WD 99/ 62760 PCT/ N099/ 00167 1 HI GH SPEED HYBRI D MARI NE VESSEL Present
invention generally relates to marine vessels and particularly a

hi gh- aspe®Q %2/ hydrofoil assisted high speed hybrid hBHAT/N@00167ng a
main hull and two or nore s sidehulls. General. Anmong nodern high speed
vessel s, the catamarans have over the latter years gained a dom nating
mar ket position over nonohulls, particularly of size |l ess than 100 neters.
to This type of vessel is characterized by its sinplicity of operation,
high stability and relatively high speed- and seakeeping capabilities,
particul arl y i n the speeHIGHYISPEED HY3SRBED MARINE \Tmss]mr ked, however,
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35 authorities, which force through devel opnent of novel
concept st hikie speed with approx1mately 2-3 knots on a 40-45 knots catamaran.

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

25 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
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.

30
Recognizing the lack of proven means to solve these technological challenges, it
indicates that the catamaran concept, a 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 increased attention concerning environmental issues paid by the public and

35 authorities, which is likely to force through the development of novel concepts that

performs better in this respect.



perforns better in this respect. WO 99/62760 PCT/ N099/00167 2 In the early
nineties, this | ed anong others, to a tenporary renascence of the well-
known hydM§ ¥#627¢9r i nci ple, in order to reduce the fricti orrdT/HoyM0erw7bet ween
the water and the hull. A variation of the catamaran concept with a foil
systemthat lifts both hulls out of the water was introduced, as described
i n Norwegi an patent no. 175199 and variops 5 US patents. Apart fromthe
advant ages rel ated to speed- and seakeeping capabilities, this technol ogy,
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the trimhran design consists of three hull elenents, including a | ong and
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20 concerning requirements connected to high speed vessels generally. Among others, this
concerns the underwater hull shape and the arrangement of the propulsion system,
which are likely to result in major hull frictional- and form resistance, large draft and

excessive overall weight.

25 The invention.
The present novel design in a preferred version, is a variant of the well-known trimaran
design that has gained increased reputation within the sail-boat environment due to its
high speed- and seakeeping capabilities. As known, the trimaran design consists of three
hull elements, including a long and narrow center hull and a pair of shorter outrigger

30 hulls or side hulls, 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. A variation of this design is described in various patents, like US 4348972,
5178085, 5529009, WO 93/07046, 94/20359, 97/10988, EP455605 and JP 63130492.



5178085, 5529009, WD 93/07046, 94/20359, 97/10988, EP455605 and JP
63130492. WD 99/62760 PCT/ N099/ 00167 3 As known, the so-called Froude's
nunber, eXr¥$H3ed by the formulae; Fn = v/fig*L 5 where, PCTINGp®e7( M s),
g = gravitational acceleration, L = water line length (m plays an
inmportant role on a vessel hydrodynam c resistance. On a traditional
trimaran featuring fully submerged sidehulls, this tends to operate in a
pl ani ng regi ne when the length is short and the speed is sufficiently
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20 the main hull and a partly lifted, hydrostatlc unstable hlgh speed mode featuring a

negative GM-value, with only the slender main hull partly submerged and the side hulls
above the waterline, the transition from the one mode to the other being augmented by
the use of integrated hydrodynamic lift-generating, roll stabilizing and pitch controlling
wings, or hydrofoils, the vessel being characterized by a combination of following:
25
- that the main hull itself is of hydrostatic unstable type, with a negative GM-
value, featuring a large water line length in relation to the water line width, and a
large main deck width in relation to the water line width;
- that the aft part of the main hull below its wet deck level has a transverse section
30 as shown on fig. 4a-d, eventually a combination of these;
- that the forward part of the main hull below its main deck level has a V-, U- or
Y- shaped transverse section as shown on fig. 4e-m, over a major portion of its
length;
- that the support hulls have a depth that is substantially less that the depth of the
35 main hull, eventually of adjustable height, and located aft or close to the vessels
midship point looking in the speed direction, and symmetrically about its center
line;



m dshi p point looking in the speed direction, and symetrically about its
center |line; WD 99/62760 PCT/ N099/00167 4 that at |east one primary
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i ncreasing the Tl'oi | width will generally result in nultiple drag benefits;
reduced hull drag due to less draft and wetted hull area, and overall
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ratio of the fojl (tself. Even |f thé foil systemfrom an iIsolated point
of view il CH%]@HF({ with two, P g%qe@arﬂngd@él stabilizing and pitch controlling high-

aspect-ratio hydrofoils. Since vessels of this size normally will have full load
displacement well in excess of 1000 metric tons, it may be desirable with respect to
optimizing overall drag that the foil width is increased beyond the normal width of the
vessel in order to provide a lift-to-displacement ratio in the range of 50% at 40 - 45

25 knots speed. Such an arrangement is shown in figure 8. Here, parts of the deck
construction is extended transversely beyond the normal width of the vessel in order to
facilitate support for the outer struts of the foils. These bridge constructions may also

facilitate mooring- as well as embarkation and disembarkation stations.

30 Increasing the lift by increasing the foil width will generally result in multiple drag
benefits; reduced hull drag due to less draft and wetted hull area, and overall reduced
foil drag due to reduced strut submergence and increased aspect ratio of the foil itself.
Even if the foil system from an isolated point of view will result in increased weight due
to the foil system and the required structural reinforcements, drag calculations indicate

35 that there is indeed a considerable drag reduction potential at speeds above 35 knots
compared to catamarans and monohulls of similar size and payload capacity. In

addition, such tandem foil arrangement will provide exceptionally high seakeeping



to the foil systemand the required structural reinforcenents, drag
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hydrodynamic lifi-generating, roll stabilizing and pitch controlling wings or hydrofoils,

and operates in two distinctly different modes, namely a hydrostatic stable low speed
mode, featuring a positive GM-value with at least three submerged hull elements, and a
hydrostatic unstable high speed mode, featuring a negative GM-value with only one

25 submerged hull element, consisting of

- a main hull featuring an integrated stiff deck construction, that in the transverse
direction protrudes beyond the width of the main hull and where the lower edge
of said deck construction, defined as the wet deck lays above the water line when

30 the vessel is at rest on a intact water line, and at an increasing height above the

water line when the vessel’s forward speed is substantially increased,

- said main hull has a relation between the largest frame width at a random height
above the water line and the largest frame width at a water line that represent any

35 intact condition of at least 2,



said main hull has a relation between the |argest frame width at a random
hei ght above the water |ine and the largest frane wwdth at a water |ine
that repr d¥@AY6ZEMy 35 intact condition of at |east 2, WO BOV/EQIBW167

PCT/ N099/ 00167 6 - said main hull has a relation between the | argest water
line length and the largest water line width at any upright floating
intact condition of at least 6, - the fosward part of said main hull has a
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secti on, bow of the side hulls to the aft edge or transom of the main hull, features in the
20 longitudinal direction an arc shape with the endpoints located at an higher level
than any point elsewhere along the arc, or is in it entirety, or parts there off ,
parallel to the main deck, with parts that are in an angle to the main deck,
preferably with the fore- and aft ends at a higher level than a plane in between,
eventually with a combination of an arc shaped middle part and angular oriented
25 fore- and aft parts,

- said wet deck is in the transverse section parallel or at an angular position to the
main deck, such that a point on the outer line that is farther away form the
vessels center line, lies on a level closer to the main deck level,

30

- said sidehull has wedged bow shape in the horizontal plane and a butt-shaped aft
part featuring an area in the horizontal plane that is constant in the vertical
direction, or increasing due to the in- and / or outboard sides being vertical or
sloped, viewed in a transverse section,

35



35 WD 99/62760 PCT/ N099/00167 7 said sidehull is |ocated such that the
position of its transom when |ocated aft of the vessel's mdship point
vi ened i nWQ&Y&Fed direction, lies aft of the transom ofPCHEOMEIONGTAUI |, S
- said sidehull has a conbi ned buoyancy at |ight ship condition and when
the vessel is at rest, that amounts to | ess than 20% of the vessels total
l'ight ship buoyancy, on larger size vesgels, said sidehull can be arranged

one forward of the other so io that one is |located aft of the | ongitudinal
center of gravitspibsidehulds oepfed syck that shapasiongisimnermsuhen lgeated afl pbt h

located at the StﬁB'QesIsél%ﬁﬁM@lﬁﬁ@oﬁﬂt $1c@RE & the shr dif¥Biioh, Mieb hft ©€ HeQFankdmie, oOr
the forward mdg{m{ﬁ |s | ated at a less distance to said center i ne,

each pair of si g symmetrically arranged about said center
line. 15 In a pref erred enbodi nent, said hybrid marine vessel further

i ncludes an_ arr ]

hydrodynam cC W ra%ggr ‘ﬂﬁlg ?QE@%&?%b&Iyaﬁj% g?ﬁt Elﬂp?@@ﬁgm Rrgd‘%é tz}alg t he

| ongi t udi nal di stessedés %é@%@ﬁ amieants éalfshigan 3AY dfdhe veeselg taseldight dfipt he
transverse | ocatgghyhygrofoil profile, and being subnmerged in relation to

the water 20 line at random forward speed at a depth at |east corresponding
to 50% of the chord line (CL), where the hydrofoil extends in the

transverse direcdd lrafgeﬁﬁzcatzeslsa@,&tnd&ﬁl%h@m carhig: arﬁﬁngédiaﬁ@fd@@hwaﬁnhé SBecHNt er
i nes of the mai ofoil is

h id, .h
beateq 8l ace tdbpritegsBEged 8 of I Tot e At BF el RE ol PR by £ o ¢ he
mai n hull, the wetatelbfokwanddiisiid psintiioth losatedeigthe sah¢ rapxetss dotarcbe thet deck

or deck 25 const A% BUlLN G HEAARY SHShMs RRYRAY LIRS BlHR0Md LR or 1o

sone of these structura , depende transverse

the hydrofoil, bSenipedng caeh Rt oftsidehpligheing $m¢@ﬁalﬂmwmd@w§wﬂ@enﬁen to
the vessel, and \phere it is provided at |east one renotely controllable
flap |ntegrated to the aft part of the hydrofoil on each side of the
vessel ' s®center line, that provide the required hydrodynanic stability by

executing alnaﬂprefmfed einlbadnh&nt, kaid &y&ﬁ& mafih@sselfunrandludesanemiangdigertessel s
centerline mhen t he

are partly S lﬁ%?‘og%%a ﬁlilylsggm?ré V%dm(%%%wacq?ﬁlrg \%E‘?’ g&f‘%ﬂglt}lgﬁhgrld?ﬁw Ihlef
preferred emzdilyeddfined as dhe rhgnglmdmar}edlstmme\b@mh thelehdidgsarminfo owanggeigent
of the transverse located hydrofoil profile, and being submerged in relation to the water
20 line at random forward speed at a depth at least corresponding to 50% of the chord line
(CL), where the hydrofoil extends in the transverse direction of at least 50% of the
distance between the center lines of the main hull and the sidehulls, and where said
hydrofoil is located close to the vessel’s longitudinal center of gravity, fixed to the main
hull, the wet deck and the sidehulls, eventually parts of the wet deck or deck
25 construction extending transversely beyond the sidehulls, or to some of these structural
elements, dependent on the transverse length of the hydrofoil, by means of struts, that
transfer the hydrodynamic lift to the vessel, and where it is provided at least one
remotely controllable flap integrated to the aft part of the hydrofoil on each side of the
vessel’s center line, that provide the required hydrodynamic stability by executing a
30  controllable transverse righting momentum about the vessels centerline when the vessel
moves forward at higher speed and the sidehulls are partly submerged or located
entirely above the waterline.

In a further preferred embodiment, said hybrid marine vessel includes an arrangement
35 consisting of a fully submerged secondary hydrodynamic wing or hydrofoil extending in
the transverse direction less than 50% of the distance between the center lines of the

main hull and the sidehulls, and where said hydrofoil is located forward or aft on the



35 consisting of a fully submerged secondary hydrodynam ¢ wi ng or hydrof oi
extending in the transverse direction |l ess than 50% of the distance
between t NP XY 1ines of the main hull and the si dehulBGI/N@OWHer e
said hydrofoil is |ocated forward or aft on the WD 99/62760 PCT/ N099/ 00167
8 main hull, eventually both places, fixed to said hull and / or the wet
deck, dependent on the transverse IengtB of the hydrofoil as wel |l as the

| ongi t udi nal posi.tion, ans of .at t .0 st r.ut ydrof oi |, that
transfer t h@"‘ﬁ&/ﬁ‘?lhﬁy?fﬁ‘r‘ﬁ%’ Bo Cesn@??‘r“atlolsﬁl HLﬁS\aéPEIg‘ "(‘S*thé élap‘?‘lﬁire’é n g
t he vessel tiertchneheeseclength of thehgdiodeit asatvell eaithic lmgetudambpashtwrgbmrteahi abdte s

flap pr. % to?felstruggg} ﬁﬁ{rgfoﬁdthglptre&rp?er?ﬁebw&{yn%lcsi%'r&r L&}nlnall V\%r vide

the require rrm he vesse
pi voti ng cedireqtediipece, tmtéleve&ssleand where dt is provaded adeap cghecmgwéeebntnoaalﬂsgur es.

The present ﬂh€ EP 'E&Hl%%ll’“lﬁtle%r%d %ﬂie%mﬁﬂt Jfléﬁltdl}gﬂ Mt prodiat aRGE ﬁlfédtth?n

encl osed figu where: Tigure hybrid mari ne v ssel according

to the i nvefREUEHNS PRONGHET AbRHE thes,vqswés @paiéudnﬂa@amng cemewhenheygssshl

accordi ng t enovegfvirwarliat Bightikpbéd transverse section through the primary
hydrofoil, indicating the main hull, wet deck and sidehulls; figure 3

shows an aft ship transverse section, indicating the water I|ne (W.-1) at

hi gh speed node, the water |ine (W- 2) at | ow speed node, and verti cal
center 20 o Lavity (\KIQ and the netacentric point (M at |ow speed node
and at hig d node ( . - figure 4a-4d shows optional transverse
section of ffh@p@b“tntpweml@f thhbe erplangsuifurtherts wgigrense towhe eteloked Bgwrks,- fi gure
4e- 4m shows @Bt onal transverse section of the forward part of the main 25
hul | bel ow the nmain deck level - figure 5 shows a vessel according to the
invention in a aft view, indicating the adjustable sidehulls - figure 6

shows det ai ls i nfigureriashswe fechybea maite GEssehacbriigdo tAéljnvehtadi, @icsied divmh | S

on a vessel accopding to the invention, indicating the operating principle
30 - figlre 7a- 75“%5 q%Ust rates the operating principle of the water ball ast
system - figure 8gukl2sbowatlesesfebagortingfo fagural gemidshgstednswershisdetion set s of

primary hydrof oi Jdﬁoug"ﬁriﬂe ﬁffﬁ’la@q{yﬁr&{)il,sih&ii%&mé the main hull, wet deck and sidehulls;
- figure 3 shows an aft-ship transverse section, indicating the water line (WL-1) at
high speed mode, the water line (WL-2) at low speed mode, and vertical center
20 og gravity (VCG) and the metacentric point (M) at low speed mode and at high
speed mode (M1).
- figure 4a-4d shows optional transverse section of the aft part of the main hull
below the wet deck level
- figure 4e-4m shows optional transverse section of the forward part of the main
25 hull below the main deck level
- figure 5 shows a vessel according to the invention in a aft view, indicating the
adjustable sidehulls
- figure 6 shows details in a transverse section of the height adjustable sidehulls
on a vessel according to the invention, indicating the operating principle
30 - figure 7a-7g illustrates the operating principle of the water ballast system
- figure 8 illustrates the plan of a larger vessel with two sets of primary hydrofoils
and two sets of sidehulls
- figure 9 shows a transverse section through the vessel equipped with a surface
piercing primary hydrofoil;
35 - figure 10 shows plan of a fully submerged primary hydrofoil, indicating leading-
and following edge, chord length (CL) and controllable flaps;



- figure 9 shows a transverse section through the vessel equipped with a
surface piercing primary hydrofoil; 35 - figure 10 shows plan of a fully
subrrer ged P PHeE90 hydrofoi |, indicating | eading- and fol | cRETYORUWES? chor d
| ength (CL) and controllable flaps; WO 99/62760 PCT/ N0O99/00167 9 Figure 1
shows the hybrid marine vessel (1) with main hull (2) wth sidehulls (3).
Bel ow the vessel, the primary hydrofoil9(4) system and vertical struts

(11), as wel| as t he econdar dr of 5
descri bed, SHUs } %@%W@% éf%“ﬁ’é‘rli}hlkg}i%%ﬂf%ﬂi@m@ EB“?‘H) or
hydrofoil, i de@@httﬁﬁpxhﬁir\yﬂ@drdfdile(mymelhlahﬁ véZiralandtst (W E), a5 deliuk e (3),

whi ch prowde a ng&%g{hly o namc |ift force, that results in reduced
¢

draft and d&eclpg g T 238, while it sinultaneousl y provide

dynam c stability through a surface piercing hydrofoils system (6), as

shown on i Q‘érd%sc%’be{(i’ '} %gfégés@é},wo&s%'oya Hﬁﬁrﬂﬁﬂoéﬁfalméwlﬁeqwo@ support ed

by vertical  Str own on featurin

cont r ol | abl Bydmiaih & leratedstveanihe a}alrplﬂ fey awi thestiehpldy q%éb‘V}éw]F PEyide»7)
integrated glapihytiRRyhDhic QM ﬂaﬂ:e gegestBM rélfucédidildftfaﬁﬂ |de&@£§e@@@tt€éhull At a

d of 45 k t d i ft t
attain val ug ai’csfw@iepm{%% B udsgpantinaapiry YOl o BrGst BeBih: of o
45 i n vessehyddé&prngstag (6))ad shewai onefigire Phe prefetabhrdfulysubinsged dabeystem 15 As
ff |y NAS uf f t
that tholsi aurohis pk VGElMdielt Llgsdfiowh sh L b B4 HuRoh Rohilfe S Br <
advant age cbydrefail segtidry dr pusfanahly comr@gbbdlapawd mt@gratedtaﬂm the fsﬂwlﬂ,&t amar an
that event Ug%éé’(%bf?i}éadtt%ﬁ ?H&{]G(&P%%' E%&’ofﬁh&ofseﬁﬁ%df&&n&ﬁkshﬁs that 20

the submerg area o e main resent_"vessel |

initially ré&preratgdpy theded syshem cemsifan a%l&e%‘f@rrteﬁ@nﬁma o Sftelpe’e oArthe @Bd%id ary,
the effectsdn 1atcé1ﬁeﬂmmh 49 Ek@des%élr a@bmlalg on\M‘H G o MBS fET drdrthe Eiéplabﬁﬁémr e t he

e ok e oG U She BRI ool SR G ) B SUBHI S S

sanme. The matbhededrithalvaidt iiieer ence in wetted surface of a subrrer ged body of
25 square shape at a given displacenment is approximtely 27 %l ess than
that of two simlar shaped bodies of the sane di splacenment. The

cor r espondi Adisrgivesdhé omftiaonajoroasivestags concerningdideadysiasedrpg C%ippﬁé@(t%t ely 29

% I n other puandga c%taﬁﬁl‘éi’lrthﬁt%%'&hélgﬂsq’ﬁ“teﬁﬁ%&poﬁ’dﬁﬁél@" Thdabor fot qhs RAngan be

obt ai ned by the present nove 30 _This fact Ccontri, but e% ?get her
with the2ef flzec&ubmfaiﬁmsbﬂbar%ﬂ thse%t} %teléaf tIhF present yessel sdpitiplly relatyelyiless ed

surface on ®ad&aliyiuées gRlhullBhige afidgtgendaty, 36k offectd srahPpmicstoried seatarmir ans of
weight reduction. Furthermore, the wetted area of a submerged single hull of any
particular shape will be less than two hulls of same shape, even if the total displacement
is the same. The mathematical difference in wetted surface of a submerged body of
25 square shape at a given displacement is approximately 27 % less than that of two similar
shaped bodies of the same displacement. The corresponding reduction for bodies of
triangular shape is approximately 29 %. In other words, a major reduction of hydro-

dynamic hull friction can be obtained by the present novel design.

30 This fact contributes, together with the effects from the foil generated lift, to a reduction
of wetted surface on a 45 m vessel in the range of 50-70 % compared to catamarans of
similar size and displacement. Hence, it leads to a major reduction of skin frictional
resistance, which render the concept exceptionally well suited as high speed
transportation platform.

35
Modern hydrofoil systems featuring a high aspect ratio, as is the case for the present

invention, have particularly high lift to drag ratio, L/D. Compared to the corresponding



simlar size and displacenent. Hence, it leads to a major reduction of skin
frictional resistance, which render the concept exceptionally well suited
as hi gh sp¥®/6%¢%nsportati on platform 35 Mdern hydrof oi FCEYQMNE67
featuring a high aspect ratio, as is the case for the present invention,
have particularly high lift to drag ratio, L/D. Conpared to the
(r:]orLespondi gg V\DmSiQ/ 62760 PCT/ N099/001671010 ratio for a catamaran at
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than a typical catamaran of sane size io and deadwei ght. At 45 knots,
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Contrary to traditional catamarans, that is characterized by a high metacentric height
that results in high hydrostatic stability, or roll stiffness, the vessel according to present

25 invention initially has lower hydrostatic stability at small angles of inclination when at
rest in the water. With increased speed and lift generated by the hydrofoil system, the
hydrostatic stability becomes further reduced. When the speed and lift is high enough,
and the sidehulls clear the waterline, the vessel according to present invention will enter
a completely hydrostatic unstable condition. Such a condition is characterized by a

30 negative metacentric height, GM, which generally is defined as the vertical distance
between a vessel’s vertical center of gravity, VCG, and an imaginary metacentric point
(M) on a vertical line through the vessel’s centerline. At small angles of inclination said
vertical line will be crossing itself at a given point, normally above the VCG. The larger
the distance the metacentric point is located above VCG, the higher hydrostatic stability.

35 An unstable vessel is therefore generally associated with a low, or negative GM value,

meaning the metacentric point is below VCG.



30 negative netacentric height, GV which generally is defined as the
vertical distance between a vessel's vertical center of gravity, VCG and
an i magi n¥Q%@{%centric point (M on a vertical |ine thRSTgFOPMWeIGTessel s
centerline. At small angles of inclination said vertical line will be
crossing itself at a given point, normally above the VCG The | arger the
di stance the netacentric point is |ocated above VCG the higher hydrostatic

tabilit 5 A t abl e, vessel s _therefore era ssocjated with a
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cor r espondi Birostasistefisat 5em theesidrehullse g ¢agrespiding }Dgfrtlogmfhheamctamtm onis

illustrat ecb(plyt &A% BhdiNBn 1§:1'119é{fa%‘ed4by3t|119 mtg@ above indicated, various
main hull forns that are exanpl es of ["abi 15 or hydrostatic unstabl e

hull forms. First line of hull forns shown on figure 4, indicated a-d,

shows four pgesi4dmewddslabsieiaRatedf varides ahin Har foré tHah@rermarﬁptw bf1abRE OW t he
wet deck Iev the various referenced |evels are indicated,

nanmel y; ﬁ"yfif%ganf\ﬂﬂm%lgtﬂb\glf Off¥ck (8) level and main 20 deck (7) |evel.

The remal n| ng variants of figure 4, e-m shows possible hull shapes of the

forvard pargiry fhe bPfulRifls v &‘?hg&ﬁflﬁ%hﬁm e a%?%ﬁf)!ygflo%lr;?oéﬁolé Agh Ghed 1t

may consi st principa ngur's
conbi nat i onaf the aff pag ef thzsnarmnbu belaithe wetadsick levpl. J[@éh%trlghfgﬂ}@r‘iaﬁ@uqal e applied

to the hybrﬂefkréfﬁe%& Melé%?e’sﬁhlc%gq{aﬂiéﬁg wat@ B gWal- ‘?ﬁ% dbdRV@Midverndisain
basically S‘iﬂr&;ﬁﬂ atééf t hose applied on nodern jet-tTighter planes. As known,

t hese tyPe are aerodynam cally unstable, and can not be

The remaining variants of figure 4, e-m, shows possible hull shapes of the forward part
of the main hull below the main deck level. As indicated, it may consist of the
principally distinguished V-, U- or Y-shapes, or combinations of these.

25
The dynamic stability operating principle applied to the hybrid marine vessel according
to the present invention, is basically similar to those applied on modern jet-fighter
planes. As known, these type of planes are acrodynamically unstable, and can not be
manually controlled as opposed to the conventional stable planes that can be controlled

30 by the pilot. Therefore they are controlled by computers in a principally identical way as
the vessel according to present invention. Needless to say, they are statically stable
when supported by the wheels on the ground, similar to the present hybrid vessel when
at rest or at low speed. A more down to the earth example is the bicycle, which also is
statically unstable and can not be balanced without a righting momentum being applied

35 toit.



manual Iy controll ed as opposed to the conventional stable planes that can
be controlled 30 by the pilot. Therefore they are controlled by conputers
in a prindYP&Ye2j6d denti cal way as the vessel according tPGVNQ0167
invention. Needless to say, they are statically stable when supported by
the wheels on the ground, simlar to the present hybrid vessel when at

rest or at | ow speed. A nore down to thejgarth exanple is the bicycle,
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have considerably | ess displac nt . conpare . I.dyiF.Qi 4l ns. Wth
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invention unique "seakeeping capabilities. 25 Wen desi (%nl ng such a vessel,
due att enpi omatpadhisds prebespese thosifemily pave qonpiderahly 1$plagegent compared to

said foil-catamarans. With respect to the pitch movements, the aft or forward located

secondary hydrofoil, or trim foil, located on the main hull will generate a major pitch
damping effect. This renders the vessel according to the present invention unique
seakeeping capabilities.

25
When designing such a vessel, due attention has to be pied to features like the depth and
buoyancy of the main hull, side hulls, location of VCG, LCG and the lift center of the
foils. To arrive at an vessel that is optimized from an performance point of view,
requires a delicate balance and compromise between these factors.

30
An important criterion is to obtain a sufficient high clearance between the waterline and
the bottom of the sidehulls during all phases of high speed operation. This is so in order
to reduce the wave impact in larger sea states and minimize the drag that otherwise will
tend to create directional instability and potential speed loss. On the other hand the

35 stability requirements requires the sidehulls to be deep enough to provide hydrostatic
stability. This requirement tends to work detrimental to the first mentioned criterion.
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method is that the vessel may get a relatively large aft trim.

25 A way to adjust the draft of the sidehulls is indicated on figure 5 and 6. The adjustment
of the side hulls (3) may principally take place in any technical feasible way, for
example by means of suitable support element (21) that 1s forced out of its normal
stored compartment (22) by means of injecting fluid into a piston device that forces the
said element downwards until it is sufficiently displaced in the water, as indicated on

30 figure 5. In this way a hydrostatic unstable hull can be made stable, and the support
elements can under any desired condition be redrawn so that it no longer is in contact
with the water.

Contrary, the sidehulls are kept in lower position at a given depth or displacement when
35 the vessel moves forward at a lower speed, or is at rest in the water. When the speed
increases and the hydrofoil system provide the required dynamic stability, the sidehulls

are temporary lifted such that a desired clearance to the water line is obtained. Such an
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support elenments will then automatically 20 be | owered back i nto normal
di spl aced position. The draw back connected.to this. nmethqd {eﬁatncrll%ct)st i's

relatively @&Q@F@V@ég@@o&ﬁ@pt%@ﬂhm method is that it is relatively complica
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
25 it may actually reduce the weight, depending on the overall size and the actual level of
the wet-deck above the waterline. The advantage is that it makes it possible to reduce
the draft of the sidehulls when the vessel is operating in the high speed mode, which in
effect will reduce the chances of sidehull interference with waves. Compared to the
water ballast method, which will be described in the following, it will reduce maximum
30 draft as well as resistance at low speed, since the increased displacement at lower speeds

is avoided.

An other method is that the vessel is equipped with a separate water ballast tank (15) as
shown on figure 1 and 7, structurally integrated into the bottom of the main hull (2), and
35 located a distance forward of the vessel’s transom, preferably aft of the 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
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descri bed procedure requites a certain
i deal i za®i ofentrofiplele avedped shoa(1% cpr be wﬁa@e%@fébe afjipoeof Bye Qpﬁélnar afindigtted he
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al ways the 1Cree gcgrll g r%g{lltateldsuplarr}fd ldov%lq C’Fhe botto%nhof the shoe is preferably shaped such
that 1t 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
25 forward below a given speed value, the shoe will be tilting downwards in the vertical
plane as illustrated by the dashed lines on figure 7 d, such that the toe of the shoe
protrudes sufficiently deep in relation to the lower 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 the said lower edge of the step, the angle of the hinged shoe will at a given
30  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 and the
vertical momentum about the hinge of the shoe, as long as this is freely supported. As
long as the speed is above a given value, the angle of the shoe will regulate itself and
35 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 plane. When the forward speed again

is reduced below a certain value, the water flow will hit the toe, become separated and



vessel load condition, trim foil generated lift and waves. To cure this
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15 the above described shoe alternative. Like the renotely controlled shoe
alternative, the primng and draining of the tank can be controlled nore
i ndependeW0® 99/63760t he vessels speed and trim but the | attraT/Mb900m6ti ve i s
likely to be | ess exposed to operation danmage. Dependent of the vol une of
the tank and its |ongitudinal position, the above described quick water
bal | ast system can be used to give the s{gdehulls the required 20 degree of
subnergence, which neans that the vessel will get a rapid transition form
dynanmic to Btattcestabhilitq 1 Natiumaléy al so the transition can be aided by
use of the trim foil This nethod is advantageous due to its operational
sinplicity. WO 99/62760 PCT/N099/00167 17 Pat ent Cl ai ins 1.
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height above the water line and the largest frame width at a water line (WL-1,

20 WL-2) that represent any intact condition of at least 2,

- said main hull (2) has a relation between the largest water line length and the

largest water line width at any upright floating intact condition of at least 6,

25 - the forward part of said main hull (2) has a V-, U- or Y- shaped transverse

section below the main deck (7) level, eventually a combination of these,

- the aft part of said main hull (2) has a V-, U- or Y- shaped transverse section
below the wet deck (8) level, eventually a combination of these,
30
- said main hull (2) is provided with sidehulls (3) integrated below the wet deck
(8), featuring a depth that is substantially less that the depth of the main hull
such that when the vessel has a speed corresponding to 40-70% of the maximum
speed the bottom (12) of said sidehulls are above the water line (WL-1),

35



30 said main hull (2) is provided with sidehulls (3) integrated below the
wet deck (8), featuring a depth that is substantially |less that the depth
of the nmaiwobe6d760 such t hat when the vessel has a speed copaEspoMbievy to
40- 70% of the maxi num speed the bottom (12) of said sidehulls are above
the water line (W-1), 35 WD 99/62760 PCT/N099/00167 18 said sidehulls (3)
are | ocated such that the major portion q% said sidehulls are positioned
aft of the vessels mdship point viewed in the speed direction, or that

sai d si dehul-l1 s arsidpakhtlisof g aredpmataodsuninthat memagks‘rpqnmrﬁofsa&hmde}mlldafwl ls (3)

are |ocated such Bm&tlédm%ﬁﬁ@v& éHugéh é}nﬁlﬁm@o&&ﬁmh %éeﬁﬂ@racu&n“gf @ainal

center line (9), at’ t ongl tu

center line (10) safl smh@ll%arqemmcp@datperomm@yrméshlp.,e main hull's center
line (9) at the transomthan the bow, and that said sidehulls are |ocated
symmetrically about the nmain S ce I|ne eﬁiﬂlon bot h es 10 said

wet deck {8) is &Ridsidelullsd?) %3?%&%%197% h@e&aﬁé%a e VeSS % %‘&’rt of
the bow (30) of ttllitﬁnﬁlcéﬁblulhﬂeS(% @r ahemio ishoard dv)e, ofich thet tl’[ﬁlld’hgﬁ'tuﬂlhal( 2), and

features |nthelo i tudi |re n_an arc sha jnts (30,
31) located at &f" % v (:le A raid %;HHS Ay s 12 }s%g%vréurlgs %ﬁn?erehnteﬁgj %r c, or
is init's 15 entthe @anspmgharpthe bewt heirtlaatcshlfd sidghaHaptedocatest syltmnﬂapaﬂydeck (7),

or with parts th%j) rtﬁefn }%%saé&e?llhﬁ(% erHESFdeve eck, preferably with the

fore end (30) an “than a plane in between,
eventual 'y with a conbl nat| on of an arc shaped m ddle part and angul ar

grl en: ed fﬁre- a@gxdad‘«étdsai(ts%s a%%asté(@énﬁldg%(%rﬁlﬁ%ﬂpgb r?lna ﬁd)ﬂérdo Mctam?\ég;se
irection horizon OSi ti on
the outer line tﬁ]é?ab‘? (}rOéPfﬁ@rS“g&ﬁ@”PcW r{am (\}@s%tgtﬁ ¢ iy ‘EIFQZS enter |ine
(9), lies on a hifghertes ireelongandiahl difeeticpareart elvaple, widstha enghoints (§B3)1) | ocat ed
closer to said c9 0631?%1 éagﬁghgslgu?l%ﬁa daﬁlglé)%glqlé sevsvhér%) ?%%ﬁe %d& gnpﬁ’ysv shape

in the horizontal positi oned
aft of the vesselenfrety,dshags theierff \iasalietitoi the nlahEdfgbé%)d oolwntécptart@ that frgan ur i ng

an area in the h%'aa @ he%ﬁﬂaeé@;eférgblm{h%é ke eh&‘ﬁ 30) '&ﬁd‘éﬁrehh@ aata

direction, due the v tical bow and e’ i nboard

and / or outboar dllglleﬁé?é’e](thal) aB@Pﬁg“%ﬁWﬁé’deVe\?’F‘é\%d‘“ﬂha aoml?laﬂ%%%a@ BBt | on

shaped middle part and angular oriented fore- and aft parts,

20 - said wet deck (8) is in the transverse direction horizontal or in an angular
position, such that a point (32) on the outer line that is farther away form the
vessel’s vertical center line (9), lies on a higher level, or at the same level, as a

point (33) located closer to said center line,

25 - said sidehulls (3) have wedged bow shape in the horizontal plane and a butt-
shaped transom (13), when positioned aft of the vessel’s midship point viewed in
the speed direction, featuring an area in the horizontal plane that is increasing in
the vertical direction, due the vertically inclined bow and that the inboard sides
(35) and / or outboard sides (34) being sloped, viewed in a transverse section,

30

- said sidehull (3) are located such that the position of the transom (13), when
located aft of the vessel's midship point viewed in the speed direction, lies aft of
the transom (14) of the main hull,

35 - said sidehull (3) have a combined buoyancy at light ship condition and when the
vessel is at rest, that corresponds to less than 20% of the vessels total light ship

buoyancy,



30 said sidehull (3) are |located such that the position of the transom
(13), when |located aft of the vessel's mdship point viewed in the speed
di recti onwdysm7eaft of the transom (14) of the main hull ,pcinogopaied
sidehull (3) have a conbi ned buoyancy at |ight ship condition and when the
vessel is at rest, that corresponds to | ess than 20% of the vessels total
light ship buoyancy WO 99/ 62760 PCT/ NO?&/ 00167 19 on |arger size

vessel s, said sidehull (3) can be arranged one forward of the other so
that one is located aft of the |ongitudinal center of gravity (LCG and the
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| ocat ed hydr of oi FTF¥EYH 2B&T A< °&0 Ii‘ged inrelation to the water line (W-
1, W.-2) at random forward speed at a is depth at | east corresponding to
50% of the ?hord line (CL), where the hydrofoil extends in the transverse
direction of at |east 50% of the distance between the center line (9) of
the mai nihuHighsneed hebedmesne vespa (D1vyordimettp slagn de RRArpderizgddyWher e sai d
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vessel's cen e require ynam ¢ sta |I|ty by

25 execut i ngh%lné@dtuﬂlcﬂnﬁéhﬂ @n’éelf élﬁ% (/]é)B 9@@@&?@% Wéﬁwmdd%lm ol ke vessel"
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sidehul |'s ar S) aervE/elzt deck u(%srgng ‘ﬁqe s1d%£ulll O(%?te%gntga ylpga%s of ?}?eov\(lgt c{e I‘(ao}Nge %r line.

20 construction extending transversely beyond the sidehulls, or to some of these structural

elements, dependent on the transverse length of the hydrofoil, by means of struts (11),
that transfer the hydrodynamic lift force to the vessel, and where it is provided at least
one remotely controllable flap (27) integrated to the aft part of the hydrofoil (4) on each
side of the vessel’s center line, that provide the required hydrodynamic stability by

25 executing a controllable transverse righting momentum about the vessel’s centerline (9)
when the vessel moves forward at higher speed and the sidehulls are partly submerged

or located entirely above the waterline.

3.

30 High speed hybrid marine vessel (1) according to claim 1 and 2, characterized by an
arrangement consisting of at least one fully submerged secondary hydrodynamic wing
(5) or hydrofoil extending in the transverse direction less than 50% of the distance
between the center line (9) of the main hull and the center line (10) the sidehulls, and
where said hydrofoil is located forward or aft on the main hull, eventually both places,

35 fixed to said hull and / or the wet deck (8), dependent on the transverse length of the
hydrofoil as well as the longitudinal position, by means of at least one strut (11) pr.

hydrofoil that transfer the hydrodynamic force to the vessel, normally an upwards



3. 30 Hi gh speed hybrid marine vessel (1) according to claim1l and 2,
characterized by an arrangenent consisting of at |east one fully subnerged
secondar yWO6d®dnanmi c wing (5) or hydrofoil extendi ng i RCTNOIMGIGSVEr SE
direction |l ess than 50% of the distance between the center line (9) of the
main hull and the center line (10) the sidehulls, and where said hydrofoil
is located forward or aft on the main hwd, eventually both places, 35
fixed to said hull and / or the wet deck (8), dependent on the transverse
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to the vessel, normally_an upwards
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is integrafoewlaridat hizherdptedpart of said foil, that provide the required trim
regul ating nonentum about the vessels |ongitudinal pivoting center when
the vessél noves forward at hi gher speed. 5 4. Hi gh speed hybrid marine
vessel (1) 4ccording to claim1l and 2, characterized by an arrangenent

consi sting t 8]8 I a2 r ' ,Rgs  (4)
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ransverse exiensio : Qi r : : ]
speed hybr i Gira tctksbsalatBedd uerind TR Ny BTG iy of B oo
char act er i zthdse stypctmal gtenzentse dependent o ithet longjtugiinad pesiten grd/sansiverdsy dr odynami ¢

sel f - st abi 'é}&éﬂ%ﬁnﬁd{ﬁtﬁ@ﬁ?, bi)in%%ﬁ‘s'd}gtrms'ﬁgﬁ). (6) or hydrofoils |ocated and
as de

fixed to the vesse scribed in any ‘of 20 the claim 2-4 by neans of
verticaltand / or inclined struts (11). 6. H gh speed hybrid marine vessel
(1) accordisng to any of above clains 1-5, characterized by the

hydr odynan g, Li 14 [ Ask 2SS0 GeHab % I 0881 8t TR apesd are
by an arrangement consisting of one or several hydrodynamic self-stabilizing surface
piercing wings (6) or hydrofoils located and fixed to the vessel as described in any of

20 the claim 2-4 by means of vertical and / or inclined struts (11).

6.
High speed hybrid marine vessel (1) according to any of above claims 1-5, characterized
by the hydrodynamic lift fraction generated by the hydrofoils at maximum speed are at

25 least 20 % of the vessel’s total displacement.

7.
High speed hybrid marine vessel (1) according to any of above claims 1-6, characterized
by the sidehulls (3) consisting of structurally integrated, or independent fastened,

30 elements located below the wet deck (8) and made of a stiff construction material,
alternatively a flexible shock absorbing elastomeric material, all over it’s length or over

a major portion of it’s length.

8.
35 High speed hybrid marine vessel (1) according to any of above claims 1-7, characterized
by the sidehulls consists of support elements (21) that are adjustable in the height all

over its length, or over a major portion of its length



25 least 20 % of the vessel's total displacenent. 7. Hi gh speed hybrid
mari ne vessel (1) according to any of above clains 1-6, characterized by

t he si dehWQ%9/@2390 consi sting of structurally integrated, @acmo®mensient
fastened, 30 elenments |ocated bel ow the wet deck (8) and made of a stiff
construction material, alternatively a flexible shock absorbing

el astoneric material, all over it's |leng or over a mgjor portion of it's
|l ength. 8. 35 Hi gh speed hybrid nmarine vessel (1) according to any of
above clains 1-7, characterized by the sidehulls consists of support

el enents (23) that are adjustable in the height all over its length, or
over a major portion of its length WD 99/62760 PCT/ N0O99/00167 21 9. High
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(16, 17, 18948 )%i‘%m%an m@pﬁ;&?’ﬁé’?’l e@“?/%@ P%q% g cording to any of

above clains 1-9, characterized by a water ballast tank (15) being

i nt egrated @ the submerged part of the main hull (2) lo featuring a

per manent og ning (16) in the bottomof said hull, positioned forward of
the transofighgpecdmatine veratll hadebrdirfgoto any iof atzqvnglaume 1, tharactofizadry a

surroundi ng. el 8hij R éﬁlggis? beﬁx \Aﬁé%{a{f‘edhﬁﬁ{i saeﬁe{ge%aﬂwﬁ{@rﬁalﬁrhﬁﬁw e head

for quick primng o vessel “1.s at rest or novi
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at points ( gﬁe)edbbyhmn@hstdf @ wtgwa] stent (199 gpthe QQ)ttom plating and a structurally 1ntegrated

wedged toe (18) at the aft part of the opening, alternatively a self-regulating and
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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