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100011 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 vessels have inproved hydrodynanic
stability, |ow water. resistance and m nimal ship
notion. Generally such vessels have at |east one
waterline located below its design draft with a
wat €r pl ane area that is significantly |arger. t han t he
wat er pl ane area at its design WD 2005/023634
PCTI.US2004/ 013683 -2 draft One form of such vesse
is known as a small waterplane area twin hull vesse
(a SWATH vessel ) which generally consists - of two
subnmerged hulls, originally fornmed of uniform
Cross-section, connected to a WBTkEpl at f orm or upper
~hul'l by elongated struts which have a cross-sectiona

area al.ong any given waterpl ane area that is

substantial |y srramwnmﬁmswnm ROHPAS YMBEETRIC
cross-section of the subner% hulls. Thus, at the-

desi gn waterline sucPISHsACEMENT LIETRNGBODW! er pl ane .
area. 10003] The interest in such vessels has ‘
increased in large part because of the devel oprnent

work conduct ed by PSECKGROBRDNORSHRPINVERTION d: A
variety of such vessels have been produced using twn

subnerged hulls or a plurality of submerged hulls,
suc %ﬂﬁ for exanple, in U S. Patent No. -
5, 43§§§% %ﬁ&@ Bcourse of the devel opnent work for
t hese vessels, further inprovenents were nade and a
so- called Md-Foil S WS vessel was devel oped, as

di sd088HdThapresedt irRantion retes to5hifR4nd $Bicr&u b hiERS Bhsroved

use bner ed under wat er di spl acenment hull or
lif te?ﬁcc’ ncy ind seakeeping \ﬁ%m underwater submerged displacement 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.
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effected by the displacement 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 sﬁbmarines or hydrofoils.



negative lift (also referred to as sinkage) to occur.
WRfﬁ%St ance to novenent through the water by free

QP ERdo4 s fects i s general ly greater than if tHg/US2604/013683

subnmerged hull were operating at great depths; and

pitch novenents caused by the digplacenent of the

free water surface vary with speed and create craft
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airplane 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 aogigdditnal .axis of the hull having the nmaxi manmyus2004/013683 -
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maximize their volume to surface area relationship with the result that they have less

frictional drag because of reduced wetted surface area, less structure and thus iess
cost. With higher Biock 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 resuit, 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
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vessel s which 1 npr ves
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] Ttis 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
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- SUMMARY OF THE INVENTION

[0022]) In example embodiments of the present invention, an underwater lifting
body is provided that meets these objectives. Briefly, off vessel centerline mounted
- hifting 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

- panabolic foil shapg:d and in plan view there is no longitudinal plane of symjmtry.



whose vertex is located on the fore and aft axis, and
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o T BB R S WRBE STER e

pridetefifined @njh eﬁerb.k‘lg &orh @GR to B stéin,tsiidl sk HRABARE QlrlCindPddkidiin width from said
transverse to the |iftjing body's |ength extending
Do g sien wWith gad srer bsing defmecy aspeaentiof atbirdparabolis pyrve trpi g o the lifing body's
ledph cR@hdithg@binthe Wil 9G@bn df e BRORFBHA EEved daft a3t hi rd
aspect of the present invention, there is provided a
three di nensional |ow drag undermater lifting body
[002a] bpecadancnwitina tirs kPR oHME pebadl Bveniad, thed it Fﬂo@ﬂecp e dxmensmnal low
dIQaw taIfors?@ d aft. axis and an outer surface
Ehapemie e Tigperaipn 1 ajsuhaeprasd stetel eped e bp@s@amz 2 forﬁgand aft axis and an
ouxo dlyfatid‘lﬁlﬁbsel shapeicl défifedbyed) adfiinD bdge I’t\or tllleolﬁﬂi ‘?eweﬁi in plan and b) in

CLOSS- sectlon by symretrical generally p o

lo% THEFRY X/We@é% gflﬂwlb@al@bvhf fa C‘#“@aldil\’mg Veeid:gielymg on the leading edge of
thd Iifeingl Boflyt 4 GyikpO Ylal gaﬂ:lbéi tB Qle'f&e %daaﬁ s R&4 ﬂ‘b:llég #od% g%vmg%ast and second hull

fore and aft axis, said ’havi n
sectigns OR QPRSI pidesobsaidi forp and R wemalés m@ms sedﬂ&)a beifveen adidifirftandsecond hull sections

and@ldehtdfid or@%idS oA e MR Q:h:p sa?ae eI o0 ctl‘(l\@e g(ﬁiéal dxbff i Stm plan to first and

and second hull sections oca
seconq] Qaffereat parabielis curies Wasse gertemm(d Idcatedsin sad‘lﬁacﬂ%@dg&dn bppbéne sides of said midship

AL [hk 9 to first secon

it fer gﬁSﬁpargc{)o%‘%% acplﬁagoélg?\klh% m\}%\gif“ goéﬁsgcuf"b@]&‘fhe‘ﬂumfommplan@‘

Pméhﬂ@ﬁwdd¢@ﬁdﬂngsbmgnnmnﬁmmmésr&ﬁhﬂlﬁ&ﬁmﬂﬁm@@%dTmbdﬁﬁb d wherein the
rabolic foi

& ﬁﬁ@ [ tion. havin a N
. a&é) ?%%r? ong| Fe%l& gegre%gé E’tﬂ?‘ﬂ‘ﬁesgﬁ?“&&? e foge apdaft axjs of the lifting body to
ﬂwﬁﬁxﬁk&ﬁbs paraIIeI to the fore and aft axis between
--the._first and second hull sections across the w dth

t hereof and wherein the



foil curves of said first and second hull sections
decrease in thickness fromthe fore and aft axis of
the lifting body to -the edge thereof. - 8- t [0025]
In accordance with a fourth aspect of the present
invention, there is provided a watercraft including a
first hull having a surface materline at | east one
[0025] In &Eérﬂincgﬁ'ﬁﬁg fuhtg aspré? gr ﬁlpﬁreieh{ 1§\tenn et@%ép ?/ ?ed a wat craﬂ including a
hr ee- di nensi onal underwat er su ner ge ting D
first hull lsstegﬁ afagcowaerling, aftlpagt onp eties alependitgefrava the rfirt hell ahdr a th@e-dlmensmnal
S fting body h
wdervate AP By QB SUELA Soneap Bl ook de BR800 R M,
said lifting by hoymge faag anil aft plisand @ruleretse 'd’ﬂbsmhalsaad)rﬂonni ﬁ)ﬁiﬁ)kﬁﬂﬁ om‘ side of said

fore and a.ff)aﬁc aciz}l"i-‘) t% fl%oﬁcz éuﬂ%égsggf eX %s:f Q%nv}ﬂ cﬁaﬁia%l)é(, a%(? Wetpe other side of

said axis togisetendoifler@@pachbalicicrvd ®hoae ﬁe&mmﬂsdibcfafeeﬁrﬁtﬁﬁ fofeaind BA kulis said parabolic

curves toge: %dgﬁ%g%ag%ﬁée&%ﬁ? @uﬂ gué\lge%gr?é@gﬂ APLPACN Or ¥ %Qgect%gl planes
parallel to thedford bridGft edg® sﬁﬂﬁeﬁ@ﬁn@@h&mﬂﬁ@ﬁ&dﬂy icl#8l cﬁivé;‘ﬁa@ﬁhdveﬁ}& Lying on

| ongi t udj nal cross-sectional anes paralle
 the leadmgf%ﬁ dF%’P%byaﬁiS‘ fingt F‘“daf%iogd Pafaaﬂlwwaﬁq whith exed @fmﬁm@@d distances,
with the thiM3EE bathé Tk ithigifet EYE SecR@M thﬂeﬂvdg&éaklﬁfﬁonll ¥k 'ﬁ)ge and aft
on the leading e %e efined by said first and second

axis of the ifing hely|tq the leading edge alfler: lifinebelvext end aft predet er ni ned
di stances, wth the thickness of the parabolic foi
shaped Iongitudinal cross-sectional planes decreasing
[00 mﬁ&&mastﬁqmb ak d £ LG9
> | eadi ng edge omﬁ Fheip t rﬁlgl 9&1&109??%%;58 o ﬁ?%\‘é%tgrrc gﬁnc?lzldmga
first hull haging| syrifce fopafsrling e bopst ofic Sttdmedepmdae o they Brat Hudinnd & te¢eadimansional

erwater i t0 ! e fd Lyhull. h
i BN By 0GR ) 8 4L 08 o G Ao o

- watercraft, sairbliffing bpdy lhmrig aghoet and §fhaxdsend anBnsisaifiaé whesd dl&w\/&inﬁii'ms a) in plan
neat h

od cured to. sai )
on one s RIELE0 o bt s EPA RO BIoSE Con U 0 4 s, and o e
other side of adidladis fotai sagyntd dﬂ'yreht@ataﬂglc auifve tvBosd Rertafid al@%éitearbﬁ i ¥ore and aft

i it QAT A, L BB OB 3o e BB

longltudmal\/@disk-@ecubrﬁl biaeabasllD b & €ord Mdefansh, &f dmakkisal A GraRBicl BGerally
ther side of said axis to a second different

parabolic ol St e Yl B O |9 e o] 19 skandocond kol curves

and which éane aftpeedaibdnined distnces Alith tE@'ﬂﬁ"&ﬁésb Gf ﬁql':' pME1E e %?eﬁ longitudinal
defining a_ |l eadi ng edge for the hull when viewe

cross-sectiong] planes, dgreging; frpm thefqes aﬂ@l@ﬁ Fxéd of hediging é@b’ttp bn ddading elge of the lifting
body; said 1RHgHolPhavi atdo& afnﬂ’ﬁ SrefNdld gion el dnshy ?‘ec%tﬁ ¥m&g 'fﬁ)%l 2B, o the

graduated generally para rves
stern, said fifpgparybelisseurv inggasing in wisith) feam.amgnowdfgauuem wéﬂsaﬁytesﬂxen’ig defined by

a se c
ement o 4 %Y A e 2 Sl i Uk R R B pgion o
the first parapalicgis®t-i ¢ foi | shaped | ongi t udi nal cross sectiona
pl anes decreasing fromthe fore and aft axis of the
l[ifting body to the | eading edge of the lifting body;
said lifting body having a bow and a stem and a
predetermned | ength extending fromthe bow to the
stem said first parabolic curve increasing in width
fromsaid bowto said stemwith said stern being
defined by a segment of a third parabolic curve
transverse to the lifting body's length and | ocated at
the wi dest portion of the first parabolic curve.

s,



1, [0026a] .1n accordance with a sixth aspect of the

present invention, there is provided a watercraft

i ncluding a nonohull vessel having a surface

waterline, a three dinensional underwater subnerged

lifting bod§/ secufed ,to the bow of said nonohul |

beneath the waterline during operation of the

watercraft, said |ifting body having a fore and aft
[0026a] - Irppeisaydameiwizing xth e3pedt Uf thepRseMNRRRiSH) ﬁﬁﬁ‘: 1§?r5\f19 q}éva@%craﬁnncludmg a
monohullu%s%f‘hmn one side of said axis to a firs arab

Cur va ik Sl aspe; athnog dispensionnh idepvaten Ftﬂ?malgdi Hiffitg body secured

to the bowa egd nﬁbﬂdﬂlull BerleATth Wh@linShuHlBe Qforaf
a fore andfag r abol i curve vvhosemver t eigef SSHa SO a%r&at% Sgld hﬁ"{g’hbgdy having
B A aI‘a‘f"l‘er Sufese whos éil%mfmm ® iophwes oh@gnbtdfeeﬁd axns to a first
parabolic cighef Wl'[d#d'\@‘ts% J l@@@ﬂ BQ th€ !

wh ~and b | ongi tu | na Sc?%‘soglﬂ%eé)cem aﬂ¥ aé’ﬁé%a parabolic
curve OSE‘(EFF‘%H 1§ %?0 lftceteﬂt Qi’éheff@? adafh d?usaﬂd papabdic cunes togﬁlﬁfﬂ%ﬁiﬁh@aéadﬁé‘éhge for

the bl wH HOMALIE SlaH SREREL | Gotiof laSd HUSR) Ay
Tl Sea Ty g ah ‘L RUAR Sl pa Bl S ot s o
symmetricakang gr@duatpphgeg@@bn@alpm faib@irvechawg véiivesIRiah M&&diﬁ%&%@@eﬁﬁefdtby said

- th hi ck
first and sec@ffdefﬂx@l;o% Qm%?éh erge% Ecl’il’t Br% %%%ﬁléﬁtamg Bglgtﬁé tiskepegs 94 the parabolic

parabolic 0| I

foil shaped lpyigituring] cteeseatmnil plgnet ﬂmﬁﬁ&oﬁl@fe%r@d?ﬂ Rddis ofth ﬁmﬁg
edge ofa thse |%ft| )Etg&leleadmg

of the b the I n
odge of th ‘!‘fb‘fgw ?a%dﬁg%l tb%‘& a5 9497 M 4 PEdteresingchiengeextending rom the

bow to the qtfrreetm Brstpanag h@mh eaﬁﬁ’% ﬁramtmg "
defined b :%1 cgm d f| ? par abol i c cur%eg?ﬁﬂgg?ﬁg%%hg%fﬁm being
4 af jo guryefraggvare tothe Iiftingatiody'sslengtin dod laaged at the widest
portion of thdﬁﬁﬂ pa@ebti byur@ SREHEA Licc
1 o Ogsaiﬂéﬁrg eng? fie ﬁnedgj X‘?&P@‘a"%ﬁ curve

trans ¢ Zesversetothellftlng bo
verse "f"ﬁ twm%@Chmﬂsa@amm@bbdyts VeIEREIDY% and 33% of
beln deflned

f
the lifting m&%%@@%&@gt&w el daldrl b BOSY nOSING @afengt h

by a third parabollc curve
of the lifting body, the nmaxinumthickness of said

lifting body is between 10% and 33% of the lifting
[0027]  In mquars:ewemt fevendtnabpect f einpkdséd: iimentRA0% S 8C HoRbed Pwadhda

including a Egﬂﬂ.h lﬂ‘lénlm a s %}:’e { gltgré%% gt&?asttcﬂ'lg gt&? fé@@higlg ;%-;%pé];ﬂn fincg %guoé‘nggﬂése_

dimensional |ugiep\ratw$udmdged likia; Bide keddkd to sAC e B delaleSite Mé operation of
east one strut

f
oo M8 B AL RES LT L1e, ol Least on oLl ot
leading edgel,fmdba‘ Nﬁtg&fodﬁ&hﬂﬂ’&fe@&ﬂm'plzfntahmg) i RN SRS HILRS Qech&aﬁﬁ) %ﬁ;enmal

enerall Sbo 40 bene th the waterline during operation
generaly parghilic ol isyer Faving verices Ippg ?fg%'@ﬂiylgwpﬁ@e Lftifzdody ad thingfit planes
parallel to thmﬂesﬂcmﬂdma@ i@ o8Pl a
e o L0 00 S i %ﬁ% oyl R PR BAREeS, MSHRES R Bl
ore anda afﬂs Se‘ftﬁ" psvrgR saickifirsi and @F@Q Qullss@mmndi locdmd to one side of
said fore andSHNARBL & [dCﬁJs [=1s) f.oil uryes havi
ertices | ytlaﬁ oﬁ{dwéyecg%?%g(lﬂﬂ%e Bl?n *he Ia'i‘df%“%‘a%
parabolic curgg gvhpsgivefgods ﬁregqcem@@ saif deading: edge b oiphsite kidese abmp section;
he amicship ®elich a7l 8 plirhid AFaBACY B Ll Stioangd second hull

sections on opposi t e
paralle] to th%ﬁ)gz ad i @xip pgwggdhq cﬁn;t m;itsaﬁedl heibseetich@sdrosaihe widis BBdof: and

wherein te one side of said fore
e e Sl I O s S-SR R ot it i s
of the lifting begpfodiervilgegheraof.pl an to first and second different
par abol i ¢ curves whose vertices are |ocated on said
| eadi ng edge on opposite sides of said mdship
section; the amdship section having a parabolic foi
shape in |l ongitudinal 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. -9a- §
[0027a] I n accordance with an ei ghth aspect of the
present invention, there is provided a watercraft
havi ng at |east one-Rd| having a surface waterline
and a fore and aft axis and a three di nensional |ow
drag wunderwater lifting body secured to said hul
beneath the waterline for operation in a subnErged

[@%ﬁi&@uaq%%d%nf%#tﬂ tg{x( ?%}rl]g ct O?Y eh;ges? ot rn'é\;egt%o ’1s iﬂ‘ﬁ%ﬁed a watercraft

haQihé ﬁ%abt%ﬁe K Inadih o/ Bsuk e S@!eﬂime fdlalforand aftexis gldfaehmercbﬂelt.mnal low drag

hull, said I|ft|ngebody havi ng a | eadi ng ed i d
mmwatml@mg\hechrtsecmreém feiddll bops e SA%HRS EHPRGH PR ) ul?rwrge state, sai
lilﬁrlégﬁ{t]) gﬁvglg? Rl cp ! Of v%wfai h?an %@%@ lllll fhe forld M@ aﬂ‘@i?e%ﬁ’on relative to said

oca ere st part of the

huflliahé beifd 6urddf tottl’ﬁﬂmllj faldi Iiigngdy heings: ledimg Fedéel and ad omgr yatted surface
| ongi t udi nal cross- sectlonalfflanes parallel to p 4 where th
wiiost shaperpenfartns ahig iplen 5t 2 segrBenh pfja first perabolic, et whgsy velRefs located where the
[ i hlNGoss-sectional planes
o PELE RN SiEh o RHARE s LU VT RSpli A sonat
padigl hine hfo@xindnst akit of phe dell, eroniyeingilsindngednatedy gepprally parabolic
the thickness of the parapolic

oi |
-foﬂ GRS hetingayerices duings @t theoleaging ﬁ‘ggﬁn%fs 83@?&"&% gof plgh extend f
e Nickicdd bNBie BRIt Foif BiipddeRad tﬁl@mﬂdﬂﬁs sectional
pe E?ﬁh&f&?gf%b“@£éﬁ C0027 F% aégorgancg Wi t
plmiemebremémm tf firktlide m‘thesiéilng Hody &rthé leading edgs pEthp gﬁmg body.
provided a watercraft having at |east one hull having
a surface waterline and a fore and aft axis and a
[S%E:) elngzllcgecg" a:nlglg D& hul ity 8 ea?(ﬁ'l‘f%}derreélé@tt 1%{' 10 10n tll% N9;s pm\Xded a watercraft
hORR a8llehsd Bnel Hilt aav@dgbmaﬁ@e GhateSih@hif,a f&alaﬂh dﬁl afxtsl, ag ab@@lays dimensional low
having a first side, when viewed in plan, extending in
drag amdegaersifingbady apeuesst tp srid pll bepepth ghepitesiipe dortpperprion gl submerged
g|£g1 th I f [
Sto ut'er % atl}?\‘gac%st cgsv(‘e’heTci egvséclelmlﬁsl Q%u%%ﬁig% uﬂﬁé! ﬁ?gmﬁgﬂ direction

reladesctb ngd thgmd fnemg feln@ed tofitei il shid diftinghedy huwsgmdouten witted Rurface whose
tudlna cr.oss-section by symetrica

S}'@féen’én")iﬁ’l‘iﬂ bwa olepding rige Esrthe difviag, pagy Vo meaed imlgp and b) in
loﬁ%ﬂtuﬁlnzﬁ crds@ﬁgioﬂ%yes‘}gﬁlelﬁfzal B&rt fohhBtfle RAANRE ﬂa\h&é{ Ve&lckcg]lymg on the
anes parall to the fore ang aft axis, sald fting
lebimgﬁdm |t1n=glfth bp@tanéhdlgseni@ndpasél@t tb thegore &dlaﬂ afis, s@d lifling body having
sec |ondc qform(?aﬁt) tpanftoasegrrent of ﬁtj ? boli
s P s PSPy & Y SPTERTEIM PER & %8"'%'%"*“% e? fi} garabolic curve
wikdse Séted] is 16ARE RO SRBEE s AN Ea B S BRICNE scBRdcAbh ibREdYE Shid first section
to said first section having a parabolic foil shape
having p pargfiolieigil Ape ip laygigidingl srdsosection bigh isgnifpnn fngplaves parallel to the fore and
afpix?jﬁqr%fots e{ 2'0 hseltgl:fq%tsage é%:(gr{ s§:<2t2d|1%cn1fd¥n ai)fili irs élrdé)%? the l?%mg body; and
wikcirdifs thetbileurods df Reid Ifird bcigh beflise ianidckned QIR Bhet Wigthfi@kdof to the edge
curves of said first section decrease in thickness
m%ﬁ%ng the width thereof to the edge thereof. [0027c]
In accordance with a tenth aspect of the present
invention, there is provided a watercraft hull that
[01&3 & dctdrianbgwhlo dyenat dspehetihd predehsinteavor, @erf i0 ploviladla watercraft hull

extending underwater forward from.the forefoot.
that has a lifting body attached to its bow forefoot and extending underwater forward from the forefoot.




-9b- [0027d] In accordance with an el eventh aspect of

the present invention, there is provided a watercraft
conprising a hull having a fome-and aft | ongitudi pal

axis and a bow on {said axis and a three dinensional

| ow drag subnerged |ifting body secured to said bow,

sai d Ilftlng body havi ng a fore and aft axis and an

out er surf ose, sh L vided a watercraft
ptafdl t13 aﬁ“‘f‘ Wil A S P as@ ur vet%cg}ae ?ég% lélg&gﬁﬁ ?é%ré{lsfp 1(E)br e

Bl I@tﬂ% aBefll 1§1va£ fokd¥8d AMibrgithdnatigfsi anda Bow caadld Ags @dg ghréegimensional low
the lifTting body in plan and b) the Iongﬁtudlp d s and an outer
cxlra@sssbrmegcﬂ ihﬁnabodrﬁlsomréé to spidroaw, @il Bftige body paying plorgd af ¢

sBr?fz}ce gﬁos% %épehc nforms a @F%{ U4 /g pRGREE BirleXeedRERR Qhid fore and aft axis

vrng ying on the first

RAMR AR toQeffild b léﬁdmg/\édg&fof thelifily Enﬂyrms;ﬂn(aﬁd 11) lthe Iqragituslingl cress-sectional planes
foil shaped | ongitudinal cross

dechd & isad) fcgq,\ﬂyl afte & tonmmsiigal gra l.tat rgglbl%p Sbohc 5011 curves having
of Lthe lift] b thP Gickhed b ﬂi{%h@ﬁ)ﬁ@ﬁapéd’l@lgltudmal cross-
V)?%‘Fr?ﬁ BIE e%n&%tquhgs eglértlﬁbed above are asymmetric

abidial plaRi declming akorieneindoahind afvakis to tRrvige ity lifiae hedy:

the lifting bodies to be positioned relative to the

hul | of the ship to conformto the hull, to

a@@@ﬂ“ﬁﬂ@ﬁﬁmg Vi of b %nﬁﬁ%ﬁﬁ:@&&%htﬂd Grial Do he hul |
caused by the hull's shape and to nodify the angle _ of

atsymoRtristbeuh teir mpin forg b«bﬁtfmsr:@rls BREPEIE th‘ﬂthﬁﬁlgrbpfhfﬁ Rge
. bggHSﬁ?)ﬁl&f‘Pe]? fre 5 BEHATof the OB bgﬁ”oﬁ‘n‘?@fh i H)ea&HHmodate
er r asyrrrretrl Sl aes are a aéen

t h&atahﬂ@w Shitttleristics beldwothihadkeahsd biyethe htnlil’u eshilmahd rtg modify
e configurati ons dependin on the ship s hul |

gﬁé“g‘? Oﬁw]ckafﬂpﬂs&mg et gFenrecample. kg bbag kadies canbe

| °“‘g§r‘%§é Syt o e RRRLE s o B e R i, s & adjacem
vas R shig*8ullishhs &gprebéafi hREmERE R&liA ga%@wagggratmﬁaepénding

and out board. WO 2005/ 023634 PCT/ US2
[ @030¢ shihss bbshape.and ot her obj ects features and

a es qf. this, inyen n W be ent to

t ﬁﬁ@tﬁﬁr PP%HOP‘Hg%‘%’PBS’PS‘Gﬁf’P ﬂ#orﬁ%%ﬁﬁg Hrates dyggmic
- de8GhdnPhhPRE c‘?éated 'nlxclréelﬁh%%'au)ﬁl% SHRA B BAERIUbsskS e lifting
i nvention which is to bé read in connection with the
abodizp ayl epldéed Wotginbodre ad routbdardBRI EF DESCRI PTI ON OF
THE DRAW NGS [0031] Figures 1, 2, 3 and 4 are
perspective views of four forns of symmetri cal

lifting bodies as disclosed in U S. Patent No.
6, 263, 819;




[0032] Figure A is a schematic plan view of the

enbodi nent of Figure 1; [0033] Figure 1Bis a

woroes®2s@at i onal view taken along |ine | B-1B ofpchrin@in@/o13ess
A, [00341 Figures 5 is a plan view of the enbodi nent

of Figure 2; [0035] Figure 6 is si de view of the

enbodi ment of Figure 2; [00361 Figure 7 is a front

[ di f,.Fi 2; 00371 Fi 8 . .
Vo B30) "CheRRs. < atneh it Flfitui apl Gvastages Sfthpaayention will
Fi gube afpdréntdo Hode skfii&inQhe kit ffroﬁi"@l%%lg@uﬂﬁlﬁ%%?ﬁk&&és%g tion of

[0039] Figure 10 is a front view of the e I ment

Fi guiléustrativiognioodifenfs ot the idvehBommdiidir ied beliead deconneetien with the
of tgeoenbodj méelnts of Ei g,uqes 3, 5 and 4 respectively

to afd@ " IYHESIBY BRIV ARG Phe devel opnent of the

asymmetric bodies of the present invention; [0041]

Figures 14, 15 and 16 are top views of the split

l'ifting bodi es shBRIER RPESERIPTION OF THE DRAWINGS gur e

17 is a plan view of an asymetric lifting body

constructed in accordance with the present invention

usi neBhe Fi | & i fting. i .
Fi qut eath [ty 1% 3 ooy BRghe fby T fmerica
bodylifingodies asdigcioes] ih2J.8nPatert No. [(EMH19F gure 18 is

afr é vgfew of the asymetric lifting body of Figure

17; ﬁ’g Al Figure Lipds a scheinagic plaarvisw efithsfembeodimentes Frauee 1;

| OB PSR PH Bh Sebe i Ll e 1
hal f[0084F Fipurdsi § fsiatBarb@ey o iRVEMbIdIRbAWIESguts zand 16; -

[0045] F 1(;:1_ure 19a is a front view of the ehbodi ment of
Fi-gult83sloFignw 6 606vidode 8o BETenIRRINGN 0T gde 2: 11

[ 00 igure 20 is a plan_ yiew of an asymetric
CTift %ﬁbg{ﬁ?“t%}?ﬂﬁ%t"gfﬂ” pf the sEwboriment oF KioFe Zine
Pr es[p037] Piard 4 | L ; : .ves of
two 1i f'{]i ng b%%irhe@%gﬁ%%é %I%Qéqlgl&gte&%%?{ned from
di f f[8028]t Fizare®isl d sidecviewad thel otimbhtp g eead; i s a
fro%g%/; ew, of the enbodiment of Figure 20; [0048]
Fi guPRPIIHigyrel Ol afrant wiewt ofithe prahodiment obFigarerfonohul |

v OO g5 RIS 1 e or i .5
Fi guin€ 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 asymimetric 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 6f 'Figure 19;



. Figu c isy-a front view of the right |ifting body
Showibaftfad inide bSe cansfrucied i apcerlaned wish iment of Figur

17 and r espectively positioned with one or another of

[.r metric | eading edge portions adjacent the
whilfigfs

he vessel; [0049) Figures 23 and 24 &€a&/U52004/013683
bottom plan views simlar to Figures 21 and 22 of a
nmonohul | watercraft including supperged |lifting bodies
constructed in accordance wth the enbodi nent of
i QuIB4ED Figute 0S4 & paRGAS of dil@minfifrid o Haah8llhshcted in
gener al | di verge or converge in the org ditecti on
f r onAEHOT4GR Miththepriesant inventidreusnes belright ftDBA haRieg uf Bvo lifting

25a i.Sa1: . ' im.l to Fi 23 wh [
tho P38 AR Efc L foriiod ot diforest Baboliaciyosmul |
by a[t848N dReirv0aisRORbhtvHRES LIS cﬂlfbo%i%lgé?xlt lgfgfgg;egg;[obody

to the support foil; [0051) Figure I onal
vi ewl@04Rk Figuremd] 4ridd2 26 be@dih piin ViewsioLa AdnotDRRbreraft including

shape;  [00S Figure 26a Is a viewsiml
25a Partions 4djgrentihe hgll af theepssel;0i | bl ended wi ng;

00 i gure 26b i tional view taken al |
26 00471 Bityfis 3082 fudbmiontpguniemsmimgestatipuie al and 22 of a

hang, Rt Reftenivilh polifbhed R bridlch b D9fbenic teading cdge

- vie I 7 i accErdance wit.h an
ool oo O b Rl i e R fordance

i's awitiotheemboidimentof Figare 19 dfoskidaed So 8%t (HAHA] bodies generally
Figupe 28a illustrates angther formof a lifting oofy
for YLEBREr ¢anyeigsip therferefirecioni fromfortveramdithe tiulire fithe okssel;

i DS R 2R 1 Bl Bl e To Eli 2 wheren e

sectasymaietrid laillstakeshnabed i thi RERARAT ' .
28a;. %&059] Figure 29 is a vi ewesi m%ﬁ?bl?gd%‘gtﬁrgmﬁjmcmeof

but WBlimagodrio hesuppostivitet ric | ifting bodies forned
by t e .t he separated body of Figure 15
ceclE ! a“tig‘?‘é%cﬁvs ¢ BB i ke along ing 23brish of Figuss:
20050652} 63 4uRTHE WP RBA A3 8B Ric richti Sha¥h $n Fldube
a view sj méillugr to Figure Zg oﬁ‘p k Cghg%ﬂq%;dx shgv\yp%l?’lgure 23 taken
asy Hpsgtheling 2502 5ego bitwirete How thedoid lehlieinia linai vl shépe;
sep?ﬁdfegéfg,. bodé of Fi ,gur ¢ 16 secured directly tot f‘;e ,
s HEYIR 26% 15 3 wiewssimpar te Figure? dmbut illustrating a swept foil
- blended wing; :
[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 huil; -
- [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 monohnuil;



[0061] Figure 31 is a schematic illustration of the
surface wave forns created by a specific nonohull and
W@ 2Q0pP23684y body | ocated at the bow of the hul | pcir@0ali/013683
Figure 32 is a schematic illustration show ng specific
possi bl e | ocations for the | if_t'wg body relative to

the hull; [0063] Figure 33 is a perspective view

illu I I t correcti-on of, ,aliftin body to ]
t e RIUGBE Fifed 26 £6tonE i PR ap Bl ne fmmetric
Ref elifting®odive forendd s, e auivagdof e d8faditbd bcfdﬂdffﬁgdr_e 16 secured
illustrates the basic hull form I0 of oné enbod

i ment
of t figectly\e the Bpidercaivthe bulls ofithergampranpnt  No.
6, 26 - di scl osur.e..of ich.is incorporated
her efor?%gﬁ F}%’% g?% i ?'ﬁ‘é‘{‘? }lﬁ‘ﬁr#{;o“o‘%&be Ritfrqee 1‘8“6 %%‘%“%feafed by a
~ par afjetific Eehuuhat 1&611% Body 16&3&!‘& e S6RSIFAd Mull;

parabolic foil shape in Tongitudinal cross-sectidn. _
Thi sl0062] Figwee B2iscschematicilinstration showiggspesificAoasitle 16 ations for
As geen.in F qu 1A, . hul] 10 has a peripheral edge

12, %F?}gﬁqggqg}%g@gygt%@pgp » as the |eading edge of

the jook3) Fiphkes def Vil i _ o

i f t[:nng ]bolgg}kv\hen ‘%fii%meédﬁe‘ﬁ%ﬁg%"@ﬂ% ‘@%&@J‘ﬁr‘é&&"“ of a lifting
def i bedyt tathechgwaofitnohehrdlibst anti-al |y conforming to the

conventi onal parabolic equation. [0065] The shape of
lifting body 10, in cross-section, is generally that

of a parabola 15, as S‘?‘?M}? [ The specific

shape .of the two parabolas @W@%ﬁo&ary

generally as desired according to the size

rethb nts of the vessel, and within certain ranges

of | ﬁ“gﬁﬁi%fsmrrﬁ n¥n Ksthe deaveing spdefeil, Bigurod illnstohtestthebasic hull

| ongy ' | i 0s8S-secti.on .jay. canbered

| On b 4088y BRARRIChE TR RO R T BRRRLES ses.on,

The thadibelosurg of #hith'is iconbRubehielh B rotddenddl The i PESRly hull 10

froma perfect parabolic curve in cross-section. ‘

Cantbas # Rerabelic eanfigurationdn plndndedichératly pamboliofoil shape in

desi .operating canditions..and speed using. a_well :
kot {BTalcroREesan Fhisis lbyats/gR more glearly imetmeritey and 1B. As

cr egéein gyt TA, W6l 36934 938G tbral- i

S13 [0_0661gdl\fikfti ng bod?/é g g@l%@ﬁ%ﬁ%%%ﬁéﬂn%ﬁ@%émmasme

| ondfadingiedge of thedmills whichalefinesathe wigiest abitidh oftthe liftfhg body when

fore.and.aft axis 14 ar enerally symetrical to the
* par Si8H & plany s tee Soeer 26 oprabelrbapnally contorming to the

crog&“%gﬁéﬁﬂgaéggwe&&ﬁghgure 1B, but the scale of
each cross- )

.[0065] The shape of lifting body 10, in cross-section, is generally that of a parabola |
13, 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 dcviatién of the huil 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.



- apprdX

section decreases generally uniformy away fromthe
fore/aft axis so that the lifting body tapers towards
WPH@“W@%an edge parabola 12. The vertices of PITaIS2004/013683
cross- sectional parabolic foil shapes lie on the

peri pheral edge 12 defined by thg plan parabolic

shape of the lifting body. The | ongitudi naI

Cr oS pyBBL Lifinghod) 26 ?dsg)g‘lﬁ-}(gﬁcalhﬁﬁ Inggﬂd Sf( s-%%%@l}%&ﬁen parallel

aft as required to a

Lift ton@ fbmgndlafc alisb4 hregiencialy ayrRinefical toltB@pargbliIR f&ﬁ shape

V\,hlcilg helllustratlve enbodinent, is thin and
st r af gt Al SERsp-section shown iy Bigues b bat theetchloof each cross-

S B i ot L e
i'n FogglyrtaperBrowodwetie teaditigaidge paabolh 909The §k#Rks of the cross-

cross-section section of the |lifting body, at
| ‘ﬁ‘h”ﬁ E?Iy'»‘b?%fc Iishapes tigrory the perdphgral edge lihécﬁmd)by the plan

fr omdriif r n_ed ge 12,
O s e RS bl T IRl a5 e Ertat Sbes may be
af t @etamsbghtlﬁforb tndal abaQuirt@wddshiad atdik sf mﬁe for
: thed]ﬂ 'éﬂ body mi nim zes pressure drag and

- pr edPBeds %Ta%w{x l&ﬁlsmmch@esgetem oraraesige 6 vy, i thetillustrative
of t ch |if bodi
de3|érﬁ§3bl y usegﬂwkl&g%gq tgmg?aﬁabso* ?‘gl $§W?‘l°hdeﬁ"e“he

i || detgimidmaborobhedctiondl RHbpEstthOfinfgbofty bR@nBOHYm edee 12 towards
acco ding to the 819 patent constructed I n accor gnce

¢ Hernsaneeen in Riguys Howevérpalotiy cai:hslomglhﬂdma‘l\bﬁobs-secuon

- £, Fi
| 2? Z%@&i?& A inRERd % BbprEciongt o5 i ot lpmgts ot body
- pt arfjorliecRoss seétainerepiex ipbint %H@ﬁ fﬁ ‘Ehet %ﬁgglbﬁqﬂbgns to taper

edge parabolic curve 12 of the I Tt
co nF‘i"@j‘l‘IFlﬁthe@tﬁflﬂ it arhadt seatied d8e 3t lids ebe(rmﬁmnb ithait this SHapk 6 the lifting

bot uBky AhyiRtizcS ers e el S 1%2%}13@«%@%0&58&&»3% s of
3 sbpwatianet e Rre&@fé.%ﬂ{‘%glfcg%ﬁclg [fink oblleR dreDfifarll uf

819 atent, also forne ["Irccurv

| GHiarExgmmaz |5, Gtand § 1liustpat¢ mdtmmoaﬁn@t ob Rt body
revoI ut .on f % | e parabaol a. However, as wll bé
und 87l B@too Ct lep§taigtad-in aprerdance withdhe sdme principles

| [if h
| ealiuseodrbell iidshdss B0 ppbbatdty rHeBRITY Hery the stem
enbé@l isforrhednis yelo a itlsirdipdrhblit cib@AGin plafl) whitHaS p&emqmueﬁds into the

| Legshaeof t he sams parabola. I n additi
- 'cr o¥ading eflzcpaiabaficapsve 1 ofithe liRirgttiody. ﬂmwopﬁgmahem fifrther

it Srév\%{% 6%%5@8’3@)( ;@F%gﬁﬁf??g%ﬁﬁig%&%%i lglxecpcfn?tro% l\imncttlgn 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 cﬁrves. 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 1s 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 of each parabola being on the mdline

parabolic curve 12. As with the enbodi nent of Figures
WQ20s/02ke4 af t - section 18 of the hull is tapereechosici®nizess

the stem [0070] Figures 4 and 8 through 10

il lustrate another enbodi ment of,}ifting body

di sclosed in the 819 patent which is forned, in

i neiple, desi anit | i G .. pOd- t .
St r St <gB "Gtk Bl o R BB e sppredngs with e
the pmbodimensdfFighesg-3, kiesafl 28601 V8 bNMe HANIS tapdfed towards the

pod's hal ves are then spaced apart a desired wdth an
the S€@tral or |ongitudinal mdships portion of the

L W gl oo

| ongdistidsgdaih ties 839 paRat Whith iPforhB&, iR pHgE i -
Thus, the Iifting body i formed wit hg‘é’?gébgﬁfags‘%ﬂggpmb"l“’

| ongPeditiPA siructwigsycls astionmsn Figuwe 3 and theni dividingthe pbd in halfalong
al so; abol i.c _per,j gpheral | eadi ng, edge in pl an,
exce15¥%?l 5@" (ﬁﬁ‘%ﬁlgr pggﬁtq*agvles B’Eﬁ/&k‘%ﬁﬁaic aRfRt ¢ fesined width and the
pl ancentralér Iogigfdite rdiishipY JorG&Le £ 801 L ' iform’
of the hull Ul?% t apered, asﬂodescéﬁtgggﬁ%c@&,ls ?(ﬁ%i}ﬁ]ﬂ%thumfonn
abouarghgliccriss-dectohs t:bmpleawgltall'y @f tht bmabﬂlid longitidifal cross-section
ste 00711 .Fi qures -20 illustrate the manner in
whi cof PRLEEShRol sheve. | THs; thg LiiRg ey formed piemwkolic
| NV EBAFMAIm BrodEV&Yi | | . 8od
14 Ty Crol Ve BRE o s, Pl Batsp A RERpb]. Aiphera
pod-leadirg ¢dgetin ppnbedbept oo a straight @eirilbae satidaRdtch, Wi plan,

t he .&eris dijrent of Figure 3 above. Figure 11 shows a

f r ofipc &@Aﬂ%pﬁ 556 B olh sestipp ghithie dwlliy tapered, as described
i1l i ' f d aft

i Bbieiiom it ROCHERUHASh B i oW BRE T

--.axis into two pod sections,

i | | J80THt Biguteh ¢1-20riHustree tha nv@scr i wHigh thel RYmmdi@ORing bodi
Figures 12 and 15 il lustrate the |11ting body of the e coesof
enb &t PRSP Brveption are dleyelopesl. Ig pariigular, Figanes ¢ 1 38d il4 iliustrate a

fro ' | Lifti -oody. 2 epar at ed ong
OB R AR, SRR e o rcance
22a withcth@ 2iabodii@ut 6f BiguicS dbokve |
same struct u.(r)e. '{10073 Fi guroggpf anldI 16&#5)?8{1@%%&&6 pod 20
I'i f-&ns gehsmaiically iHpgitatesshe podsep@rat@ albagyits ford And aft agis into two
fro ' Wi N he_lifting bod 4 again cut in )
t wo PRGBS P8R 208 g 1 iBlnricesB swhe fva Baiveomm plan view.
f or (0O7RE BAGLd i £l i | an.

iew g e P EELSIRREnE B 1 Mol OP e Rt B g Rigures 2,
t hodeb ad 7. Eiguienl 2 ise feontt viswdshowing e liftidg $68y P2 iséi{)éraéed along its

above of. the_enbodi ment of Figure 7, the |ifting body
24 Bl BE a3 8 vt gwp Balvess 226 ond 20bs Highipd ioh top plan
a boRw sHithdtQUAL WrhQlre, | - €+ Lhe two

{0073} Figures 13 and 16 depict the lifting body of Figures 4 and §-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



hal ves 20a and 20b (illustrated in Figures 11 and 14)
and a m d-ship section, 20c WO 2005/ 023634

WBEHY933664/ 013683 - 15 which is parabolic in PCTUS2004/013683
| ongi tudi nal cross section, but with all of the planes
through its wdth being of the_pane size. [0074] The
conponents illustrated in Figures 11-16 are assenbl ed

i n agehda ¥ ' i Fi_gur - i
7. S0 epaabolt hlod ifidiral kY it buplyih ol e planes tough i
pr es &idth bewmgof thersamiersizear t i cul ar, referring to Figure

17, ﬁﬂ)gﬁ triclifiiing body . 30 is fornmed fromthe

i ft 1994 ﬁl&?%g@gﬂws instratedyin Figures 41414 grarsagmbled i accordance
.. 20Db. wi : O t heir faces forned.al gng.

the SRR iond e 1730 Uitol R Syt e biies of me
i f t pregerib adentdra plaspartiduls Orefeifing fmmﬁmﬁﬁgﬁm&etﬁﬁ fifting body

_di mepsi gned that . at _the plane ere they join _
“thei $0 J5APERest from dbe:{iiing Jody semseant 22 andrihi difgsbrasyi ssgment 20b.

I ndi ; . [ I n_Eiqur 7 and .18. .
[ 007 ke et AonEERE Ry Bferalofe BeiPED 56 s of thei
i s fongmd liftinnbddyshapst iGfitourdahe twé Bébrhdnid 4rB QiRtiYorRE so that at
-*El'gu@g il6 and the section 22b of the Iifting body of
“Fi guing Plang Whegs theyjoin Heirtparabatic ghepes areddanticale gitasplne is indicated

w.are o ' Jine.33 which is defined by the
'respg@?lleggu%den ra:{iﬂfq:éé%e%\hga’ém'axes of the original

* bodi [8875]AThé tifiing boliRBE shéweir Pigf 'eﬁqgiaﬁélwffs%ﬁlaed from the section
sectional shapes of the two bodies are selected to Be

i dertda@bthediiting hody oiEigwestls andithe saotiomB2h bethe HGAYB3dy of Figure
The {4 fiki 45 in Fi .20 and 20a i .
{or s oS fegth e 553, PP o5 Besaneli o ned Hlgng Bhyingrhbich is
i N Fefuedbilthedbhosiil deAfalZ3R: HaG d&{ee %Eleloltri];%{n A GoBBLY At that
ge 'l ke At SROWH

formed with a parabolic |eading e
in t@eethsdengitudinabéross spotienal dkapesiof the swo Yodict by Rldcted to be

par rs for jts paraholic equation so that its
Wi d?g&ﬁlgaisﬁa{‘ﬁ?’tmm&ﬁgﬂ Merangfiet-he body shown in

o ST A 8 BR80T e e
r es 388 of the lifing bady showa in Aighral$ avkatioh 228 1maae K@M Alifiing body

bodies. [0077] By creating asymmetric |ifting bodies
in lf?ﬂ%ed\kﬁa’ a l’ﬂégq’l}q leading erne like that shawn imthe estbodiment of Figure

mai ' ; [ f,.the vant ages qgf the,. ..
1 palytP AR Burnihelirs £ b pBGOBAY ARATRFo st i Fjaun i
+ addnarowerttharethgt €fxthe body showdi ihFidurk 15U $Rre RN e skdtions or

in connection W th nmonohul |l and catamaran structures .
- of SRR 97gIuned dlemg Bedine 33 which is defined by the respective central 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 cﬁn 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



construction. Because of the asymetry of these

lifting bodies, they can be positioned at varying
WQAYSE3368¢ the attack with one or the other of PUNAIS2004/013683 -

asymmetric sides adjacent the hull to conformto the

flows generated by a particular_ful| beneath the

water's surface. In addition, because they are

PCT) R SRR TG i MO SRPIRRAGE Il can b cppyspiontly placed

whi cHosthieythadlsi butnmrthoatderefm heordonts prodit dynithRRtrol as a
cl ose t? ‘E'g.hul | s, but outboard therefromin order to )
or o teC gl 8 iH<ceasBh dymsmiagoment s ifting bod pepioduraers e hull. This

dynagi -] ft j du on the .hul .. ..
T e oV g PR 20 22 S i odies s
21 atwhsR@ctedizraetordmidetwittgFigaet EBardGhow® Bifporell 86lowlthe hull of a

accordar}]c':;glfthh Figure 17 are shown suploorteql bel ow
t he HAPPOUGrvessel shelanY ihullos seund bajom awll. Ve lifiingibodies are

rour M T A les . are u e
direct P?/)&f ro r%re g& Srg gk'bg?é}g us(%{uﬁ&ge gg%%%\;@e Wﬁtgﬁé&p‘gﬁ‘? ﬂ‘éu*

of tiHesttamd in dottbd Unéyiatteste figustal WRH chbhviaBond] stri&S# the like as
fi gg{i(@,&gwth conventional struts or the |ike as

dis d, fppexamplenin &igure3kofthed BBpasentt FowdE in this case the
t . t hi h t t '

P et o 6 Bhing 00i? o S5 hite Sett Bl qf tpmopohull

t he vepsehitt the Y&aRThat théré [ diBcreqsiUh it trﬁlggtaf)ﬁgi fnd seaX3eping

increase in its roll stability and sea epl
abi IaPtIW- [0078] In the enbodi nent of the invention

roul U e bl e b RS SE egns e biing bodies 30
t he atd dbimiied bR HeBResddl ?@ that ﬁl%hfgﬁﬂr@hag%ggk -8?&1«3%@]%8&5@5 (i.e. the

hal ves of the two different are jol
r em@ky 33pdore) Wisith the halhees fof the tamddiffeientind PSttipes arYbihed) remain

50. | b f th t f the lift |
odPEETETA T ons )l pcess fbuleadh | Tgpweihzpbesmuse pEBhcgsgmmetry of

| T - . i hul | 50, .. .

t e SAREGEE ind o Mot YA 20350 520 ot Togatsy itiacent to or
di vécgethe sidesofindl $0)dideffectil® Ra%nglcdgé BEHR MFARS BEAES are

. of _ahe shting 50 shown in Figure 22, the |lifting bodies
30 “YFgeplramwosg angtherin t hose of Figure 21 so that the

sid ' or hed t he .bhodi fo... )
o TP sl Rt RS 3 Bl tingboie 0
- pr ostediivegted, BOTENGSS of FIAKE 2186 (1P el it AbieRP wh}_éheafre formed by
exact pgsitioning of the lifting bodies relative to :
‘'t hethehaglies ofreyolubion 28g end Péb ersfadjdcentito hall50spiodaciag a somewhat
f acj he hul |, .. be varied,t
aCh vl %onﬁlgurétlorg.ay’me exact }I)os{jtmn?ng 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 bowof the hull to minimize water head on the lifting
bodies. Aithough 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.



accommodat e fl ow characteristics of the water under

the vessel's hull as well as the wake forns created
WWOP?{%Z%%‘W of- the hull to mnimze water head RET/USRH04/013683
lifting bodies. Although in these enbodi nents of the
invention the axes 33 of the lifgyng bodies are

positioned parallel to the fore and aft axis of the

hul | [6680] i Th thSerhBbdientd IHELS] | if Ldd ;
bodi ae. my paberhBed enidfgialand F?%@%Srﬁi@??%%%@?‘é"’é’ to being
r  GVRRSTGE by stuts deooh thetdeek striu2AB6YOMS &aer surface, the asymmetric
PCT/ Hﬁ%olggplﬁ 83 -17 10Q80],In the enbodi nents . :
i11us S Vg Brekaably Joingd toeach gthegbry @ peyral grase fail62 or ar
- suppeépaesleloifitd ot ihe & Tk Bk e Vet he

wat er lisurf_g}ge, t %etﬁgglyrgﬁyrg? PF@@%{&%&F f%g&%ggu gg@%ot%gf, gan be

pr ef eprisniionadifpibshaped emwnglilebodins. Hovesver, i ha€ be&s found that

foil are separately joined to the sides 64 of A
the eledimiy eofedl o 16stulsplencs screotad i these foils e shaped s

CONVBRAANRngk Gth HERSEePln %ﬁ%@ﬁe&%‘ﬁ%@%ﬁﬁﬁd

it has been found that tt
| ess Wingendissiosediastheirdnteatbt sitesttoeng,. coni/plnfme asd ¥ eko.com/

| as ende i.ngs, sych as are used in certain
Cair C%\W%&‘z"gf&gb&naﬁw g0 hedy asWisdessd dioseinp ghedfoiltof the wing
A hei foid i ' 0 nd . . .
W g e O aiig el B Bt BURG\J 6 Sins P siytantally
as dlhs shoe asithe tkitkiess of the lffﬁh%b&lfy'dt Higivhdigt ofij@hdisre! Mis is
body .al ongcgan el ongat.ed snooth curve with thé w ng
havi TH) " f8 CXAmPle) ¥\ Figune2Sharhachis aseetional viewabmough thenfoil 62 -

shove DR B il ifs JUh ookt ¥ e LRt neit s the same

vi evoutedimghsiomiand srofileb@xcéph BHiRdeddiat eddd @3] if
poi nt uncture 61 V\.jlﬁ%h ﬁe l'i f?i r119 boggy g%ﬁg?ts?gﬁéﬁa}surfapc
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- Figur ezaéS angltl 24 are sinmlar to that shown in ‘

Fi g§elardq thatshown inFiguses 21 and R sucentiio theseernbodiments, lifting

o 11 T bb@iGs 40 are used. In these embodiments, the surfacé:s 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



bodi es 40 are used. I n these enbodi nents, the surfaces

of the body of revolution sections 20a and 20b are
WE38e¥0286%¢d to face the sides of the hull 50. AgaiUE2004/013683
the bodies 40 are secured to the vessel by struts
suspended from the above water |jne deck, but the

l[ifting bodies are joined together by the foil 62
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acc d?nce W th ttille present _invention on |larger
shi %ch ¢y o reennhull viesssisovhish bave Shammelinesthat arpdesigned to

S| ZRdh& Bl fRd with lifting bodies constructed in accordance with the present
i_n\(ention. 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 aresult, 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 Yessel 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



to the size of the ship. They not only provide

additional lift, they can be tailored and trimed to
WP2hi@3¢¥ve effects. to the | east resistance tRET/US2004/013683
passage of the vessel through the water with the best

sea keeping characteristics. An_gxanple of such an

ef fect occurs in nonohull vessels which have sharp
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are not supported by struts or foils but provide material dynamic damping 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 minimat
disturbance beyqnd 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



the lifting body can be connected by a bl ended w ng
arrangenent as shown in Figures 28a and 28b wherein a
wpanes/besdal ended wi ngs 104a are provi ded whi Ch per/psaoos/eisess
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[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, 1/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 lton and the trim was fixed at zero



simlar to the use of a bul bous bow, first discovered
%@D W _Taylor. [0092] Figure 31 shows the concept of

WREIE el | ation with the application of a [HERY204/013683
body. The upper and |ower water lines illustrated in

the Figure are free surface eleyations. The top line

is the wave pattern generated by the Serter hull
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approximately 30,000 fi-lton trimming moment at 50 knots, the resulting dynamic

o

trim of the vessel will be more than one degree.
[0097] To counteract this positive moment and achieve a level trim for best
efﬁclency, 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



cancel lation and to elevate the hull and increase the
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trailing edge flaps on the lifting body and aft foil.

Wth the inplenentation of a control system notion
Waamisioassiean be.affected withe benefits to addegdr/usz004/013683

resistance in a sea way and crew effectiveness. Wth

reduced notions speeds can be najptained and range is
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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. |



2. Alowdrag underwater lifting body as defined in
Caiml wherein the lifting body's beam transversely
woboshesshpre and aft lifting body axis, is equalTh®2604/013683
greater than its thickness perpendicular to the beam
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said body *has a bow and a stem a side periphery as

vi ewed i nAgb®dra@uid@dates liftinpasbdly ap défined iATlaith § W@i¥Yein said stem -
sectjon, said stemsection having a progressively

decr Balefingd hep stgmentiofe thirdbparphlicrcosve: teangvérsmtophe dength of the
to the. fore and.aff .axis of t [ifti ody froma

poi rittipe Boy AR oXilea iy e dideiat g BRERATRHY, body
parallel to the fore and aft axis which is about

two-thirds of the Iength dinmension fromthe : ,
i nt ef:sect Adawgirag underyhtan biftingthedy sedefirzidde (Jain pdesein the lifting
to the stem 6. A |low underwater |ifting_bo as ]
ot 1 oty HeR Prtaid ok ghed BRseioR O GRosite side S Iape gad aft axis
S €gNEHH the hull sbdtoh HeARERDP i & s&dhy Palebbl
| engt h of ltlhesz‘tj(!?%olhf telﬁng Egdd)} g%% ?Igcate %ﬂﬁbggseéth%g%o?nchﬂfOfa
t he paatwliatbddgdf revoligion7. A | ow drag under wat er
lifting body as defined in Claim1l wherein the lifting
" body has port and starboard hull sections on opposite

si deg of g3 &Pnﬂ E o [ P . [
def i ned by q{%‘gudﬁ@é ond- pair‘%%bi%gy %gﬁ/ﬁe‘ﬂ?s‘,‘q Q%‘ng &@g&ﬁh the
one matimunf thicknpsy efaid kfiiag Bydpis bebWenUtosp Bnd 83 %/ dfltBifting
draq@un,dervvater-l ifting body as defined in Claim2
whertady stlergthnaxi mum t hickness of said lifti ng body is
bet ween 10% and 33% of the lifting body's |ength.

9: A low drag underwater lifting body as defined in Claim 8 wherein the liftingA
body has an aspect ratio 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 pian 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,



9. Alowdrag underwater |lifting body as defined in
Claim8 wherein the lifting body has an aspect ratio
WOR200p(02443¢ 150% 10. A three di nensional | ow dpag/us2004/013683
underwater |lifting body for operation in a subnerged
state, said lifting body having_ g fore and aft axis

and an outer surface whose shape conforns a) in plan

on oResyaini@reft aﬁ@'gijaat £ ga gg&rﬁ éj éa‘i’;ﬁntohg %% ‘?9 . sgl y(ﬂ%ﬁé’ Sggccs lying on

whose vertex i s

on tte I@tdha edge definéd yasaikd first and @comd ﬁe&@lﬁﬂiﬂ: dlirfds@n@ Rihich extend
parab curyve ose vertex i.s also | ocated on the

fore ﬁtle?m & distanges, é‘“ %B%?@&SWK%Bﬂﬂwﬁﬁdﬁhaped

. deflla,h & dhe ﬁ!dl vie cpe

pl an agﬂglu b‘)’AI?ﬁ&JSg%‘SF’?‘g CFoSs- %95 e m@ﬁgé',ms of the Liting
par abddylito the lefding edge «ﬁl’tﬁe hﬁtng@@tl?; sai&?iﬁiﬁg%@y?ﬁ%ﬂg abow and a
PCTI#JSZOO /013683 .-25 to symetri cal gr aduat ed

geneF P13 garedstrmingddensth eﬂﬂ%@na Fomige bew todsste, sryd first

on {4 f bd first. and s.

par a%oﬁJéﬁggﬁgg&ggﬁn%{% %‘ﬂ%gi;&%ﬁ%% b%wt fo gjo%? i ﬁh%"d‘?swm being .
di st@ﬁtned; by msegméﬁte)fhhhled(pﬁsﬁomfcuf\fb&rm{réib@{d tBe 1i®idg body’s length -
shaped | ongitudi nal cross-sectional planes decreasing :

f r orfXigRdingdrem shawidest portien efithe fiest prmboligeure tysaidaxine
| eadi ng edge of the lifting body, said lifting body
having a bow and a stemand a predeterm ned | ength

ext dridi nga igwe ﬂl‘ighﬁndb%téﬁﬂlﬂ@b&dyeiydeﬁﬁé@ﬂ Chih 10 wherem the
parabolic curve increasing in wdth fromsaid bow to .

saj difinghedy’s he@aﬁdll%’ﬁgniybﬁlthﬂgformﬁl afelifting bady agmmequal to or

ic curv ansyerse to.the |if

 Docyretirdfl il Bmat emestionli be hiduand ppend ahar

~the first parabol ic curve to said axis. It. A low drag
underwater lifting body as defined in Caim10 wherein
the 1lifting body's beamtransversely of the fore and
aft [Lifting body axis is.equal to or_ greater than its
hi dPnes & [ aafSematct 1o dyas deaneh indrleimdd seron the
- axi gubskaht

ot {oastibiaty pRLBRE RiF MRS SAhP Lnklg odpd PRIV plancs
. par dgeiseatingahé lithngiedgipatatiel thithd fopgarkbaly agik xﬁﬂﬁhnéﬁ-xcal to the
Saldli:%rc Jntersectlngthe lifting body parallel to

“the® hé?ﬂeg bodysatithe glmmarqll@hthet@ bweeacb lﬂaqmleoﬁt
thepl élﬁ&ﬁﬂﬂ}iﬁer Yhd OGud1RI95: &, a#eall;c?slf? tFH:

eac IS sna posiiions fu

-line for and aft aX|s of the lifting body. 13 A | ow
drag_underwater hull as defined in Caim11l wherein

t hel3i 1 t PrigWdag undarwaisshull andefited i Glaint Huwhersincthe Gifting body

on ﬁﬂﬂ%ﬂ i s%érggardquilss%ctgonfs %h%pggs(iiteasu{es o)fg said ?’ore 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, Alow drag underwater hull body as defined in Claim 11 wherein said lifting

~ body has a bow and a stem, 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-secti_on parallel to the fore and aft axis of the lifting body from a

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



the hull section defined by said second parabolic
curve being shaped as one half of a parabolic body of

woessheisson. 14. A |low drag underwater hull begy , _
defined in Claim1l wherein said lifting bod_\?@h‘é@%‘“’“”“’n
bow and a stem a side periphery_as viewed in plan, a
predeterm ned |ength, and a stéfiYsection, said stem

secti.on havi n&i%gprogressi vel y deceasi ng hei ght )
di meASTROHL tp-Eiigs of Sedenathy disagnsiondrom ghe Intersestion ghgich plane with

af t HSid@lnel: kf ki ody froma point at each
A 3idepe ﬁ‘ffrkgg ?ﬁgaﬁn@

pl ane i ntersect ifting body parallel to the

fore and aft axis which WD 2005/ 023634 - 26-

PCT/ hJSZOO /013683 is about two-thirds of the length

di mengi on4¥ P¥rdres andewates biingdhedyes defiredingrainyd T wherein the

| d kg ekl . A dr.ag, "
cinder e Suf TRLBREE Yeds TR Optvel] B 304 304,08 fitine
t he bodws keagtht hi ckness of said lifting body is between '

10% and 33%of the Iifting body's length. 16. Al ow
drag underwater lifting body as defined in Caim 15

wher.gint h i f1i n,aspect ratiq .of . 10%to _
1500017, Aot BBty e a0 ERGinarin it L3 Whetonthe
L'i ft lifglbody hadin APectabti®ss 10% % 150Mer ged state, said
lifting body having a fore and aft axis and an outer

surface whose shape is defined by a) a | eadi ng edge

for i f.ting. bod i i l.ar in .. .
| ool Toai Adhtef Bisagtlondl ol dse Eerniier nitbhe Gufvubhopdation in
par mme?gd‘d%itdte,%tﬂ{ﬁ{\élﬁiﬁin% B@(Y)} BEANER gd.r{g d b a8 288 ahQGter surface.

| eadi ng edge of ting body yi'ng 1 n planes
par avhese shapetin definedbyaa)ch laidingrdge, fos thedifting bodwwhatlyiewed in plan

havi n fi.ri{ al_{;% second hull, sections on o?posi te. .

si dedNdY 1 Igngrindipal crpgs-seetiony symmemisalgenstally paebelio foil curves
bet g y . _ Al

o areine RRicks Wing on B¥teafie Pl bt che AR 05 488 fing  plancs

f i r arallelitcsthe dord ahdlaf axésc sdid histigorsdyrhaving first #ldaRcé@ hull
first and second different parabolic curves whose

ver tSER0S on Oppei e sidpsf saigiferel and ity issanden widsbimpssstierbetween

Si des;q - i 1.ashi & tjan; a_m dshi tio .
o Iesﬁléd %@tp%@a%%ﬁ@ﬁp%%cﬁg%adgg%%égﬁg on tsbcgel q{%p‘c&et%re and aft axis,
cr osaidsfiret dndrse¥dtidtull sectionsf RhBriin@ing S tPAfsBhidiechM different
the fore and aft axis between the first and second

hul IPaEbelic syenwhospsverissesdre ldcatedamenid leaditg ehgy @i apposite sides
the ol .curves of gaid first and .second hull. _. .
secOf 1 g Seson; Bl midsib oo iving & peaboligfyilshepein
axi offitubi}@l érobd-sdetioR WYcH i8 uhiterR HPF1ahEES £ el 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 tlrliclme;ss perpendicular to the beam and fore and aft axis.



18. A low drag underwater lifting body as defined in

Claiml1l7 wherein the |ifting body's beamtransversely
WORIYR3Bdre and aft hull axis is equal to or CIGTAUSNN04013683

than its thickness perpendicular to the beam and fore

and aft axis. WD 2005/ 023634 PCLA%S2004/ 013683 -27

19. Alow drag underwater lifting body as defined in

d ai 1918 whiwediag Saddwaler liRidohdd¥ dBgSe in sai

stem and a%&rede%erm ned Ien%?oh al ong sgﬁg@%{}%ﬁ]gr@m&msm{l

aft lifingsboghydiaga bowrand arstern andie previettrinined laggnslbhg efiddore and aft

thir olic curv ransverse to _the lifting

pody xR A 38icnE o Setar R < sienbof g seabold surve transverse to

i ds tesiiae6baylend®: orthk Qe Hragd i sald hid -

body as de%i ne)g. [ ng%oai m 196i ngﬁugﬁﬁgypﬁf@%?&%d%?)drspg’gﬁecuon'

on said m dshi ps section which extends transversely to

sai d,fore,and aft axis. . A l.ow drag underwat er . ) ,_:
T g Doy B ketentiter fifinediody 2o dofibddn f einel including a stern
subspéioh dhls¥idRAGARE: éetibR whi 2rdelyf & d i
in sgi d first and sgco'nd hmhfuﬁ%g%d?grr?hé}t%&gg{:% sggié%g?%ndaﬁaxls.
pl anes parallel to the fore and aft planes is

sy rical, to the . shapes_of the lifting body at the
pl 2}12 ; pa?‘elPY"é*Fa& ‘H@P@Y%Fe‘bﬁft‘méé?eﬁy pxdefingfl inflaim 20 wherein the

POSi &ibAfti . fiek- | for.and af _
D o AR afont AT o8 B int bRy it Bid.secona

11 f t4enooaicbpciaef shéd plarek parallS] & theZdrevdi@ afiplaricd s fthhetrical to the
sectioniéq} he side of the lifting body containing
~ sai AP it{B“sh@‘@Eﬂ’P%aﬁ the plngeparalel theretorat faolfis amaller at

o i S SR ARl

| ow drag underwater |ifting body as defined in Caim
18 wherein said body has a bow and a stem a side |
‘per i4fher yAdaw dr ervrpten lifting hody sibfiacdimEhimeigyherein the hull

[ e e ———
cr osmedrRIflof apaRbbid bédy (_Sf‘l‘e%lﬁti&%vﬁo%ﬂoﬁc Rfnul? Esi %‘g Same as

lifting body froma point at each pllane i ntersec

t he thafiof spidmaifshép sectionhe fore and aft .axis which is

about -two-thirds of the length dinmension fromthe
~intersection of such plane with .said side periphery

to the SteBw ddg uﬁdé%&ﬁiﬁ@nés’w Wdefhed inf(glieag.lq %ggﬂﬁrﬁg said body

defi.ned in Caim?23 wherein stem 1S

t hi has phewiand actery asidd paiphenr sevitwed gl b lprédtaitingdlength,
the side ofsai.d fore and aft axis opposite said
m d&fd B S{eHL $5CHPD, 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 piane intersecting the hull paraliel 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 stera
is defined by a third parabolic curve transverse to the hull Iength on the side of'said

fore and aft axis opposite said midship section.



WD 20051023634 PCTI US2004/ 013683 -28 25. A | ow drag
underwater lifting body as defined in Caim18 wherein
WwoReos/meesit mum t hi ckness of said hull is betweemckéeih13s83 -
33% of the hull length. 26. A low drag underwater

lifting body as defined in O ai 5 wherein the hull

has an aspect ratio of 10%to 150% 27. A watercraft

i nclydi ng @, fikrst hull having.a .surface waterlinpe, .at.

I eas? g'o_neAls?_tWr & epEnd eﬁg‘h' %@ﬁédgﬁ%‘tmﬂﬁw gﬁ&’hﬁmm the
t hr eenagtifi@fthieRiddss BRSHET WAL B beSWRNEI096 8nd 3% ldrRgk BAMnath.
secured to said strut beneath the waterline during
~operation of the watercraft, said lifting body having

afo an ft,.axis,and ap.outer, surface. se _shape,
conf ggrrs g} %?”ndrﬁ updegwatsh Eﬁ‘:ﬂgcpé’ dyps ggﬁﬁmm%@ g&prem the hull
axi S haarPashbdtThtid G @OPtJ L500gUr Ve whose vertex is

| ocated on the fore and aft axis, and on the other
side of said axis to a second different parabolic

curvg,whosge vert is.also_located. on the fore _and )
att &kis: i\s‘é{?tafcr?? inefiting syl baydRs wr%%m%rhge,aﬁt feast on

| eady : ' ' I )

| o e o 0 8 bull R0 MR 3P Yy pmereed
- f or elifiing body secarddsp shid saytibetenthaht watetligs didligtpdration of the
gener al | ar qp_ic foil curves having vertices |ying

on tWEtef%%lfgisﬁ@ BEbedt hayang »yoreangd aftaxes andian aidergieface whose
par ' . [.ch. . pr .21 M pe .

G o1 ape ot i Blap N i P 3R, Bl o ORISR R parabotic

shapantvé whgset veeten i locdted 6n gRGboiRd afdxdd) @6d 98 ¢he@BNdde of said
fromthe fore and aft axis of the lifting body to the

| eadPyioctipeonst diffiseent parebelis wees whom vetewin alsalosted op the fore

def i | N.; i rein t L fLi.ng body' s .beam

traneg@ gaﬁsée]ﬁ‘gsofi @?ﬁaéoﬁggléwg%t&ggﬁeré "t"i‘*% Peﬁg%ﬁ cdge gqr the hull when
equatiewed 1 plgH ARL rin tdditubiingl crobd-sdei6sa pRSied sdlieUbahe fore ar
to the b_eang and f]grlg anél af t %xi s.- 29. vvatgrcraft as oreand
def i HfbaKis, o eymampirizal andegraduatesigenetallstpatabsliafoil curves having vertices

g I e Bl
par afgath extehd ¥ pidBRaNRbd Qistahckd Svitt tht 'tlgga‘gg\g%f the parabolic foil

| ength on said one side of said axis.
wat shepedflongitidited croedsechiofilgilane? Fesbasing frotlthe fore and aft axis of

subs jall araboljic foil _ _shape of the lifting
bodf’ﬁ%ﬁ[’“@ﬁ@ﬁ%}s&@'ﬁ&@dﬂ}%Oifﬂtee‘féeébpw the lifting
body parallel WO 2005/023634 PCT/ US2004/ 013683 -29

=

28. A watercraft as defined in Claim 27 wherein the lifting body’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 stem 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



to the fore and aft axis is symetrical to the shapes

of the lifting body at the planes parallel thereto
WEL00¥Y3634 s smal | er at positions further fromedreud00e013683
and aft axis of the lifting body. 31. A watercraft as
defined in O aim28 wherein. sai d2gody has a bow and a

stem a side periphery as viewed in plan, a

pr edetodheriose and £M@kiBis SRSl SOURIGAPRD tRAiffine BHEMht the planes
section having a progressively decreasing helgﬁ§

di menRardiel therte bgtseaggmmner plopasitioss further fronf the doraranid aft axis of
aft axi Hiafy d lifting body froma point at each

plane in & e ting the lifting body parallel to the

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

| ength di nension fromthe intersection of such plane

wi t h Hai d Amaerpraftiap Hefined in Claine28 whenein3@id Body has a bow and a stern,

e ) B A0 S L
t r ansveh section habigg |a%gc%-5‘ssﬁfelf (!E%réaki&xg h@%bpm%ensiloﬁ?n cfdss-section
er&n the lIfting ,

wat ercraft as defrned 1n daim27

‘body Bagallepiorthe ford andathatio of theHiftihg bedyt frams parintei pacdi flane

si de f said,faore gnd aft i's, apd the hull section .
def i ﬁ%‘%‘sﬁél Oh‘ﬁ ﬁbg@ﬁwﬂy Bé‘iaggﬁtmﬂee ’g‘a‘? nd it axip uihigh ig gbout two-thirds
one [kie 10hoth dRAERRA frdm RRAY i ' : - ;

wat er cr szt ggg defined c:ﬁ?] C afer?ngeﬁt}&\f\%grugph%ﬁgﬁﬁrlasﬁnﬂ% periphery
thi clmtestash. said |ifting body is between 10% and 33%

of the'lifting body's length. 35. Awatercraft as
defined in Caim34 wherein the lifting body has an

aspegb, raf {vv%rd?ﬁ% %O(?/@r%gclij éf@?éﬁm%(i wlfér%ﬂ:sg@csi%{lﬁﬁ tiesﬁned bya

~defined in Garm _ ng at 'l east _
depeneimat of a diird preabiolic strvewtans it t8 thelichoiof % Kiting body.
t hree di nensi onal underwater subnerged |ifting bodies
respectively secured to said struts. WO 2005/ 023634

PCT/ ¥%200 - . wat.er ¢r af.t .as.defined.in '

a ai?n@'SG ‘8%%?%‘31} %se&g orgéma%lg'tfzt hegn e 1§§’|“§ body has port and

| i ft stabohailindBsediiot d@ophbsitd $debretiRFbrelaMaRtyi e ARVl section .
of.tag wat ercraft. 38. wat ercraft as defined in

d ai fefpd ysa sseandparabolic guyeas shapedas aife ledf of a parabolic body of
i ftf&gluti’i{lﬂi es converge toward each other in the
direction of the bow of the watercraft.

34. A watercraft as defined in Claim 27 wherein the maximum thickness of said

- Iifting 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. -



Pj 39. Awatercraft as defined in Caim37 including a

foil shaped fin connecting said lifting bodies. 40. A
WoREYes@fit as -defined in Caim39 wherein sai cfiraidzo04/013683

shaped finis joined to said lifting bodies as a

bl ended wi ng body wherein the thihgkness of the foil at

its junctures with the Iifting bodies is

substzmt i g

i Tting badh S S h uhlEYRERR & fiPdpd pf apes of sia

def i didting hoditsdine:a? froheeaeh pitentavard tier sovabt theafatacR@W

and a stem said lifting bodies being nounted in the

rear portion of the ship forvvard of the stem 42. A '

wat engr af t cIu at rge ”

di rrengl onﬁﬁg%?g?%% dlqé\;e\;l ag un%fgl S\%? ‘Ff"ﬁﬁ‘ﬁes of said

body lifimmbatiesmontérge foward eschnsthér i fheddirdchin oPBHe¥o%f 6 the

rearward of the bow 43. A watercraft as defined in

d ai W¥F°Rfc| udi ng a second pair of lifting bodies

nmount ed am dship of the watercraft. 44. A watercraft

as defined in Caim43 wherein said watercraft is a

nonoBRl | Arestrirafed defimell O @a%ﬁ@?&ﬁéluhi%?'a, fofl 3h&hed P Qhnecting

pair qf lifting bodies being respective connect ed

by cfaiddifing dg‘?épport menbers to the huII of the

wat ercr af t adJ acent said keel. WD 2005/023634

PCT/ US2004/ 013683 -31 45. A watercraft including a

firsd0.hul A waeichg & @%E@%CM@?'WK&%m@ﬁldlf@ﬁ‘ﬁap‘%H% is joined to

strut depending fromthe first hul

t hr etaid ﬁ?i@mlas arbbmﬂwémg lmdyrmluegexd thé thidkinegy dfaby foil at its

sec (Y] neat h t he terllne durin

o por itk 7% fne Hinf i tolfRSS Substatiall it s o e nikoesp the
a f oliRingHAdRE bt #Xd fmédifksan outer surface whose shape
conforns a) in plan on one side of said axis to a

first parabolic curve whose vertex is |ocated on the

fore nd aft ax t he, other side of said axis

to a lasec‘gﬁ’éa ﬂﬁ@a@g{dmﬁgm&'&mé 7 shetean 3id swaterenefichasadow and a
al sodgC Imﬁ ai d.par abo

curves i%té(ggﬁm? bgﬁﬁs Al ng ea;:{q’?lr%%aﬁ %orﬁgp of ﬁ’@ Sﬁiﬂ *orward of the

wherstathewed in plan and b) in |ongitudinal
cross-sectional planes parallel to the fore and aft
axis, to symretrical and graduated generally

par aiol i ca {Qkd o GHGY ﬁgﬁ&%\-’iin m\{fﬁf dm 3 thtec Gmensional

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.



t he | eadi ng edge defined by said first and second

arabol i c curves and which extend aft predeterm ned

WHi254R8B4, with the thickness of the parabol i ®@dwidz004/013683

shaped | ongitudinal cross-sectional planes decreasing
fromthe fore and aft axis of thg;lifting body to the

| eadi ng edge of the lifting body; said |ifting body

havi 3. a bQWaRekad indh&R: @ ¢ ri.ned | engt h
extending fromt ﬁe u!l)ow ?% t ‘céﬁlg gﬁ?ﬁgg%ﬁ?ﬁ\&teﬂ%@ at least one
par alsgut éepsoding frame thedastriili and i thiteb-dimensisal dndoWatep submerged

sai dﬁﬁenho th sai.d stem b%leng defined by a segnent

of a THI% BOPLIeEHEH e s s bepeath therwaterlige dheng pparation of the
body ' vatéreR id . e W dest rti on of _
the first gtéghei%g{&?]cé %?&ggmg%fg% a\}\i/\gltagtr%}sa&% A oulersarface whose

i n Cishape coBfonmsrapimpldien bhé title gf Ladlxis 18 &Rt parabolic curve whose
transy rselx f th&n fore and aft |lifting body axis is o
equal *Hg 5 iﬂ?@a‘?‘é cfprgangd a§ axispanskerethe ofher e dif saitl axis to a

to th . LS, Al Awatercraft as
dof i ey CHAEH Rl IR R WnoBb Gt afsp il o e TorBina at
par abwisj said parabolihapees abgeiiee dbfifitp awa'ﬁ?/ec@& 568 nift when viewed -
sai df:rgil)anes Ln_terse_ctl_n the lifting body parallel to

t he Pbplan aadibhinlopgitidingl prosesestionalplaneh patallel toriige fooelynd aft axis,

. ft [ i, trj | to . )
P s A S s L S0 T
t her ttededdliie edpehlefined By ®lid fifst afd RLShd hgﬁﬁ?qdﬁlﬁ'a%ranggyﬁmh extend

the center lipne for and aft axis of t ting bo
48. A pErdetespured digtanges, witdhe thidinessofabie pirebalicfoilashdped

o A 30 ks a5 Bk ot e it
sai dbolly t8@R: RABIA3 834k FIGHL %%%%g?%ﬁﬁmg%ég? %%{ﬂ-lg abow and a

section having a progressive ecreasin
di neftemendiapredasermineldengih exteadiaf e the boketofths Steaneaid first

ft 1Sqaf the lifti b f ) i nt _at h
o1 BRI epbEinris o Wi o OBl Seid prmceich rid stem being

f or edefingd 8ta sééahént‘@?ia‘iﬁlﬁd ﬁarﬁgﬁfétcu}‘{@&m%rgé to tﬁg E)i#irgf%body’s length

| engt h di nension fromthe intersection of suC

wi-t renddpented dhpwidestyertion dfthe fiest paeibivlid Burvd :
watercraft as defined in Caim48 wherein said stemis
~defined by a third parabolic curve transverse to the

| en of it ) - tercrafl , '
def 12”1 afreiaft s MR o1ty o £ Bleh e iring Bty peam
sai drankverselyof thedyreiagd BAIRSIbLAR 4xNH edad i
liftjng body's I_enrgt h. 51. A \/\cé{%ircrafet%ﬁfg)stgglé [ ﬁteeatl%arr]z s
C aithicBresspeipendicalaetol the beamyasbfdye mbafhaxiaspect

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

ig 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



ration of 10%to 150% 52. A watercraft as defined in

Claim48 including at |east two struts depending from
woneosfuzeest hul.l._and a pair of said three di nensicamad2004/013683

underwat er subnerged |ifting bodies respectively

secured to said struts. 53. A watgrcraft as defined in

Claim42 wherein the fore and aft axes of said

ht . . . b _
Tt 'ﬂ&nQgﬁio%%aqm\éecg%@g%gs?v@tlgrﬂ%&#g%ﬁﬁ@gm%tg%gn %olhnﬁm c%%s-sectmn

of the watercraft. wa
C ai mat@leMretheiforetdngd aftaxis ofithk lftingdods fiok 5 pbidt at each plane
[ift i.n‘ge bodi ea_]ﬁgonver ge toward each other in the

di r eciiesssciing thedifiing bty napallel {othe foreand afimgis vehich is about two-thirds
wat ' ' ' . i ncl udi foil., . i
e o fonBh SRERGH b e BTk ettion 0 Wil e Ayl id side periphery

wat entottledf dterds defined in Caim49 wherein said foil.

shaped fmis joined to said lifting bodies as a
bl ended wi ng body wherein the thickness of the foil at B

1 46, 000 LARAGHA TR A e B HOSE BT by i
t he tphrabsliessrvetrahfierselts teilogeth ot irifhg sadg!ai ea

junctures. 57. A watercraft as defined In
wherein said watercraft has a bow and a stem said

BN i i L, s SR
def | nehd Wodsliabenedn 0] #dl3n% 8 bR LbaBASIARR!
body u

symetrical | ow drag underwater lifting nt ed
on the forward portion of the watercraft rearward of

"t he w., §59. ercraft .as. defiped in im57 _
incl S i ngiﬁawgé’é%% %@?f}%eefn 1aigp #&Wﬁ?fﬁﬁl tgﬁggﬂ%b"dy has an aspect -
MouNtRRdnaT1984Hol 50b, t he watercraft. 60. A watercraft
as defined in Caimb59 wherein said watercraft is a

nmonohul | vessel with a fore and aft keel, said second
pair_of lifting bodies, being respectively connected ]
by cPbss PoVICEERB8T felnefBRELmAs meluring at gast e siruts depending
wat epg AR ' : . reraft a e
ot | ot CRURRERY DRlTbr o8 Thoce RhmedbidhEl Bhed By Abmerged tifting
- bodies respectively secured to said struts. ,

53. A watercraft as defined in Claim 42 wherein the fore and aft axes of said

Iifting 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

watercrafl,

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 is joined to

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



symretrical |ow drag underwater [ifting body nounted

on the forward position of the watercraft at the bow
wo2msmeetercraft as defined in Caim49 wher eigrSeddosot3es3
symretrical |ow drag underwater lifting body has a

bow and a stem position, the bow,of said first hull

bei ng secured to the stem positi 8 " of said symetrical

| ow £t dv. 63. A watercraft includi "
ronofuirerg vkt Bk podies i hRghakt porad asieloness of e
di neitimgisddicsul eapdgiufiturssibmerged i fting body secured

to the bow of said nonohull beneath the waterline
during operation of the watercraft, said lifting body

havi a f0 nd, af X1,S d outer suyface se

shap gg'c on f% {r;vgrtse?%?ﬁ ﬁ&ﬁﬁgﬂ it ﬁﬁi}ﬁa%owg?fﬁ watercr;w lglas abowanda
P(. " $eki520a4ifiil@68Res beiflg Ad8nfel &8 i rei ot 'fu. i e
first paraboli cgo’curve whose vertex irgél%iggtéﬁb o%ngJﬂgorwardofthe
foreSt8FH aft axis, and on the other side of said axis ‘ '

to a parabolic curve whose vertex is also |ocated on
the fore and aft axis; said parabolic curves together

defipg.ng A weRMHirsT® ase@éiﬁl_eﬁ‘ﬁ:i cidim ﬁihklumﬁggﬁnﬂé%c%\gfﬁgﬁf‘é%onal

plan and b) in longitudinal cross-sect
par asynametrigat low dreg endereratef liftmg tody noowsiywinet thie ¢adwadd fortion of the
gr aduat ed eneral ly gar— abolic foil curves having

ver t FegEerplt reward offthe bomdi ng edge defined by"  said

first and second parabolic curves and which extend aft
predeterm ned di stances, wth the thickness of the

par a¥fbl i cAfwitercstfegadbiined i Clai5alincladisg a$e€dridasid of said lifting
pl anes,. decreasing, fromthe fore and aft axis of the

| i  t9P9esIBaynted apkishipofdhewateagattor the 1ifting body;

said lifting body having a bow and a stem and a

predeterm ned |l ength extending fromthe bowto the

st eng0.sai A waterstafiay deifiabd th Claid S9iwitth €A $hiBSy dtErckdfdis A monohull
fromsaid bow to said stemw th said stern being

© def i Yrssel Byjthea fose Ardheft kel asaithsacand pair eblifting bodies deing respectively

o S RERE b clobf il b pRRitlec oY BT P RtaR adfRcent s

wherlgieh said stemof said lifting body being defined
by a third parabolic curve transverse to the |l ength of
the lifting body; the maximumthickness of said

bocy e 1 SROVHErEral s dEgein & Bk PR apabiive & B dtmariiona |
sai dyfmahied! low Bk NrlddRy St EiRink B4 Hbounted 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 éymmetrical 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
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64. A watercraft including a first hull having af¢T/US2004/013683
surface waterline, at | east one strut depending from
the first hull and a three-di mensidfial underwat er

subner getidd bf L4; ] cured.to said strut beneath
the water|ine d@lgﬁlgqg%éfmatpfi@ﬁo%‘f CYrie whise erieratstlpcated on the fore and

sai d 13fF e¥ingnd aoythbettengdeof @hiE a9 af Lo an
out er %ﬁrface whose shape is defined by al; a | eadi ng
edge foOr FHEFKAE plig lasated onttmfore ewdalft arisphaia [pafa@oha curves together

I n | onddfy ;ﬂg Cr QSS-$eGLI I . by symmetrica
general |y pa:??t?g gcc"ﬁ%??fctf!%ﬁ@@hﬁ%w i @lan gnekb) iplengitudinal
on the=r¢asssemmqmeggmu1a thicd ﬁp@?ﬁp&v a&?ﬂdtglal | ¥ettilat and graduated

pl anes Rarﬁllel to the fore and aft axrs,”
i fti A HB0Y PREAPRHE feil ewrvesdraingemoticbshyink ovalb il&_ﬂglgﬁﬁlge defined by~
i p :

opposishid firkdas Qf i d re and aft axis and a m dshi
section betwee n&g\ﬁ%pﬁ'{"g{c Aryes and sdpeh pxtiend a8 predstermined distances,

and | adthtthd thickeee of e aedbohiairsl] élﬁhgd %@?ﬁaﬂ )éli-qséﬁsectional planes

said fjirst _.and second hull sectio

pl an flscr?"}s!“ﬁ frapiths dororaid dfifacisrafihe liiﬁlr%uﬂidﬂo thé/lc¥fing edge of the
V\hoseliﬁg{gtﬂog@ssﬁr ?@00&5@ on sai d | eadi ng edge on

opposit e 551 des St ifting, tg/aty6aud 2 stern and a predetermined length
PCT/ USaaiiing 368 the ' ' ion, the amdship . . |
"sectign ha_v?ng a ngog‘gwgédfag?Fﬁgﬁfgﬁt&*ﬁbqufﬂﬂ‘icf?éﬁmgledth
cr ossTYBERIAROWIW sdidistermiwithanid stéin BeRakfRRH aeéeﬁgl%nt of a third

t he f]pdgrﬁ)t dc aft axis between the first and Seco

hul | 1SeCt & ¥ fraaversg do thedifting bedyeslengtinandvveareidnt the widest

t he fpiriocof {HRSH ~S1 l.rst .and second hyll .. . .
sect | pc?n s decr easlgﬁl) n % ngc{"%-}&eeg ¥ hﬁcb‘?‘rﬁ’aét%l"g sgifldifling body being

axi s dsfined hy althirt ipagibb e vurve thh& =y _
wat ercraft a _,?o!ef :pned in daim 62%2&?%? eof"i%?ihifﬁlbgb‘)dy’ the

gogy'%, iR S@f@é‘ibmmﬂ?iéﬁﬂe@m@%%@dij%iﬁ%eﬁﬂmg
ody SHEd to or..greater than its thickness
per pé}% gj(% l}% '%ﬂ {1 ﬁégﬁ‘e !iﬁwg‘ﬁﬁﬁ’dy Spauechtp sid motiobulldglowathe stern
wat etlwredft as defined in Caim65 wherein the
substantially parabolic foil shape of the lifting
body at each of said planes intersecting the lifting

el l_to t.he fore and aft planes are

; 3%8??{ 4 SpieriRg iRfludieg adirsthivdl having aguifactywaterlifes at least one

in Claim6 ywher_ei_ go sai gu%pd?eﬁg\éféa%ﬁé%g&ang?@rﬁon of the

a prog %éﬂ?%v ' eatbé' £ P‘éﬁ%‘i%"'%l fgnthedifting diody when viewed in plan and b)

cr osin-legdtdddihal cross-sectional by symmetx-iéal 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



parallel to the fore and aft axis of the lifting body
froma point at each plane intersecting the lifting
W3R 034341 | el -to the fore and aft axis which iPxTaIS004/013683
two-thirds of the length dinension fromthe
intersection of such plane with gaid side periphery
to the stern. 68. A watercraft as defined in C aim48
wher emitlshipiséctidng thel anidetip BedioRdhaing $QAMBYic Fil ShapBid Bngitudinal
parabolic curve transverse to the l'ength of the
i ffiHeSSoEeAon which A ypifamcinglanca pardlielitn gk fome Bichafirmas between the

wher eg [ A SS ,,0f i | .fti.ng bady is. :
e oo RS I RRRRE wB frpk EhE d  carveso
2005/ saRBf3tandGtE AR Bl SR R creasdin tRickies@lopd tedble A aft axis of
defined_in Claim®69 wherein the lifting body has an

aspedhe liffpgibedy &7 thegdge ther®fo, 71. A watercraft as
defined in daim67 including at | east two struts
depending fromthe first. hull and a pair of said

t hr ees5di M aeicthft UB defiatin C1aMPEPHEELi tht 1% OB Sm

respectively secured to said struts. 72. A watercraft
as ddrangesisehnolthe fore 2nd afi dif@igmbaedysixisas eqeaido af greateethan its

~of sg i fting,.haqdie jverge, fromeach ,other toward
t he gfggvk%érsé ??{Be‘%‘flg?rc@?%e%%‘%’t%?@r B8 as defi ned
in Clamo67 wherein the fore and aft axes of said

lifting bodies converge toward each other in the
di .r e®bi on fowaterpzath andefinetilie Claiat @ whatin. the dubsfantially parabolic foil

t ft..as.defined in Caim 72 includin f oi
e R ISk bPeal Sef bR ffy e o i body paralel
vat egs ipitbreasd gﬁfﬁlg%e adby &H};ﬁﬁﬁ? ﬁ%gshg%%ioﬁedu&. blbody at the

shaped fin is join es as

bl engpbaespargld debyetofbat eich it hraalldriac fosssnsdhrthdeidBithe @nter line for
its é&nﬁturei with the lifting bodies is

subs 85t axs el thedifungbods t he thi ckness of the
~lifting bodies at said junctures. 76. A watercraft as
defined in Claim72 wherein said watercraft has a bow

and 7. st dmvateriaR 4s ddfined iDCHIMTAhREIN RV Halla bB® and a stem,
rear portign of the ship forward of the stem 77. A
wat ef EldgPeEripheryias Yigwad implena predgetnived itngty, and & stem section, said
di MegEhRBon having a progressively decreasing 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 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. -



symetrical |ow drag underwater |ifting body nounted
on the forward portion of the watercraft rearward of

wo hensoesuss WO 2005/ 023634 -37- PCT/ US2004/ 013 688 1/1A3604M13683
watercraft as defined in aim76 including a second
pair of said lifting bodies. rmgdé_ed am dshi p of the
watercraft. 79. A watercraft as defined in Claim78

wher e ' fd hul | . vessel with
Fore ona” o PRt & Bl SRS Whesyin 5 Effng Yot an aspect
bei ngatioasye 0¥y t¢4lsp4,. connect ed by cross foil support

menbers to the hull of the watercraft adjacent said
keel. 80. A watercraft having at |east one hull having

a suktace rlide .fare nd .af.t axjs and a
i odtar kBl % fieein Gl et iing Al lohy o atyucs depenting
secufiogh the fisthdll ahdh pah@reall Mk @in¥QkBhAl il Wter submerged lifting
operation in a subnmerged state, said lifting ,bodry

havi hefies feppestively decuradhtorsaidistossd i n pl an, extending in
the fore and aft direction relative to said hull and
bei ng secured to the hull, said lifting body having a

| eadng - Adaferdiih AHbEin il 9 wHUARRR PRPSR a‘sfga;pé; of said
conforms a) in plan to a segnent of a I rst parabolic
cur viifting bediey diverge fram leachadthel todverdahé bewfod tienwaterqaft t

of the first side of the lifting body joins the hull
and b) in longitudinal cross-sectional planes parall el

to the fofeualeafld d@rhss ]%EI? Lo Rl .
and gr.aduat ed ggnera Fiy}édpglr% 0 sz%gefxfﬁlg[jf?ves a{éf/?zlnegofsald
ver tliftieg bbdiencpnyvergettowheiomitin gthetgathe Hirtdinl dffthé Bewd@dhe

and which extend aft predeterm ned di stances, with

t he ¥Y#fCR¥kss of the parabolic foil shaped

| ongi tudi nal cross-sectional planes decreasing from

the first side of the lifting body to the |eading edge

of tHe |iAwiargerafdy defided ifi Olaine72 iRfiudigSa #f 4HaBEd KA connecting
Claim80 wherein the li.fting body's beam

t r arfdiddiflisg hodies.t he fore and aft axis of the hull, is

equal to or greater than its thi.ckness perpendi cul ar

to the beamand fore and aft axis. 82. A watercraft as

def i7sed iAwatepérih 84 dWheioah TiSa 68 RRGKITSR Rl shaped fin is joined to
predetermned length in the fore and aft direction

and saiddifang berdies asn blefdadading pody sdgreimthe dlhickness of tredfoil at its
parabolic ¢ e transverse to the |ifting body's,

e s it 5 B8 Bl abrlniatlithe saptomoby ebiskasss of the
PCThig5ebti:1a2 84d 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.



-38 83. A watercraft as defined in Caim3 wherein the

substantially parabolic foil shape of the lifting
W3/ 02#63bach of said planes intersecting the IPCENiS20p4/013683
body parallel to the fore and aft of the hull is

symmetrical to the shapes of theshifting body at the
pl anes parallel thereto but each is smaller at -
posi tI%ns A watdieafifak aBfitdaEn(Qhigh 76 ?aggc i id lifti
lifting body. 84. A v_vaterc?af't as glg?{d%nég | négé?l%gg?ld ifting
wher d1odiesamanntadramidship ofihetveaterarafiow and a stem a

- side periphery as viewed in plan, a predeterm ned
length, and a stem section, said stemsection having
a pr o essA valerordf 68 8arhicadn kghighis %&gﬁ% fl\watdroraft is 3 monohull
cross-section parallel to the fore and aft axi's o tHe
hul | vepsshwith pdgmandtaﬁd@eh spH aemndipatref iiid biglidsltRing respectively

Lifti b arallel to the fore and aft axis which
s iR R suport e bers o, il S i pateispat Mjacent said
I ntegaction of such plane with said side periphery ,
to the stem 85. A watercraft as defined in Caim84

wherein said stemis defined by a segnment of a second
lic curve transverse to the. length of the

ar a
Ioi ft i%ﬁg béa‘dvatﬁﬁﬁaf{ E%%&%‘i Iggst prgyiLbgvamg g pyrfacg gvatgrline and a fore

wat epgd : | - i \ Lo the maxi,mum .
(i cbnes o o8 Pl el Bl e R AT S5ea to s
of t huell berdeatinthe batkylise foe bpéhtioBin a AbWRERHKAE, safSlifting body
defigedin Cajm86 wherein the lifting body has an

aspettVing 3 first syic, whep Yiswed guplaggxtendingtin thy fore andsaft dircction

defi - ai ¥ ' aj r,of..5ai.d liftjn .
ael ! Ml ik 3RaLOGL VLD 6 BRI i by e a teacing
t hei edgeemd@atoutes wetted burficd %hosShapl cHRbRRE EAhpIASto a segment of a
defined in C aim80 including a pair of Iater_z?l.ly

spacHE! PRabellq arvawhess vierox isglosated wherehe forerhost partarfithe first side

fore : .apd .at | t one. pair of said

171 R Rt il 1o i, BB n eheps b cnal planes parate
al on thé@ire ah@sMaes of theltuliSto s ' i
towar ds each ot herl. - 35: u9b. wat e?%r@g?%i‘iggﬂlgg%gﬁeggﬂypmbghc
i n dediawes hmeﬁ e'ﬂﬁicssalymg arf tlh'g rlnlgi_dhxgtk:)ﬁdgs oﬁ?ﬁ mmglw body and which
shap, one hal. . a parabolic y of revol utijon,
o1 SR BRoeHine igRale SR8 e knimIorMaRpole fol shaped
sur f Ragitwka ttds8 8etidfald1hRE BedBEkiRd &om the first side of the lifting body

to the leading edge of the lifting 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 stem portion defined by a segment of a

second parabolic curve transverse to the lifting body’s length and extending from
said hull. |



axis, and a three dinensional |ow drag underwater
lifting body secured to said hull beneath the

wanzoenticae for operation in a subnmerged state, p&fivd064/013683
lifting body having a first side, when viewed in
pl an, extending in the fore and t direction relative
to said hull and being secured 1 the hull, said
liftppg bqedy havi out er, wetted surface whose o
shaptoi's ATSHPRE Byfeanedy Gl rgvisatis EOppRIRI parphplic foi
bodyshabeof iHeq 1By bty 8RcrPoYdaR) plhdbs ih@RILTHIGHE Rhi
cr ossh-&isaecti on bgg syrﬁet rical age%er gll‘{lts&%ggn%gg???u}go?qdy parallel
cur viedhe fore ayd et of thedm!l is yymycirival toahd smgesef the tigtirgf body at the
the l,iftin and | vyi in_planes, parallel to the '
For &P PAEP e But b i S wions gt oo dorg snd of
Se-COQHS(S%Eili%}?gboﬁg! d first section conformng in
plan to a segnent o0f a first parabolic curve whose
vertex is located at the fore of said |[|eading edge;

and id second sectign joined to said first section '
havi i‘ﬁ a %%%?I&P%@Sﬂsgved {elgim g wherrin said lifiing body has a bow and
cro Ch i i ) Soi U j . I

he Fanash e pbieny hovibBed B e MeARETMRE! Bhy®. alfystem
seceeciagstidatern Setios hading aiptbdredsiielysdedfeasihg hBRht dimension in
lifting body; and wherein the foil curves of said

fi r SHosseeelishpaalicl tate fors and iafiaxissof the bl fromen peintiatreach plane

t her; : ther 92. A watercraft. .as.
ot 1 etpebthe HE HRAEDARFat 1oe ol AR SR KR B s ghont wo-thinds
t r andvies leagth diitnsidiefréartRe Mtétsattibn 8K bitchQflade @it 8dill side periphery
equal to or greater than its thickness perpendicul ar
to HESAmM and fore and aft axis. 93. A watercraft
as defined in Aaim92 including a stem portion on
said second section of the lifting body which extends
tragsyer sebtdréra at de ' e |
wat ercraft as defi ng%ﬁl%g%@;?ﬁ%%w\%ﬁg%eﬁaﬁﬂ?ﬁ@ l? id?%ltwd bya
s ec s¢gmentiof aisecdnd parabglib outye imnsverseie thedsngth ef tad liftiag body and
a parabolic bod f..revol ution whose parabolic fornula :
s ﬁ%n@gﬁiro%géf@ﬁglgj of said second section. WO
2005/ 023634 PCT/ US2004/ 013683 -40 95. A watercraft as
defined in Caim92 wherein said lifting body has a
- bow8and Aawstesmafi as défthed e Clithes lywhereln thpBaiximumlthieknd&s of said
pr eijﬁterm ned. | ength o and a stern section, said stem
secliftig hodyiinbetwesn Lo andi33 9f the liing bagdyisdength.
dimension in cross-section parallel to the fore and
aft axis of the lifting body froma point at each
pl a8% i newsatefirifngs ddided iih Cldith SOUNerRtBé 1iﬁingt&d?'|‘lﬁs an aspect
fore and aft axis which is about two-thirds of fhe
| entitin ofilf¥nio 98%.r om t he i ntersection of such plane
with said side

88. A watercraft as defined in Claim 80 including 2 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.
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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.
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t he edge of the lifting 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 diréction 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
1ongitudi1;al 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 foi 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 watercrafi 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.

102. A watercraft hull that has a lifting body attached to its bow forefoot and extending underwater

forward from the forefoot,

103.. A watercraft hull as defined in Claim 102 wherein the leading edge attachment point of the bow
forefoot to  the lifting body is on the longitudinal ~ forward half of the
lifting body.

104, A watercraft hull as defined in Claim 102 where the transverse cross section of the
hull below the design waterline but above the attachment intersection with the lifting body
is foil shaped in plan. |

105. A watercrafi comprising a hull having a fore and aft longitudinal axis and a bow on
said axis and a three dimensional low drag submerged lifting body secured to said bow,
said lifling body having a fore and aft axis and an outer surface whose shape conforms a) generally in
plan to a first parabolic curve centered on said fore and aft axis of the hull to define a leading edge for the
lifting body in plan and b} the longitudinal cross-sectional planes paralle! to said fore and aft axis, to
symmetrical and graduated generally parabolic foil curves having vertices lying on the first parabolic
curve, with the thickness of the parabolic foil shaped longitudinal cross-sectional planes decreasing away
from the fore and aft axis to the edge of the lifting body.



