yafamm flfttolﬂhdsd: B&dlmcamﬂwméd bpartee of nid @téd trhiliafedge flaps,
the center of gravity of the ship, it not on can

pr ovWhigh|witlmigigate gpeandage @ry& aﬁn@-m&mlrf@lll sfahlhaenSes ul t

7 ounor o Syt v Bl uPe PR emic ifnt R pl i qPisousgent operate

to cosl @-.stmfdc@brnp €or'tHbst applidaBonts e@bnvroié {?er?qiargé/"eéslsel@%f Q@oo tons and
acconmodat e fl ows under the hull caused by "t

ot hewp.udeweveatiers adsantagaous teshave thﬁarhghpdms;vlbele mrefsmaﬁdr relatwe to

SeakBEgel ohe B ShT Ribahiel e mioniianed ahodtE phsbgprateran
i f i DiRgéfere, AlrtHeP BeRIGHRME of B VigiHg KA otf he>48¢9 patent has

hulls greatly increase their seakeeping abilities.
[001elqcurr@d,|mrtmulayb1 fecuseofith imenqzinéh@ﬂsels nvention to

rov ubner h ca L
ermpl I3 3he SRSt o B8 eSenisctrsd faftonp REpatent were primarity
per f &H’eﬁ%@ﬁ&al@}f d&&ay u)ﬂ&e?%ﬁé hdY B56&&Id NG iR 1mlﬂgb&?§ s 18&ted further
drag ratio (L/D), e., om1drag, at” operationa
speeftpm thércdngeriofi (grayas iofi thedshipa itinot onilytcambrovWé lift but greater dynamic
2005/ 023634 PCT/ U 2004/013683 -6 [0015
obj eSSt 3% HEPSPF BERAXIIADE AYRagpcmOment,y, d&é’nalt has been found

SRR LSS 8000 AR B i
well as to accommodate flows under the hull caused by the hull or other underwater
structures. It also has been found that while large monohull vessels have very good
seakeeping ability, the use of the tailored asymmetric lifting bodies of the present
invention with such hulls greatly increase their seakeeping abilities.

[0014] It is an object of the present invention to provide a submerged lifting body
which can be employed on various marine vessels to maximize performance of the

vessel by creating a high lift to drag ratio (L/D), i.e., low drag, at operational speed,

while increasing dynamic control.



operational speed while creating a dynamcally stable
vessel. [0016] Yet another object of the present

WO noentieen is to provide subnerged lifting borPtEEST004/013683
use on various marine vessels which can increase the
efficiency of these vessels by_ggduci ng hydrodynam c
drag. [0017] A further object of the present invention

ist { Se. | ved ubnmerged lifti bodi es . ....
5 LA s SR e RARAP o by B i
tri MBs@Nfor uS G Varicws Marinv@bdiels WIAEH Mgprovdd pdifoRhafce ¥ fHe vessel at

vessel s) by optim zing their shape, size, nunber and
| ocaPpyhtionabepes]l while crrating bjdpaamiollyt sizblpvesselnt

i nveptd ISt rovi de.subnerged liftin badies for . ....
use” BIBE S abetnB et G B arSegtifyenph i st ShmetEed lifing
r eduggditdfor RESSH Parlduk YnaPine vERERIVIHATBRGH AR IhIOEK]eRSy of these
or coning al ongsi de another structure. [0019] Yet

anot Messels by eeducingg hydwdpnassierdrag. nvention is to provide
b | LfLi . [ f . i S

v oss BT &, hirlsfchiectan i arsent Rk Frnan i BpEmeegrndtved

vesselbmdrRQPiny Bbdidg g)t J‘@Jn’be%bd')ie@%teﬁ%f‘af@ (!?I?orﬁﬁglgsg Eﬁtamfarans,

invention'is to provide subrierge i fting ies for
use trimarans, swsthpseniirswatte plaling dnidatisplagemenevesteds) by optimizing their

seakeepi n b}g rgduci g the vessel's notions while at
rest® e’\/\%q’ £y Wﬁnfig @HaRr way. [0021] Still another
obj efdomL Ardeher eyﬁe@ 3198 presdn® ifVeRoHR 15 Hmeos%ﬁ erged lifting

lifting bodies or use on various marihe vessels
~ are bodipefdruse orevarious nrarineyessel dhdt lacaghpedato reduce the possibility of

i ntegr.ated propul sor yielding. high propul sive

ef fi E7'BR g?‘ng%e@ \JO@%‘nﬁﬂEc?Wﬂ%ré‘\ldF @B‘Zt_?fr SItWCFure-

acco i oo
cnde]SRPE R o g beREE 8 e Blestilin RS I to ARSERE bitir Y ifine
obj ebbdieefor ullr orevdrious afaksivessedls dantedutd the wivd Riakéhg and

lifting hodies are di scl osed whose shape has been
t ai | SPEEIPBHOt hEesptlow at its location to optimze the

! ion tooptimze the
pocy 2L By hARRRRP Y e Bt RREK IR vyl tlhuleofid sining

| S nbodienfir ustdornedrionk &eine Ve YRR iniproVOROALBKREB I reducing
PCT/ US2004/ 013683 -7 [0023] Generally, a

t hr eBdiepiehs movans While av sy 2 merdlranathdle undenwayg body f or
oper ﬂio‘zgﬁ g#ip aﬁoﬁxgpﬁﬁégg)g tlgehiﬁ%%ltilorsl i {oop%\%ﬁeg st\{gqrrlleggec{ﬁing bodies

fore an axI's a
for use on various marine vessels that are shaped to result in improved flow to an

integrated propulsor yielding high propulsive efficiency.
SUMMARY OF THE INVENTION

[0022] In accordance with an aspect of the present invention, an underwater lifting
body is provided that meets these objectives. Briefly, off vessel centerline mounted
lifting bodies are disclosed whose shape has been tailored to the flow at its location
to optimize the performance of the body. In cross-section, the lifting body is

parabolic foil shaped and in plan view there is no longitudinal plane of symmetry.



surface whose shape conforns in plan on one side of

the fore and aft axis to a first parabolic curve
wobmse23sestex is | ocated on the fore and aft arCBEUSBENG013683

on the other side of the axis to a second different

parabolic curve whose vertex is 4also |located on the

fore and aft axis. The parabolic curves together
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si depRficteidePdis@nt, ﬁltﬁ %&:QHfékﬁiésfs B?flﬁ"ﬂaxé%ﬁ@?(ﬁ é Red longitudinal
curve whose vertex is al so | ocated fore a

af t evbsssectivned plapes ddsodasiong dony the fowgmtl la&raxd;eff thelifing body to the
Ieadi ng _edge é{og .ge bhH” when viewed in plan. The

lift ﬁ@n%Sg?a O1EWEC3f s, in | ongitudinal cross-

sect joen4y hphﬁiﬂl?e? aBecabt Bt uivgnﬁcﬁle tﬂ&hfeemer?sflénaﬁg\&sdrag 0

graduat ed general l'y parabolic curves havil ng
ver t urdeswatgn Infing bodyn for Iopadtmgmedsybnwegadrsmie has asﬁ)rcdand aft axis and

first and sq@gnd gg%aboli cunvef and whj ch extend
aft Vet WriaPhwhossishergroplormgiip Rlapiog ongside o §aid gxis to a first

the panaiiglcufvel AsFr S | c?fég'otnutﬂé gﬁg fn:fcf gi?;ﬁ)éﬁg{n oﬁgﬁé other

pl anes decrea3|n ore
lift $1dgobm:tya)tls)td athbmhdilfﬁe@neﬂzgebcdfc dubves Whdskivegebizdyso located on

or el VTRHS AL g RS oG AGUIE IECWET BRaWerdeadipgedae for the
t b
Fr onnub WEY (e B8 TERER Thd Y6y HF E6RARS Wlcefiding crose

t he scetioreahplanks p?aralitnl talthedont aft agisy toegrhddnsivgsherally parabolic foil
the lifting. body's length extending fromthe w dest

por t ?WS&P"{%V“’WQ@%lyllﬂﬁ?%ﬁ’éll?aéi“k&ﬁd\%é definadhypaidsfinstand\gecond
Zoo%aggl;b%%%u% hPRRe Q438 4 pre(ﬁtermmed distances, with the thickness of

the parabolic foil shaped longitudinal cross-sectional planes decreasing from the fore
and aft axis of the lifting body to the leading edge of the lifting body. The lifting
body has a bow and a stern and a predetermined length extending from the bow to
the stern; the first parabolic curve increases in width from said bow to stern with the
stern being defined by the segment of a third parabolic curve transverse to the lifting

body’s length extending from the widest portion of the first parabolic curve to said

axis.



[0025] In yet another aspect of the present invention,

a watercraft includes a first hull having a surface
wowdoenticee, at | east one strut dependi ng from pdEUR04/013683

and a three-dinensional underwater subnerged lifting

body secured to the strut beneat the waterline

durlng operation of the watercratt. The lifting body

has nd_an S

sh ap@O ﬁ’l O)Faer%,sgn&her qsg%ct 8f ﬁlg rli)éesgnt dgveélglophaewgtgfc‘gggm?udes a first
af t 1Nl aving Ssurfacs bvatwlﬁ@o@d le£st 6HE Sfut\IBRGRINGER &R ¢hd Kull and a

| ocated on the fore and aft axis, and on the other

si dethese-dimiensienal gndeswates shorrtged lifting dady mmlddb the strut beneath

rt e WaRead Rl nkhuioR of ook RE, Hie ind FGigRES fore and at

| eadixiQarRid@rouvt&suffie: Whdse sidpREoMioRME th plan Bhdfe siliBBf the fore and
lifting body also conforms in |ongitudinal

cr osaft &agto pfiet p@flalmitss:up@r\ahqselvett@( isHecateskan thadorafand aft axis, and

duat L1y
i g8 P SUELF S0 BEET E et Bietre bl Ry veriex i
sai hl{d losite@Bfl tHEEBR HhdRA! ARO! TH fatHb¥ae céwés tMgbaaBr defining a
extend aft predeterm ned di stances, wth

t hi draringedge fonie pal athshiveewediih pﬂnaﬁ"éld lifbm@bc!dychlwadonfonns in
ot ¢ BB B ReBRR o 455ap ATe N e BH G iR (O praduated
t he gehbdally Bﬂrab@l‘i’d’foﬂ[&gs?e@]ha{/lﬂg feficher r%sd?lecﬁé lé%th g %e defined by

i nvention, a watercraft includes a |rst hul
sur fsaisefitshanstseconsl pasabollie stves amd whichtextted eftthe@te&mumd dlstances

the fi I t
subreih s ko Rt B aprbat il Phed REA Ll cemsstinal planes
the desrbgnb| 3 e rfbr@&n@ BR raﬁfs'o?%leﬁlhE Bodffodhé [&B@ edBof the

lifting body has a fore and aft axis an out
sur flifbeg Wbdise shape conforns in plan on one si de of

t he ' o) first raboli.c curve ose vert S
| oc Bl hr fntidspest ahedrrentign. & g nchvden fi hull having a
si desupheS@hidrimel st 1Rt én ﬁﬁl@ ngeﬂﬂf g%’fo‘?ﬁ] theRRSARY 4G a C}hree—

curve whose vertex is cate the fore an
af t damiessionfdh engawateo lsmhm&rgasd/leﬂ;mg boéy feenredad theestlat beneath the

: Ie? Svlvqn{grl 3511’1;; é%grgt&emp tﬁwaﬁeﬁ:?ql% In'g]i\{\elteg@:ng dey has ;I' E)re and aft axis
Cr OSHidSRGute? @@Ifacemlﬁﬁg §hz§@rcgllli}oﬁhs 8?1'512&? of { ﬁd@gﬁth@fakls to a first

axis, to graduated generally para curve
havi pagabohc tiuve svloge mertearns tdeatel ea dhapresgieaftstis, nad obyhe other

the firs nd.second par.gbolic _curves and which
ext %ésfl%pﬂ’%‘@taeﬁeﬁ?f}ﬁ‘éh therent pasehodic cyfvervhose vertsxdr alsg docated on
of theforPMPLR 'laklg TRE E DARGA AR e‘iﬁ'ég Id?ﬁ)ll gl leadlng e%%c for the hull

Cross-sectiona | ane ecr easl ng rom

af t vebdnsviefed imqaldtn fTherliftihg Bydyt alsd dftmfdnﬁﬁdimlgn@dgﬁndbf:ross sectional
t he I|ft|gl%gbod {'(I)he lifting body also has a bow and

a stRlfes Raralielp dhrotoss i"ﬁdlﬂﬁja"ll%r‘i‘@;ﬁ’fﬁ‘dlé%t”‘éﬂ%ﬂeﬁ?dlﬁna&hoilﬁéoll curves

bow having vertices lying on the leading edge defined by the first and second parabolic
curves and which extend aft predetermined distances, with the thickness of the
parabolic foil shaped longitudinal cross-sectional planes decreasing from the fore
and aft axis of the lifting body to the leading edge of the lifting body. The lifting
body also has a bow and a stern and a predetermined length extending from the bow

to the stern. The first parabolic curve increases in width from said bow to the stern



to the stem The first parabolic curve increases in

width fromsaid bowto the stem WO 2005/ 023634
wERODsEBR04/ 013683 -9 with the stem bei ng defPaEpUSiyg4/a13683

segnent of a third parabolic curve transverse to the

lifting body's length and | ocateg at the w dest

portion of the first parabollc clrve. [0027] In

Iaﬁ\(; g n?tﬂrfﬁeestwntblg dsceiﬁggé by grs%qq%élé 2? gﬁfrtd p%%al%)ﬂ': CuRvS \}raﬂaverse to the

a sulifiagsodfiseégiinend Rtatt@asthe Mideshdrtibn GEME Tt parabbRdturve.
the first hull and a three-di nensi onal underwater

subntl0déH In pecordegepvih astl frshir repechef the inventidss meratércraft

thewa noertonoth terca.Te
1T TR e 655 kR p @ REDRdr e Hing 18R e S dependifig from the
surf gge hmm asEa Shed@inkcnsidail lﬁlﬁgrwk%l’er@uﬂ)rﬁ&gb@ AfeHBRdIY Ecured to the
the lifting body when viewed in plan an

| on gﬁtﬂl}&ﬁmﬂth theowtertine dung Qnﬂratwmf@terwaiaﬂcrajb nBhredliftipg body has a

P enarons Bimia iy HESyerSurfige 1By Site Rty b Fariog cdee or
par atHeeiftih@bddyowhéd Bewedingflin &, & lohgieudind tlds sedtdd by

has first and second hull sections on opposi te sides
of t shanrhelricalgereraily parbeliclet cuvesrhaighg persiees lying on the leading edge

bet we e fii d secqgnd huI e n | aca

o ot hie b and g B ilitpsapranelfdhe BRgadd g pagnahe ining
SeCopély s lfirst Gl s@dhd HAN k&t iHh 6n bﬁ‘pd%it@ BidbQof thE $dre aRD9ft axis and
second di fferent parabolic curves whose vertexes are

r espeotidshayp §cct1@1a; hetwgemtheiret and ségomd hallpcxrttqns andfocated to one side

| eadi t bal
t o of Bp s Sha bG HheiefarRd besoha Bl YR itichopiae fn plan to first
uni f Hd¥econddifeRnt PAEBYIHcurde’ v&t}fiB@e {&Qfees %QCS?E&IV%W ®cated on and

between the first and second hul secti ons acCross
wi dt ﬁeﬁm@rmﬁon aftbe 1dading edge; \mfsmufshtpfwcniorr h;atvugu:Iparabohc foil
second hu .iagns decrease .i.n. thickness fromt

for e’ aBﬁbn Pgl pal cpsssedion; whicthis ugtagm fiyplapgs %gﬁo the fore
t her &f aft L)Qgg@ﬂve&hﬁlelﬂrgttdnﬂge&(ﬁg'hﬁﬁ s8dtioht QCIBEsetﬁE Qfidth thereof. The

i nvention as describ above are asymmetric a
t hei foilnmirvesfod the faﬂdarmifmcm Imull sEtticnsplecreiigesn tlhekriessf fromghe fore
i.tioned relative to the hull of the

gg:j;)elfdogfg?fa’fe%ﬁg?lgnﬁw@dﬂdﬁ e qdge fetfmodat e wat er
fl olvmb g6t ﬁfti@tsms@gkwmﬁt fﬁ%ﬁt G chﬁ%dE care

hul apea to nmo eangeo attac

|'i f t asyguniedidy abcfad theirxaaiplfere ahdaftlaxist Thds }b:@ﬂmteﬁledﬁﬁngbodies to be
secured.to ﬁgosue sides of the hull so either of

t hei PosHignsEelptive teithrlulbofshe ship é panformyto the hyl, tg'agcommodate
hul | w80 ﬁswtcﬁaraet%aaag bRldweihd %L%@% e gg;ﬂlﬁbﬁ@gﬁgg and to modify

confi gurations dependi on t
the angle of attack of the llﬁlng body. For example, two lifting bodies can be

secured to opposite sides of the hull so either of their asymmetric sides are adjacent
to the ship’s hull so as to present alternative leading edge configurations depending
on the ship’s hull shape.

[0029] By positioning the lifting bodies outboard of the hull, greater dynamic
moment is created increasing dynamic control. On multihull vessels the lifting

bodies may be placed both inboard and outboard.



[0029] By positioning the lifting bodies outboard of
the hull, greater dynamc nonent is created

w0 nimsezssBng dynam c control. On nmultihull vessedBHUs1v84/013683
lifting bodies may be placed both i nboard and
out board. WO 2005/ 023634 PCT/ US2(Q04/013683 -10 [0030]
The above, and other objects, features and advant ages

Of tLU %J) ﬁx\é\(’i qlﬁtllafni oq)eecgg B aaélt?rg% t aadtgho%gc?ssotyf t}gﬁ 1nv]¢ent10n will
i I | uBé & emt@mfe@sdsmmwatlﬁ tm‘art fremi thy eflfowan Mhﬂéa deScripion of
be read in connection with the acconpanyling draw ngs

wher 8lustratBry embogm mm@thnﬂhmmmme@cbmpnectlon with the

Figures 1 are perspective views of four

f or mE“SFP E%ﬂ%ﬁ &%gsw}lmir‘?lpi ng bodi es as disclosed in
U. S. Patent No. 6 263,819; [0032] Figure IAis a
schematic plan view of the enbodi mrent of Figure 1;
[0033] Figure 1B BWEES@B&HW@E&HED@AWMGS al ong
line | B-1B of Figure 1A; [0034] Figures 5 is a plan
vi ew of the enbodi nent of Figure 2; [0035] Figure 6 is

a si fm3Y] eVeeés £ hes @iﬂ’@%éﬁﬁeﬁ‘sﬁpe@ﬁvéz %8\% 8f Rur fdrPQ36kymmetrical

Flgure 7 is a front view of the enbodi nent of Figure
lﬂ@@ﬂOdE’SgﬂdECBSﬂdsméj Bl RatentiNaw626318118; enbodi nent

of Fi re. 9 i de view of
enbo@#éﬁﬁ%ve R g7 et glsaai P empgairiend of Figpe 1
vie PSR PRGY mgs-ggctlghﬂ l%/'ié%v fhkeli ngﬂ%hng I BUBCGf (Figure 1A;
11-1 are front di vided views of the enbodi nents of
Fi guf0934B Figuresahid aplareeipeatfitheedybddimentabd th'ure 2;

[ t he devel opnent of the as mretric

d .
ggd?@i’%gf%lﬁﬁn’g ¢ i 8fe Viewdihs gnbodimgntiq Bfes 14, 15

o RS S8 P nlod SR gL
an anBﬂFFiglﬂe Biid 4 plag vWMtﬁ@Bﬁlbb&iﬁieﬁﬂoﬂH’igur@W,lOf dance
wth the %resent invention using the left half of the

i ft[0938b eg}lr%l% l%mdmwewmfptheg@n imentpfdigwe 4nd t he
gLl 115 LA DO R AT FhHES 12, o
| i ft jowgop ‘F@gﬁr&fl lEl 33% Q’rola?dmded views of the embodiments of Figures 3, 5
and 4 respectively to aide in understanding the development of the asymmetric
bodies of the present invention;
[0041] Figures 14, 15 and 16 are top views of the split lifting bodies shown in
Figures 11-13;
[0042] Figure 17 is a plan view of an asymmetric lifting body constructed in
accordance with the present invention using the left half of the lifting body as shown
in Figures 11 and 14 and the right half of the lifting body shown in Figures 12 and
15;
[0043] Figure 18 is a front view of the asymmetric lifting body of Figure 17;
[0044] Figure 19 is a plan view of an asymmetric lifting body constructed using the
left half of the lifting body shown in Figures 12 and 15 and the right half of the
lifting body shown in Figures 13 and 16;
[0045] Figure 19a is a front view of the embodiment of Figure 19;



[0044] Figure 19 is a plan view of an asymetric
[ifting body constructed using the Ileft half of the

wo edosiozsg3dbody shown in Figures 12 and 15 and tpPer/Usmhi/ 013683
half of the lifting body shown in Figures 13 and 16;
[0045] Figure 19a is a front vi of the enbodi nent of

Figure 19; WD 2005/023634 PCT/ US2004/ 013683 -11

[ 004 [ gure .1s .a plan view of an ric .
7t NS 3 is Soif B of Sn3uBimg iR IR PR sestructed n

pr es gdtordai¥eWith @i prEienBink/Btidn @m'_g B8 dghednd 18Rh¥98s &ftwo lifting
two lifting bodies as shown in |%ure 15 formed from

di f f bedips asphipwban Figuea by fosmed Gonidifferegtipasalidis cusves;

Fi qul 475 FiegRi208 ATEAR SISt B SOV R S g Raoul 1
wat e!(ﬂﬂﬁf IF(IFLFQ 20AfaD? b BHRSA E}%' vidvhd 6k MBABIRSI watercraft including

constructed in acco_rdance Wit t he enmbodi nent of .
Fi gusubmergedalnfting begies constrhigted isiccomanct with theendodiment of Figure

anot her of their, asy. tric |eading. ed ortions. .

o) L ket by PR il 0BT Ptes P ineR ab e aic Jppging edge
24 apgrtiBhs AdHocht AR hil¥WheSielel;ar to Figures 21 and 22

of a nonohull watercraft including submerged lifting

bodi §948bksguresc2ieandi 24 ae botaapla viewd $imtilactodiiguds 2emtd 22 of a
of Figure 19 and posjtioned so that the |lifting bodies

gene PPW}HPR?&@@ID&P%%@W@@C#Al?&nrﬁequé?secoeﬁtﬂmq igrccordance
fr omyah thOMRbSHi Mt Wi#ur@fw .taH(?Fe/s‘?@&{%h;so thl? %QJSRI\%% g?ﬁellgsn generally

25a is a bottomplan view simiar to Frgure 2
t he dsygeeconwergeuhitise faredicetios Ctoadort towhidethe ek ef thewleksel;

I d w baody | f he lifti bod
0 L am B obSTo U P 4 D0
2 oo U G5 AR Bkl e

showtheiliftifg bodyeto 2hasuppée fioil;al ong the [ine 25c-25c to
illustrate how the foil blends into lifting body

S hap@,osﬂb@%ﬂre %flgmaéegtggla} ey t@lfe@\,gl@}gﬁnea% ?ébmfé@gwje 25;
2o e ot 5 05 BUSPhe by B G, G0 g5 ke
26- 28long thei 1iHier25c 288 to {INGR&E hbwahd Bilblends idtoRiflhgd b&ly shape;
view of a |arge ship constructed in accordance wth an
enmbolfl0R3hFigywre 2épois grvéeve pimilan (eRightser? Saboo BBk trating . svepg foil
is abf%%éd%?n\é! ew of the ship of Figure 27;
[0054] Figure 26b is a sectional view taken along line 26-26 of Figure 26a;
[0055] Figure 27 is a profile view of a large ship constructed in accordance with an
embodiment of the present invention;
[0056] Figure 28 is a bottom view of the ship of Figure 27,
[0057] Figure 28a illustrates another form of a lifting body for use as the bow lifting
body of the embodiment of Figure 28 use in a blended wing and struts to connect it
to the vessel’s hull;
[0058] Figure 28b is a sectional view taken along lines 28b-28b of Figure 28a;
[0059] Figure 29 is a view similar to Figure 21 but showing the used asymmetric
lifting bodies formed by the halves of the separated body of Figure 15 secured

directly to opposite sides of a monohull;



[0057] Figure 28a illustrates another formof a

l[ifting body for use as the bow lifting body of the
wendedrisent of Figure 28 use in a bl ended w ngp@nts2004/013683

struts to connect it to the vessel's hull; [0058]

Figure 28b is a sectional view taken along |lines

28b-28b of Figure 28a; [0059] Figure 29 is a view

| i .
T S D% R L SR o
body hﬂﬁngjrb@lﬁs&"oﬂﬁedslﬁﬁtué ﬁdlvesdwtﬁ@hé Kdlngﬁ r&16/8&ured
of a monohul | ; WO 2005/ 023634 PCT uszo /013 -12

[ 0060]reqtlydartee Roidesofihe hulls ef the raiamerenEi gure 29 of a

he. TEE N PR 1 THTRR b fostanei e BHES vs¥% Bty Bpaced by

di r egpdeyfid Mohdiull dilﬁlaCiﬁﬁn%Bodﬂ%ciiéﬁ ht&h@Eom@ﬂfeammr an,
[ 0061 F ure 31 is a schematic illustration of f he
surf ygure 3¢ isa s,qhemata@l illngtrationsyhewirfg specifin phssible dvdtions for

alifti d a he bow of the hull; [0062]

Fi guﬁé 1@%5 %yrsegﬁ hr?thl Fr ustration show ng specific
pOSs '[M@] |F?%Lﬂf€ RIS, f)&ﬁpecilo@vﬂebvf illbtehting dMire8d Rble¥or 6 a lifting
the hul |; 063] Figure 33 is a perspective view

|IIubbdﬁtﬂhgbaWdanmbmdbrrect|on of alifting body to
t he bow of nonohul|l. DETAI LED DESCRI PTI ON [ 0064]
Referring now to the drawing in detail, Figure 1

illustrates the basic hgklrarf PODESCRIPTIOR enbodi ment

of the invention described in U'S. Patent No.
6, 263,819, the disclosure of which is incorporated

her ei ference. The, lifting b hul |

o et HefteRng Bsite O drhvisiedn daiat et foHlipirages the Dasic hul
ara

Pl o Kl £0 o brle ARALT of BtdhtdioR RbecribO2 BT RTPAQR: No. 6,263,819,

113. thasdiscdesare ofiwikicky isriecdrpéyated tieteid By tedirercep dﬁieﬂh’&ﬁ@body hull 10

edge 12, alsq referreq to hereln as the |eading
of t Has hparpboliggop syatomelimand g grnstallyprrabghic Bxﬂ S’c}ﬁlée in

lift %J}%th@iﬂXI Sh&! ec V‘ﬁ‘gs isrilh?étl%ﬁd miYe$ 6%2]% F&tures 1hA and 1B. As

defi par a o stan con

convegeniin lﬁegurqa dAalndl l@h&thﬂal édg@ﬁa] aldd fbfé‘rhﬂiaﬁ h@fem as the
I|ft|n n cross-section, is generally t

of a ‘“ﬁ‘ gg%\"fotl@ hull swhigh defines thejwidsstmrtionef the b@mgu hody when
shapg;edled il f1ah VI hRHROY AFindd asapgar}l?olgg%stantlally conforming to the

conventional parabolic equation.

[0065] The shape of lifting body 10, in cross-section, is generally that of a parabola
15, as seen in Figure 1B. The specific shape of the two parabolas 12 and 15 may
vary generally as desired according to the size requirements of the vessel, and within
certain ranges of length to thickness, and aspect ratios. And, the longitudinal
parabolic cross-section may be cambered to improve pressure distribution on the hull
surface. The cambering results in deviation of the hull surface from a perfect
parabolic curve in cross-section. Cambering can be adjusted and modified based on
design operating conditions and speed using a well known two dimensional foil

design program named XFOIL created by MIT.



vary generally as desired according to the size

requi renents of the vessel, and within certain ranges
wobkoosemgsh to thickness, and aspect ratios. ANBCT/UN®04/013683

| ongi tudi nal parabolic cross-section may be canbered

to inprove pressure distributionson the hull surface.

The canbering results in deviatign of the hull surface

fro erfect arabolic curye in cross-section.

Canbn@ﬁpﬁg ibfgﬂg B%&)ya 1§ gmeﬁhc ’ﬁBﬁ ?qqgganggi%assaqctlons taken parallel
desi @ntsIBRYS Akl aRhxFONPArk LORFaIRNG; €h1 s tRParabBL Foil shape
known two di mensional foil esi gn program naned XFO L

cr eadafohingthi/cantral\eroaH6ti0R 36BH4n ATIEWSAB) bn0the 683c of &gh cross-

000t Bl TR 58 e o
f or epRdahd toWakds tﬁé’fle%fli%g g8pepRhtola BY MRL Vdrféds drend B6ss-

parabol'ic foil shape defining the central

cr osectend panbalinful shapekiligwnehd Briphetal edge IQodefimed by the plan
o BTE 3 SR AL R ES LB TR At e Sl IR may v
t apeéa%t&i%“?ﬁt?%f&r@ énd SRY RYuBEDR RAEREPARISE atthBe

vertices o e cross- sectional parabolic foil shapes
| i e BA6TIhkifirg bpdelhilsethghidifa stefn orechrizdge hé whichnin the illustrative

bo| i h of the ljftj body. .T | i tudi pal
e o cSadinEein 3t Brpag SGeighly THE Dagle LRy LT yhiadsines the
and @hbinRfndl 8RS 5&%ioha sﬁquaeéf' tﬁ@ﬁg@g%loﬁy Qﬂzteﬁ&stﬁ&ﬁ'edge 12 towards

[0067] "Liftting body 10 al'so inc S a stemor rea

edgethg 8temhias beeniin Figuee 1 Bl Hotveatr sleng eavhdongiewdinal ci®ss-section
thin and strai.ght. The parabolic foil curve 15 which

det | 3640 fiehe h‘gmﬁ hodai #1aPPOBakely SwprLbiF ofdhelsagtrot thecbody
liftg : :

s oo (RO B G R edfe LR fing b8y BLh o aper

cr ostewaristthosternsnah afisectfont I8e It hdsthicay fduad yhat @iis shape for the lifting
approxjmately two-thirds of the |ength, of, the body

f r onRQdydNIBHBKEs RIEIroHia8 andpiceidersiavttatinn ia digespesd ranges of

ift j '

at ¢ SR R &t LR such MRl D A Sr A STHY

t he [0068]i FigurdsQ@dy, 6ramd TrilisGatp aasther entsbdagedod a lifting body
precludes cavitation in the speed ranges of operation

of tarsordingdtelthe \§1P patgpt eansycted inj aceerdenasarithethe same principles
desi . ' . .

T U PRakY BEit R st R rogdime BEBielen 3. Here the stem
acco4Qisigrnicd dslyet a thirfd pasdbelié car9e sihiplka) Rthidhis #6@ AOIR GRS into the

with the sane principles previously described wth

r es plseding edgernarabelie girve A2 oftherifjng bady -Fhis enfigurdiien further

th Z%edl\fl'&%s lct:lﬁe éoggigg}q% gﬁtg%é ?éqrgatiér?]i g galwﬁt? 5 b%tletilg pgilﬂ{ gFju{ui:tpon between
the stern and the leading edge.
[0069] Figure 3 shows another embodiment of the lifting body of the ‘819 patent,
also formed by parabolic curves. In this embodiment the lifting body is formed as a
body of revolution from a single parabola. However, as will be understood by those
skilled in the art, when the lifting body is viewed in plan, it has a midpoint leading
edge, similar to the edge 12 of the Figure 1 embodiment which is defined about its

equator and is in the shape of the same parabola. In addition, cross-sectional views

of the lifting body parallel to its longitudinal axis will have a parabolic form with the



| eadi ng edge parabolic curve 12 of the |lifting body.
This configuration further reduces the possibility of
w0 beshmieeat i on of cavitation at the point of |jPODUSDNG013683
between the stemand the |eading edge. [0069] Figure
3 shows another enbodiment of thg lifting body of the
" 819 patent, also formed by parabolic curves. In this

enbodj t tin d as bod

Fevol G eobf B tach bl B cB ST iPoiBitte o g with e
undeembodicheayof Fige@s 13K tHe' ket tiort Ieoftht hull\ﬁibetﬁpérb& towards the
lifting bodylswevvedln plan, it has a m dpoint

| eadPisH- edge simlar to the edge 12 of the Figure 1

T ¢ MR EiR s BRiaoth B8 Mclhertr et of e body
Cr 0S gis6lR6dd iR 81D Phent \anch eforhbd iR gnH&Fbé Bﬁﬁé!shérﬁﬁ% 4 Parabolic
its longitudinal axis will have a parabo form wi

the PeS-BROSIOCeBACPETTHoSR00 FipTesesd the]ldl‘#’lém@lth@pceﬁlgélalfalong |

o) B R ERRRCohRoR e T SBRl 44 ] Pt o
s ect téftral 8r Rhgitdifnd) %hsm% P& SCkht ‘H‘fﬁ{g%%d?ri@fon%‘é@ With uniform
[0070] Figures 4 and through 10 illustrafe another

enboﬁalﬁ’e‘ﬂtc beSSI-seﬁtuqmgonmtbynenmm thsedrabnhct hvegftl&ﬁ@al cross-section

pat en whi.ch nin

par aBbt }Hegng%hp?{/s&g P&t T}E}bst ﬁ ‘g’slsg giﬂ%@

3 angnighedinsll d{d)églsﬁéhcinﬁ %crfé@éjltd Qldﬂl@ltfut flaRR%has h&ﬁraboh eripheral
| ongi tudi nal axi s. e pod hal ves are then spacedp

apar teadingedge wplew, Gtih%paﬁd atShelght eentnahbom sedtion gvlucnhj umpllan

i 1 B e seeh B8 Tt o FehgR ok iiC R, 5 Hopived

par ah@ueCﬁbﬁ%bawonﬁird%mé tepgt dfQRe h@ﬁ totthe sefd gi nal
pod shape. Thus, the lifting body is fornmed wth

par ab971L Flglmcﬁgl I-2@illvatrate thesrsargeec in whish dler asgsmietric 11ft1ng bodies of

eige Herprteatim PR fespioRed Rebegiid o RERa haw T4 uatate o

sect h

The. oA tay o feshlufitn, it PEbUHRE ML BOdY i3 indcordance
abovwjthfthoembdabuentt ofidigure 8 dbowd. Elglﬁelle rshbos ﬁ)frohhﬁe'hu)lf lthe pod 20
to the ern ures 11-20 illustrate th

man n@‘?d ?ﬁ%emﬂﬁ‘@[uytﬂli‘éir&?;? ﬁ?ﬁa&oﬂ sep3rated |a}9@gb§§cf?’i§§n61aﬁ aKjgdnto two

Pr esgad sdcAYR) 0 cﬁ?q%u EQQ Siflistrafds 'ﬁ‘?e]r an blvgrh'alv]gs in plan view.

Figures 11 an ate a parabo

r eso[0072p lF,lguresE12 aild[:iddllhstiaﬁe thie fliiftingb day e, thd:@ﬂliddimeﬁteﬁ Figures 2,
in accordance with the enbodi nent of Figure 3 abov

Fi gup<P and §niigared] 2is @ dkonf;yigw shpwingdhe, B&ngdnody 22 separated along its

centerline or fore and aft axis into two halves, 22a and 22b; Figure 15 is a top plan
view of that same structure.

[0073] Figures 13 and 16 depict the lifting body of Figures 4 and 8-10. Figure 13 is
a front view showing the lifting body 24 again cut in two halves along its
longitudinal center line, to form the sections 24a and 24b. Figure 16 is a top plan
view of this same structure. As will be understood by those skilled in the art and
from the description above of the embodiment of Figure 7, the lifting body 24 of
Figures 13 and 16 is formed from two halves of a body of revolution, i.e., the two

halves 20a and 20b (illustrated in Figures 11 and 14) and a mid-ship section, 20c



and schematically illustrates the pod separated al ong

its fore and aft axis into two pod sections, 20a and
WQ@0es/okegure 14 illustrates the sanme two hal veBCT/OSPhan 3683

view [0072] Figures 12 and 15 illustrate the lifting

body of the enbodiment of Figuregs 2, 5, 6 and 7.

Figure 12 is a front view showng the lifting body 22

separat ed al ong. i.t centerline agr fore and. a axi s .
"t o i 8 Son oS St e Bl BB s By roven e
Vi ewyffth béiat o idRasksizet ure. [0073] Figures 13 and 16
depict the lifting body of Figures 4 and 8-10. Figure

13 i H074] TheremponentssHastraieg infégures ti-heatsadsenibledigaiceordance

o (oA IdBRe AuBts Lo 00 Grmiiig g byfes of me
pl anpreydnewvehtidd) i 1 p%ﬁféﬁla?,tréféﬁ‘iﬂ% 3-Fifdre W) dn f9mmetric lifting body

under stood by those skilled inthe art and fromthe
desc39 ptfomﬁ%fb@n ¢haolifting bodntrgdient?2a afd the ffiing bpdy sé¢gment 20b.

e s
hal VeseiRha; SBshipds b fvdd Ritahsi
aﬁdvgsg&]g%?gﬁl?%b 3 ecthiﬁ%ér?; %&aﬁs\/\%q% 8%(}: L'c,) 3662{} atdd sibfldd so that at

PCT/ ispbds MOEB6B8Y joirt theistpatdbolis slppesniimelidantical. This plane is indicated
 ongj t udi,nal . cross. secti o b with all of the planes

t hr g% eidf’g‘_ad &ﬁ‘ed?im&gg‘ﬁﬁs 2? ?‘Ecﬁts'sarre si ze. [0074] The
CONPROSSE Thé hihufg,tﬂoﬁ& Qd showiribikeRs 1048 164 ngaﬁﬁeg“@&ﬁ the section

in accordance WwWth the illustrations at Figure

17- 2D4a dfdhd bftimegthody afFigmet 16 and|thé $ectign BRisiofthe tiftiigtdy of Figure
present_invention. In particular, referring t%,eFj gure . .
07 B Heg asain thetyq seefolts s gegmentvare doined lone thedisd dRavhich is
|1 T1adThel BY heSRETR N e SAfaPRIL Il é){ets 'o?&e%?i%%a?ﬁ&ﬂ?@tAt that
Ob. ng

2 These are joined along thelir taces forned alo
t he plem, the lohgituelireah droas sectimead shdpes b&ihe twobbdics ale selected to be

lifting.body shapes. O course, the two segnents are
di neﬂg‘%&?gﬂy%“ﬁ matg with pRe HloMeE where they join

t hei r | [ [ hS: ' .
i (507 S, FRENRGEHRPA5 SR HERRAIE 30 and 20isTBAR oty e section
[ 0075a ofttkee lifting ibody ktadyn ihEFigdro s ahd sdaitighi 26 nmikde &deh 4 BAling body
is f rrre%f, omthe section_ 24a of the |ifting body of

Fi gu’i%émi W&ha Rapabolie leading edge)liks thapshopnrin thee @it of Figure

o o Shut g oAl 1S S RERLIC BBlon SERIEL Rjaun s
r es pieattowiet tiemnhatalf tHedody shelviafr Figuesl 50 fHdré18ga0 th@itwalsections or

bodies. At that plane, the |ongitudi nhal cross )
sect Jegmants arpigtnsd glongiike ko3 hiwhichds defined by dlaq rsspectivesntral fore

and aft axes of the original bodies.

[0077] By creating asymmetric lifting bodies in this way, the lifting bodies 30, 40
and 45 maintain substantially all of the advantages of the lifting bodies described in
the ‘819 patent, but in addition have greater flexibility in use, particularly in
connection with monohull and catamaran structures of generally conventional
construction. Because of the asymmetry of these lifting bodies, they can be
positioned at varying angles of the attack with one or the other of their asymmetric
sides adjacent the hull to conform to the flows generated by a particular hull beneath

the water’s surface. In addition, because they are somewhat narrower than the



identical so that they mate with one another. [0076]
The lifting body 45 shown in Figures 20 and 20a is

wo ooos®eBeB4 om t he section 22a of the |ifting bedyusivoso3es3
in Figure 15 and section 22b nade froma lifting body
formed with a parabolic |eadinggdge Iike that shown
in the enbodi nent of Figure 15 but usi ng different

par aﬁﬁélﬁgﬁ}é{? BJ\)\%?S ?ﬁ%ﬁ’hﬁh @1 (gg}éafhhg{;ﬂo cﬁﬁ%e c!)r‘?vemently placed

FI gugleselto. théiills, Batdutbdah®thersdroaeint drdér3o @fodu&@ﬂ i6 control as a
are j oi ned along the line 33 which is defined

r espteselt 9bthg dpreaspd digramic memeat thedifidng bcfdwsrmoéwq%g:inﬁm hull. This
bOdl ﬁsshm[vg Ot%? %)ha@(}?l ?ﬁe‘ v ?8?' lmg% bz Gncll fZE &/hggel ofihmg bodies 30

mal nbcmsﬁuaa@ﬁt wablrdahéeywmh Flg@fe I'hge IRAN E3PORe®@belbWahe hull of a
lifting bodies described in the 819 patent, but in

addi mosphibvassehrwigh ay VihutbarispyndBotiom lm:lb Thedifting bpdies gre
{
of SBBBEH SPe T BB R TIPSy e,

t he Hhiyaed tyddifedtiifest thédetfighgesP@ith @6nventieial @Bts e the like as
positioned at varying angles of the attack with one or

t he diselesedoforenampleagniigire 33 of thei ‘§&% patditadtawevendn thig ¢ase the

tocnfor Q.the fl rate r ul hul |
pencat it ® e G e r? SREOR B eer b it Hhemononu
t heyvakd, SAREYYaul M B¥RSis Al ARrdabeinE rél Qablliy 8iisea keeping
PCT/ US2004/ 013683 - 16 ori ginal lifting bodies from

whi cbiliey are forned, they can be conveni ently pl aced

| h Ll ut.boar.d t f der, .t .
ot o128k e Hnodimet or i Elred fhbfsech o Faistgbodies 30
dy nagfe gndRRINn th@ Qedstf dol tﬁﬁ tﬁ@ﬂir@%@i@%%f @l’fé ﬁiﬁﬁg Bydiks (i.e. the

This is shown, for exanple, in the views of Figures
21 awmds 33 alang maiich the halvegofitbe tves different buld shapes axt joined) remain

. iafel 5t i Oreiliacoche 8 Byl S0, Havaeilhosiise he ssymmerry of
r ounghe DI AOBAdIY dnd tHEBact thhd thE GecRiBHS ??a ﬁi’d@%%@ﬁ)"cﬁt@&' ad acent to or

directly froma deck structure 52 above the waterl
of t faeinguh¢ sides dflhudltS0athectfiectikdtading edgeed thmhﬂtlhg:bedles are

figures ith conv i onal struts or the like as

di SCQIHS%W¢%°8§%°BF in Figure 33 of the 819

pat eo79 B¢ mboliindl bBtHedRR 0 hownlih #réPs thdBine bodies 30

lift Wr?g E%\?es are out boar 3 %f t he cent rgglllr %@l * 5%m§1bo 1es

t he aremolented, from:tlmsb of Rignte 2 he thetsthé tldbbhﬁredfhﬂneh arg faiined by

i ncr in oI I 8 abdl ity and sea keng

abi | § jmdles 0 revo ution 20a and 20b are adjacent to hull 50, producmg a somewhat
narrower configuration. The exact positioning of the lifting bodies relative to the
hull, and the edge thereof which is positioned facing the hull, may be varied to
accommodate flow characteristics of the water under the vessel’s hull as well as the
wake forms created by the bow of the hull to minimize water head on the lifting
bodies. Although in these embodiments of the invention the axes 33 of the lifting
bodies are positioned parallel to the fore and aft axis of the hull 50, it is to be
understood that these lifting bodies may be positioned so that their axes converge or

diverge from each other.



[0078] In the enbodi nent of the invention illustrated

in Figure 21, lifting bodies 30 are nounted on the
woemseb3cso that the fore and aft axes of the |PET/US04/013683

bodies (i.e. the axis 33 along which the hal ves of

the two different hull shapes ang_joined) remain

paraIIeI to the fore and aft access of hull 50.

jfti : :
pod 000U 68 S Bafimi S E R HipBh2b 3% 2 ftiop g beine
| Ocaéu?goﬁéi‘i WeQRlts frémQhe décﬂtcskrﬂgtuﬁ%&é dRSwAEr fuvfabe, T asymmetric
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di veifjogtodicsd @W&Pr wbhejoinefl 007ah atirer biya centsd diress ieil 62 or are

of the n e 22 [ jftin e

S0 ' padionead0 B Al Svese g iese. ol B cREbe
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revol uti on 20a and 20b are adjacent to hull 50,
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f aci wangdoQiidtiskd a@¥ir BRevef diRs bdéing. @&ﬁ@mgﬁtﬁdfwlﬁg\ﬁo com/
characteristics of the water under the vesse

as watlanties; biheitmwdix @ blemded wmglmdevdts discloser thewirgfthe i@l of the wing

ALt rtBifs B dhe Bl dtnsialrBout e it ey ing i g substantiall
axesthd 3arfé ad the ulnutﬂes@gf th® %hf‘gﬁooaz%t PRE 6;"5‘9 e ﬂm@ﬁfr@l TRt is

to the fore and aft axis of is to be
undeshowmp rtehamplehimdtgure 26b Mgndbasl assctrmyl Hew rblumugh thadoil 62 -

ot netovis SasF B a3 e RbesseaT bt 3adane LFRETognay hesfhe same

the &mm@%ﬁ&§ and prégild @&t fR ik 'I&an%sed%é 6%}1&) tﬁggeﬁcq;heral surface

addition to being " supported by struts
st r ueftlifting hoxdy/30 tohem\nm bftinglhofig rea sthbethasysitien friom the surface of

| f f bl j oi d h h
. it DRy 58, The Gt o a hetoa 3o up ﬁ?eag%eglrshape as
t ° t Rwhl A ek Léid hﬁerﬁ)b\@ﬁjs qil%LtH 2§Piliu§tr§§s ofl%'lénﬁs into the

can be conventional foil shapéed or w ng-| e bo
Fbmew@mgbpdyﬁaweb@kayﬁmﬂnd6that better dynan1c

o o [ORkbE BleuisS 2B aniath fiengulasior i gires SO0, bt showing a
cert t@dlrma?%mswnmngy Boeing and W ngco

disc ed at elr internet Ssites boei ng. conf phant om

and [\QO&Z]C@heembodlﬁtehamﬂ'lthbanmmmsn’afedan Pligainetedd amdng are
body .as discl osed therein, the foil of the wing_ joins

t he $od9r Ithatghawn i Bigyres @4 aad3 3« gxcentriy éess embedimenisplifting
havi Qg uRshéiddd these embodiments, the surfaces of the body of revolution

sections 20a and 20b are positioned to face the sides of the hull 50. Again, the
bodies 40 are secured to the vessel by struts suspended from the above water line
deck, but the lifting bodies are joined together by the foil 62 which preferably is
connected as a blended wing structure as described above. The blended wing
structure, because of the smooth transitions, create a forward vector which produces
a suction action at the forward end of the lifting body that serves to counteract drag
created by the presence of the body in the water. By positioning the asymmetric

bodies as shown in Figures 22 and 24, the longer chords of the bodies are closer to



the same as the thickness of the |ifting body at their

poi nt of juncture. This is shown, for exanple, in
woc@anese2bb which is a sectional view through p&EBUSDNG/013683

62 showing that the foil at its point of juncture 61

with the lifting body 30 has th_g gSame outer dinension

and profile (except for its |lea |ng edge 63) as the

f lifti
P IR a4 RS Bunietseotion 8 B ivibotife heaL bR ag monohun
of  Wilfdecofic BRENer3 ThisRBudes tHe Wi Hrbd@Red By ki 191iAL bo®} under
al nost two di nensional shape as shown at the section

| i nevatsialomhthe Beajigne aw e frpmn| the hulht Tlat i turn hestutesi the total head on

bI to, t lift d h .t ' t

3 il inee e y S bisPat? BRa s e ot e oay.
Fl gl«Flﬁ:ﬁlyZ RPth Ghsd e ax 84433 :&W&H‘ﬂle%ﬁl?\@ﬁ s%@thdns?bgpﬁla and 22a,
of the blended wi ng. [0082] The enbodi nents of

i nveXibiappyainddugremasisidnéd-tomi yugeer @Bvengd relativerte each other,

| hat Fi nd 22
¢ heduOtisg AR SR b Ppio bt e et g ip 5o bE i hine Bodics.
t heg@0831bR Rad Bt Fourtd PaSadyhafeatc Piink B8RS E'd/ns%cted in accordance

revolution sections 20a and 20b aré positioned to
f aceviththegiresest invertioe atapartiGlarlygyatable foheery brogk esselq) typically

b ESTB LDt P aEERer o AN el o7 GO Wl 0 h length
j oi ngd theastihe Bo&l)fs éd?ﬁtrﬁ&éd inBR cHahedd W 81@ ]yaténct fit those

connected as a bl ended w ng structure as describ
abowmallgheesbile hcumi and haye asttmmtdonmm}twtauﬁmr@krfohnance ratios.
snmoot h tran

oT00 e EL S LR ! B Bt s o e
L' f t1bngh BPﬁﬁé Hfﬂﬁ’é b&ﬁésvl%%oﬁies gﬁé&ef ﬁ{datﬁé eﬁ“é&%fﬂfef 1#RhEHody’s

by the presence of the the water.
pos ipragicahgyzet lbwomsytmsatﬁoweveb,dﬂe hﬂlr@sbosltersm stitl Bengficiglssince

and 24, the | onger ords t he bodi es are cl oser
e SR fgigesgs | such gs fhgipromdsioppods and

eac way from
t herkrtr%)b%%& ﬁ[ WHII@%* 11 §Eeco%gh&£esﬁ{|§wb&%l }rélggg%%s t he
wav §0084]dUsiad akymmébteiclliffitg hsrgildfsaxibnstnmlat in as@dréancalwdthgdhe present

t he sectjions away fromthe hull. That in turn_reduces )
t he iPEtAien QB eeshins 8 SBGARIHMPEO vss ReroRaaCe & their size relative

Elo g gf) %?&%en&? e lslh@ ;gg%{ {11& ro?1§' eﬁggglgg giiéhmérltndé L‘lgtf E%Q?élm% be %aélored and

bodytrigmedd tomedu2a vav éffeaantd tR2 feast rédiitadedo padsagsiof tAE Gessel
positioned to di verﬁke?ttwétrconverge relative to each

ot hehrough the et ithy sey Kefpins graractsties. A erammpeof such an
ef T effedt GRURGH nfhohfiPvidsdit WhgkniRdE gﬁ‘arp chines that are designed to

reduce roll fitted with lifting bodies constructed in accordance with the present
invention. In that case the lifting bodies can be formed to produce enough lift when
the vessel is underway that the vessel is raised enough the chines come out of the
water. As a result, the chines can be made larger to resist roll even more when the
vessel is at rest, but when they are lifted out of the water there is less slamming of
the vessel as it moves over the waves.

[0085] A large vessel 100, fitted with lifting bodies constructed in accordance with

the present invention is shown in Figures 27 and 28. In this embodiment, vessel



[0083] It has been found that asymmetric lifting
bodi es constructed in accordance wth the present
WO nenticen are particularly suitable for very P@aEr/gs2004/013683
vessels, typically above 2000 tons displ acenent.
Smal | er vessels are not particuljgrly long in length
and thus lifti ng bodi es const ruc ed i n accordance with

t he ent t.,hos ILe s bette

by o 00 ReBAECE b 17 LSS Sing TR 15 b SRR ShoBEht Kfinfilkboay 104
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can me@hwteatbbefrut@nps HAADBE nfin hilg, 8 6Sdecdiéd fo B huh@s well,
propul sion pods and stabilizers, while still al I owi ng

t he 1easthekeel Y% hY expss foilgda ol éadgscr{be@shqvewﬁw-gcross foils can be of
asy i fting. hodies constructed in accordance

W t ﬁfﬁ’l “é?‘i‘%’é‘}% ®Rvention on | ar ger shi ps,

Si gnjoDBER Fidally, ABHOMESS tREVEREINRPEE of RhinkMBifes 30 Z&nstructed in
relative to the size of the Shlp. They "not only

pr ovéagerdanet witl thel emtiodiment hé?l@amlb@ dea¢ritedeatiowmdre also provided.
tri d to redu e eff t east resist
o pUEGs At BPPOTE obGe T IoraE il A O Sl FE o e 4 hei rear ends

best bsgarokeRl NG. ahdy @64s9bil §Isb9§ay RbNARRAE AR ing L&ﬁﬂaety The
an effect occurs in nmonohull vessels which have sharp

chi nasymmeity ofithe lidiog Qnélds Of)the pesdemtenyentibn ﬁsﬁdmﬂlmem’mf this vessel

[ift nstruc C dance

0 cetbe AIED 1o B Wal ik Torid DaBERTRE ARF B e 1aheb tsssel’s hull o
can

s uﬁg‘éﬁ“&’fgﬁf’%ﬁ?ﬂ?ﬁ‘%%*‘éé%‘?”"‘ﬁ%%? Hih g EibredeBPpARERFfor the
chi nesssedlone out of the water. As a result, the chines

o oo stBsTE tstead o8 onmpfinghe Rowiidyn bo toreesa! Lt wisk Agingle stut,
vat efhe §if¢{Loddy b Be CS‘AIFOO85 aq)flt?ndEﬁ] Grir, \gﬁ? gexilg%t' as shown in

noves over thé waves arge
fittEgumesBa hnd 2§bnghdyeidiagmiranfibddrded mdgsl l94aeeqroddeatwhich
with the prese@aplnventlon IS shown in Figures 27

28. FHUIAICIN SHBD GREHR SryedQdh cappeiebly b B Af the vessel. o
PCT/ Mggﬂof’@g{r’%%?lus ei'tgs )aa? Hé}l elﬁ%ﬁuﬂerﬁtoFHi tl&\()&ltlgn avhereln a

dependi ng orts a I'n
104 monciafllrvwestedd20 m Iﬁmdédjlﬁm'd)g Wyﬁﬁ’lldtﬂﬂcellﬁingﬂioﬂg s&ﬁdﬂs 22a and
illustrated in Fig .. A second pair of lifting

bodi £ segyrd @}oasﬁlafdr ﬁl‘?ﬁsa?éééﬁ theside %thethswé Ehw@pmmp@c bodies
|
! opt 18 &pbifed 1) A Cor o Gl TALE MaRLaHafid Bamping for the

vessel.

[0089] Figure 30 illustrates a plan view of a catamaran using asymmetric lifting
bodies in accordance with Figures 11 and 14. In this case, one half of the bodies of
revolution are secured to oppositely facing sides of the hulls 130 of the catamaran.
[0090] The shapes of the lifting bodies of the present invention result in minimal
disturbance beyond their trailing edge through appendages, bodies or propulsers may
be positioned behind them. These bodies displace the free surface in a manner

which reduces the pressure coefficient on the body, allowing higher incipient



are supported by struts 108 fromthe nmain hull, and

are secured to the hull as well, near the keel 109,
wypoosnzsss4 foi | s 110. As descri bed above, theserPCr/US®04/013683

foils can be of the blended wi ng variety. [0086]

Finally, at the aft of the vessg|, a pair of lifting

bodi es 30, constructed in accorfdance with the

enmbodi : f Eigure J17 as scri bed aboy re als

o ovrARgOn sheeds, Wil iR DGR GRS Runs o sheither
100 abehedgencs; @pestinddngle of BRAdk tb @pfimeedBe liRharabteASifs for a
foil 114. This cross foil also rra; be of the bl ended

wi nggivelt ¢raftdesimmapeeds Yammptign edntrohand stabilipagionpthealynarhic lift of
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can BEBPERT b Hutef by Wi e 2 imirialbE RoiiRe st Awd oar
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substantially inproving lift and increased capacit
f or shape haschosr studjed 08iTE 2l lifting hetlyodt thednve tt demoristratetlsaimproved

lifting body t 00 with g singl. t h
11 11ROy e THRRE bosrroies, Mg eprifedbp spyca el Serter
ar I aRERSIRINof290610D WipiaBem it Sik Rf1dRA2 ViRl 2%»@9&%@ sipes,

pair of blended wings 104a are provided whi
t er naspedt&atias apdplanfetimgeometriestware sorsiidebeds therfewl elthpe produced

vet Wit Hinenifs HRRRTie g e 2o0RHEF oii ok ek odcine a ota in
noNobRl 10 1368%8 Blrecl ddbrdes, BITtRY élidilﬁg AV POFiBens rl‘."'Ff Wh€found that a

lifting body sections 22a and 22b secured along their
si delsfting bodyanphied 4 the botv eflasshipeingretiuced hes posis yaattrthuites. The first

or ovi e vl OGP MAES it fang el ape FedpBenlp overai arag
[ 0083hilkt BUhSustbfial Jultsdus BbRS filkt BlsédVeYdd®y 19w aTaylor.

catamaran using asymetric (ifting bodies in
accoli0892cEBignia 3l sHogusrtescohteptod whae carcelldtion weidls the applcation of a

hal f..of the bodies of _revolutign are secured to

opp&ﬁ%ﬁ)ﬁx- abheprer essloger wher g usieéedgi theygigure are free

cat afiRfadelevdtRA90Thd f6p lﬁxlgq‘f)ﬁl%.v@vﬁibgﬁerh 'ggﬁéégtgd B? HefSer R hull

the present 1nventionresult in ni mal I stur bance

bey calone dtdOrknbisaiThie bgtteddmetihthe waive aptoern dagested bo diedifiing body

or propylsers may . b sitioned behind them These

bodi aés“%ﬂgsr Tbe PEteol thE BULLS b uave soMCiigh At theMag num trough

r edUgaSrat ity FRRNHS h i iafkd b Gfosits

i g R B 08 b S abl sk i iaBiat b Gfositon of

cavi thatwowasgeeillscanddieach ethieranit and ihktresuftingbeaweagehedtedsvill have

a fungtign of canber, ) ) )
reduced amplitude and reduced wave drag associated with the entire system.
[0093] The second positive attribute is that a lifting body typically has a higher
efficiency than that of a hull alone. By adding a component with a higher efficiency
(lift to drag ratio, L/D) the L/D of the entire system increases. The inventors’ studies
have quantified these positive effects of adding a lifting body to the bow of a large
ship using the method of computational fluid dynamics (CFD). To find the optimum
location on the hull for placement of the lifting body relative to the bow, four
different locations, as shown and numbered 0 through 3 were considered through a

speed range of 30-50 knots, as shown in Figure 31. In each case, the hull was free to

heave to the desired displacement of 2000 Iton and the trim was fixed at zero



subner gence, speed and angle of attack to optim ze the

lift characteristics for a given craft design speed.
wo-o00502368ONn control and stabilization, the dyneam/vsiond 013683

of the bodies can be varied by the use of integrated

trailing edge flaps. [0091] Ref_g%ri ng again to the

vessel shown in Figures 27 and , a particular hull

3 ha@%ﬁ%ﬁi tflgef&eu s“cddnﬁgc sgéblf%]?e'%d tfr:llﬁt e 02)%%¥10§%h&v5]§1nbﬁ\évure 31

| | f twadghddmeyt afficivntd That ﬂ‘&{tﬁaniﬂcﬁéas@d @ad dnly tit 16En€ BS Jeﬂefﬁmency

Serter nonohull of 2000LT displacenent was studie

Whi bat thahefithe entse vessel itssHa Eélgt posame\ms fpand beaptimum for

| an e cons na
Sr odut e c1%nc9\%§§%a i \Tﬁ% eIBS ayeh 3% u rel sﬁ'ﬁi}ﬂfg]reltangfg ﬁ)g ag%%‘?’as also
Wi deransdiarff it wiah miﬁd RRAAU&b iggree hdlabf Attdck acmfave%ﬂlﬂahhﬂﬂl

at three degrees, of the shape shown in Figure 1. It
was effiriensy tforathe antmeucpnﬁmgatmd yTI@d]zﬁm@uOd}bWﬁfbrd@dwamchad to the

< Bl BRI B BB R A G i by e

r edWE e B9, e [cﬁigitu&ih@lgocatl%h %ﬂlﬁhed felsBifie WS EofdtioR 0 and the
bul bous bow, first discovered by D.W Taylor. [0092]

F| gangledf atankiie ﬁK%aWn@f@ﬁebﬁsmm@g@tl33t i on WI th
| ovd PO 50 e oty B tiredidR ghF BV p@VF prave

s ur fcmu@dl@yﬁ{d t8RfevattiBe hflPad iAgrehs® thESvAMAY Sfﬂe?eh%g,nﬂs
gener at ed the Serter hull alone at 40 knots he

bot mmfﬁnabhégatshq rea pblow prassueeran the uppeartserfadsyofithelifting body not
[if 40 knots.. The ak of_ the hull W,

e & SR s AP BT IPY HERBPB el ByE hody as
I'i T tshé\gn RORBure\¥2e ﬁletlB\% prRuréayeé ot @ﬁet Bfing b@&flsl rfB't Hﬁfﬁrbed and the
superposition of the two waves will cancel” each

out oaerdlltifieandesdi¢ienaygs netempeoreised. eahweldhcddavaye pattem produced

red ced anplitude and reduged. wave dra assom at

5 s ARt g R TS 0Gaon & o Rk RS, Ang thercfore
att&écﬁié&sethb%véxlaﬁtdra% dfithd vdgelbody typically has a
hi gher —efficiency than that of a hull alone. By
addi[0@P54 It sripowarftomptevicas lsiugies thag flfe Rxrenhyll h4d 4 fidtutabtendency
dra the L/D of _the entire s

{
i nc?‘ég{g’é owﬂﬁ’é)‘)eﬁ%él?ﬁe ranges Bygddwg ajifyag ?fi)?ﬂl"l*?%éance with the
the%?es@ﬁ’(sl*l%n‘t’l%netilﬁ?@lﬁv@tfnmrdnurﬁgo dt fifl pae%é?@a@ d kit Fesultmg

bow" of ar ge p using t od of conputationa
f | uidgnatyicarmncgill(al¥edncredse. fi nd t he opti mum [ocation on

the hull for placengnt of the |lifting body relative to
t he [$R0) %lmmmum astieved dyithehling hedy whils atizrired to the ship at

?ggggﬁcggtsgt&&%ééﬁ&g &asvﬁ;eg I O\MSWtb I@grlg? ltgll? r §§1%Q tl% llf?igg ﬁcgdy creates

cas approRiendielly 30089 fF-h@etrinimingerorteritat 5(1)1 Bnais,ghé AQulting dynamic

di spl.acenment of 2000 Iton and the trim was Tixed at
zer ¢rim of the vessel will be more than one degree.

[0097] To counteract this positive moment and achieve a level trim for best
efficiency, a lifting hydrofoil or body should also be added somewhere aft of the
ship’s center of gravity, for example, as shown in Figure 27. The purpose of this
would be twofold:

1) balance the trimming moments of the hull and the lifting body

2) provide enough lift to achieve an optimum displacement for the hull



WD 2005/ 023634 PCT/ US2004/ 013683 -21 degrees. The
st udi es conducted established that the 0 position

WG bamdn23esd Fi gure 31 was the nost efficient. Thet/US2004/013683
position increased not only the lifting body's
efficiency but that of the entipe vessel itself. That
position was found to be optinmumfor efficiency and

maxi ft. . In conduct.i t he st.ud t he .angl e .of .. .
e+ 20O, a5 GBI ighFhe oy 28 M i s s partcutar
degr Rl 80akLat Afdigpldcafméntiicoy REn. MBHCEWE 1ifihg b6dyelREY¥d provides
for the entire configuration. The lifting body was

di r et Yomatt5@dmets, itovaulkbe dasirabloyo plage & eevond lidimg body or hydrofoil

manne I ining. up.ihe keel he.hull wth_the.
e pbtheager SrerBity ' ot el Refifhinardiae mscRtim 1600 ton
remajiAQH thdWulPRTR téial 2090aion@Rip? and the angle of

attack is fixed at two degrees, as shown in Figure 32.

[ 009H09%E Ertearatingibe llifting toglytabthe tiosv andt aarefefiltop liftén ey into the
t he bow wav ve _cance]Jlation and to el evate th

ot 1 sttt Sin B Ke g Hafour i oL matien Sontiol fibicin $1ch as control
pr ef g5iakh 84 ({]‘lgépsbh%@ﬁﬁiﬂg Bbay MY £ BI6 UVRL A ihgt)gergf}ﬂﬁfon of a

surface of [ifting body hot be iInterrupt
| ar geongitol stsgen motivh dampimgennl hg effect®lwith¢ bereifitotaided resistance in
Iiftin% body as shown in Fi"%‘ﬂ{e 32, the | ow pressure

ar ea® 87 YHANG FEY AECBOEPCS s Wil rednesdunenars aprpds g be maintained

over gld rahid i 18898 61 ﬁ%&%{re§§§ sféfgs TRORAHY b of E?eoow and the

reduced wave pattern pro y this arrangénmen
genefafabindividally idd dampingay therowkiatighiy;, byt thaaddition of an active
t heref or reduces .t he .oyerall drag, of the yessel.,

[ 009%]PHOf SYSLETR W&H@%f weieatsher benedls orslp qneestions.

Sert I i .
oo FIOBLA8% 2 AL ol REVESrd Ru RNy on e
ac cobalaandafiifdihistoere effiodan® tianithe/kuil when edcharmangdnidny & free to trim
trimﬂ'ngl ngment will be increased and the resulting ,

dy na# ¥l wheR fixed atzeeasiegrres-e Al Provss ot therfisagresdpetion wasn’t due
lift ' jof 10 i .

e RSNl RN L BB

be 1&8mjlriction whihracteansbd fbilf t i ng body creates

approxi mately 30,000 ft-lton trinmng nonent at 50

knot B101h&lihaugh diupigatiygsabodimants of the prepent iuention bgvelbeen
be Js@riﬁm&ré‘lﬁ %Véﬁlgg%gﬁ%ce l;iooﬁ)l% Zl%;co eqa%?llrﬁgtrcrlg\@fltg%étg% To be understood

posi t1ve noment ant reve da Tev
ef f i thaenitious 8hdnghd andombdideaiods maghel@fdytes rwia bakisRe BRlled in
added sonmewhere aft of the ship's center of gravity,

for ‘@Rafpyithoupdeparignirom the spapeonspiritir{dhip invsotien. of
this



woul d be twofold: 1) balance the trinmm ng nonents of
the hull and the lifting body 2) provide enough |ift
W0 000a0kEeere an opti mum di spl acenment for the hubdT/V&004/013683

2005/ 023634 PCT/ US2004/ 013683 -22 [0098] It can be
establ i shed that the point of maxinum efficiency for

this particular hull occurs at & displacenent of 1600

| ton ' h ifting body tested provides 193 Iton

at 58H§h3ﬁgfh#§m@§%ﬁ%'be desirable to place a second
lifting body or hydrofoil aft of the center of

gravity to provide 207 |ton lift, Broducethe o
opt i ﬂrum 180reetdimensigrfal loahdltaaemdﬁmhtef fling hody 40r gr@Eagion in a

| t 9 .th body,at the

pow ST ReTteerbid THREbRNY PRIAGERE md YRS Sg B plyPsurace
of t %o%‘dlﬁ{)@bdrﬂwﬁnsﬁﬁ@n bRhbAdHE sidedf 8did Forehd @f axis to a first
control system such as control trailing edge flaps on

t he bilmbcblicgcmvﬁwh@md/eaex isflo¢ated oty thi forleand pfilasiseandern e other
of a

t t be affected
i  neobahed S i SRaah v Blrt PARRE e Gk o located on
cr eWth%ffBFe%'d\éﬁrlﬁésS sailph b RILE P tHEéth&Qﬁﬁﬁﬁ%%Ciéacﬁﬁg‘ng% for the

mai ntained and range is | ess affeéted by higher sea
st at 88ingltiody When iviayvddoul planfand bg irblongitudinal lseoss-aéationali planes

i ndi vi dyal | d d I n otheovrall

dd Dt Eldp e iob AR v i PR e raed geferaly Farsbolic
Subs¥aN&drads Havi eﬁﬁ%? l}ﬁllfg%r{ thReatd &igh geﬁllﬂédpoy said first and second
operations. [0100] It should be notedthat thé new

conf pgrabaltd omvasiant whiteh dxtdrdi afgorbab&lgmnned distandzeywih the thickness of
aft foil re efficient than the hul] each

o+ alGarenteIf 2oi sigeed e el SossroRpn e et caane from the fore
zero [ [
o1 o B8 o BEITRL GG, WPkl LR GEERT LA

addition of the lifti ng body bow used in conjunction

vvlthatransomfml 010 Althouh Ilus ative

enbodi ment'slo¥t r?%]lé“‘!ﬁ‘@% %fltﬁnﬁxbéﬁl’ P%?F 1 wherein the lifting
desc

Ll A gl e

and diifsithiakhessn perpenyditidarad tiecieanh dddefor andlaft dxiwose
skilled in the art wthout departing fromthe scope
or spirit of this invention. W 2005/023634

PCT/ ¢S2004/ 1‘3&3&%’ unde%\;ééte%-ﬁg lb§d}gﬁ°ﬁé\fﬁ@d kPClaim 2 wherein said body

has a predetermined length along said fore and aft axis and a stern portion defined by
a segment of a third parabolic curve transverse to the lifting body’s length on said

one side of said axis.

4, A low drag underwater lifting body as defined in Claim 3 wherein the
substantially parabolic foil shape of the lifting body at each of said planes
intersecting the lifting body parallel to the fore and aft is symmetrical to the shapes
of the lifting body at the planes parallel thereto but each is smaller at positions

further from the fore and aft axis of the lifting body.



1. Athree dinensional |ow drag underwater lifting

body for operation in a subnerged state, said lifting
whoag/orsmsdi ng a fore and aft axis and an out er BOT/iS164/013683

whose shape confornms a) in plan on one side of said

fore and aft axis to a first pagpbolic curve whose

vertex is located on the fore and aft axis, and on the

ot her. side, of ;said. axi Q.8 ,5ec [ fof. L o

par abol ¢ Sl LEENEEN s it RAGRLBe e CTn 2 wpgrgin seid body

f or e o8 baklan@¥istern, a4idk Ifbilip%}?a'b viched e plan 0P piedetermined length,

defining a |l eading edge for the I|ifting body when

vi ewadd astep sastiamcsais) stern seasiogibrvial narogresivelsdesrqasimg height

pl an arallel to the f deaft axis,. t P

oy mmé ek sl sgsseitepatrtisEioie 4T =ndph Bl tiedifting body fom a
Cur vegintavéds pkae ﬁmeﬁsctingltﬂahﬂmgtbbay b&anéing tieddee and aft axis which
defined by said first and secon Sf{?arabollc curves and

whi chs ehoue trep-giinds of thed engtivilimesnsiondrom thegnteygiection ¢fesuch plane with

t hi ckness, of . ﬁhetgﬁ%apolic foil shaped | ongitudina

cross? esbqeipgﬁlg erPSI $'%cr easi ng fromthe fore and

aft axis of the lifting body to the | eading edge of

the lifting body. 2. Alow drag underwater liftin

body 6as déf lovedrag nndiraiater liftigdrodyy as defenediin Glaig 5 whdseinssaid stern

e is iR YR Eigtet of ndfird ParduqitbuPettrariydrpgh BB feheth of the
per pefFgh Ebd AR antl PoddtR REGHY stkhriiRy Rraadl Af sxigxis. 3. A

| ow drag underwater |ifting body as defined in Claim?2
wherein said body has a predeterm ned |ength al ong

i d d aft i t . (i o -
2" sedhent Aievsdegnteara fomebodnas B ia i et e ifing
lift lbﬁgzvﬁé’ﬂyc;rfsaﬂdes@ﬁ%‘arg ‘Eulﬁ _@?éi‘i_on@&ﬁ og%/d},ge efdeS 8 $hidHors and aft axis

4. A low drag underwater lifting bo s defined in
d ai rm3 thwhedlesertiarhdefined by said se@inl paphohdbalrive isfshiaped as one half of a

shape of i.h ifting body at each of said planes
inte Pflﬁg"‘{yl@irFY‘gi“il% body parallel to the fore and
aft is symmetrical to the shapes of the lifting body

at the planes parallel thereto but each is smaller at
posi t8. ons A fow ddagunfereater hi&irfgtrody as defafed inxXdlann? whhwein the

l'ifting.body, K WO 2005/, 634 PCT/ US2004/ 013683, -24 5. .
A | odnaiEgmhiskRsRa L saig qgﬁ@dm@ﬁt‘gsﬂaﬁ}% 488 33% s ifting
2 Vm%'bﬁ#r’@l b body has a bow and a stern, a side
periphetry as viewed in plan, a predetermnined | ength,

and a stern section, said stern section having a

progressively decreasing height . dinepsian |n , .
cros$: secth I gragandeates Liftng hady @s definedrip Claims8 wherejppthe lifting

LT tiyagy RO dshOTr&io of 10% to 150%.

10. A three dimensional low drag underwater lifting body for operation in a
submerged state, said lifting body having a fore and aft axis and an outer surface
whose shape conforms a) in plan on one side of said axis to a first parabolic curve
whose vertex is located on the fore and aft axis, and on the other side of said axis to
a second different parabolic curve whose vertex is also located on the fore and aft
axis; said parabolic curves together defining a leading edge for the hull when viewed

in plan and b) in longitudinal cross-sectional planes parallel to the fore and aft axis,



poi nt at each plane intersecting the lifting body
parallel to the fore and aft axis which is about

wo vmsprEcsds of the | ength di nension fromthe PCT/US2004/013683
i ntersection of such plane with said side periphery
to the stern. 6. A low drag undgswater lifting body as
defined in daimb5 wherein said stern is defined by a

0T bl BB RSN e i
t he fhenediaptedge deoddby sdid sl aM sédic&@ pardbetivetees and which extend

lifting body as defined in da V\herelnthellftlng
bodyafhagsd ﬁsmlna%éIS@pa@Sbw&hah%@qlmg%@f thepardelis Spid shape

si d el%nglfnbd;ﬂsl glrc{jv.g s&ctdl gﬁes A% r§asu%]ﬂor¥1 in:r‘e H)lﬂ% mei5 %‘E L}hg 3 the lifting

def secon arab

one balyfto tHe 18adip ?aécagzqifltne biviely body; seMalfiihg body l&vnig zi BoW and a
drag underwater lifting body as defined in Caim?2

wher ®¢1 anf @ predefarminedtlen g ﬁ’ét@%dl@g frmi the bpwitp Hgf sieraysaidsfirst
bet \(I)\%S%)ro}% qng’rg{.%x?g in. VP ?th frctré %g bopvotg%]ai%l Jt h}da?d stern being

ag un er wa I ng y as |ne

8 V\Ih@dffﬁieﬂ by A8egrhéiitiong thibDphrathds carvedfeddrsd t@tth@hﬁfngl:fb%l s length
to 150% 10. A three dinensional |ow drag underwater

| i f t pviepdiegiffomdhe wistestrarden eithe firs parsbelicenrye ta wid ais.d
lifting body having a fore and aft axis and an outer
surface whose shape conforns a) in plan on one side

of sgjd axi 1§wtd9agaurfdef\ﬁdtelﬂaﬁ1 %Bbd}ﬂas(‘défﬁ@d iNMORER 196¥Heein the
is located on the fore and t axis, and on the other

si delifingdailyfs hram trapsverselyeafdheifone arrckatehftingod ekisds equal to or
curve oevertX|sas donth fore,a daf
o oereby o I ek e GRic P B i fp g AR

| eadi ng edge for the hull when viewed in plan and b)

in longitudinal cross-sectional planes parallel to the
fore and aft axis, WO 2005/023634 PCT/ US2004/013683

20 18 BBl B AR S A A5 LY C B TR S e
def i fiekabalBAlHatolit $6i] Sl SEaRNHI MBI 'chWs‘éﬁﬁpl%b@

whi ch ext eng% aft predeterm ned di'stances,
t hi clnterssting ttteﬂd’upglb@d)qiarzileﬂ i the §érapadiaft Iamsgs S)un!mnmical to the

a1 SHEPE the R oAy A Bl v %iﬁqrr”@taﬂﬁhéa%ba@%ﬂ%ﬂ a

t he n#dsﬁtidn@ %Mﬁon?me@ew fihdBr BRP¥ BAY bPthedifiR
and a predetermned | ength extending fromthe bow

to the stem said first
13. A low drag underwater hull as defined in Claim 11 wherein the lifting body
has port and starboard hull sections on opposite sides of said fore and aft axis and
the hull section defined by said second parabolic curve being shaped as one half of a

parabolic body of revolution.

14. A low drag underwater hull body as defined in Claim 11 wherein said lifting
body has a bow and a stern, a side periphery as viewed in plan, a predetermined
length, and a stern section, said stern section having a progressively deceasing height
dimension in cross-section parallel to the fore and aft axis of the lifting body from a

point at each plane intersecting the lifting body parallel to the fore and aft axis which



parabolic curve increasing in wdth fromsaid bowto

said stemwi th said stem being defined by a segnent
wbooa/ordsd4 d parabolic curve transverse to the PCT/USI994/013683

body's length extending fromthe w dest portion of

the first parabolic curve to sai4 axis. 11. A |ow drag

underwater lifting body as defined in Caim10 wherein

;P te 1s! ébiot Lg’goo%diag gi hgelgngt}té qu éeln\{%é%g)lrn)(th%fl%tte&gctfu%z ﬁﬁ?glane with

t hi Clgﬁq%f.‘d %@ﬁpﬁé}dn@me%ferﬁo t he beam and fore and aft
axi s. | ow drag underwater lifting body as

defined in Clalmll wherein the substantially

par a I|cf sha | i ftin Ssac .
Ba 181 andb B dAERBEcE ich M fing bl A7 a5 CUEPCTY Gherplp e
the Wxﬁn@xﬂdh@fcﬁes@&f Said Bt HERY [d KetbednOl (°h and §mnﬁ’$h631f1ﬂmg
the lifting body at the planes parallel thereto but
eachbpdy’shengther at positions further fromthe center
line for and aft axis of the lifting body. 13. A |low
drag underwater hull as defined in Caim11l wherein

the lif t i nOIkPaRAg uh@gwRRk liftARthody as Bermied 1Hd1é1msg:\tvhae§1 the -
on opposite sides of said fore and aft axis and

hul | lidiéng basly hde fn aspetctoptie af H0% e dhbopar abol i ¢ cur ve
bei ng shaped as one half of a parabolic body of
revolution. 14. A low drag underwater hull body as

defined im Ha dﬁnleﬂsﬂm & Hra%%@eﬂvs‘aftér'lﬂﬁng ﬁ&g')foh@ﬁerﬁlon ina

bow and a stem a side periphery as viewed in plan,
pr edetlhmmgn@statel sndtifiingdody hawng mfaeand ofi axisaind astoetcr surface

ai e gan e i eBed B &7 2 et finl aflfior s 1HBE pifwigpviewed in plan
aft x4 5% R 1ohBtudiddl Efo@gsééﬁgi{ b} Egrg}é@mcﬁpgéﬂera@y p%@a‘bahc foil curves

pl ane Intersecting the lifting arallel "to th
f or e havidg aktticexiymgudn thk IGM)nz@dgé 6)12!36 :Ruﬁmg body and ly1ng in planes

i gégﬁrz Brioas BRe FdAlt BHiS sriitTee BodpvGIE atand Psond hull
with I
s ﬁbﬁﬁa’sﬁs S{dBESE $hid ford 0 &1 B0 and PmidipiiPetlEretween

t he sateXirstamdtsbdonkd el seaifons andildcat&d tmgldmdtyoﬁ saldafare/\mﬁaﬂ axis,

10% and 33% of the ljftin body' s |.engt 16. Al
dr ag salﬂcfémgfiéﬁcqnﬁ#wh tw%aymge gilhB t‘hﬁ@t anchsepgnd different

o 188t Scurkbs Whdid vaRERks 1o fl FOPEAL 1B DaR, ot diosit sides

I'i ftiofigaild @dlysHipsectprythé b atidship section having a parabolic foil shape in
longitudinal cross-section which is uniform in planes parallel to the fore and aft axis
between the first and second hull sections across the width thereof, and wherein the
foil curves of said first and second hull sections decrease in thickness from the fore

and aft axis of the lifting body to the edge thereof.

18. A low drag underwater lifting body as defined in Claim 17 wherein the
lifting body’s beam transversely of the fore and aft hull axis is equal to or greater

than its thickness perpendicular to the beam and fore and aft axis.



subnerged state, said |lifting body having a fore and

aft axis and an outer surface whose shape is defined
wyooap2334 eadi ng edge for the lifting body whercwiswedo13683

in plan and b) in [ongitudinal cross-section by

symetrical generally parabolicéﬁ@il curves having

vertices Iying on the | eading edge of the lifting body

and |ng Lt fot s

axi s Vsard PrR i ERenRBbant ik nod b fernhh S s yherein sid

sect lifitig bwy stp@b‘mt/ ané a gRen &id Spredett@iigedRegthfllordaid fore and aft

and a mdship section between said first and second

hul | 26géend @ﬁt@rramtl% defined by @ segrmentiaf@ third apbolicorsveignsverse to

aft [ t

conf gfrérln&rl ggclyd ?1 onallléj s1§lg §P %ﬁl% eé)lélon%g‘ %ﬁ% e n1flsh1ps section.

par abol i c curves mhose vertexes are | ocated on said

| eadi ng edge on opposite sides of said m dshi

sect #on; Ahewareg wrderpateelifting hodnes driingd ya%@nmr 19dn¢lgding a stern
shap [ e q0 whi

n pﬁ%llgglsl ogg::;%lr{uld%lu sasecﬁ&l) ?C('gl}c‘zl e%n s r?n a)%rsgly%% g%ld fgre and aft axis.
the first and second hull sections across the w dt h

thereof; and wherein the foil curves of said first

and 8bcond lnwldragerderweter idiog dadway definnd éxGlais 20rwharein the

tnor epln Y g o R fins ol b PR Ry ol A s5E61 hun

def i gRdon At Qcﬁ'o[nsala W6y Siralldl BLthe Ifbretand dftpPshes § Qﬁﬁﬁ'étncal to the
transversely of the fore and aft hull axis is equal

or gelepesef the H&mg hosiytahth@ Iptesss pgeﬂ@éh@etomuaﬁaohos smeller at
beam and f 0236

o bt s <557t Iop SRR G55 R0 g boay:
lifting body as defined in Caim18 wherein said

lifting body has a bow and a stern and a predeterm ned
| eng2h al Arigwschragiurﬁmatamldﬁlagtbod)aas defmnd inChiirer2d wherein the hull

portion defined nt of a third :

Cor v P o e dtfe BT o Snth o PRGN ststionfeshaped as
ST dCoff nitPbfh AkSLIRMORS bf fvoRtion WhaShRHoTR bl ifle same as
A | ow drag underwat er fting body as defined in Caim

19 i that of$andymadsbipesectiorporti on on sai d mi dshi ps section

whi ch extends transversely to said fore and aft axis.

21. Alow drag underwater lifting body as defined in

d ai g3 20 m%@%% lullfer@é’c@xsllﬁﬁg 'b@lly ¥s RPN ERithaigl wherein said body

shape of the |1 body in“said first and second
hul | hasseledw emd attemaa hldefpespheuiy pd wawsd peplah, Iaepredememhaed length,
fore apd aft Ianeslss lcal to the pes. of

the PRG 3 SiEE Ssew spid stgn caﬂ% aying aproe%resrwsly 66%5{518 height
eac hdlfnger dll ‘31% s@EeanH g?ltallﬂrlﬁ e l*éqfrldbdcff AW bHfe HERSBody from a

l'ine t axi ftin
point at each plane 1ntersect1ng the hull parallel to the fore and aft axis which is

about two-thirds of the length dimension from the intersection of such plane with

said side periphery to the stern.

24. A low drag underwater lifting body as defined in Claim 23 wherein said stern
is defined by a third parabolic curve transverse to the hull length on the side of said

fore and aft axis opposite said midship section.



22. A low drag underwater lifting body as defined in
Caim 21 wherein the hull section on the side of the

wo pdosiozsg3dbody contai ning said m dshi ps secti onPCHUS2004/013683
shaped as one half of a parabolic body of revol ution
whose parabolic fornula is the sgnme as that of said
m dship section. 23. A low drag underwater lifting
body,as defjined in al ! ' e P .
pow Znd arcplrdtat SderReh ing a6y b uctRled o Gl 187\inhein e
pr edeaQimiinh €ig ckiRB8Qb1said ANDis detteRh N 0SEGidi 33% oS fhicthullll&ighh.
section having a progressively deceasi ng hei ght
di mension in cross-section parallel to the fore and

af t is qf, the liftin y from I I . C .

ol andoi i Ao o it KRy hEserl B Bl PB ggein the
aft  Axd & aPect RaticSof 1APLY 1508p-t hirds of the length

di mension fromthe intersection of such plane with

said side periphery to the stern. 24. A low drag

unde ter, lifting. b as-defined.in Caim23 wherein

on 028 er vt ing B e T e s e v alhr S el one

t r angy@@perdding #EmhKE first RO Dthréd@infensienflfundaivehter submerged
fore and aft axis opposite said mdship section. WO

2005lif@Rdy PETHedS2GoM) strugbarath-thgwasrling dusingdpaxgtion of the
under

t Lifiin defined.in Claim18 '
el 8 B8 o RS ST S s
33% gffiapklaEnfdtth a) 8P on S sidd d FRMdKoAGndRGELNPIE first parabolic
lifting body as defined in Caim25 wherein the hul

has awvawhest vertexiinloghted 0fdheofots0mh afpaxis, andvan hecothérside of said

including a first .hull having a surface waterljne, .at

| eas5iib2 Seopd i RarREla ks FARSSYEREr 1A logpigd an the fore
thr egadlh BRI QNPharstlie CHRES fo B tHRPBEMIRRL a ieaaﬁlgreagbaﬂme hull when
secured to said strut beneath the waterline durrng

oper atewed implanfaed byt lengitulintal coas-sectivhaliphapeb paiplltlo ithegfore and

a fore and aft axi.s.,and an outer surface whas shape. .
cont 8RRl PRIEGH 31 BRALrEensraly ZReoplf BiLsHyHaving vertics
axi sk NSt :

e o i & el Sl BRERE Aehficd B UL AR Gid Pafatclic curves and

si de whiichsaxitehd adixpraddtenaneiadistmebed witlethenhickzasabbihie parabolic foil

curve whose vertex is also |ocated on.the fore . and )
aft ahaned ?%tadlﬁélr%%rﬁeﬁu%ﬁl 9@%@%@@@@%% Trgm s forg and aft axis of

| eadigng; g thRalik baithe ¥h9aaLn Pl an and by
in Iongftugﬁﬂgﬁbcrosg-s &t onaPepFa es garallel to the
fore and aft axis, to symmetrical and graduated
ener.al | arabolic foil curves having vertj.ce
g 28. y pratercraft as defined in Clalem 27 where%n the lgtlting %ody’s beam,
transversely of the fore and aft lifting body axis, is equal to or greater than its

thickness perpendicular to the beam and fore and aft axis.

29. A watercraft as defined in Claim 28 wherein said body has a predetermined
length along said fore and aft axis and a stern portion defined by a segment of a third

parabolic curve transverse to the lifting body’s length on said one side of said axis.

30. A watercraft as defined in Claim 29 wherein the substantially parabolic foil

shape of the lifting body at each of said planes intersecting the lifting body parallel



lying on the | eading edge defined by said first and
second parabolic curves and which extend aft

w@emderiss4m ned di stances, with the thickness oPCT/182004/013683
parabolic foil shaped |ongitudinal cross-sectiona
pl anes decreasing fromthe fore_.znd aft axis of the
l[ifting body to the | eading edge of the lifting body.
28. t f def ol ' v @
1 o R B Rlal A S o OB & Qlap LR oS af he plancs
l'i ftipagllblotiyretodig eachsis eopabiér at postionyrfetherfrarh éire forsand aft axis of
t hi ckﬁg@@ g\%&g}fendi cular to the beamand fore and aft
axi s eyt ‘ercraft as defined in C aim28 wherein
said body has a predetermned Ilength along said fore
and aft axis and a stern portion defined by a segnent
of a3fhird\ wperaiibhs defmed weClaimr?Sweresean saidtbiody had 4 bowg and a stern,
body' s.| ength on said one side of said axis. 30. A | .
wat ePét p[e%ageragf Visagdiimplanca Pﬁeg‘@e%}%? eﬂg'?‘h%nd a stem section, said
subs Do . ; . T .
bodyts%?ﬁ éeegt:lhy 3@‘(3’%?3}‘;&? ?%ggllyidr?tag rse {?%1%%%?1{1% ?I?Cr{ass section
body ppaitlel toehe 06 20Dt HAS 68the AT IsAYFbND 2 P6BIB at ea2B plame

the fore and aff axis . is symetrical to the shapes of )

t he MRipEeRgebalifting b@ﬁépﬁaﬁﬂég thefareAndeatt aiswaicH 1pgfout two-thirds
each i . [ e . :

art S eTER Bim i BRI Rl A HEPRIhD R R4R Mperiphery
def i netheisterfd ai m 28 wherei n sai d body has a bow and a

stem a side periphery as viewed in plan, a

predeterm ned |l ength, and a stem section, said stem

sect ign hayvj I ' i ght

i med on ) (A Aa g EBRERE Y Cloln 3 AT U4 ARRIE gcfingd by o

aft axdrmeerdbf b ltdrd pdribolig chodyrahswwmeao pigd lehgtatof @&clifting body.
plane intersecting the l[ifting body parallel to the

fore and aft axis which is about two-thirds of the

| eng di j iy ' :

w th23ai o srosed BERRE o) Cly 23 Siein e Y BUFRR port and
wat efkstFtfatd Bl sketibmesh oppositeditesd sudeb Rl and it kissdrlrthé Bull section
defi ned gb)éa a _segment of a third parabolic curve

t r angloBneskbyt s9id speondpayehplisicurveds phaped aponsdp)f ofzmpargholic body of
wat er vroﬁt}onas defined in Caim27 wherein the lifting

body "has poft and starboard hull sections on opposite

sides of said fore and aft axis and the hull section

defined by said second parabolic curve is shaped as

one B4l f ¢f vateparthbodelined du(lasn 27vehestin theopaximum thickness of said

lifting body is between 10% and 33% of the lifting body’s length.

35. A watercraft as defined in Claim 34 wherein the lifting body has an aspect
ration of 10% to 150%.

36. A watercraft as defined in Claim 27 including at least two struts depending
from the first hull and a pair of said three dimensional underwater submerged lifting

bodies respectively secured to said struts.



34. A watercraft as defined in Caim27 wherein the

maxi mum t hi ckness of said I|ifting body is between 10%
wans82of the |ifting body's Iength. 35 A vwedPBUSI084/013683

as defined in Caim34 wherein the [ifting body has an

aspect ration of 10%to 150% 3. A watercraft as

defined in daim27 including at | east two struts

depengi F‘QA%{%%r{aﬁ‘Ss 4l iﬁ‘éléim%%%?er@ﬂ'tﬁ f&freé:?dzg% es of said

t hree di nensi onal underwat er submerge T Ft ng od)es

r es pditing/sddyesstieerge frotnceasiabthestomat Sthe BOWTAhE GazE34.

PCT/ US2004/ 013683 -30 37. A watercraft as defined in

Claim 36 wherein the fore and aft axes of said

l'i ftixag baodj j : :

of e oy SELA B el TLRRE AR EEn AR ol B of caid

d ai mifiace bdddesadonvérpe tdwar@ esvhtlad in healireofiorsaf ttle bow of the

Iifting bodi es converge toward each other in the

di r e¥¥GFa8f the bow of the watercraft. 39. A

watercraft as defined in Caim37 including a foil

shaped fin connecting said lifting bodies. 40. A

wat e3or af tA wateeledft aedefined G €laimn 39 indladiag A foidskhpkdifin connecting

shaped fin is jjoined to said |ifting bodies as a

bl endtid liffingbesiely wherein the thickness of the foil at

its junctures with the Iifting bodies is

substantially the same as the thickness of the :

li ftidog bodwvesraift addddined AcCLui39 whereiA siidifeil eliaplll fiads joined to

defined in Caim37 wherein said watercraft has a bow

and &aiddifidngmbodies as 4 hlended yvingpbodysvhrspinghathigkness afithe fedl at its
] LORiRnd ' t 2,
et e SR R s 15 B Bl RGarigS s fkaas of e

di memgtinyeddiessdy BaTB fuiricaabs. | ow drag underwater lifting
body nounted on the forward portion of the watercraft
rearward of the bow. 43. A watercraft as defined in

rountba adh S gRg e AECTR PR o neiyh O gEtaRheg a bow and o
as deferd)@&idiliki B&dfés“ﬁ’eiﬂ!f’hﬂb&it@d fothe ro@ peRfohdftthd shiftforward of the
0

monohul | vessel with a re and aft keel, said second
pai r sefm.| i fti ng bodi es being respectively

42, A watercraft as defined in Claim 41 including a three dimensional
symmetrical low drag underwater lifting body mounted on the forward portion of the

watercraft rearward of the bow.

43. A watercraft as defined in Claim 41 including a second pair of lifting bodies

_.mounted amidship of the watercraft.

44, A watercraft as defined in Claim 43 wherein said watercraft is a monohull
vessel with a fore and aft keel, said second pair of lifting bodies being respectively
connected by cross foil support members to the hull of the watercraft adjacent said
keel.



connected by cross foil support nenbers to the hull of

the watercraft adjacent said keel. WO 2005/ 023634
wERODsEBR04/ 013683 -31 45. A watercraft incl uBETgS®04/013683

first hull having a surface waterline, at |east one

strut depending fromthe first hull and a

t hr ee-di nensi onal underwater subnerged Ilifting body

secur dt t ' duri.n

opera i on%‘?’gft ﬂcr;ﬁ {n%bléi%%r SPh‘Ec,lgﬁa ' ?Hr;agg%a 3511 eg\?lt IﬁSSt one

a f Oﬁﬁutaibgelﬁflﬁg f¥ingh@ fifkt A1l ekl £ thréd dindmeionflaiervidiéd@bmerged
conforms a) pl an on one side of said axis to a

fir stllﬁpmlmﬁidlsmlr@dﬁo\ﬁeld/ﬂ%% benegtdythe yafeglineghuingpperstionef the
o SR b B BB L EBE B0 B e

al soshfpeabifbriahal 1|i’1 lir%rﬁoﬁﬁﬂd@éﬂsaldadfdléito asﬁl*sﬂpa@ﬁfdﬁ@@uhfe whose
curves together defining a | ead |@% ge for the hull
when veitess docatad qﬂ the fagp andyft pxis) apdgintt @pthgt side of said axis to a

ot s Sectig oG B e Graf ey Gt e B8 o fore and

par akgisi said pirhbdliercubres l&agéufég dt\!fﬁ[lh% 8 @e%dingleage Rﬁ thd M@l when viewed
Ieadlng edge defined by said first and second

par alboplan andjb)/@slowﬂldmi elessesactionil pidnes pafreldrétte thei forschnd aft axis,

di stances, w t.h the knes of th

Shap USTRBrEFe ap et SERERA posfinc P A ox BB kofiges yine on

f r omgineading S‘d%'érﬂéﬁﬁéd byPei$ ﬁ%ft atd'§cbhd f)érﬁlehc%g%staﬁd tWkich extend

| eadi ng edge o fting body; said |ifting body

havi n@ predstenmined distanses rmthrﬂ:ie alldmabeqfehﬂpnebbliceﬁogmhaped
fromthe bow

t th
par & e S T e DAL bRt e G Tio el £ore o4 40, s of the lifing

sai dpsapes thé teladff@lee Sha BRiddboddedaidBfingbody REQRE Rlbow and 2
of a third paraboliC curve transverse to the [T1ftTng

body st syt predetemhihetlatgt] eatending fmndtlmtbopmotth@stemﬁ said first

the fir arabolic .curve. ercraf as def

| PR R EI iR 1idh R P0G i 5term with t41d Stern being
{ " AN RlerleliCof Ahfzd B alrld trhifieROW/ mdXiritnd Body’s length
equal to or greater than its hi ckness per pendi cul

t o t hed heated ahithe modest portionfof thexﬁrst padabolidcwxter cr af t as
defined in Caim46 wherein the substantially

parabolic foil shape of the lifting body at each of

sai d»pl an faki

The 157 o angeShAEREACAN b Clah 5 ke IR N2 LRy s bl

par akdardvetselytdfehd fmrcearamﬁ Bfting &t axis & ayah®tar |goatertt1¢an its

the shapes of the |lifting body at the planes parallel

t her éveﬂwa%peé%wwwlagt%%gqeémaaéf@r@a@@ RX1Sf urt her from

the center line for and aft axis of the lifting body.

47. A watercraft as defined in Claim 46 wherein the substantially parabolic foil
shape of the lifting body at each of said planes intersecting the lifting body parallel
to the fore and aft planes intersecting the lifting body parallel to the fore and aft axis
is symmetrical to the shapes of the lifting body at the planes parallel thereto but each

is smaller at positions further from the center line for and aft axis of the lifting body.

48. A watercraft as defined in Claim 46 wherein said body has a bow and a stern,

a side periphery as viewed in plan, a predetermined length, and a stern section, said



48. A watercraft as defined in Claim46 wherein said
body has a bow and a stern, a side periphery as

woe@aeeBey pl an, a predeterm ned | ength, and aPGL/E82004/013683
section, said WO 2005/ 023634 PCT/ US2004/ 013683 -32
stem section having a progressivg)y decreasi ng hei ght
di nension in cross-section parallel to the fore and
aft s s@tioh Afvihk b btdMPeRREY, debRT3iAe RALAY ditlen§8E th cross-secti
pl ane&h?%t el?sectllil%ga)t eel [ fIt)S'i r?g E%)lg% pgfrhtacflﬁlefl to t%rgss section
f or e parailebtotthafire andhaft hxis of thiedifting bealyt fiom dpoimfat ¢deh plane
Il ength dinensjopn.fromthe jntersection of such. plane )
Wi th 1gt5{sactg}gdhe Bg]ﬂqggwgyyarall to the éx(eeqﬂd aZ“gz_m%thc% 1s about two-thirds
wat ersehal bn @R dfiflsREdrdm fd ifterAfo bRNEh Plafe WiihShRiSidSperiph
defi r?edr?{)yné tﬂ?rc‘? par abolllﬁé3 gur(\)/e trang\?er se f%lﬁftgﬁe periphery
| engtttrthefstarhe |1ifting body. 50. A watercraft as
defined in Caim46 wherein the maxi mum t hi ckness of
said lifting body is between 10% and 33% of the
liTtigg body fired in C1aARALRGEALh 3R feh b\ Eirl third
Cl aimb0 \i}ﬁﬁzra&régﬁ?ﬁiﬁ'? f%t iu}]g abod@ haeg&ar? assgegféltl ined by a thir
rat i garabdlid O%ve aadsvefse tde Idugtindthe ligkirtg aelydef i ned in
Caim48 including at |least two struts depending from
the first hull and a pair of said three dinensional
underapat er i i; . i : j,: . .
Socor T BURARARECCAEl N @ i iOf e TREBLIMRIA thiclness of said
d ai mfdide bdriebewiebe 10%raad 30% éffthe HRig boldysdéndth.
lifting bodies diverge fromeach other toward the bow
of the watercraft. 54. A watercraft as defined in
Cl ai m,48 [ . .af i
0t kg oG aidah BEabBIR i Ok S0 RESinThe Bt bady has an aspect

di r ecatignofafoys kel doow of the watercraft. 55. A
wat ercraft as defined in Caim53 including a foil
shaped fin connecting said lifting bodies. 56. A

wat ersr af ta & tegc%iit ngg?ﬁgl%d% @:l]aq]ﬁnf"%tl\ﬂﬁg(rh%g %t Tcégétg\gfo g{rluts depending

shaped fin rsjorn sal I'h I es

bl endggh WeTistiRdyandagiadi oT shidehred dfkéiRRabindeRRatEtdubmREged lifting
its WD 2005/ 023634 PCT/ US2004/ 013683 -33 junctures

wi t h borigs réspedtivglytseelired to sgidssipdt. ant i al | y the same as
the thickness of the
53. A watercraft as defined in Claim 42 wherein the fore and aft axes of said

lifting bodies diverge from each other toward the bow of the watercraft.

54. A watercraft as defined in Claim 48 wherein the fore and aft axes of said
lifting bodies converge toward each other in the direction of the bow of the

watercraft.

55. A watercraft as defined in Claim 53 including a foil shaped fin connecting

said lifting bodies.

56. A watercraft as defined in Claim 49 wherein said foil shaped fin 1s joined to

said lifting bodies as a blended wing body wherein the thickness of the foil at its



lifting bodies at said junctures. 57. A watercraft as

defined in Caimb53 wherein said watercraft has a bow
wanasm23634 ern, said lifting bodi es bei ng nountedr/us2obhel3683

rear portion of the ship forward of the stern. 58. A

watercraft as defined in Caim54_including a three

di mnensi onal symmetrical |ow drag underwater lifting

body. : t . L t

r oy HEPARR AR e liind BUHES SRRAMY e SiE ap I GIeRRAL b e

d ai tiftmg bodidsadsAd jumctegond pair of said lifting

bodi es nounted am dship of the watercraft. 60. A

watercraft as defined in C aim59 wherein said

wat ecer af t, | ohwl | ..V oWt h.a_f f

keel ,59'3 ai é%@‘%%ﬁ%?gsa@n%?l ??@? r?é%hoegﬁlngg&gé‘% ﬁ%&qﬁ%ag abow and a
r espetein, ¥l YiftigObutet thgiowitebin thetdar fewipa of tHealpefosward of the
to the hull of the watercraft adjacent said keel. 61.

A wafiereraft as defined in aim28 including a three

di mensi onal symmetrical |ow drag underwater lifting

body nounted on the forward position of the

wat esgr af A whtefchGt ROW(in6@ in AlanA e ifdladihg @ shrde fint@eionsl
Caim49 wherein said symmetrical |ow drag underwater

| i ft yrgmbigpl lewsdrag bedereniar hitiog dedy pregnted on, the feswarshportion of the
of saiagefi §t huIdI ﬁﬁ@fq’? secured to the stern

posi PREHTBY TRAVE s%; M™M-cal |ow dr ag lifting body.

63. A watercraft including a nonohull vessel having a

surface waterline, a three dinensional underwater =
submBPged A witeicnaft #rodpfingé buClaim 53 indledihgw/sefond gt of said lifting

nonohul.l beneath the. rline ring operation of the
wat epgﬁlhg? ’[n,ougtﬁﬁg a*w%ﬁmv%ﬁ%ga{}mfﬂivi ng a fore and aft
axi s and an outer surface whose shape conforns a) in

pl an on WO 2005/ 023634 PCT/ US2004/013683 -34 one side
of s&hd a¥i watewrafl & defined iy GlavhiS8 veheraie saifl esateronafitie g monohull

is located on_the fo nd. aft axi.s d on.the other .

S de VreLuitya forpand ahtkedd it tbond Par o g Padise Peine rspectively
CUT VEonrtBRa By \CRIsk il suppsit eniREfioqHe RMI b W@ ci@htdjacent said
aft axis; said parabolic curves together defining a

| eadkeg). edge for the hull when viewed in plan and b)

in longitudinal cross-sectional planes parallel to

the fore and aft axis, to symmetrical and graduated

61. A watercraft as defined in Claim 28 including a three dimensional
symmetrical low drag underwater lifting body mounted on the forward position of

the watercraft at the bow.

62. A watercraft as defined in Claim 49 wherein said symmetrical low drag
underwater lifting body has a bow and a stern position, the bow of said first hull

being secured to the stern position of said symmetrical low drag lifting body.

63. A watercraft including a monohull vessel having a surface waterline, a three
dimensional underwater submerged lifting body secured to the bow of said
monohull beneath the waterline during operation of the watercraft, said lifting body

having a fore and aft axis and an outer surface whose shape conforms a) in plan on



general ly parabolic foil curves having vertices |ying

on the | eading edge defined by said first and second
w@asabmdeBL curves and which extend aft predet ep@i/nsmo4/013683

di stances, wth the thickness of the parabolic foi

shaped | ongi tudi nal cross-sectioypal planes decreasing

fromthe fore and aft axis of the lifting body to the

| eadbﬂ@sﬁg 8fs24 gtlpﬁ) a fikst paraBbIRAGve WRAS veltbt isrlgcag&ﬂéfn the fore and

having a bow and a stern and a predeterm ned |
ext enfii |am§, dndoon thhetHeowide of sdidaxds éna sezandl diffaratt parabolic curve

parabolic curve increasing in w dt fromsaid wto
sai d™ leeqwqus alsp Ipcaied on s f??{f Hukathads: isgidpagaby ﬁéﬁW’V&? together
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t he trosstednianallptdnes paratlsieo thm”er@arﬂ aftadxils, 36 eﬁnmétrmal ahd graduated
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t r angwsrally Rasabolie Toib gt es Ripvingeertiqes dying op fipleadingedse defined by
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havi ﬁgcraasm frepe dheforeand sfbaxigef the jEingdndy te fhedt:admg edge of the
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undervva ody secure

str Utexﬂéﬁdiﬁgﬂﬁ’@rd he boattethd siemiatd figt parebalic cmnveaihcﬁehﬁng in width
watercraft, said lifting bodé having a fore and aft
axi s frartsaichbo fesaid semmith saib siem bgiaghdefingd by seamenyef a third

a) aplnﬁga alr‘?ed ggns('glrs% oht%e Ih#ﬁrgl{b%ggqgry M&&] o\égt%%fjthe Qvidest

plan ongi t udi na

mprftioﬁ&Jf tlﬂﬂﬁl@f }adxhbom uAROWherefnald siéth\t&'Salhdi\ﬂuﬁ@body being
vertices tgonthe Ieadlng edge of the lifting bod
!

y
and kiyﬁrr@l byna | rpe@bpb@ gl fransyerse methﬁ &@ﬂaﬁﬁthafh ing body; the

axis, said | o

St mgkah i sk Bo RN i BRE vy R IOvB RER BT i e ifing
and gody’§ fdhiath, @€ tal s@itn nﬁtﬂfgﬁtﬁﬂywdueed‘tbrsaid Adkbhusi&eRMthe stern
hull sections and | ocated to one side of said fore and

aft herepf. said first and second hull sections
conformng in plan to first and second different
parabolic curves whose vertices are |located on said

| eadigny edg@aRfraPRRRIIIE; SfideBulPhaved &lsuMBce W%l @Brast one
PCT/ US2004/ 013683 -35 n1dsgmf section; the am dship

sect siowt depending fometha bt hull fed & tlgm@lmdnﬁlondngndﬁmtﬁaubmerged

1O RaR ST s S5 Do B R RRGR: i biRor e

?Elel F\%F‘él%éﬂgg rns{jaé(gﬁfgfﬁﬁ%oﬁiﬂ Ravihglh Port BEd 8@hxis ARG aMBefef bt face whose
shape is defined by a) a leading edge for the lifting body when viewed in plan and b)
in longitudinal cross-sectional by symmetrical generally parabolic foil curves having
vertices lying on the leading edge of the lifting body and lying in planes parallel to
the fore and aft axis, said lifting body having first and second hull sections on
opposite sides of said fore and aft axis and a midship section between said first and
second hull sections and located to one side of said fore and aft axis, said first and

second hull sections conforming in plan to first and second different parabolic

curves whose vertices are located on said leading edge on opposite sides of said



said first and second hull sections decrease in

thickness fromthe fore and aft axis of the lifting
whouayp/0r3s34 he edge thereof. 65. A watercraft aspdpisnedoi36s3

in Claim64 wherein the lifting body's beam

transversely of the fore and aft3fifting body axis is

equal to or greater than its thickness perpendicul ar

t o t hRidemp LA, helamiddhh fctioRkhving 8 ara‘t?ol‘x'l’,afloﬂrsﬁﬁﬁ’éf fn 188gitudinal

defined in Claim65 wherein the su % anti al
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but each is smaller at positions further fromthe

cent eghe liftimg body to taatdgd thewrf.s of the lifting body. 67.

A watercraft as defined in Caim65 wherein said body
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plan.gsa predaidrhaedefiRGh Claidlth AhabThd BfleUddy STedm
stem section having a progressively decreasing hei ght
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o andhicReits peagadinyn fdng b i et St el To t he
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l ength di nension fromthe intersection of such plane
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transyefSeed &d&ﬁﬁ) %@%%}%s@n&%&@%gb E\IL &Q)‘Hhe ﬁ@in?’ﬁo% at the

wat ercraft as ere n the max

t hi clplases p@lfallslahefetol bult adhgis bmderi as postiovesdinrtiéofran the3@Uter line for
of the lifting body's_ |ength. WO 2005/ 023634

PCT/ 1388 @@@P‘Eﬁl%éﬁ%h ingdody~ A watercraft as defined in
Claim69 wherein the lifting body has an aspect

ration of 10%to 150% 71. A watercraft as defined in

C ai 767 iAelategiéraf) antefiredsh Claim 65 whérsindejlesudyhgs a bo@rand a stern,
the first hull and a pair of said three dinensional
underamdeherphpryes yisyadiip plarga Pisdeicaningd igngth, pydp ytemn section, said

secur e Lt 85 bW Soreot R/ MIRLELE ehe AReASEh BPGtobdisection

erern es o
I I f t | pagalleDebi 86 foit wed g akis oMiraitin®@bbidr frém \agiothttah eadd@dane
of the watercraft. ) o )
intersecting the lifting body parallel to the fore and aft axis which is about two-thirds
of the length dimension from the intersection of such plane with said side periphery

to the stern.

68. A watercraft as defined in Claim 48 wherein said stern is defined by a

segment of a third parabolic curve transverse to the length of the lifting body.

69. A watercraft as defined in Claim 65 wherein the maximum thickness of said

lifting body is between 10% and 33% of the lifting body’s length.



73. A watercraft as defined in Caim67 wherein the
fore and aft axes of said |ifting bodies converge

wo owaneBegach ot her in the direction of the bowof/usive4/013683
watercraft. 74. A watercraft as defined in Claim 72
including a foil shaped fin conpgeting said lifting
bodies. 75. A watercraft as defined in C aim68
wher ehn s
1700 bady ettt SMPRE Clarh oo sech i ARk pdy has an aspect
t hi cknpasofdd%todsDUd.] at its junctures with the
lifting bodies is substantially the sanme as the
thi ckness of the 1lifting bodies at said junctures.
76. Apwat ar [ i j 4 [ ' .
ot en bt af £ Faictatfs: AR EFClan & thdfhdifs IR N0 382 depending
bei n@ronths test hiuIl ahB e paiaf sgidtlire@dinehsivhal widerwdtarsobmerged lifting
of the_  stem A watercraft as defined in Claim?76
i ncl haqhﬁ@regpqcpwgl@ siurRhig; saidastritssy et ri cal | ow drag
underwater lifting body nmounted on the forward portion
of the watercraft rearward of the bow WD 2005/023634
PCT/ 232004 WitdBadt as &Tiné@in @lanat7e mitteddih thasfortednidrafaxes of said
Claim76 including a second pair of said |lifting
bodi &fingpdicsdlivaigiem sael othardtowatddthe pawtof ﬂwgwatArcraﬂ
wat ercraft as defined in Caim78 wherein said
watercraft is a nmonohull vessel with a fore and aft
keel 73sai A weerndt padefined il Claith 69 wiedie shelfotawhd aﬁ axes of said
respectlvely connected by cross foil support nenbers
t o t Héinghodiesconpyragaiard paghtotherjimibe direetianof thebow ofthe
A \/\/a(x,%[e%rgﬁt having at |east one hull having a surface
waterltné and a fore and aft axis and a three
di mensi onal | ow drag underwater |ifting body secured
to said hull beneath the waterline for operation in a
s ubrrﬁf’rgedAsW@\tF@fafé@ﬂ dpfined in Glgimddyncledivg adoihshaped fin connecting
si de mlgm wed in plan, extending in the fore and
af t a:i" %th 'Pelative to said hull and bei ng secured
to the hull, said lifting body having a | eadi ng edge
and an outer wetted surface whose shape conforns a)

pl an780 aAsegtnmft af dedined jry @tanpéﬁaﬁerem sa;d feibsheped én ISJomed to

\S/ie(rjtegaﬁd '11§tmg°§ adtleesdasmﬁ)?en%ea Iav?ngf deyrmherel e th1 fkng:slg%f ftllle f%ll at its

junctures with the lifting bodies is substantially the same as the thickness of the

lifting bodies at said junctures.

76. A watercraft as defined in Claim 72 wherein said watercraft has a bow and a
stern, said lifting bodies being mounted in the rear portion of the ship forward of the

stern.

77. A watercraft as defined in Claim 76 including a three dimensional
symmetrical low drag underwater lifting body mounted on the forward portion of the

watercraft rearward of the bow.



of the lifting body joins the hull and b) in
| ongi tudi nal cross-sectional planes parallel to the

wo oove/ozass aft axi s of the hull, to symretri cal pants2004/013683
graduated generally parabolic foil curves having
vertices lying on the leading edgg of the Iifting body
and which extend aft predeterm ned di stances, with
the tﬁ' Ck%%te?(fraﬁ '%l?d eﬂtfl? Ulfﬁ]l‘n 1hcl§ﬁﬂlg%cgecond ir of said lifting
| ongi tudi nal” cross-secti onal ane éas ng Fro
t he fhodiek nijutieed@imitidtep bfﬂlémm&raﬂy to the Iead| ng
edge of the lifting body. 81. A watercraft as defined
in Caim80 wherein the Iifting body's beam
transyers eA %a{%frcr%ﬁ Gs {i%[n%d%? %1&&578%&%8%&&%@%&& is'aInonohull
equal “to or ‘greater an i thi ckness perpendicurar
to t %sé@ﬁﬁrﬁharfdrefamﬂaﬂad&dl, &dill seooh8 paiBdf hﬁmgadoatssrbafrig réspectively
defined in Claim8l wherein said body has a ) )
pr edSPBAGeISIY crossfgil RupneryAambess to the X\uﬁmf the watercradiadjacent said
and @_ern portion defined by a segnent of a second
parabolTc curve transverse to the |ifting body's
l ength and extending from said hull. WO 2005/ 023634
PCT/ US2004/ 013683 -38 83. A watercraft as defined in
C ai 03 wiHePatcrcrefi bawpg at st pag hyll hanaghs pyréacegyaterline and a fore
SNaDGu@ R ' pilp ARSI BRFf b hoPl R bgay secured to said

|ntersec t1ng y par

and aull Béﬁedtlhﬂwh#dtérhh& fcﬁrw*eiahbm Pd subtndrfel stitapand lofting body
the lifting body at the planes parallel thereto but

each hagingeirplcsi fatWhp@ giewied s plany edtending igrthe f\:@e maﬂr &ft digertion

f f if bhod
et 1 ABTs Scpld s prbbsfinta e poy TG0 thadRaying a teasing

bow @A aml & Qlfer WetfdddarR& WIRIZE sNapdTod foeME @) inplh Ba seBment of a
predeterm ned |l ength, and a stem section, said stern

sect ifst tazapokg cmp mdigserarionds located whrsi the fareingsttpart of the first side
di men

aft & }genlbtlpng Rg )&Sﬁ)?x}ssiﬁ? %wf %ndgtg tlorglltuélélé chrgf for F onaT planes parallel
I Nt ens @fel foRtSarid@t dxiid &1 tRORPQ Y sAmBirlcal aﬂd%rﬁdiﬁtéd eBerdl{l parabolic

aft axis which is about two-thirds of the _
di medsil owrves bavingeerfieasdyisg on ithenleading edge qﬂtlzmbﬂmgtbhdy and which

idsjd h to the st. 5., A
dof | ralf AlareRiF e anths. Siftihe iedes Sfr Risgboy Rl shaped
segngstsiQfindl é%gsoge@um BRAkd Gechddsin g Hdi@ﬂx%‘fﬁEtSs?det&thé‘ﬁﬂmg body

| engt h of the lifting body and ending from said
hul | .to the leading edge of the hftlng body.

81. A watercraft as defined in Claim 80 wherein the lifting body’s beam,
transversely of the fore and aft axis of the hull, is equal to or greater than its

thickness perpendicular to the beam and fore and aft axis.

82. A watercraft as defined in Claim 81 wherein said body has a predetermined
length in the fore and aft direction and a stern portion defined by a segment of a
second parabolic curve transverse to the lifting body’s length and extending from
said hull.



86. A watercraft as defined in Caim81 wherein the

maxi mum t hi ckness of said I|ifting body is between 10%
wans82sof the lifting body's Iength. 87. A vwedPBUSI084/013683

as defined in Caim86 wherein the [ifting body has an

aspect ratio of 10%to 150% 88g A watercraft as

defined in Cdaim80 including a pair of said lifting

bodi 83. Sgcurtgl(% a&’P e{?i%géﬂ CCtal xggswl%frelﬁ%e suIB tlaeﬂ o}ﬂlgabolic foil

their respec wat er cra

def i giggeiof tHe lﬁtlﬂg BQdy ﬁ%lactl’ﬂdaMuPpl&%s ﬁntefse&tatgethahhmg body parallel
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annB |de
tomaﬁg@oegghﬁﬁhgg&h,mo 2005/ 023634 PCT/USZOO4/013683
-39 90. A watercraft as defined in Caim89 wherein
said lifting bodles are each shaped as one half of a

I bod wat .
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lifting body when viewed in plan and b) in

Iongﬁf iSIFS cross-section by symretrical generally
parabolic foil curves having vertices lying on the

| eadi ng edge of the lifting body and 1ying in planes
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having first and second sections, sai i rst cl.l.on
Cont BRESROF A PN PRAbAD & ST nsstrss by e e o 6E A body and
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of 1 Rag et BERE06167 ahi 3ud ST RARRRAN S IGIaUE . Ot
said first section decrease in thickness along t he
wi dth_thereof to the_ edge.thereaof.

87. A watercraft as defined in Claim 86 wherein the lifting body has an aspect

ratio of 10% to 150%.

88. A watercraft as defined in Claim 80 including a pair of said lifting bodies

secured on opposite sides of said hull along their respective first sides.

89. A watercraft as defined in Claim 80 including a pair of laterally spaced
parallel hulls having surface water lines and fore and aft axes, and at least one pair of
said lifting bodies secured respectively to said hulls along their respective first sides

and extending towards each other.



92. A watercraft as defined in Caim91 wherein the

lifting body's beam transversely of the fore and aft
w@z00s/02d634 he hull is equal to or greater than PEBHUS2004/013683

t hi ckness perpendicular to the beamand fore and aft

axis. 93. A watercraft as defing%%in G aim92

including a stern portion on said second section of

the Ighfti 3 t
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body is shaped as one half of a parabolic body of
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a ai En@aft wkie! idn thededimbidioaglovoding hﬁ&era/atb@\lvﬁ&[gi)o@ secured to

stern, a side periphery as viewed In
pr edétid il hereatle thgtraterkinel fox om:r@nﬁn nsees}tbirreﬂﬁgeds%at@ sgiddlpffing body

sect 'hgvmh%\ﬁra%lde‘e e ?f%h‘f ar aﬁiﬁ %?ﬁ'{ggg lEeefo?%énd aft %uectlon
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af t aeqmﬁqg% sbiﬂlGhuhll dndivethglsechited toohie BuldGhaid lifihg Badhaving an outer
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f or e wettad ayrfacg whosewhaph is defiapdby 2) 2 l%dma iedgsfog the Ifing body when
l engt h di,nensi on ntersect|on of such

Wit h VéCgYC& ! ngaél angé frgirqgg&/u %al £1085-8 ?céw{l b§éymgletr1(%ll generally

wat e?ﬁfa@f)ﬁc 81 @8FdsMadink Vefdcad Rinkton'he 1dihgSdiél oSthe Hifng body and
are foil shaped and each i oined to its associ at ed
liftilyigg bnmlyneasoamllbl @rtb@ ﬁ)re\m%aﬁa axiy, satidifting bpdnehavmg first and

t hi cknesg of. t dts juncture th

1+ SRR atyions e fion fREE iRadle  soent ofa firs

t hi cloa@ssliOfurtfnhbid Jerted iReMedht thé fre bPEd WaBingdge;And said
wat ercraft as defined in Caim44 wherein said cross

foi smtﬂ@ccstloan@neémalq Bishsagtiomhaving a parsboléd filediape in

liftin s as a.ble d wi. bod

et et pRnaCSTaSeeRigh TReBs e R avinsgpelldadie fend aft axis
hul | 28N g wAdBUhérase salbl\@éc%ﬁh 's&ﬁloﬁ nﬁ’cl@dlflg 58d #dl sRfelof the lifting
axis, and a three di nensional | ow drag underwat er

lift |bngy apd oshewair theddil corvsap Osaiufifst sretiemtlérredse in thickness along the

wat er |.i e for.operation in.a subnmerged state, said
it gt BB‘H O%E{Zt?‘ﬁﬁa%f’ '?‘F’iegf si de, \M%en viewed in plan,

extending in the fore and aft direction relating to
said hull and being secured to the hull, said lifting
body 92haviAgarcraftitedefined ire€lam o aviereih diselifing ybedy s beam
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Cr 0S e efidibEr BhS¥EHRhAd £ and aft axis.

93. A watercraft as defined in Claim 92 including a stern portion on said second

section of the lifting body which extends transversely to said fore and aft axis.

94. A watercraft as defined in Claim 93 wherein the first section of the lifting
body is shaped as one half of a parabolic body of revolution whose parabolic

formula is the same as that of said second section.



general ly parabolic foil curves having vertices |ying

on the | eading edge of the lifting body and lying in
w@baseslepar al el to the fore and aft axis, sai®BCT/US100H013683

body having first and second sections, said first

section conformng in plan to a_gggment of a first

parabolic curve whose vertex is located at the fore of
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sai d Tirst par abo

| ongiatstth Nadid € périsheSestvi@rediRiptdn, b predictaindt Idhg, aR@ s stern
parallel to the fore and aft axis across the wdth
t her seftiong ggid| stemrssationskavinohprogtessiuely geecariag hiight digiegaion in

of the liftin 05/ 0236 J 0Q4{.013683. -41 .
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to the edge thereof. 99. A watercraft as defined in o
d ai veghifdscafdhe length dimersioryfromdhe mtdyeestion of syebnpdansayigh said side
of the.fore aFd 9ft axis of the hull is equal to or
greatngpl?%ﬁo h[eg hi ckness per pendi cul ar to the beam

and fore and aft axis. 100. A watercraft as defined in

Caim74 wherein the lifting body's beam transversely
of t 8. f orewatercraft es dsfinedan Clave I6uvherein saigusiiiutstage &ril shaped and

greater, than its. thickne . perpendi cul ar. to the beam.
and. FBrdnaed i pEEg Bring TRRY T4 plepa g 3 din he
Cl ai [hiéRnesber @ioil BEitd juhéties witdNe RSBy iy ABSHRHAB the same as
of the fore and aft axis of the hull i's equal to or
gr eatthe thidkaessi af $he hftiog bedwat thayjwentetecul ar to t he beam
and fore and aft axis.
97. A watercraft as defined in Claim 44 wherein said cross foil members are each

joined to their associated lifting bodies as a blended wing body.

98. A watercraft as defined in Claim 55 having at least one hull having a surface
waterline and a fore and aft axis, and a three dimensional low drag underwater lifting
body secured to said hull beneath the waterline for operation in a submerged state,
said lifting body having a first side, when viewed in plan, extending in the fore and
aft direction relating to said hull and being secured to the hull, said lifting body
having an outer wetted surface whose shape is defined by a) a leading edge for the
lifting body when viewed in plan and b) in longitudinal cross-section by symmetrical
generally parabolic foil curves having vertices lying on the leading edge of the lifting
body and lying in planes parallel to the fore and aft axis, said lifting body having
first and second sections, said first section conforming in plan to a segment of a first
parabolic curve whose vertex is located at the fore of said leading edge; and said
second section joined to said first section having a parabolic foil shape in
longitudinal cross-section which is uniform in planes parallel to the fore and aft axis

across the width thereof; said second section including said first side of the lifting
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body; and wherein the foil curves of said first section decrease in thickness along the

width thereof to the edge thereof.

99. A watercraft as defined in Claim 60 wherein the lifting body’s beam
transversely of the fore and aft axis of the hull is equal to or greater than its thickness

perpendicular to the beam and fore and aft axis.

100. A watercraft as defined in Claim 74 wherein the lifting body’s beam
transversely of the fore and aft axis of the hull is equal to or greater than its thickness

perpendicular to the beam and fore and aft axis.

101. A watercraft as defined in Claim 79 wherein the lifting body’s beam
transversely of the fore and aft axis of the hull is equal to or greater than its thickness

perpendicular to the beam and fore and aft axis.



