rel ates to marine vessels a‘ - - ; asy00.e9.08i gh speed
. hybrid hull featuring a sl ender central huII el ement and two or nore side
hul | el ements, the vessel basically operating as a hydrofoil stabilized
super - sl ender nonohull in the normal high speed node. Anobng

speed vessels, the catamarans have over the two | ast decadesm ma,m@uw
dom nati ng market position over nonohulls particularly of size ess

100 neters. This type of vessel HYBRIDMARINEVESSEby its sinplicits
operation, high stablllty and relatively high speed and seakeeplng
capabilities, th eed. re f 5 The mar ked,
however, seenms esenté“rYf”% éenﬁrﬂh Teﬁﬁs EHEW%%?T’EF@@&@ la?l az'fs‘g‘gfﬁﬂ assistod

per f or ndnce, ariwhsﬁe%eéﬂlaﬂ'ﬂddaﬂ Satrinns slendbr caggrali Bllicteotent, andhtved @moeqmdedmul |y
above 50 knot Swléﬂﬁi{t@ th&E8Rt Ealﬁcm%ﬁcgﬁmg al 88 drdtdil sRRREEGRLOGnRE WREHRNCE has

al so becone a B}, ﬁ‘r*e}bs@ gern hi'gh- speed marine transportation.
These denands h’ﬁ “?‘B? B8PS r ger propul si on power plant installations

and the introduction of active notion danping systens, like T-foils | ocated
in the bow regi on and trimtabs or interceptors |located aft, for

i rrprovenent of gﬁ& Lre i ntroduction of T-foils, whi ch basi cal | y
are non'’per man °‘1g| org igh sneeq Yegrelg ety calemaraptliuc ever the evodast decpdss eainedy o

not abl e drag t hadomiretingwsakétipesitiqpese mmnblhxllaa,;ppntmdartyadfeizy le':?s- Bark I00teetedd) a 40- 45
knots cat-amar anThxf?y{)@l)}' Gdsseyst &altaﬂgnﬂe&]%{' §& 3 nﬂ;ll f}uct pe: ﬂ?h Qfdbi ﬁﬁ/rat.na' n

routes, nost fast .ferr erators are stil oi n is trend of
devel oprrent  becEadwlydfe SH d-pad %k%?%cagwﬁ%wﬁ@aﬂryuwe é@%@&hﬁl@ PHI- 1t is -
very |ikely thais kahe. Tietnganieed Aowe s hasmlsag Yontihudi fuitimb |1r§¢re@@m1‘1@ﬂ§io|syeedeve| qQped
during he earl ﬁérf@t@réﬁ% seviRIAYanAONE Q?qm%f Leﬁlh'dgx‘alig{ G8%e §

devel opment from a nam c pol nt of VT ew. Ion OP drag is
severely |ini te‘am'ﬁs;}‘atfwecql ?ecwm replity Sgakpepin gwﬁr&@%ﬁb@ﬁéﬁtbw@eﬂ@a@ed to
hydr odynam c skissne furmhogiérn Gigh- speed adficami®oitition. Thede dBpdndyRié REulBdUMIAgR ar ea

e L ochrol coy it fobey Bishinddlafide Y W ink oo’ AR BN BRI 07 O

new t echnol ogy, Izin VEn neans
to solve these ftyétﬁ‘ﬁ%Bkeo'ﬁif%laﬂocﬁt%mlﬂ@r@e@egl?“tanidﬁ'ﬂv‘éf’éﬁ eemteweators Ff@ate%%ihrrar an
conceptz as we ﬂ@ﬂmwmvbmmdﬂwe domfdn The n@eauc@@rdfncmher\ﬁh)ehwh&aﬁﬁl ateOnohul | y

conply with the IR Eag ne %s in all res supported
by the AMENDED ‘§H' i f‘&%’% fle B Wenber 20 };ﬁ!? go‘gwée/"sﬁeéeo 09- 05
2 the speed with approximately 2-3 knots on a 40-45 knots catamaran.

25 Parallel with the increased speed demands on certain routes, most fast ferry operators are

still reluctant to join this trend of development because of the associated sky-rocking fuel
consumption. It is very likely that the catamaran technology, initially commercially
developed during the early seventies, today have reached its optimum stage of
development from a hydrodynamic point of view. Further reduction of drag is severely
30 limited by the fact that the major drag component is related to hydrodynamic skin
friction. To overcome this, either wetted surface area has to be reduced, or the skin

friction has to be reduced by application of new technology, like air lubrication.

35 Recognizing the lack of proven means to solve these technological challenges, it indicates
that the catamaran concept, as we know it today, is no longer particularly suited to fully
comply with the future marked needs in all respects. This view is supported by the
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i ncr eased attention concerning environnental issues paid %ﬁﬂl@?&ﬁ@%& and

authorities, which is likely to force through the devel op

cbncepts that perforns better in this respect. Also the eR0P0-9ht effects

~of ‘the wave- naki ng tendency of high speed crafts has becone a grow ng
regional concern. s Prior art The surface piecing hydrofoils were

commerci al ly devel oped inthe md fifti2es and produced in series by

Rodri quez, Ital ¥nc]'eased ta&'eg\m co$1 ﬁﬁ&peﬁ%?ung%aqﬁ{?& p%ldrgg'qﬂéﬂ'b\lbhc bd éuﬁﬁn&ég W' th a

forward- and af oca 1 ecln roforl "arrangenent, in
the transverse sishisdikely tocforge @Souél“bﬁﬁqvﬂ@i’“?ﬁ%ﬁﬁéo‘(ﬂ °°E‘1’?éts1“8? periopasp ettef'l’fhs parts
of the foil Spa@mpfc@ﬁefzﬂl%ottﬁbeen%rﬂiéﬁtl offectO5f the Wavesthaking  terderdy jof hxgh deed
transverse right éa:%(g m%gentum when tokl;%cg{axtnt heel s causi ng the surface
piercing foil sPBi by BEme gHRELE" Ul is conpletely lifted out of
the watens at hlgher speed, being self stabilized in roll and pitch by , is
the surface piecing hydrofoil arrangenent. It is propelled by fully -
subnerged propellers, nmounted on inclined shafts. The advantages of this
concept ual desi gqﬁl—[a%‘er traditional nonohulls of similar size were inproved
seakeepi ng and pbwensice-mae dydbfoile werscepmatercially \developehmetie apid fiféps 39dknot s.

The di sadvant ag&g,dddn Lc% R&H&%EQ&!;I Ws kb dkd%glr&m&d&m a\/&ﬁbr@mﬂl-ﬁt&ﬂd speed
restriction. Thereforet ner.al | tedto veral,l 20

n IS i
| ength of ar ound"i#Ho® AR Fﬁt‘?ﬁil WHPR R Y 8‘? o SRS ’0 ohnén he
desi gn becane Vetfaynsv[aﬁpsldcadfn ﬁaurpﬁséldtkgehapé ef th¢ &l spamn Thoopaaty of therfell ppansti || a

| arge number of Ly chg%{eﬁ Bﬁb&ﬁ%&daxﬁ'ib?oﬁ@@@tﬂnsv&%ﬁghﬁhﬁﬁérhé‘mtrﬂw%hew ous
Russi an countri €s, a an an ﬁﬁmterran%p coun e‘ggff g @‘é {xnl? to the
i nventor*s opi nl@%cmﬁH@f‘lécf“’émﬁr% ace PIEFCIne AT SHAR gh- §|58 EontEpt T Kat has
transported the sapRteBttahsut of thpassanijeiesspsal, bdirgrself Sonljzad igdoli and pitchrbwder n-
type hi gh speed g ?Jé}at?e apuic g%?f&gftoﬁlg@a[ng&%n@ﬂqs %Uﬂ@d"i)}l Rily Edﬁﬁle%é‘@ﬁr%ué}@s | ost

it's popllarity, onger_ conmpet e | i r enents
and passenger compuied ontinelpg hf‘% The pdvaniages, piathis Ca?f’e%tﬂ*’déie%ﬁ}‘e?ve qbgtonael

regardi ng speed- ineroRslIseSf sitfithi sikeway imgoveOacabéeping endrpeier-ti-geddf dfisney &t eps in
hi gh- speed mari ne_t Wadih, when

Boei ng, USA, devel o c%%%ﬂ?%;%&%}g@%}( ‘ﬁ% qggrmhwgag{a o %rgg C&h% ils, ge&m
conceptual desi gwelghéx plswerdgwstaction nBwigfore Y“F\é‘?s‘ﬁns LR é té‘g °¥eﬁ§‘

wat er | i ng, at hi ghegh spaeehd Howeandrmaxinien fisplhcemyrs tof mrousd bs wds. dﬁletdhmnf ull'y
submer ged type, p&%%%ve?fﬂfphlg & @9 sen?ersfélgést %ttbd%&' knéreRd 8418 I:Irg'é ﬂuan&LH? REged

foil span suppor ss. opposed
sur f ace- pi erci ngommg)ﬁ@md the twoﬂ% pasiculagyy 3 1In l%?"é%? ﬁ“%f%@"ws’t JE?B?“e‘?“g e

depends on contrmehlaa%eaﬁ kouRGicd. Akt 16 thetidredtbies dptlidnpthera ds olgbly @b otbbre f oi |
span. The primary. f. is | yh L &%}gﬁgdthe
craft, and provi ﬁ'éﬂ S‘feﬁd concepﬂﬁﬁkaﬁqr {p%ﬂ@dﬁfxes'aﬁ %ﬁ&)&%gé%{ 'IQ Rlo enber
2002 PCT/2N099/ 00 1@70@@0@6@@@56@6@%%61 Gagpragyand gopehyllss thedeyign "63r1°?td‘iﬂ ) is

| ocated in the cg u%ty REd £ArWaAbheABshpstd P Githe of Hyedareyitreméntaindstasseger Thi s
provi des a seconda ft e as % &R

control ling m)maﬁ?rﬁ%{t kf“lgf’? {nslal%ana%edg?%“}lef %e} grd&g%etﬁ%ﬁgtecrgﬁ isin a
fully displacenent node. The 27.4 mand 117 tons displ acenent Jetfoil
design has a normal service speed in foil-born node of around 45 knots.

Thi s design has the advanta xcel l.ent seakeepin n

speed-t o- gower efd; o e gt S’%ﬂ% cagf; s (geg%lvalféﬁq1 6%6%1 ™ ng?/\g\clhel’rglogyagee’%fg&ﬁt HERT ng
costs, technical tlwomﬁbeermttbywheo@em@, UShedeytaned ﬁlﬁeﬂetﬁg&yﬂtsdb‘?jll@élﬂ%lht’%fmls
restrictions. 10 tﬂer&oﬁéaﬁuﬁ Alsioh i HaBAloh 8 mondhAARES i didtr 6F tﬁ'&b&ft’dl‘lﬁfe&ﬂhxéhett ed

Wt er L ne,  and opBred it e SEmaFRe B o U OUREERA B AL SSUHRE O &r gest
design is 35 m andbstasalia pimxifaiynsutinspddatod nepmt swbomdwnﬂimﬂ@rtm%rﬁ@ml Ag |t is
described,in Nor V@%’émo%tsﬁgaceg%mu%i\?&rg&l ifl ﬂ%o@%ﬁkﬁﬂhﬁ?mb%k&&é bigperddbe sane

advant ages and d vant ages a etfoil ed it

comrerci al accepted§ewroliable f@i‘f’ﬂ’é’i@grﬁ“{ﬁdwéléﬁf@é"“t“}% $%ﬂf§€ P PRt i Qm?%z?lls’f ance
rel ated to cat anasanrs afo paéming fgthafullspde dbthe oraff and powides tHSpriomeoy Bf atdrelle is a
resent trend towards devel oping foil assisted catamarans that is fitted
with a fully submerged foil systemfor the purpose of lifting the hull
partially out of the water. At the same tine it is controlling the pitch,
and to | ess degree roll and hive ExaﬁrMﬁM}EDcs‘HEEhese are US 4606291 and US
4665853. Since they are operating' in a partial displacenent node, and as
such still have two hulls subnerged in the water, they




zs are still left with a maj or frictional drag. The trimaran 3el\écl>v§rrp er2002

gai ned increased reputation within the sailboat envi ronnerRC’DM)QWﬂﬂtlﬂ hi gh
speed- and seakeepi ng capabilities. As known, the trimar anooesyodes consi st's

. of so three fully subnmerged hull el enents, i ncl udi ng a |l ong and narrow
center hull and a pair of shorter outrigger hulls or sidehulls, integrated
to the underside of a transverse bri dging structure | ocated mi dship or aft.
However, this des yet use i n_t he high- speed ferry
mar ked. Vari ati Stﬁsl ot‘ont %Ssedi @%‘ﬁr‘%"‘&?&f’g pesgterline feopard ang speroset & and

pat ent appl i cat ivestiesl swtk@mwsrwmgmqon@e 5&&@0‘&5@ aiJﬁeE&QQl&Oﬁ,quubE’ pitad 30492,
VO 3s 93/ 07046, Mol HmBRum 01 35i: 10954 R HRATIRRR 1e0RR 0T LGS

incorporate |ift ?cdewc |tte to thé sidehul I's

and the center Iq’ em?%r’m?‘hélhﬁﬁ/%iﬁ%géﬁk@?s displapemeny &gl desiand S a normal
PCT/ N0O99f 00167 2000 §eed0n fofl- ~pnx modeeofGifouddy AP kaogs. ﬂbis|demdhapitKeCd’dlv£iﬁgi: on.
However, they at,tcemereateepmgwmm a0k i RERRRY® grgscmrtrﬁs héhfee hull's

subnerged s Afoil ass hy Pne vesse YOS pat ent
no. 5503100. HoRERgh byl Cﬁ%tr tff’%’t}tc%lrcornﬁ\?em iowssalls @vealﬁ st n@lqaﬁpamc@d by a
nunber of i npracdsiricadmke attributes that is likely to render the invention
i napplicable as a high-speed craft. The reason for this being a conbination
of its conplex hull geonetry, unorthodox arrangement of the propulsion- and
foil sysfenr that ultimately will result in excessive overall weight and to

frictional drag]n ibearlymietds] KvnerhbeFjl@aa Rhd Vl@stﬁharﬂet&itlglﬂorkvﬂy,%e&[ogé@thé ed

version, irs a h waen d t he
so- cal | ed Froudg;gﬁéagcoﬂ%é eisatrag;gﬁlggu% m?‘ﬁ“ ﬁFeélrvr’rlu é‘hy Ii‘f]?mgrgv fojl *sfs%ere v
= speed ‘(n's), ity ictaﬁtcieern@ theaw@rluees and Qperatep ata ggatiesr sppadref atoembéh (nj) 20
pl ays an i npor t &ndts. Maé Rrgest desigh@s $E'asid m\éenaﬂﬁ{ﬁmﬂﬁs raee'i:teﬁtt@%ﬁnd 17538t | onal

trimra feat ug V. ed. si |na

pl ani ngrl?egl ne V\')Ing%e{ ﬂkéd] %ﬁn?gwg é 01%: %’1 Lhe &eé’ggﬁi'ﬁsr F‘PS éals“beed i's
sufficiently hi ghvantegs a'tfbdl% ‘@bﬁagqswth? EéfaliSan%lmhnntcrdmglcgmmgcld ac@ptaigien
posrtrve nmetacentric height (+GV), these tends to require a relatively as
| arge ' subnmergence of the side-hull in relation to its |length, which
generally leads to the risk of substantial increased wave-naking drag at
hi gher speed andh mAstRieduse b darge fifvtiona) rasistanse rélatudgn tatomrins opragingl atsperds a

hybrid hul | geomBhbyndcss l’l&tth L théi¢) 1sQlf re@niCIesAR kddAtds Q@ve%QmQ i’oxladgsxétéméra%ﬁ&ns

variation of th ne i ns| sting of a
deep sl ender ce%}aﬂg?‘%g ’tm ‘ﬁlgagiygtﬁlggsﬂ‘e&u 8*°Ier° b'#m h’ﬂ
shal | ow si de hulopt @I@WSAW sagpe itine égs ecntrollingrthe h@hmé&elesMegreearoﬁtandf deck

construction comrveqixhllﬁgestdf%e& Q@Uﬁwbdm@ﬂ SIRRI4364593 téﬁ?ce%?&(e% er!ﬂ,tﬂ%lm gl ement,
atlc

and operating in stinct ffere nodes dr os

stabl e | ower spge%wodisgle e"telgtartmt‘ilglaﬁ%as suﬁ‘bgtfnth?‘(féwﬂt‘%‘flgéﬁ‘teﬁee “’n%‘? yMens dey (+qy)
wi th t he’ cent r alarctstill lefiatith pemior fistlorat drbgeast one of the side hull el enents
subnerged, and a hydrostatic unstable higher speed node featuring a partly
lifted, partly subnerged central hull wth a negative netacentric height
(-G while the side hull elenments are partly or entirely above the

wat erl i ne, the tlhapisatanchsignrtanpdired igreasedogatatian vwithia thit dadoabeivirgmaivVEMNDED

SHEET to its high speed- and seakeeping capabilities. As known, the trimaran design consists of

30 three fully submerged hull elements, including a long and narrow center hull and a pair of
shorter outrigger hulls or sidehulls, integrated to the underside of a transverse bridging
structure located midship or aft. However, this design is yet not brought into use in the
high-speed ferry marked. Variations of this design are described in various patents and
patent applications, like US 4348972, US 5178085, US 5529009, JP 63130492, Wb

35 93/07046, WO 94/20359, WO 97/10988 and EP455605. Some of these incorporate
lifting devices in the form of T-foils fitted to the sidehulls and the center hull, for the
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14 ‘Novenber 2002 PCT/ NO99/ 00167 2000-09-OS 5 augnent ed by Hé,agcl)\lqog/ﬁ%erzooz
lift-generating, roll-, hive- and pitch controlling w ngs UPB16T
the vessel being characterized by a conbination of foll ovaﬂQO-(E-OSthat t he
~central hull element itself features a large water line length in relation
to the water line wdth, and a large main deck wwdth in relation to the
water line width; - that the central h#tl elenment belowit's wet deck |evel
has a transvers t 4£9m f ver or
porton of 1s PURERIr Bty SIPHA S ol 35y ACLFSHENEHEL BBl P
side hull el eneﬁtselawmrémdwﬁtthre@hé}ﬁsqb@eweﬁbs eventual |y substantially |ess
that the depth of the central hull elenent, eventually of adjustable

hei ght, being positioned in the |ongitudi nal direction such that a maj or
portion lies aft of the vessels longitudinal center of gravity, or close to
said center of d¥iliasysteddmbrid wargy yawselris deseribpd S patertt @o\AS93IWD sHovesmerer | i ne;
- that at |east tﬁ@ﬁarﬁéulaﬁ*ﬁfvh‘nubﬁ{ GUeﬂng"WMaﬂUd “a ﬂnb&y&rlﬂ{)lgédca@é sahgeyent is
| ocat ed between and Hﬁgléow tge central

el enents, integr%F S © FALL herpisogh W@Pllcf‘@%f‘s %Q‘lg}bf%eed g@%nﬂﬁé?aﬂ’ '!ST so to
t he i n-between- Ity beigg avedmbiietide af dts somplext hudirgeotwtyugiorthddok enmigermmeoftbe t i cal

strut on each sigdguRbntdg fM?@ﬁ@&l t%ath?tmla@erly 48 debuitSn excegsnétovéﬁll lwﬁ%ﬁtan@ne

secondary hydr o nam W ng- hydrofoi |l arrangement 1s |ocated at an aft
or forwafd posit ‘5‘19“36 ¢he central hul | el enent, eventually on both

| ocation, integrated to the vessel through. at | east one vertical strut for
each set of hydrofoil arrangenent, eventually also to the in-between-I|aying
wet deck zs consfk heldign, - that the wings or hydrof oiIs are | ocated such

t he center of h%?roa ynamc, lift is |qgcated on or ne t he vessel s

| ongi t udi nal Preggnt gevsl fepign in a prg g‘?”ﬁﬁ"és‘?ﬁrdsri‘) n‘ieé"eP‘} pemopeipfignd
generat ed by t heriharelr. & dndwnathe sorgbiaiidude nuveher, Rxpressiddp theffamalhe; | east 20 % of
the Iightest weight of the vessel ; so - that the side hull elenents :
consists of structurally integrated orgjndepgndently fastened el enments

| ocat ed bel ow the wet deck and nade of a stiff construction material or a
fl exi bl e shock absorbing el astoneric material all over its |length, or over
a maj or porti on vdkrej ¢S spean@l/d),; g = grivitationhlecetkalion, iLH watellideiengis(ngont ai n
flotatiop el ements that are adjustable in the 3s height all over the Iength

of the side hull elenents, or over a major portion of their |ength AVENDED
SHEET 14 NoverRf 22 (BEorprtToR0Yos 08157 ooppekies. trsistgnce. Traditional trimarans

featuring fully submerged side-hulls, tend to operate in a planing regime when the length
of the sidehulls are short and the speed is sufficiently high. Due to stability requirements,
implying a certain positive metacentric height (+GM), these tends to require a relatively

25 large Submergence of the side-hull in relation to its length, which generaily leads to the
risk of substantial increased wave-making drag at higher speed and Froude number.

The present invention is based upon a hybrid hull geometry consisting of a combination
30 of an improved variation of the above mentioned trimarans and a monohulls, consisting
of a deep slender central hull element and at least a pair of slender and shallow side hull
elements being integrated to the vessel via a stiff deck construction connecting the side
hull elements to the central hull element, and operating in two distinctly different modes,
namely a hydrostatic stable lower speed mode, featuring a positive metacentric height
35 (+GM) with the central hull element and at least one of the side hull elements_submerged,
and a hydrostatic unstable higher speed mode featuring a partly lifted, partly submerged
central hull with a negative metacentric height (-GM) while the side hull elements are

partly or entirely above the waterline, the transition from the one mode to the other being
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- that the central hull el enent, preferably on | arger vessel 514 hllc;sve(ran t?lr%B%?d

with a water ballast tank, featuring a pernmanent opening IRCENQID/ONIAE
bottom plate of said hull at a distance forward of the sai200009-05 transom
. for quick self primng and draining, eventually equipped with nmeans of
renmote controlled primng and s draining In a preferred enbodi nent, the
vessel is equipped with a fully subnerged lift generating roll stabilizing

and hi ve-danpin I {TRk i Legrrangemsnt..] o neath and io
bet ween t he centg Pg{énﬁglb?{ hg?‘ggﬁg%t% g% t he % F‘gfe1 IH{TI Pguteﬁ{ellﬁgﬁﬂ%{lﬁg I%Vt(')%% %o the
vessel s | ongi t udwdrafoilss e vespel byinerherasierized iyaapmbingtion pf fllawings t he central hul |
el enment, to the inbetween-1laying wet deck construction and the side hull

el enents by neans of vertical, eventually also inclined, struts, and a
secondary hydrodynamc |ift generating and pitch controlling hydrofoil

| ocated &aft, al ter nathatbe gentrel hunkh plement itssl fatupsis adarge waterding lengtitlintreatidndo | s
central hull el ement eayenlibahldh, B lakd hatddcl waih WesRidnaY iROvMEindeck
construction, depending on the transverse span of the hydrofoil arrangenent
by means .of vertical “&t'Puts. zo In another preferred version, particularly
suited for vessel s | drgythe centralrhull Bloment beldveit’y astsdstk kvl bag witppayerseettiontaso
primary lift generat isifn dnQlghreSth@tinl U&mNGerBlaibi fortdn ©P fe@tﬁ,'e%tually

hi ghaspect-rati o hydrofails. Argll_ln(;e vessel s of this size normally WI?| have
full 1oad displacemefP™ iten piih%cess of 1000 netric tons, it may be
desirabl e with respedhat the sidphillrelemients) haye e rdggith theltr ia dpse, bettugllysubstintiallpileét h | s

i ncreased-beyond. t he 4R fERbpibEthd cetfral i@ eléxﬁen‘(%élﬁlag}i 5 Rfudable hdznbvakk de a
% - 45 knot eéd. Such

lift-to-displacenment ratio, in the range of 50% at 40 _knots s
an arrangement is sh&&IH i P‘ég‘tgiﬁ“agig'l’e@t,mpsgf‘i gat(ﬂ m't‘JPl"ep"d'é’c‘}Ié‘e%b‘?ig{)ﬁhﬁcti on
are extended transvervsstly ldoginding detter ofograndtly, ov désh tobaid lenter @€ geavity, mndr der t o

facilitate support fQumbhdieaRiiwdht (RS Febtel cler fite foils. These bridge
constructions may also facilitate nmparingas well as enbarkation and

di senbar kati on st at i 8152t 188 opgrinazy hydrodypamicivings or Ivdie@oil sppresmentristiestpd 200" m
or larger, three pri tetwsenland belapethe cantralingll Elemdns amiehe dide hfik elemhdatseinteprateg uch a
case their approxim I f rapad 6 .and g i 35
AVENDEp SHEET 14 Nt(t)(\%lérfge ougB et Jag%‘lT“% N%’S'ét%% Tléggz%%%?ﬁg? ué%gégg?ecﬁode

Hi gh speed hybrid nmarfHEusigsionehat least apsypriical sypieieash sidewt e veseel’s senfer t t ed

wi th hydmodynam c |i fihe;generating, roll-, hive- and pitch controlling w ngs
or hydrofoils, s opergtipg,d hati Hénﬂi fer mele drostatic
stabl e | ower speed mg%e,a ?33%[58% :é\%oﬁa@t fi &]&gc(gﬂ{yd%q &aﬁp@% ‘E;\/p

a'positive net ntric hel +GV) ,
Wi th the contral hul ok KA atperdoRa Rosten ohbe gkl slementaypitualy ehent s
subnmerged, and a hydmotitiahiia, inkgiagt kethhiegdebthros gies tbastgeverticabdif fo GacR
negati ve netacentric | | G | Jhul | el erent
pa?ti ally lifted, parsgtied(glﬁil yoé%%ﬁ%@%b\?\ﬁnﬁglﬁ{ﬁ%qgﬁhéeﬁﬁ% n'éalygl 31 gecgfe
partly o entirely ofPSIUoRf the water, while said vessel is being
dynami cal | y stabil i zekht ¢ vilpe ohygi@biRiare 15ya8dQG3 O ERieS bff KroBfnamicaincient r al

hul | el enent featuri q&at%??li%glgag%%gsgﬂéﬁé&%gagg teg(?)tnsrt rtglj,cti on, that in the

transverse direction protrudes beyon e ‘central hull el ement
and , i s where the Mt bidrofyemicolift Jereel senetated donde iydofol rarranishinte as t he
wet deck |ays above tuwheinitflspded isiaNRasoD@N of Be lixReS®dight 6f tRd veksBISt at an i ntact

cond1on; g & e SEET) Moh) A RIPUES, WRIPL SubLagynen the
fastened elements located below the wet deck and made of a stiff construction
material or a flexible shock absorbing elastomeric material all over its length, or
over a major portion of its length; '
- that the side hull elements contain flotation elements that are adjustable in the
35 height all over the length of the side hull elements, or over a major portion of

their length
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20 - said vessel has a relation between the largest frane w Jt“H“%YSB\P&"?R%Z
watertine and the largest frame width of the central min RCEMNGDI0167
wat erline representing any intact upright floating conditi2e00d9-65 | east 2,
. - said central hull elenent has a relation between the |argest water |ine

| ength and Zs the |largest water line width at any intact upright floating
condition of at least 6, - said central6hull elenment has a rectangul ar- or

trapezoi dal |ike shaped transyer sectian bel oy t he wet . K deck |evel at an
aft |ocation, gradual ag the s ‘ﬁfa}r/ng“‘fﬁi%e“g pfi%,rah& O’éﬁﬁgewes\é%aﬂfeeq&‘%@e‘?“ B the
bow, eventual ly a comgienballashtankffeatiring @ ped@@uent gpehidg loeatsich thedopmoplhbded Wit h

at |east one set of saislﬁumwdisah&wao@ﬂleemﬁﬂr%ﬁbﬁ,tp&tqu&@elésﬁmiﬁgns!Sts
of one side hull el enEJS located on each side of the vessel's |ongiTudinal

centerline integrat e@*bEPBREHEMREY cpPeed Wil geapy, rﬁ‘f‘?tﬁﬁ"“gdl&’@p?ﬁﬂm\gﬁ&? is
| ess, eventually subdtammg al |y | ess that the depth of the central hull

el ement such 3s that the ratio between the depth of the side hull elenents
and the depth of the central hull elenment is less than 0.7, the depth being
nmeasured .from the | owest continuous deck running fromthe aft to the
forward part of Ihherefesd ehboalmebththe vase Stequipget] with atftilly sabrhdrgadgifiginesamg hul |

el enents, AMEN \ . T/ - 09- 8 -
ai d side null el breane sad TR et igachd sl AP ke e o
entirel y®or par thevesh thej sntrah dwll; dpmantesndethe side Jrull sgkesmpeats g elpsentedthp oiwsels
conti nuous deck,lomgitudiabtetites ofigratityl (LCSY, e Mkl @rike tditral Hall @feREdted terhodi nent

Pt o e o oAbl B acBOUhd R0 and 8Tt o aBhdnesOly il YFRAE

| ongi tudi nal center o avi 1:'.% - sald side hull elenent’s arein a ’
preferred embodicH@felyaey elgeb gtrus @nd ¢ repndenydyiiodgamio diftregnerating and pitsh of
their transom |cogmllaf thydrbfoil MRatkd o) ahemivell Hawadvk bath phidés| arddomxeld emmet , .-

said side hull i r r odi nent | gcated such that
t hey ar egpar al | gwﬁ{;g H‘%lﬁg%%% ségf“%'saﬂ %Lsgit§ Shgl ﬁé .mceenﬁ%yénrg Tv'lgncge?k SPSENE i nor
i nboard or out bokpeadipher e tepngyersh spansl ity Bydepfoihyrangasieatnsh meang o€ vertisgahnged
symmetrically abeuk the said ~s vessel's center line on both sides, - said
side hull elenments nmay, preferably on | arger size vessels, be arranged one
forward of the other on both sides in the longitudinal direction so that
the vessels longitudinal center of gravity is |ocated between the transom

of the abt side Inuddthe?PreRir@RAicH, paRttulahe sudeyoplestRQark@ i@ do si e vy |
el enents, - the iweetui dgé:v%itﬂ fsv'ol rl11mt helg,{ on |tt udi Ral .fjl.l’eCtl c%rhnat f@% t
ext endi ng from t he"tppel and *FoFéitost EPart o FRRIER, g gt gontrp i’rﬁi‘ll
el enents to the apeatrrgmbydsplotiyyeSineenvassels hlilthis efze mormallyandl hewt tilledadn t he
|h _on%i tu:ji nq: dihrc&@taizdﬂféntaxﬁlellaihcér{&ﬁlﬁ&elm tn:[étr%stoﬁsaﬁ YR UeftaBle | ABALGEL 2L AN
i gher level than.any poi el sewhere along. the arc is in.it'
entirety, or parte ther ‘éer%# grag ﬁt\éﬁﬂ? %’gn '%\tﬁ,'gq%l?reﬁsﬁdabé’ﬁéng% oy “E“hé} °€%‘Fi zont al
plane WiZh the apseldnederto providegHii-totdsylatementantioan hoiange GH0Y%leddnets ketsk pl ane

in between, evenpaaldu¥h M drin@mER AR ih 9BurOB. KR, Bhrks BHRREH cHsHietkisn fart and
angul ar oriented fo({?gﬁ and t he

t rts, 30 - said wet. deck is jn
transverse direct® Wyeisl?ﬁtbﬁj((’%gpw i“?fméﬁ‘”‘gﬁd’gfhﬁl”esb%g‘i qfﬁ?ebfﬂfagilfﬁtﬁ StRSE a
poi nt on sai d wdbr theedterfstivts hbthe foilayThesorbmdgehenspmsied ngy denfhelitateimvering-i es  at

the sanme |evel, QkelPik hbikGEnd B¥EbarkASn daR@i Nt on said wet deck |ocated
cl oser to said center |line, 35 AMENDED SHEET

For larger versions, like approximately 200 m or larger, three primary lift generating

foils may be feasible. In such a case their approximate location should be aft, forward

and midship. '
35
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14 Novenber 2002 PCT/N099/ 00167 2000-09-05 9 In a preferred enbediompss 2002
said hybrid marine vessel further includes an arrangenent RGEAYQ9%/00467 a
set of fully subnmerged prinmary hydrodynam c wi ng or hydr of2600-09:@5 e t he
~total transverse span of said hydrofoil arrangenent corresponds at |least to
50 % preferably close to 100 % of the |argest overall wdth of the
vessel, where said hydrofoil s is |ocat®d close to the vessel's

| ongi tudi nal center of gravity, or nore precisely slightly forward of said
point, fixed to the central hull elenent, the wet deck and the side hull

el enents, event (Bebimodparts of the wet deck or deck construction extending

transversely bey[‘ﬁ shr8 Bald Rirde Vbl a@boRIFB NoS prefiit tuﬂze&{éﬁ'els ofitddh @R
structural el e diﬁlﬁ“ﬁ} ent on th transv(g Se dpgrh sai d ?\ﬁd{ o oi |

arr angenent , 8?‘?? eepraing. [l River Pt RIECDA AU e, WHIES Oh SYIREY: st r ut s,
that transfer t heperatirgr mdywoadidtioctlyi différenty nfodesc e hydrostitis stabdes bower spsedrgioflyy an

upwar ds direct edefQi66, poém R rid HeightS+61 Vvhfiﬁﬂe &hudl ﬁas &lerﬁHﬂ?anthE e&&: ably
on eacC nter

several, renotely contr
line integrated ?“6°€ﬁ%3‘8?}élallefeﬂ’§“t%6‘8’8‘°r§?d ang 4 dF%?*GP‘b\“HV‘ lo ‘ﬁ Sp??ﬁ&?ﬁ%l ng the
requi red hydr odyﬁaamrrg ah@budelmqtachymek@gltlt(ﬂh@ witlc thet slapildr sdodtel thnlhkmentse

ri ghti ng nonent r noves
forvard at hi ghw O Hfredt a“?ﬁ@ erg@d \Qﬁﬂtﬂ% sldb 1| é’l@ﬁeﬂtsraﬂepa&@% Bitirdly Sut

sid meng or
entirel yl%above t éherr‘é%‘?f V(B‘ieeﬁaHdlvﬁ%G lifyb %ngm%@?y ﬁ?@?‘@ﬁ%@&‘e g’i‘q‘eﬁﬁﬁi"t‘“ sai d
hybrid mari ne vessasdting 6| udes an arrangenent ao constituting at |east one
fully subrmerged secondary hydrodynam c wing or hydrofoil where t he total

transverse span of saj é% £ AP L1t @atu&%%ﬂﬁggmédssuh%& éotmcm fa:Qh alche

| argest overall width ofthe vesse ere one set of sald secondary
hydrof oi | ar r angementirangverse disteien rptplesheyondthe widthiof de cenjgal hullelgpeniand

| ongi t udisnal center od;hegmeIoWyr sufface @fl sdiddesla tahstaretidn aéﬁnkdﬂsltheWanmktlasand / or
the wet deck, by MEanN o th?&/ﬁtLraﬁ@ hQrptﬁe %s%eﬁs at; Perst z&%ﬂmbcoﬁlﬁﬁhop

hydr of oi | t hat transfer t namc force e vesse ere at
| east one remptely coR¢easing &%‘\é a‘PqV&B‘eF‘%iF“ waferHing é‘the‘btpe ¥egpelfs ?YSFP.ﬁe‘F 15 g
integrated to the trajubsifialBda®sasqdy ovi di ng the required pi tch regul ating
nonent um about the vessels |ongitudinal pivoting center by executing a
control | abl e | ongitudi nal righting nmonmentum when the vessel noves for war d
at hi ghert speed 30 Fi #ify wsselrhas agplationhetween bnlargsst fgme| Wit abys|the wriglineyr t her
by reference to the eql ®s@gkgést graimeSwidibhelr the @fitral thiig elemedt sthewsatértve hybri d

mari ne vessel according to.the i ven si de; AMENDED
SHEET 14 Novenber 2005 RisEAHEGH &%‘gﬁi"é‘&@%&ﬂ%‘{f%@’%%ure 2 shows the
vessel according to figure 1, a midship transverse section through the

primary hydrofoil, i nEHld?@hﬂraﬂlﬂult O@nehet b Adlationlbdtweh eivemgest Wi lisetengiRedd and

side hull_ el enents; Th e u% géif V‘@haﬂ H&céugegxthoagﬁé@ﬁ%n&%ﬁe PI N o

i ndi cati Ay the water wat er
(W.-2) at | ow speed node, and vertical cent er og gravity (VCG and the

][ret acenz ri deoihnt (MiﬁécehﬁwhﬁlpﬁﬁﬁbnfMQr@ﬂtﬂg@& &itgbez&aaﬂeifle imafn(algévérse) -
i gure 4a- shows op |on\% clo % 3 8 g Ioﬁ'loca’uon Cadil @%m it
ﬁ’e gt degk lgvel foure ZM S Rows

central hull elenment B&% RO
optional transverse sé(canddﬁShﬁpePlh@rbdmhawcbvmmlyeﬁombh@tlwthe% hul | el enent
bel ow theonmain deck level - figure 5 shows a vessel according to the

invention in an aft vigWesdeNdipfoRidbd Wit MQeast chelksdi o 3 RISlHenth bilrdng @ RBENT S

that one set consists of one side hull element located on each side of the vessel’s

longitudinal centerline integrated below the wet deck, and featuring a depth that
is less, eventually substantially less that the depth of the central hull element such
35 that the ratio between the depth of the side hull elements and the depth of the
central hull element is less than 0.7, the depth being measured from the lowest
continuous deck running from the aft to the forward part of the vessel to the

lowest part of the bottoms of said hull elements,
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- fi gure 6 shows in a transverse section the details of the f1l4o'\tk%1vtemct))r?r2002

elements that are , ~ s adjustable in height and integraP€T/INO9W/00B6BI de
hul | . el ements on a vessel according to the invention, indhee8igods he
operating principle - figure 7a-7g illustrates the operating principle of
the water ballast system- figure 8 illustrates the plan of a | arger vessel

wth two sets of primary hydrofoils an® double sets of side hull elenents
20 - figure 9 shows a transverse section through the vessel equipped with a
surface piercing primary hydrofoil; - ~ figure 10 shows the plan of a fully
subnerged primary hyshidfidd hu)l denente afeiiing pteffiered evahidingnt ting ldchted Emirdlpwd Nng .
edge, chord length ( 0 ws a profile
of the hybrid mari ne%%%ggiﬁn%§Md%4nk@®h§f%gﬁeﬁégﬂea%&t%hugur?e%snt ’2) and the
side hull elenents (3). Below the vessel, the primary hydrofoil (4) system
and vertiscal struts gald}ide Bisll slevhentsase tnhﬁp&&ﬁedlé&lﬁqdm&yﬂﬁ@iftl&ieﬂ sGéh) thayst em
are shown. 30 As des K el A Lmary
hydr odynam ¢ w ng orﬁﬁbpgq?m%?m%h&% gtc‘:lgs é?é(}&% &{V\l/]iealle%ge ef%%:ae ral hul |
el enment (2) and the side hull elenments (3), which provide a ngjor

hydrodynam c | i ft foem sidd h\ﬂltelé’n%ﬁﬂd|a¥e'5miarbréfa€9df‘eﬂiﬂotﬂlﬂaﬁ posaidgeddlaer @aseel wet t ed

hul | surface, while i e Nam.c sta ugh a
surface 3s piercing %dPr%Jll pe %ny(gﬁheﬁt%gﬁo?l ag a%hommet(r)aﬂsofn %J}‘e ceétrglg‘}’l?
preferabPy a fully sa ,ged foil system (4) supported by vertical struts (
11 ) as shown on figure 2, featuring a fully controllable hydrof oi | span,
or preferably controll bI e fl 27) int ted,. t he D SHEET
7 Rovenber 2009 PCTABEE B EERubHE b Pt e Mot ooy o
foil span (4). At a opeldtoghe wiekylongiudinaheentey iheoetyahaminer inbdatd qyontbeaad ed by
the foil system can @ﬁél@'aﬁhtﬂa?%'s&l@ﬁd&lﬁﬂlreﬁsﬁﬁ%ﬂbﬂﬂ Sas?yﬁm%ca%y%o&hﬁsmght

shi p di spl acenent, gsg QAE‘Q tr%e size of the foil systemand the

di spl acefrent of the VEELEIOMRICARbIPSIRS of this, the vessel will be lifted:
sufficiently up in the water so that the side s hul | el ement s partly or

entirely clear the Wa{igkidt hilelembhis $na9' M@Féraﬁl{z‘%n YBSP Size @esﬁﬁ] 1] ar%gearunage
concer ni ng hydrodyna itio cat a at’

adi n
eventual ly is |i ftedT%?rgé’gg‘Sﬁ@frr?ﬁlet s‘d%thﬁﬁi ‘E‘d’r“@laf@f)‘ﬁm’? o tﬁl?e Vefsg Si's that
the wetted area of t hegitelivhl@hterhofigtavigy Briesated bate@n dierignsom of ttesdrddeibnllent i on
is less fhan the comjengs ahaR vof of e B4 thf cihents, Cat amaran when the
total displacement is the same. This fact contributes, together with the
effects of the foil generated Lift, to a mjor reduction of wetted surface.
Hence, it | eads -t o0 a theayededkadincthé bngnmﬂmdldlrnctrbm riCleaso eradnding Som tthengpper- whi ch

renders the concept &x&aRLiNGk o Mebdw Stinb Se ﬁ&u Betin@o ﬂ%pt‘?aﬁlgon’iﬁfthe
transportation platform h’gﬁle? rary to traditi (gg{)? cat ey ans, t IS

characterized by a hi°gh® Bty and fR8iresHE the ‘é’%F“E%’cS pﬁ‘"@fh
hydr ost atsi ¢ st abi | i t yhe epdpoing|lbcatsd atfah higbg levelhlemwgsmit cleowbes diompthé @rc, 20
present i nvention | nid i3] ¥ufiSel QB el 05HALLE oAl ¥ ALsBkY aN0l o5

of inclination when at rest | wat er . I ncreased speed and [ift
generated by the hydPngwith éfg?sﬁﬂeﬁ?ﬁa{hélghvd?vs's%m poigt oyfhg W%gﬂeﬂseelatﬁelg
further reduced. Wheretsae, spstedlyavit alchrftiinatisn éfiag Arcahapedyhiddla pst dddangilale hul |
el ements clear the waterline  Lhe A/I%ssel according to present invention

w | | ents}r a conpl etely hydrost at PC unstabl e condition. Such "a,.condition
is

- said wet deck is in the transverse direction horizontal or in an angular position,
such that a point on said wet deck farther away form the vessel’s center line, lies
at the same level, or on a higher level, as a point on said wet deck locatéd closer
to said center line, |

35
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zs charact erized by a negative netacentric height (-GV, V\:h (:1F11 "é%’r?emrbgrgglo%s

defined as the vertical distance between a vessel's verti RCTHNGIRI00A67
gravity (VCG, and an inmginary netacentric point (M on 2000:09-6% |ine

_ through the vessel's centerline. At small angles of inclination said
vertical line will be crossing itself at a given point, normally above the
vertical center of gravity (VCG) The | @r ger the di stance the netacentric

point is |ocate ove a the higher, J drostatlc st bility
and the net acenﬁPl mde b A«HEWF said hybrffl marf&nq'e’ssel rab Rdeg g armangpRe of o o

general |y associ @@S@ﬁltm {t h‘:t af ﬁlﬂmubmfg‘ﬁe’glmamdméﬂlmm a hidsofoh whete @K)
meani ng the net %ﬁﬂirﬁds%r&od Bﬁ of §a1@@1§/&3‘foﬂ h@ra:%g@ﬂh&dt Cc%}resg&ﬁﬁ Qf 1Qf Bravei y

(VCG . 35 AMENDED S 2002 / 67 200!

Figure 4 shows, HY F‘E%vlgse it 0% ggp% 654 Oy Eral HE{H‘:}%?*F vEssElophere 'SW%Qfogent ral
hul | el ement t hat leaated @csamqothes'essd’s laabitidmalogentbryaf rgoey ity tor anormnstcasely eslightllyl  f or ns
on the indicat edfomtrc%ﬂ éaiaepoﬁxi/\lﬁxéd)m the dehtrad thull hl@;ﬁeanthJWét'deékOa[aniheleQlelon

figure 4, indicated a-d, four possible transverse hul shapes of the

aft part .of the ‘i{eé‘}‘?’c‘tf’aqve‘ﬁ‘t?ll Y p%rfse‘?fré‘?ﬁ Wi degpridagk Rt mﬂ‘&?l@"@%@l tranpyersely
indicated, it nebeyadnisissid sidé hilhadengnts, e it@sonieyf teststrnguralsheents deptalagwnar -,
U-, or trapezoidgl trm§pa51%ﬁg (g{yagml he by blh o lcalt aoan\sf Sagpes at

a forward position. %; vari ous ref erence l'evel s are
i ndi cat e, nanel vmc\%qdérmtﬁq q‘f’é r("%ﬁferﬂ)ehy%‘fynﬂ’é‘&k g fste tp 8y vasseh neEpaly feck
level (7). The remardsidingted &irécoantisvhat itfid govided 4t least dit, Iﬁdffﬁmpmmlbﬂeﬁotely
transverse hull u
el enent bel ow t h%nﬁ.g?ﬁe g%p %(‘hi%h s“?eo %fvgﬁésll\@ ?Ié% gg&a&{i}%tﬁgﬁlf ed t&lof t he
principal ly di sthaduirefed gsean. Pftlﬂd“%ﬁr thy @ﬁarﬁeélydreéynw&m%&w ﬁsexequt%ése 70"
The dynami ¢ st abédufrdligble pedsdriciEhidigi nidicpum aBRP klicadsstld dexh&luh:y\ﬂreh theagselne «

vessel ageor di NGnbRs E t]\?arg fl%&@rt Tpe&lvv? ﬁlttkésjg?( l{uﬁ eggn§¢]§: gkjrh}%/ su%}n q? dr e?&re hose.

applied on nodern je anes nown €s are
aer odynani cal | y %hqsqth%men“%dm@an not be nanual |y control I ed as opposed to
t he conventional stable planes that can be controlled by the pilot.
Therefore they are conputer-controlled in a principally identical way' as
the vessel zs according to present invention. Needless to say, they are

statical |y stabl & axfether pughpsese ebodiyent, fyaid iteris| marip vessd inphudesnat, arshgeidentr t o
the presgnt hybr tdﬂsttte&get leakiedie &Illyrsﬁ&her@ﬂ’d s%&onhdi’yvhﬁcﬁ&@ﬂarmé\v&my& @it o t he

earth exanple i Swﬁe ¢ th to%(% ans'ver\slgn|I %]o sald drofoslta?‘r%tlx %r?i!eng){st luss A:Qe"/'&?gt can not
be bal anced wi.t hou arll? el ng ap “ati ¢

unst abl e condi t i lorgest pvgre yvuhblwémea@e%hsmwmhrer@sﬁec@f sagl smmd@vlhygmfnﬂgh ride
confort by utili zkigenRft Bschié@ sh¥BRIALE aft lod el Jedsaltd Bﬂgn@&ﬁaﬂ%m&r&\grﬂﬁgl by the

control | abl e f l a Sd(?o saldh centraygtfll e]ie(r)nlerllttafgld}.I er tlr%IXt {lerclzglb egrrxs%f Ettﬁl{f%honf étr%t ? or A

represented by t 'S na
hul | acc#rdi ng t@ﬁclmeésfesnlﬂ hvdwfexhthntdmnafmhedwdredxnm fcgge tbyheaesn@gad jlpese at

nmetacentric hei ghst Gneqwmte@scoﬁmmeﬂaa for aadarsadéﬂdazan@hmfoﬂt@mgmdwe%el
characterized byt . g({] posi. %ﬁl%é@net ac nttrl o #}f 'Eﬁf‘ﬁ\“% h t%

particul arly the"¥a4%e™Eh HeY erfqll"ﬁ {P1E, freplating o AZO | é“ﬁ?eésct this
results in that tormtudleds)edotnmd@mrchywgecu@g/u\@mmwﬂsldﬁﬁmdmallrtghnkg\mmmz002
PCT/ N099/ 00167 2QQ0-#3%£8 moves forward at higher speed

30

Figures
The present invention will be explained further by reference to the enclosed figures,
where: '
35
- figure 1 shows the hybrid marine vessel according to the invention, viewed from
the side;
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13 the present invention will exert limted or no roll t| onsf‘ hc‘i%vgénnb(féz 02

t he wave height, while the said catanmaran have no ways to Bﬂ’di‘!NlOBﬂlﬂﬂMéven
i f equipped with a hydrofoil system of sane capability. Si2gpge-g:0§ the
~central hull elenent is subnmerged in the water, typically featuring a
considerably less water plane area than a catamaran or a traditional

monohul |, al so the vertical heave novenents are reduced. These are further
reduced due to the cqnbi i on of ssiv and, actj ve ave da of the
relatively largé pri %ﬁ'{’ th%’ %fh&vf’ 7 SERY tr?gféﬁ’"fL at'ﬂ’félgftlpoﬁ@'lsf sﬁ‘g'l0 center
of gravity (LCG, as thrmﬂlcﬂatmmamhyﬂm@ulr mdigatingthdeventral il elemlents dhe et deck
condition where the sdgcpgggguygle,ga,ltsly w |l be 40-50 knots, the vessel wl|
have a dynamic stabiljty ainst roll excited b that can
be , is conpared to K3 HE?‘% 'g]@%fr@‘ﬁ§°rteﬁ5“ﬁ‘°’ht"@‘°ﬁ’i“tgt d"%ﬁﬁ%@ﬁe? tabove
the waters. This is sdmghep@dlmedd,h&v&tedbndtm-z)eatémsnemmmemﬂmmemdﬂ y |l ess
di spl acenent conpare h 1 B et cdfricSBind Qaltlld%?%lo%d it Bnd £BRGCL tO
the pitch novenents, %tg%pa@ﬁ,&t)qﬁo?‘mre cI 6"53& ed(@ec nd i lwdrof oi %ﬁ or
trimfoil, wll genersate ¥r pitch danping effect. Th| s renders the
vessel according to tﬂgereptheaemwslopmﬂttrammnsmeqm of erlegqpitpgthe agabl Hullt | es.

zo When desi gni ng suc| , ention has to be pied to features

| i ke the depth and bu%{ﬁgm\{)%agl vﬁg&gk@‘%eﬁ al hull el enment, side hull

el ement s!® | ocation of W@Hﬁﬂ@éhovtsétﬁtl‘é\al s ygTsE HacHan O(f%é)fwa‘ld@ﬁ’@i"f‘bﬂﬁ%‘é‘lﬂ cent er
of gravity (LCG and Hubelemén beleetmt maindécklidvel foil system zs To arrive at a

vessel that is optim C
del i cat e bal ance'pand %ugsfs}lgm £ %&fg&%ﬂ?% ?énﬁ{)ors B\h {nﬁl gssel
nmoves forward at Iomdeustp@ééide@He'iveé% rest |n the water, the lift force so

fromthe foil system ﬁg%rammaqansm@ah@mhe Eréws ofﬂtmot@troafa[emmdthat BRCr ease
and both SI de. hul| ela%&l ug%glgfl}_tl and n?]tégr%erflm o, S s1ci%e ll g%atﬁe?i{ ec% vaeszsee wat er

line (W!2) on figuré Sment s provi de .t he -
required hydrostatic @P@@ngtowmvg@% ipghgptingheenjerating nrineipksi de huI I eI ement s

I( ;S),)' ndi cated on H gu:@%g@ Ang 1lﬁtstr£f$§%eaf§brﬂtﬁgr§ﬁﬂ$q|ﬂ@$ftﬁer%t&%Qﬁst%@tdm el enent s
may principally chni ca anpl e
by means of suitable € Betgo‘hll’ grﬁteﬁﬁgﬁlé%?fta?lirﬁr FHY Wlt?’gw? %eFScoef WL%CFOfel %

nor mal stored ANENDEDU]@IdEE‘IésetSQﬂSle'é#quﬂtSZOOZ PCT/ N0O99/ 00167 2000- 09- 05 14
conparirgent (22) Wtk § BRwS bdRndvbikd seBlidBMBBighlNe VBRNGuPbed vAlheLiuag: f 1 ui d
into a piston device t.hat for(%v\gsf o?e said el enent downwards until it is
sufficiently displacgl*Fhe PHEARYYOL o5 i ndicated on figure 5, In this way
a the hydrostatie unsfigid ) shewt thaplamof 4 fully evbevnged pimdye hydeefell, sndistfing theand t he
i mmer sion of the flot@;dn%na,{altmmw%g(‘ea@ H8rda&igtnl (OLP4 LohtrattivkFapd, even when
operating without a stabili zi ng foil system Another nethod,is that the
flotation elenments integrated in the side hull elenents are kept in | ower
positionzat a given depth or displacenent when the vessel noves forward at

tahi g EOV\?" Fpeegg[ quiRl shwsd r&ﬁ@&f thé‘hyiah@mwe%sselm%t[httﬁbeceﬁtpa@ﬁﬂl éléﬂﬁﬁﬁ@)gfst and
e hydrofoil system provi e agi c sta sai ation
el enents are tenp¥t@s ?)‘d‘? t‘@t%ﬂ“egtﬁé{? gH%‘t’elﬁvaé@ H%c?“ﬁ‘f”@g?'gﬂ ﬁ(f)osyfﬂ'éa ter

| i ne i s obtai nedverGatitrugsr(l By asarelj enbasecondyry bedrgfoib(5) sjeempare flowh.at i on el enent s
(21) that is connected to the above | ocated wet-deck (8) by neans of a
plurality of pneumatic or hydraulic actuators (23) |ocated between these
(8, . i8°21), in addition to an air sealed flexible nenbrane (24) fastened
to sai d adj ust ablAs dkdcaibed} aromraabanenéodstanig heinabokdrddpeaicedingwet hylledél The
actuators (23) g?ocgtgﬁge%éeﬁ the cthtd AL Q2) dn@ tHe\sladHal cBEsS ?ﬂr ﬁhlch

accunul at or pr ovi qul red pernanent pressure, such

keep the actuat oP®Vin@ maier 1&6{°é§%| I Ereendiat tosylty i regucer it and |49Wé%sed

posi tion, retai ne@tddyhull B@fict, &hilblt QinfikiHes Ry rdvaié )dyianid stabilfipthedugh ¥ sfics ounds
sai d el ersrsent S

piercing hydrofoils system (6), as shown on figure 9, or preferably a fully submerged foil
system (4) supported by vertical struts (11) as shown on figure 2, featuring a fully
controllable hydrofoil span, or preferably controllable flaps (27) integrated along the
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z0 ‘and the internally | ocated actuators. Lifting of the rotatlon eqerren

are provi ded by applying a negative pressure to the interR&T NG 016272)
within the flexible menbrane by use of electrically drive20088:d punps.

- Thereby the relatively large internal area will execute a sufficient
vertical lift force that exceeds the opposing vertical forces generated by
the pressurized hydraulic or pneumati c Hdctuators (23), so that said
actuators beco c ich resul the

el enent s terrpo?g‘ialhf’%/ {%ﬁ?{z&)bcﬁ%ﬁm prﬁ’a? 8{) aj?‘lt au%%ed & s %‘%ts (R oﬁ%ﬁfa\ ﬁl cal
vacuum pumnps cargetbettesitbaltheé@ilma&maﬁamwdmswﬁeﬂsmnﬂ%@ 20vﬂ(?|% ef therlighe ghi r ol | er

si gnal t[]at | di f%gl@&ﬁt?ntt(n‘ n gmﬂlb‘ﬁ%fﬂﬁ)fmp@staﬁ&&r?tﬂ@(ﬂs den?e]ﬂﬁof‘ﬂﬁ&@@bllls

per manent -el ectronic_feed-back s e speed | og .apd r.

i ndi cator. This Atidh e %°é8€‘?“é %thg%f@%égﬂﬁsr#%ﬁ s"Pallit r?ﬁatteirégma{/]%ﬁns 'ﬁ? be

di sengaged at a hokeleraents paoly ooentiielyl obpar the watertlmat i on, for exanple a given
maxi mumroll angle or a m ni mum speed. The fl ot ati on elenents will then
automatically be |l owered back into their normal displaced position. 3s The
drawback connected to this nethod is that it is relatively conplicated and
cost demandi ng. Thixrgiwsetel vesselsi mgonademapes cdncdugng3lydtdymmmid dragidnipared sub t in
relatively |ar gecra'dﬂ&{}a?@ﬁzﬁna?in tﬁxﬁbenﬁlaufenﬂéa%ggs&,ﬁm%g‘ ﬂﬁ%ﬁﬁé realdAWES N1 S

i S not necessari sl nce Nove 2002

e case

PCT/ NO99¥00167 2@6@“@9%@ prea 9F the sentrpl N&&@éﬂt@ﬁ@f% ‘@erse“a %ﬁ‘é‘ﬁm B esén t he
overal | size andhinhie: cambidal ardaef ek tvafhutlhef awethdlarak whdn cheaothliisplacdmentl is the. The
advant age i s t h%mé r‘I hﬂq&?l?on{&buﬁggﬁ%&ﬁ%%tﬁ%ere e(g"ﬂtlehgll gé’n@lfa{e((i:ﬁé tB Q?naﬁ:‘rdehu' I's

when the vessel eratin er spe wil |
reduce the chancfé@déﬁn %fl‘&%‘egtﬁ?rfac‘elmt“sle?q%tt%raf'e‘i‘-'P‘h&d‘dﬁt‘P‘h °§\é‘9‘e§“°t’%aripar ed -
to the water s badidimsd, wiébheldersiiticCéoniiipt lexdogtionattyCwelb @dltell mast dehigholshedi ng; .

w | | redlusce maxi %%%%Lgna ﬁmwel | as drag at | ow speed, since the i ncreased
di spl acerrent at O d 1's avoi ded. Another method is that the vessel

is equi pped with a separate water ballast tank ( 15) as io shown on figure
1 and 7, structurally integrated into the bottomof the central hull

el enment (2), and.|ocate f

preferably aft o On?r g grﬁﬁfl udl a?anzéq%w 9}&%&'}1&& bé%stﬁ@dhaa‘%tﬂ?ﬁe aft part
of the tank a suiGMitha r¢sehtwedngbee¢fpmjw(stahesy Prsroll é%féteedtheé@%ﬁ 2oy i st ance
aft of axvert I Capressitt@fvehtioh Zﬁltxdllsl hbbbw&oﬁﬁfb@ﬂaﬁﬂ aibilitg at Wﬂaﬂil’hnklbsaoﬁ:lhcﬂﬁlitmhs at

t, and with a f t ||
enter into the (IR S AE 9 PESTR WA Al Spee It T deibucs B WRaGloth

whi ch this takessygtmdhe hydl@stgtmﬁ@hﬂlwe@qws thur@dueﬁdn%emtbq}@?qdawh h‘é“gbpenl ng
( 16) and the VeénBﬁg@xalmddhésﬁlm SRRl BBart hewhteHiNe il Jeeladcesiding Bprésedk7) and

th ft | ted t tat
Wat? e?‘ V\hg(r:]at ﬁ e gxgegg(%x YJ@) %’6 \?ecopﬁietef’ishalfiros t?c lﬁ‘lsgagle Q:En%ﬁsur§ucne on&&on E:t e at

the vertecal st egha(agtfzed by anmﬂ‘ea@@denﬁpe@mhttﬂ'@Mth*@étgP@rﬁums deﬁ@dwaﬂer fl ow
Wi ll ao nove nmor @dam@dshee Béaeeeharvbsm@tvaﬂucalcam of gvawyl (VICG),adnd @n GhagRfiryS peed

no longer wll hit the toe the | 0

pass underneath PHFE? nﬁgm'i‘tl(ﬁgg%%?ftcgﬁ B'f‘?“élﬁ{h%v e{'i?dm? %tt '?agpa(‘:lnlg étjl on
t he bal | ast t ankinglinhtionrsaid |verticps tindyeillde gossineritseli pier glvmoulgrrmmély lahovp dieng
drained due to t{&ia0hdl drechviy R@(BVTHérlérE&&}lé'cﬁ‘stanWé Ihewaemh@p&mpio@&éal

enpty. At aglve Iowe d ter agai n hit

becone sé&par at ed*®HYS l&?&f@éﬁe 'i‘%hef H‘F&V\?Pféat?éﬁglwmmi fhe;nictgogntriq lTefggtd(%G%ﬁe t ank
i s equipped wi t hwilnbeaiAn ypitpide (@5 if therefoeengendrallyi sociapd twith atowp Sphegatve n
order to avoid i pLeLAal Mgk (ERNNBeARY R REslib b iOfcdwBe Ak ceﬁéepyfe
descri bed procedure regw fes a condition wth a certain degree of

i deal i zation, sufWHR¥CEhe static pressure head, given by the draft of the
vessel, is approxi rrately constant. This, of course, is naturally not always
the case since it is influenced by the vessel |oad conditi on, pitch, foil
gener at ecji lift and waves. To cure this problem a controll abI e wedged shoe
( 19) can be installed at the aft part of the opening, as indicated on
figure 7 d. This is hinged at a point (27) at the aft part so that its
angul ar position ss freely can be regulated up and down. The bottom of the
shoe is preferably shaped such that it has an arc shape in the | ongitudinal
direction. The toe of the shoe is wedge-forned to easily allow separation
of the water flow Wile the vessel iAMBNDEDESHEETOr noves forward AMENDED
SHEET »
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the shoe will be tilting downwards in the vertical plane RET/NQSK¥OQKGd by
the dashed lines on figure 7 d, such that the toe of the 2000005t r udes

. sufficiently deep in relation to the | ower edge of the step ( 17) in order
to secure that the shoe is scooping water. Depending of the vertical
position of the toe in relation to thelgaid s | ower edge of the step t he
angl e of the hin P | at.a given s it .self when
the vater flow n%ﬁ{éons%e)\?s %boveaiﬂdlcatteg NG %megncbfgrlmr?to?{']% ce%gi’%t}ll eée tpl ng
ceases, and theﬂ@hﬁkeﬁﬁmbﬁ@Hdﬂkbymﬁﬁﬁﬁgcwwﬁbhédlﬁnnﬁewmmhﬂsm@bwdwhmnn t he
shoe wi |l be plagvng on the surface of the water flow due to the planing
forces and the vertical nonentum about the hinge of the shoe, as long as
this is freely supported. As long as the speed is above a t o given val ue,
the angle of the shoe will regulate itself and adapt to the mnor

variations of tgsSing baaf fSns Eﬂ%@m‘ﬁﬁ-rﬁ reﬁlﬂd%atemldc bho®s ?ou¥ B(tskll\g:l@ @%&Qergey trim

and waves, wth e toe touchi | ane. ward speed
again is-r educeg%g}% of the.pff garp 0 53? lf&““amﬁ‘él Q‘H‘Eeé‘r b‘fl‘?"bWequtlde‘f'ﬁ level s t oe,
becone separ at edhdamated, giabaysomixp efihé prinvipallyadidtiaguishedByctagiime A4 agirapedoRlabt el y
control | ed hydr@l\h'pés%e&ﬂaﬁdlﬂ?{un{sgmgg Ve RREY- B8 of 2 RorkBraboli Pl higth, de0r e

control its an oS tion an

i ndependént of l{ﬁ %‘E‘ééeé‘ire“gedfﬁ’lc\ﬁé’fedndé‘ﬁ’%d’a‘?% WA‘%P’@f(@’rLrBdwﬁld?%ir\‘d@r@ht to
above al t er nati aad man ddalelesal (ANgenent shown in figure 7 f g. 20 Here the
hi nged shoe is renoved and replaced by a permanent toe, as first

descri bed.. However, a hinged plate (20) is arranged in front of the
opening.” A renotely operated actuator device (26), being controlled from
the bridge, is dhtaahinthgtvariddeofifightesd, am,t dhew podsibafunberst bl ﬂﬁpeéedftthecal lay.

posi tion 1 he vararprse up preg ol deneiEB St BE A () el

pass under neat h Mak&onsist plothe i B distingpished V-f B \thYthWée‘H Cawbm%t’@és of I ting
angl e of the pl @ee. When the plate is tilted slightly upwards, the water
floww ||l adhere to the plate, depending on the tilting angle and forward

speed (v), thus being led into the tank. This nmethod is safer and nore
advant ageous from an operational point of view, conpared to the above
descri bed shoe ahé eynamici stae;ht;upknatuighemlsl ﬁ%ﬁ@h&to&ﬁmﬁybﬂél lnadne&}aﬁel Rbdr@ighat i ve,
the primng and j S troI

g%ﬁ%@ée&%\%{ma& *1? bas%al 31 {a? %Qhos%aﬂapp e{& ?r{l éepg%h%etr g lanes: i ve i s

i ndependently o vesse
likely to be | ed's kapodes tynss 4rwr@bmg@llngbhd@mwo¢otbmmwem}une of

the tank and It&oﬂtn@ﬂ@llafs Hﬁboﬁbako m@sdnwnaa.al dABR pﬂ\h@\f&t SR CoRBabdBY ke lpiiat er
bal | ast system G

|dehu . s th ui red degre
subnmer gence, whi c%e e eg %rﬁ comg'ﬁer'contr Wi Prncpafly ade %ﬁ gy P A %f%ﬁ form
dynami c 20 stat |ae°°§‘ﬂ~n§b¢ priegept mmoar@ﬁeﬂlyssm 83& thayare3tatitally sigble iwben sopporte ai ded

by use of the t by mefviedls onltht §roﬁ§ﬁ!t glﬁﬂ'ar't@th@ Yeadnt ﬁ@U&se‘ﬂWﬁenté? rdst & KRRY at i onal
sinplicity. AMENDED SHEE eed

h
marine vessel (1% ‘tBAHHT tﬁ eef“\ﬁfeé‘ lebqr{gzl@‘é'ﬁlte’r‘gf‘mﬁﬁf’l‘s sé?“éﬂ&r’r‘?’ ‘%)
| east two si de hl!d¢web@nbﬁme4®)hout9mgwmmmawnhuhgapelledrltemt (2) featur es an
integrated stiff deck construction that in a transverse direction extends
beyond a wdth of said central hull elenent, wherein a | ower surface (8) of
said deck construction is defined as a wet deck | yi ng above any nor nal
wat er |ine, and Aostaticopnsigble @onhigmn od yema ihenthgebis- gin et ogachipdiigobigh kide or

lifting surface §escg4, | . [
floati gg condi t ?c(’)r&]i%n bﬂ)t;:;lﬂ: %?EP ar%gt eri gééltfblmqal éﬂgagﬁ&hdem)?% CHIP OIUQ{E

featuring a deptﬂﬁpsl wdge ils Theeematly gyeitation foress espisprnted by the tygve impacty at | o
bet ween t he vesselhedull amgmedly inuetniess\ibrdi lullabavingtth greveat ﬂf/enhdnl’tﬁara@ﬂﬁecﬁ aid

central 39“' | el %%%ganvé %@@eﬁ&c éwl?ﬁe( dlgf'ta? oﬂ}oset%rfg aV@ 1ona cz%l?]m Ceheéls‘%e W-2)

bei ng greater than vveen hul |

el enment | argest © ‘l‘céﬁnz‘?ﬂ%ﬂé‘ highrRgsifive mesentricsheighhOAD. Rus is particularly the case

in beam waves that cause roll motions. In effect this results in that the vessel according to

AMENDED spyggr
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| argest water line width, being greater than or equal to 6.1
vessel- by nmeans of said hydrofoils or lifting surfaces is EQH’JH

operating as a hybrid vessel, both as a nonohull and as a 200015&9-&5, by

~sel ectively sustaining operation in either of a first and a second
distinctly different nodes, or in a transition state between said two nodes
for an extended period of time; said firl8t node being a hydrostatically
stabl e node with the sse hibitin r rmfor..a wde
range of angl es S’fepreﬁ%fmﬁe&k’? e\’/‘ﬁrﬁlﬁm%&pf‘g L8P R %“588% ‘iegﬁ(’%ﬁﬁﬂva ﬁ Ulint and
parts of at | easwhiathe edfid cdwelamndieverml waye toeaveid s, ¢venpf eqvipdedoeithomhyarofdik st
water line; and sqafdh cfempngobiele being a partial hydrostatically unstable
node with the vessel exhibiting a negative righting armat mnor angles of
inclination, with the central hull elenent partly displaced bel ow a second
water line, and the side hull elenents partly or entirely above said second
water line; saidgficd 8 “éﬁt@eﬁtrah'hﬂﬁE eﬂﬁlsdi‘gs Qxlb%f-“géd hpﬂé%a%r‘é‘fér%mﬁ@ é‘;r{;lgna.,sal d

second water |ine. Zd accord gﬁgo claiml har errze t hat
eaid central hul cousiapdy eSS( Wf © 373 HpR £ 4T o & Eadtiona] mogphufl also the
trapezoi dal shaperdutaﬂ basyaswledegt redmcebmhwaterferthmtedm&leltethe komtgiatichial | y

b TS Shanes. ot afive i sdfie bsliSuRligee AQURRAS LGN Rlor SRIRIAR | 00

of said shapes. executn
ri ghting 'Aroment urbielpneidinbeenterof gravifL€C). ﬁbl‘%ﬁ?tifl“&tﬁgh‘ieéher speed. 8. Vessel
(1) according to claim1 or 2, characterized by an arrangenent
constituting two set of fully subnmerged secondary hydrodynam ¢ w ngs or
hydrofoils (5), both sets are |ocated on the central hull elenment (2), one
of said Sets is IUndeitacepruslisewiss conditipsy where thrspee dvpicalis wilt ke 40Hyiknerei tha
~centre of gr aV|tweswﬂnhﬂhwaadgntahﬁfstdbﬂltylmgheghnﬁubnéﬁnédlb@zlsidywﬁmmaxrddnbé sai.d

centre Of graV| t r 0] ets
corres ponds to | )eégnsqyx'?(21 i tﬁfg??ll&?td%#ﬂg P’g{lérgzp§§%°§'$ﬁfl}y Jbo%a‘ﬁpwgesal qs\’/gssel
fixed to said cebeqanse ﬂmﬁlde hyll elpragnts hawroporls@rablyﬂ@s displacgment corgppreg o thepside of at
| east one strut (il ofpeid Foidatt. Wath résp@ﬂﬁ)ftﬁé pltcngnomx&ntsymé o \on Biward fleese®s t o

the vessel, and V\,h 8 rcfaryal;[gdroﬁ)qsgr o gnl genera¥e Clgz{}ct) . q%l}_lciiamipléx ei’fecp (]'ius I dfﬁs

|ntegratedtothe i provi dire

regul ati ng nnnent@?rﬁﬁﬁ?)@w@ﬂgéothéﬁ@wtsmemwﬂlaﬁﬁﬂq epmg@mablhgescentre by
executing®a control |l abl e | ongitudinal righting nomentum when the vessel
noves forward at higher speed. 9. Vessel (| ) according to claim1l,
characterized by Lran nt.&9 S] of two.sets of f.ul submer ged
primry hydrodyné’?nﬁlc%w g&% Vesde ueatenﬂ%’jawmém%e{?%m eswﬁth%/c} ?I{S\r;%rse
span of each set b@@faﬁ@sqfdh?d@nff% hlall clpraent tsids (hullelementsy docptipn (pé yertiep) eentgr [of wi dt h
of said vessel, \/giwrtﬁ(\oma mﬁgxﬁmﬂc@@t&gr@u&gmwddﬁlblbﬁt:@mbﬂh&ﬁml%ﬁfemard of
the Vesse2|5 S longll‘tug\llen% vess&tt[uﬁ 18 {! IZB Ifro%an 5 0t heCGOO fIS ll'ocar
substantially aft Sat'd centre of’p AV Ly, R EdRY PRt Pelst BBt A
two vertical and dﬁll%ﬁebiilmclﬁﬂmmnltOMP etyreen theje fpntars.set that transfer the
hydr odynam c forces to the vessel, and where it is provided at | east one
renotely controllable flap (27) per set on each side of the vessel's centre
line, said flap arrangenent is integrated to the aft part of the aft

hydrof oi I span (4yhetthd wsseheovet foeward gt lowdrespreditaeds atacst ethaivaterp ghetlifiobree he

forward hydr of oi |fro‘ﬁpﬁ9 foilt ) fenf isafaiu@édr&@%asmtm&r e 'dFHﬂ'\ﬁll ifdeeatcmll bbth dide

hydr odynam ¢ sta ch da ut i ng. ntro

transverse and | lj 'ﬂ’itsn(g ‘B‘M’ %?P@Hgtﬁﬁ’(x/\ﬁ%wat?r ige (Wkedbgn f%(‘?gﬁﬁdorward
at hi gher speed. ﬂ@he%ﬂm&bier@eh)svsaltthondm@pthajremmadhyd&)stamdmbama| zed by an
arrangenent consisting of several sets of fully subnmerged primary

hydr odynam ¢ wi ngs or hydrofoils (4), fixed to the vessel by nmeans of
vertical and / or inclined struts ( 11 ). 14 Novenber 2002 20 11. Vessel
( 1) according towsy aiaﬂjuaxtha:dirtamattbleménmedmbyatadhreﬂgu&rﬁg@ﬁmnnmnmﬁuong of

one or several Setﬁesﬁ&f alh%g:;ngtﬂy Eﬁmag gﬁﬂdjallféaﬁp Ella 2 3%};_%' Ca?icfgas@leevca RY W ngs

or hydrofoils (6) fixe
inclined struts (cxample Bypmeaypofseitable ﬂmwyoné@mtézlﬁ@a%foamowéltwoneql &pm 1- 11,
characterized by side hull elenents (3) consisting of structurally
integrated or independently fastened el enents | ocated bel ow the wet deck

| evel (8).

<
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13. Vessel ( 1) according to any one of clains 1-12, char act1é"rNgveorln e§2002

separate side hull elenments (21 ) being independent|y adj RCRNQIVQOIRE
hei ght all over the length of the side hull elenments, or @080-09-0%j or
portion of their length. 14. Vessel ( 1) according to any one of clains
1- 13, characterized in that side hull elements (3) on a |larger size vessel
is arranged one forward of the other onldoth sides in the | ongi t udi nal

direction so th [ entre qf. av |s | ocat ed

bet ween t he traﬁésookm?%fﬁ %@Y‘l %de u(ﬁ e%e th et s OgﬁIH&E h'f% f PPRE
forward side huldevies Batefoross thmald‘@@ElgféIdo‘a@’iﬁodsdmnlglttlwl@im}endmélsmcetIlrathms 1-13,
characterized i nwattéiaés utditﬁte@&nﬁghaés Mbwﬁ}@fﬁ@ﬂ&dx&s@m tutaBR aRRBRI WekbhtOne, Or
a plurality of wat t tg%mgni 21 ég@éﬂw ck ldral ni n?? and primng of
wat er by neans of*" ié“a ié"n ) mgTgIon tafiqn elements, Gap &"P‘E’n‘é‘?’ff}yone of
clainms 1-514, chaadmstemw@adlelbqpeatmmmémutbatablamg fodmstefn. 15) bei ng i ntegrat ed
into the subrrerged part of the central hull elenent (2) featuring a .

per manent opening ( 16) in the bottomof said hull elenent, positioned
forward of the transom (14) of said hull element, for utilizing the effect
of the surroundi Agptheamethodss thitahd fotgtioedeumslieathtalriolthé side mdlysaine are kept
pressure-head fof 1§k ?gsfd?)ﬁ'a% Qigenocfepﬂltaﬁdltsﬂ%%m&ﬁ%%%tngvéégefﬁlgjves IeSiwil o §ST O

moving forward, and u i fect nam ¢ essure head of
the watel® flow pI&ispgdiss fsd*\'z\fgeﬁtﬁ'ég%ﬁ Mdiet the sheed i ‘Hcrﬁﬁ@ %E%PY%@P‘l geemat a
forward speed, byrovideaths regfired dyemici sehlitys s fldtatibil eleinents dre tdpbiantifpl aichng and
a structurally 'ﬂﬂ;teagﬁc%ﬁépjzlwgeeg &Q%a{er 1saotbtagn Oﬁcﬁ é:?%ﬁgnf ?nE I?rﬁ.y%%em ng,

alternatively a sel atin renot nged shoe
( 19) |otated inPPYideddy Otﬁ%qnteleﬁlﬁnt% @d t%&rFP‘H’@"‘eddPﬂ‘ﬁa?@mgﬂ/w%é%r(ﬁlblyed
pl ate (20) | ocatmeni of 4 plerakitg bipesmgaror hafraulid ectepe (28D logdnd Hatwaaewlesat(s poi nt

(27) beh'lSnd the AN fn' zﬁlﬂxltx?f Eoeﬁt ﬁr se"aféd NEX[%Mchb?aQQ %245] ]fas}eﬁ?ii ¥e§a§ adrhjsgl%f)r di ng
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flotation elements will then automatically be lowered back into their normal displaced

position.

35 The drawback connected to this method is that it is relatively complicated and cost
demanding. For smaller size vessel, like 30-60 m, it will result in relatively large increase

of weight. For larger size vessel, however, this is not necessarily the case, since it may
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longitudinal center of gravity (LCG). At the aft part of the tank a suitable formed

opening (16) is located, at a given distance aft of a vertical step (17) in the bottom

plating. When the craft is at rest, and with a forward speed below a given value, the

15  water will enter into the tank, as illustrated on figure 7b. The maximum speed at which

this takes place, is given by the longitudinal length of the opening (16) and the vertical

distance between the forward located step (17) and the aft located toe (18), as well as the

static pressure-head of the water. When the speed is above this value, the water flow will

%

separate at the vertical step (17). At increased speed the direction of the water flow will
20 move more towards the horizontal plane, until it at a given speed no longer will hit the toe
on the inclined aft part of the opening, but pass underneath this, as illustrated on figure 7
a. Under this condition the ballast tank will no longer be scooping water, but gradually
being drained due to the so-called ejector principle, until it is completely empty. At a
given lower speeds, the water flow will again hit the toe, become separatéd and scooped
25 into the tank until it is filled. The tank is equipped with an air pipe (25) for ventilation to

the atmosphere in order to avoid internal vacuuming and pressurizing of the tank.

Above described procedure requires a condition with a certain degrec of idealization,
30 where the static pressure head, given by the draft of the vessel, is approximately
constant. This, of course, is naturally not always the case since it is influenced by the
vessel load condition, pitch, foil generated lift and waves. To cure this problem, a
controllable wedged shoe (19) can be installed at the aft part of the opening, as indicated
on figure 7 d. This is hinged at a point (27) at the aft part so that its angular position
35 freely can be regulated up and down. The bottom of the shoe is preferably shaped such
that it has an arc shape in the longitudinal direction. The toe of the shoe is wedge-formed
to easily allow separation of the water flow. While the vessel is at rest, or moves forward
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lgl0%& ()-@ 10(@1‘&: {s)sc la&go V{%g‘ lggpendmg of ng%‘;rr&caﬁgosﬂtmn@'the toe in relation to the said
5 lower edge of the step, the angle of the hinged shoe will at a given speed be changed by it
self when the water flow no longer hits the toe. At this point the water scooping ceases, -
and the tank is gradually being drained. Under this condition the shoe will be planing on
the surface of the water flow due to the planing forces aqd the vertical momentum about
the hinge of the shoe, as long as this is freely supported. As long as the speed is above a
10 given value, the angle of the shoe will regulate itself and adapt to the minor variations of
the surface of the water flow, which are influenced by trim and waves, without the toe
touching the water plané. When the forward speed again is reduced below a certain
, value, the water flow will hit the toe, become separated and get scooped into the tank. By
" connecting a remotely controlled hydraulic cylinder to the shoe, one can to a greater ..
15 degree control its angular position and thus fill and drain the tank more independent of
the vessel’s forward speed (V).

A preferred arrangement to above alternative is the arrangement shown in figure 7 f-g.
20 Here the hinged shoe is removed and replaced by a permanent toe, as first described..
However, a hinged plate (20) is arranged in front of the opening. A remotely operated
actuator device (26), being controlled from the bridge, is attached to the plate so that it
can be tilted vertically about its forward located hinge (27). When the plate is at its lower
position, the water flow will separate at the aft edge of the plate, and passunderneath the
25 toe dependent of the forward speed and the tilting angle of the plate. When the plate is
tilted slightly upwards, the water flow will adhere to the plate, depending on the tilting
angle and forward speed (v), thus being led into the tank. This method is safer and more
advantageous from an operational point of view, compared to the above described shoe
alternative. Like the remotely controlled shoe alternative, the priming and draining of the
30 tank can be controlled more independently of the vessels speed and trim, but the latter
alternative is likely to be less exposed to operation damage. Dependent of the volume of
the tank and its longitudinal position, the above described quick water ballast system can
be used to give the sidehulls the required degree of submergence, which means that the
vessel will get a rapid transition form dynamic to static stability. Naturally also the
35 transition can be aided by use of the trim foil. This method is advantageous due to its
operational simplicity.
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y&10% & ()abé)%oany normal water line, and one or more hydrodynamic lift-generating hydrofoils or
lifting surfaces (3, 4), said vessel (1), when in any intact upright floating condition, being
characterized in that
- each side hull element featuring a depth less than said central hull element's depth;

- a ratio between the vessel's largest frame width above the water line, and said central
hull elements' largest frame width at any water line (WL-1, WL-2) being greater than
or equal to 2:1; and

- a ratio between the central hull element largest water line length, and the central hull
largest water line width, being greater than or equal to 6:1;
whereby said vessel by means of said hydrofoils or lifting surfaces is capable of
operating as a hybrid vessel, both as a monohull and as a trimaran, by selectively
sustaining operation in either of a first and a second distinctly different modes, or in a
transition state between said two modes for an extended period of time;
said first mode being a hydrostatically stable mode with the vessel exhibiting a
positive righting arm for a wide range of angles of inclination, with parts of the
central hull element and parts of at least one of the side hull elements displaced below
a first water line; and
said second mode being a partial hydrostatically unstable mode with the vessel
exhibiting a negative righting arm at minor angles of inclination, with the central hull
element partly displaced below a second water line, and the side hull elements partly
or entirely above said second water line; said first water line being closer to said wet

deck than said second water line.

2. Vessel according to claim 1, characterized in that said central hull element (2) has a
substantially rectangular or trapezoidal shaped transverse section below the wet deck level,
gradually turning into a U-, V-, or Y- like shape towards the bow, or a combination of said

shapes.



109@2& ()-",!109%&X& ()-![,!10%}& ()- MNNNNNNNO~_@! " 109%& () -{48S5L0%&,: 6d00Y

10z 10z 10z;

MLO%Z&' ()-3'110%& ()-!.M'1109%& ()- O0aP#R<S TTz[ <~ @' #X109%& ()- ! 10%& () -
11109 ()-1° 1 10%& ()-!q! 10%& ()-S10% ()ygT] V\/\Y/\bXeXX}’\<~ @' ! R@6S10965& ()
-, 510% ()-, 0T10%&' ()- . 109%& ()-s! y /(18%

/ (10900&' () - XOOOOXXYYbCI! | A 109%& () - - 109%& () - w mlo%&' ()-0$F10% ()-F 10 10
10; MLO%&' () - YYZ6[[ (\\WU3bC! csMBLOYR' ()--!7" s< 1 10%&' ()-7! s<

1 109& ()-7)L s< 110%& ()-7'F s< ! 10%&' ()-7!s< !10% Y .

& () - 7\1 b} 3~ O Kyspelpoperding: forgloige ()ar 2. Fharaespuiged in that sgiggwet) daci (8) extends

T 109XX& () LO%UR! 11009 ' A ADACI .
MLOY& () - I%QI? !tliegﬁﬁ: ﬂﬂ:l !ehep‘?e?@g% (Lgp}pr:r { /‘Eﬁr(e?{gtgpsar?s {d #tQeast to the transom of the
(f109%& () ceﬂxﬁﬁ&&um)eleméml@)bbbdeddM\l/ z10%& ()- @O%& ()-
f109%& ()-109& ()-3"m0%& ()- 9%$GLO0% ()-Y 10 10de\ff|gg9i}"r?m\V
4. Vessel according to claim 1, characterized in that said lifting surfaces are located

such that their common centre of hydrodynamic lift is located proximal the vessel

longitudinal centre of gravity.

5. Vessel according to claim 1, characterized in that said hydrofoils provide a dynamic
lifting force at maximum vessel speed corresponding to at least 20% of the lightest vessel

weight.

6. Vessel according to claim 1, characterized by an arrangement constituting a fully
submerged primary hydrodynamic wing or hydrofoil (4) where the total transverse span of
said hydrofoil arrangement corresponds to at least 50 % of the largest overall width of said
vessel, located near the vessel's longitudinal centre of gravity, fixed by at least a total of two
vertical and / or inclined struts (11) that transfer the hydrodynamic forces to the vessel, and
where it is provided at least one remotely controllable flap (27) on each side of the vessel's
centre line integrated to the aft part of the hydrofoil span (4), providing the required
hydrodynamic stability by executing a controllable transverse righting momentum about the

vessel's centreline (9) when the vessel moves forward at higher speed.

7. Vessel according to claim 1 or 2, characterized by an arrangement constituting one
set of fully submerged secondary hydrodynamic wing or hydrofoil (5) located on the central
hull element (2) substantially aft of the vessel's longitudinal centre of gravity, where the total
transverse span of said set corresponds to less than 50% of the largest overall width of said
vessel, fixed to said central hull element and / or the wet deck (8) by means of at least one
strut (11) per said set transferring the hydrodynamic forces to the vessel, and where at least
one remotely controllable flap (27) is integrated to the aft part of said set, providing the

required pitch regulating momentum about the vessels longitudinal pivoting centre by
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set of fully submerged secondary hydrodynamic wings or hydrofoils (5), both sets are
located on the central hull element (2), one of said sets is located substantially aft of the
vessel's longitudinal centre of gravity while the other is located substantially forward of said
centre of gravity, where the total transverse span of each of said sets corresponds to less than
50% of the largest overall width of said vessel, fixed to said central hull element and / or the
wet deck (8) by means of at least one strut (11) per said set transferring the hydrodynamic
forces to the vessel, and where at least one remotely controllable flap (27) is integrated to the
aft part of said set, providing the required pitch regulating momentum about the vessels
longitudinal pivoting centre by executing a controllable longitudinal righting momentum

when the vessel moves forward at higher speed.

9. Vessel (1) according to claim 1, characterized by an arrangement consisting of two
sets of fully submerged primary hydrodynamic wings or hydrofoils (4), where the total
transverse span of each set corresponds to at least 50 % of the largest overall width of said
vessel, where one of said sets is located substantially forward of the vessel's longitudinal
centre of gravity, and the other is located substantially aft of said centre of gravity, fixed by at
least a total of two vertical and / or inclined struts (11) per set that transfer the hydrodynamic
forces to the vessel, and where it is provided at least one remotely controllable flap (27) per
set on each side of the vessel's centre line, said flap arrangement is integrated to the aft part of
the aft hydrofoil span (4) while the other is integrated to the aft part of the forward hydrofoil
span, the flap arrangement providing the required hydrodynamic stability and pitch damping
by executing a controllable transverse and longitudinal righting momentum when the vessel

moves forward at higher speed.

10.  Vessel (1) according to claim 1, characterized by an arrangement consisting of
several sets of fully submerged primary hydrodynamic wings or hydrofoils (4), fixed to the

vessel by means of vertical and / or inclined struts (11).
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wet deck level (8).

13.  Vessel (1) according to any one of claims 1-12, characterized by separate side hull
elements (21) being independently adjustable in the height all over the length of the side hull

elements, or over a major portion of their length.

14. Vessel (1) according to any one of claims 1-13, characterized in that side hull
elements (3) on a larger size vessel is arranged one forward of the other on both sides in the
longitudinal direction so that the vessels longitudinal centre of gravity is located between the

transom of the aft side hull elements and the bow of the forward side hull elements.

15.  Vessel according to any one of claims 1-13, characterized in that the central hull
element (2) is equipped with one, or a plurality of water ballast tanks (15) for quick draining
and priming of water by means of (16, 17, 18, 25).

16.  Vessel (1) according to any one of claims 1-14, characterized by a water ballast tank
(15) being integrated into the submerged part of the central hull element (2) featuring a
permanent opening (16) in the bottom of said hull element, positioned forward of the transom
(14) of said hull element, for utilizing the effect of the surrounding water's static pressure-
head and / or dynamic pressure-head for quick priming of the tank when the vessel is at rest
or moving forward, and utilizing the effect of the dynamic pressure head of the water flow
passing below the opening to drain the water ballast at a forward speed, by means of a
vertical step (17) in the bottom plating and a structurally integrated wedged toe (18) at the aft
part of the opening, alternatively a self-regulating or remotely controlled separate hinged
shoe (19) located in the aft part of the opening, or a remotely controlled plate (20) located in
the forward part of the opening and hinged at point (27) behind the vertical step.
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greater than or equal to a vessel speed in said second mode.

19.  Vessel according to claim 1, characterized in that lifting surfaces are operable to
effect lift, as well as heave, roll and pitch control in said modes, and particularly the second

mode.

20.  Vessel according to claim 1, characterized in that said side hull elements are
positioned such that a major portion of said elements lies aft of the vessel longitudinal centre

of gravity.

21.  Vessel according to claim 1, characterized in that said side hull elements are
positioned such that said elements lie in the vicinity of the vessel longitudinal centre of

gravity.
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