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TWO DEGREE OF FREEDOM RUDDER/ STABI LI ZERFOR WATERBORNE

VESSELS TECHNI CAL FI ELD This invention relates to the
w@ oovsozde4®f wat er borne vessel s. More speci fi cab@UB1004/013815

relates to a nethod and apparatus for coupl ed

maneuvering and ride control of waterborne vessels.

Even nore specifically, the present invention rel ates

to a two degree of freedom rudder/stabilizer for

terborne vessel s. BACKGROUND ART Wat er borne vessel s

argY DECREEOREREFPOM RURDER/STABHJLER ROR WATERBORNE

| ocated at or near the st¥ERSBEESt he ship. A

conventional rudder is a substantially planar menber

that is rotated around!BAGAL BELPendi cul ar, or

nearly perpendicular, to the surface of the water.

Ri de quallhisynventeretelatesitmihaiconital ofwatkrbarmgesiselabMere specifically it

vessel pitch and roll, is provided by having one or
reflataseto of methed fuid hgparatg: forn caupled| manateripg amkeride emtohbdpwaterborne

control surfaces such as canards, stabilizers, and/or
vésgld, s Evanmatet speeificatly, Cihe tpresént Siyvehion refted totd8vo aeirdever freedom

devi ces. Canards 2 and stabilizers 4 (shown in Figure
rullfler&tBiliserret wabibaink Yegdl@anar nenbers rot ated about an

axis parallel, or nearly parallel, to the surface of

the water. Canards ar gAcKGESND Alegat ed forward of

the center of gravity of the vessel. Stabilizers are

typ: cal | XNJIlt%@ltngdve?sfefs &Hca J&Q?&H&ﬁ?&%?veg deg%:hg%itate?onggm%olleﬁ rudder

foils are [ocated torwar
ity, e I ' oyer a_contr sur f ace . creates
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having one or more of the followiﬂg: a small waterplane area ship, control surfaces such as
canards, stabilizers, and/or foils, an automatic control system, and other active devices.
Canards 2 and stabilizers 4 (shown in Figure 1) are substantially planar members rotated about
an axis parallel, or nearly parallel, to the surface of the water. Canards are typically located
forward of the center of gravity of the vessel. Stabilizers are typically located aft of the center
of gravity, while foils are located forward or aft of the center of gravity. Water flowing over a
control surface creates a lift force normal to the direction of flow and a drag force parallel to
the direction of flow acting at the center of pressure. The magnitude of the lift and drag force
is proportional to the size of the control surface and the inflow velocity over the surface.

When a control surface is rotated about its axis, the magnitude and direction of this
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When a control surface is rotated about its axis, the
magni t ude and direction of thishydrodynam c force

webasger40 I n the case of a rudder, this hydr odpeEIBI04/013815

force applied at the stern of the ship creates a
turni ng nonent around the center of mass, turning the
vessel in the dlrectlon of the nonment. In the case of
hydsodypapaic foree ghangsse 18 the fiase; ofj g ruddey, ﬁ‘ﬁe hydradmayicaiice applied at the
force acting on any or all the control surfaces
stemeod thesship gspatesif tﬁ@ﬂ%ﬁm@n’f prornd e corbered mags Bupipg thegessel in the
center of nmass, rotating the vessel in the direction
digeictio of the mement. \attes ¢rse pbcapards stabiligdis tor feilyuthisdydrodhamic force
ride quality and high maneuverability, at all speeds,
aeking lon o br 4l the lcpntihal \serfaces cradtbs avpitdbinglaadier rallimgomgoenatwund the
canards, stabilizers, and/or foils for ride control,
cesd of maderofsing fhervesyalie theeliredign of the afopentat i ng al | t hese
control surfaces on a ship can have an adverse affect
on the t opatefemd vedvbln ehay saghifggoodfiiie gaaliifibfd high maneuverability, at
executing a turn, a centrifugal force is generated,

alVipeadls, a6l ﬁlohtomg,mmalal synall R¥a@diflbnel R ofpBIHkE Eanaids Ofiabiizb¥, and/or

The magni tude o he centrifugal force is proportional

- fdil® 3rRle \WBAtEH1! an@ frud AR s8R Rfheuviie. IABFRatRE all sy 65188 surfaces

velocity and the radi'us of turn. This centrifugal

oxggglﬁ can%at)@%m@@e dec@ornﬁtto;)%péeal wat er pressure

t g on t e under wat er on of the shlp, as

L1 ustratgd, e%1 ertF%gWhgn gShl e§? mg spe gal\%%rfcg 5,gnerated,

I ncreases W e squar e c'|“O

ten r t he vesse .

which 8t Posirops l@ﬁd@e GeleR OF S, Wgrltucf?eo? fhe,epirifugel force
t he mpnment of the ship's weight and buoyancy,  the ,

ispreperting! teghe weishicefths vesieh attle Hipare 19é thegispsel Ywﬁv apythe gadius of
and the water pressure. The righting nonent is

tugeneFlas sentplpgalnireshist balangedoby toh Borzentab wast Wewyignedyingfon the
the vessel opposite the direction of the turn, as

ugdeovateri portipmy of ¢he2 shighdaspidlusiiated inaffigare dat dhjsl leelingamement, which
resist this heeling nonent better than ships with

insreadel with tiler gouam of thedasvard gated bihihe éssel atendseio @bl the vessel opposite
inclination or roll angle. However, ride quality is

theQlifgstA of @tktealirh. WAk eliip valh Rech (il tNEBBRLIR of the ship’s weight and

buoyancy, the righting moment, equals that of the centrifugal force and the water pressure.
The righting moment is generated by the shifting of the center of buoyancy of the vessel
opposite the direction of the turn, as shown in Figure 2. Ships with large waterplane areas
resist this heeling moment better than ships with small waterplane areas, reducing the angle of
inclination or roll angle. However, ride quality is compromised. Small waterplane area vessels
will have superior ride quality over large waterplane area ships but will tend to experience

greater roll angles during a turn because of their reduced waterplane area. Although,
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wi |l have superior ride quality over |arge waterplane

area ships but wll tend to experience greater roll
wa@egbes3eduri ng a turn because of their reducedPCT/US2004/013815

wat er pl ane area Al t hough, conventi onal rudders, and

sonme canards and stabilizers, known in the art, wl|l

rovi de a ment that resists t heel i ng .monment, they .
cPyEORR PR rDE SSRBERETS Rl Pl oo dnyt byt wl Brovide o
force sufchiegt t Q. prevent tﬁe ship_ fromrolling out )
mgeRt, thaf | fesists |the tl’ﬁémﬂ ubrgeent; dheyapgicalbih daghot gfovide the required
separated fromthe ship's center of gravity enough to
hygregyngraic forge suikigient i prevankibe ship fgaiielling othef thestar. fi§the rudder is
nonent, a level turn or roll into the turn is
laggengneveli o8 sepasated; Epm theiskinsrceipr phgrositic rougle o provide a moment
typically available to the designer because a
sufiicient riel cosntere the dresling cmopem.ah tlgyvel inepeoll éncealie o tihachievable,
draft of the ship becones excessive. Ride quality:
HyWever,anegher pf ¢bepe chiotmes sdypicalle availabla tsthawagigner because a tremendous
hydr odynam c forces, caused by surface effects and
pgrfoemance erthits isreikpatichced Sr te@redht dfttie shipl Yecorfidd WS &ssive.
undesirabl e pitching and rolling nonents on the ship.
Smal | watReded hadkey: aWRéh 8MihipS exdleRed®® §at@Shl 4 88wal Ohydrodynamic
t hese undesirable notions than | arge waterpl ane area

fopddl PSusdd WYeNShcel dhe¥s Whd kre§§u}é bistBRRN %ﬁ% tl{e%ﬁ,ecause undesirable
A control” system

rol'ling and pitching notions. not 1 on

uhi i zi . Bl ' i, f

e PO op UL S BB 0 el e
: I: I th [ f th t rol. .

R B e abl e e bl e

of avity have an_.inpact on the ability o resist »
LR &H@‘Pﬂ%\%l : séﬁa%?flecoets Pesyiflizing cqnardsy stabilizers,

ride control, such as canards and stabilizers, and .
and{pg failss arepptian, NFRrARyated n o fhuy desigio to, pEcyett thesp umwigrtgd motions.

and limt the choices to the operator. It has been a
Clerhyg theesize of élei qontrphysurfaces Andathe képarsgion digtavicerfeon the center of gravity

engi neers to design a ship with superior ride quality
haamedn imipght ometheeabildy toiesisttthese whiidms. not conpromi si ng t he

vessel top speed. These conflicting requirenents

cont i nualHayinp osparate CtuakioE R@igacko foheidee@infiblersach as canards and

stabilizers, and rudders for turning can affect the vessel top speed and limit the choices to the
operator. It has been a long felt desire by naval architects and marine engineers to design a
ship with superior ride quality and high maneuverability, while not compromising the vessel
top speed. These conflicting requirements continually pose a challenge to the designers.
Clearly, then, there is a long felt need for a control surface that allows a vessel

to travel on a desired heading, minimizing rolling and pitching moments, and execute a turn at
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Clearly, then, there is a long felt need for a control
surface that allows a vessel to travel on a desired

whe@diozsg40 m ni m zing rolling and pitching nomePCBEUSANH013815
execute a turn atany desired speed while contributing
to the hydrostatic restoring moment thus rolling the
sh into a turn. DI SCLOSURE OF THE | NVENTI ON The

s lé‘?ﬁ‘tSPP‘i"ﬂ/\@’i*f i SGRTIBREE AP {hediyiostetie Eesiqring mamgnt A rolling the ship
apparatus for steering and controlling a vessel on a

ifq B headi ng or on a changi ng headi ng, such as when
in a turn. The apparatus conprises a nenber having a
control surface. DISELOEURE OF BHE BYUENBIQN ar ound a
first and a second axis. A general object of the
pr esent iTire enesergrinvestidgnobrpadiy cahaprizescomethod asdinfpacaust fhatteering
mnimzes rolling and pitching nonents. These and

argk dvatroltiy @ wéssel ohedfixad Bsadimghr a6 \vaohtug@rsheading, Rechs &dRA N a tum.
invention will becone readily apparent to those having

The sfipaaty csiptides b metrber iAKing RO sir@Reli T BémB & rotatable around
followi ng detailed description of the invention in

a fisemdaf setbdid adisawi ngs and cl ai ns. BRI EF DESCRI PTI ON OF
DRAW NGS The nature and node of operation of the
present iAy¥&REd 9fedt dflthd PraeRE it BHiidn 15“!0 oHES §chRBH shiface that

the followng detailed description of the invention

mlﬁhl%&rM$$m{dgﬁtper glg{ﬁgrp[yl ng drawi ng figures, in which:

Figure 1 pect Ive view of a vessel wth
d bi |
Fear i evt SEATRE ARG AR wR Sassin S pftat afention wil

becor%e reacﬂ ea}ipl()earenq to tﬂosehha%lnignoqdmary skt]l %ut%e ta(r)t 3pc}nuar1 reading of the

following detailed description of the invention in view of the drawings and claims.
BRIEF DESCRIPTION OF DRAWINGS

The nature and mode of operation of the present invention will now be more
fully described in the following detailed description of the invention taken with the
accompanying drawing figures, in which:

Figure 1 is a perspective view of a vessel with conventional canards and
stabilizers;

Figure 2 is a rear view of a conventional vessel, showing the roll angle created
by the heeling moment due to a turn;

Figure 3 is a rear view of a vessel having the present invention installed,
showing the rudder members rotated to turn the vessel in a more stable manner;

Figure 4 is a cutaway view of an embodiment of the present invention;
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Figure 3 is a rear view of a vessel having the present
invention installed, show ng the rudder nenbers

WO 08023846 0 turn the vessel in a nore stabl e nBETES2004/013815

Figure 4 is a cutal vay viewdf an enbodi nent of the
present invention;Figure 4A is a cutaway view of an

al t er nat msnt of the sent 1 nvention;
5is a sﬁ:b%lr‘:va Sot VBRI H‘P ﬁg o cerphodunsgt O% the present

. invention, show ng the rudder rotating around an axis
INYeAYSant i al | y perpendicular to the keel of the vessel;
Figure 6 is a side view of an enbodi nent of the
present FHEYENT is@rsidesiryping enbedimgrics they pyesant invgntion eireving the
an axis substantially parallel to the keel of the
rugldes getatingrrepmden Axip substastiatie perpendicolar wrihekdsbefi thevasselif
the present invention, show ng the rudder rotating
around afigasd Gissustlstviamt ofzdn| eynbpdimant] of lthet preselitenteatidn, sifowing the
the vessel; Figure 8 is perspective view of a vessel
rudder irptgtirgrareumid ad iaxie sitbstaftial i parplicb oathd kéchyihé veasel;
installed therein; Figure 9 is a rear view of an
enbodi memiguad 7 is laeslda VRWEHH anicfbe e bf metﬂ?esﬁﬁt%feﬁfi’(q? Ehowmg the
configured to guide the boat in a direction parall

ruﬂ@ertrdit@tlrgetﬁ un@fan bASsUBOBAtially paMIeBiolife ket 6F th&Rdsseli €W Of
an enbodi nent of the present invention, configdgured to

turn thephaats atped V\ﬁé&f% SREEST d \Qe l Héxﬁrfagcz{n' %{b]pdlment %f the present

count er cl ockw se en th vesse vi-ewe rom above;

inVendo Bsthiddnd:&Rr Vi ew of an enbodl rrent of the present
I nvention wth the rudder rotated around two

subst ant LF%Hey 9 is Ee£ E%pd glgcl) gt ax P’é @? gﬂ%ugrgscelnt mven?ion with the

t he boat
R e B Y e
present i“l%\t{r(eenltol 1? 2 rela? glte\%l olf gr(lj ercr)llr)]odlment of the present invention, configured
to turn the boat at a low speed in a direction counterclockwise when the vessel is viewed from
above;
Figure 11 is a rear view of an embodiment of the present invention with the
rudder rotated around two substantially perpendicular axes, configured to turn the boat at a
high speed in a direction counterclockwise when the vessel is viewed from above; and,
Figure 12 is a rear view of an embodiment of the present invention installed on
a crossfoil attached to the vessel hull.
BEST MODE FOR CARRYING OUT THE INVENTION
It should be appreciated that, in the detailed description of the invention that

follows, like reference numbers on different drawing views are intended to identify identical
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a crossfoil attached to the vessel hull. BEST MODE FOR
CARRYI NG OQUT THE | NVENTION It shoul d be appreci at ed

wo bas/0236m t he detail ed description of the invePtT/082004/013815
that follows, |like reference nunbers on different
draw ng views are intended to identify
i dentical structural elenments of the invention in the
struchpel elameats wf thgnveriignsin theiespestg viesvsa dpisitvaiicn is applirable to all
mul ti hull vessels that utilize control surfaces for

mutiihell vesselsthataritizer dodizolsuriaqes for snanénveringrand dide sqntrobsvah dsrudders,
stabilizers, and foils. This invention is in no way

canasis stahileerst andi foidst aTHianiventionfis iswohvay regtsdtedriocoinstallation of such a
underwater hulls only but can also be applied to

systeele bwaliee tindervaR&T inills Snlyr i s ke desappliad to dhddgwitéroefossfoils or
the primary underwater hull(s). This invention relates

apRndages eEhdR fdm fHepadam unuedlaret BilRYi | i zer capabl e of

satisfying the control effectiveness of two separate

control s AeRSon PAAE 36 @ 2 YBERI ofUsRborh Qﬁddewgtawz@r dffhble of
a stabilizer, canard, or foil used for ride control

sg%ﬁg'tﬁbvﬁﬁrbpéﬁ'ectw'éh&p ofttvd éegﬁrﬁtfe QoI ShBREd Ahrhdly erlﬁfa@lrused for

I ncor porates 2 axe rotation rnto a S ng

tt?%izé 8‘[)@ 3 ;;Fl%/ Ezteg gr?a% If(g]!: ?Je c?rq%@ cofi'tgcqerﬁli%tn?\;%h 1511I %cﬁ Zi‘lﬁhzes a

about an axi's,
so, abou

the s
syl Py aitees, e fuiCa R Bl o G5 w%fs’éﬁﬂm "This 2 degree
rface S.Nno ated (see Fjqure 4). tati

of ﬁ%edpmdu o é@&er ot abif S GERe POt i fsafgalﬂe? to the
Figure so rotates axiis X so that it is no |onger

Shigsp ﬂaelhonné @isarabwa % $rEoRtads XouPerRRIEicUIdR BN Xy ARd; perpendicular to the
rudder/stabilizer is rotated about axis and X a

wetee sisfago wherbdy i mphirpsated eee Bigare e Rotatirgthe ruddaeistatslivar ghout X,
reali zed both at high speeds and | ow speeds, during

thsdughiag hnglahdsed Figues/3)l aler rodated axip 3, douthat.it id\ao degerpelpddicular to
earlier, Figure 2 shows the forces on a ship with a

thHe G @ sutfase Al Whgndnie ruddér/ashiliZet & Werated fabég @xie X8 € X, ANretendous

steady turning ship induces a roll nonent opposite to
advantage over a conventional rudder can be realized both at high speeds and low speeds,
during straight ahead travel or during a turn.

As described earlier, Figure 2 shows the forces on a ship with a conventional
rudder. A centrifugal force exerted on a steady turning ship induces a roll moment opposite to
the direction of turn. This centrifugal force is quite large during high speed turns and thus the
roll angle is quite large, and at low speeds when the cer}triﬁlgal force is low the roll angle is
generally quite small. This rolling moment caused by the centrifugal force and the distance

between the center of gravity and the point of lateral resistance, called the heeling moment, is

equal to:
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the direction of turn. This centrifugal force is quite
| arge during high speed turns and thus the roll angle
WO 20051023640 | ar ge, and at | ow speeds when t he cePtT/U$2004013815

force is lowthe roll angle is generally quite snmall

This rolling nonent caused by the centrifugal force

and the di stance between the center of gravity and the

iV oicasdt eral resistance, called the heeling
nonent gRl s equal to: W C cosf HM = - where HMis the
heel i ng nnnent Wis the weight of water displaced by

Wflﬂ’ lﬂf p e ﬁ%hﬁ‘% C G V‘N $he BRight Q)?a&/ ldgﬁllaée\ﬂ QJ the ship

turn, ails he verti cal |sta

BB T TP P BTy 0 B B e
thgggg rgq,feaga'é)‘?ty If)lf %{pﬁ{)gé‘,lm o Flggrﬁ én gl tl?tg(gl latgrtay Pemstancey(Water
PR O Bt WiB4h HEp R vy Bt b dhSbe it efong i the

square of the forward speed of the vessel, nust be
aqcelenatierd dpy ton gragityu cnd daéb Gp padivsnef the emt | Theheeelingympinej, which
nonent. The righting nonent is generated by the
instieaset with thefsqtidre of thetfenwaad speertbgfathe yessH, musebe/easted by an equal and
opposite the direction of the turn, as shown in Figure
opbosiag ehoest1 el rightingSBib@érit N Thereipk g nebimeent 8 defi@ated 8¢ e shifiing of
di stinct advantage is offered by this 2 degree of

the cBREIOM YubEAEy bSthe béskdl %%osﬁé’ He Qe Q6B of TeTtaRY ssn&nowﬂaih Figure 2,
rudder system As shown in Figure 3, rotation of the

g0 SRl Bhent ANQY A A0l & t about axis during
g

N spee S{Urn exerts an additional force- coupl e

system on H{Eﬁm’? '&h\%ﬁ%@é’ Robehfed Jﬁb tﬁ%ér?e%& ﬁékg?fn ﬁlﬁ(ﬁérﬁstabﬂlzer

augment |1 ng nonen osta

f t.h dth ht
syBlegh St eeﬁ°8?1V?‘iﬂ‘%e%Yf%ﬁ‘?ﬁf tofPe o Shdfhin TR Folftln of the
ddi [ f f l[ify f
“ﬁé@il(é}%g‘gﬂ Ao P 3 AP s iy Rudte gh ok %@8%?%% piditional

di stance in the transverse direction. This ) o
force-couple system on the ship opposite to the direction of roll, augmenting the righting

moment due to the hydrostatic properties of the vessel and the slight contribution from the
horizontal lift force from the rudder. This additional moment is a function of the lift force
developed by the rudder/stabilizer and the separation distance in the transverse direction. This
additional moment applied to the ship has the ability to further reduce or eliminate the heeling
moment allowing greater maneuverability. When rotating the rudder/stabilizer system through
a small angle (t) from vertical (about axis Xy, a small contribution to eliminating the roll angle
is realized but a large contribution to the turning capability is realized. Likewise, for large

rotations of the rudder/stabilizer system through an angle t from vertical, about axis X;, a
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addi ti onal nonment applied to the ship has the ability
to further reduce or elimnate the heeling nonent
wW@bdosmeisgo gr eat er maneuverability. \Wen rot at i POT/UR®04/013815
rudder/stabilizer systemthrough a small angle (t)
fromvertical (about axis a small contribution to
elimnating the roll le is realized but a |arge
laggg ﬁ?l?trlblmong% elirpingting theurpﬁ ppgle is s93kigad and ¢ shightly eealpcezlecanmbuuon to
Li kewi se, for large rotations of the rudder/stabilizer
the ywrningrcapabibitygib experiensed. eAny fotasion vangle it catl he welpotetl bpstiesoperator or
al arge contribution to elimnating the roll angle is
aunt@adtedzeadiralsgistam dhded boh the opedtiederzadint ri bution to the
turning capability is experienced. Any rotation angle
t can be Aseloacipeds hei the ho@estaidrestofingtibReM isosh 0O fntedrder of
system based on the operating scenario. At slow speeds

midhR0dd RehdWedfidshéthdn€ /i€shdr 86 t6BFBNBettife @le rdtBonSABE 1 to zero
order of magnitude as the heeling nonent, IS sma

%ﬁg rutdgerzlﬁf gyécesﬁ)lt l%e'f ¢ Jntﬂ%teﬁ @ ﬁt' cﬁfécﬁdﬁgfo? n]iax n%ﬁlﬁvr??g ability

OMB the ru orce to be concentrate

su‘fulefr N td'cgtqveaﬁ napgfé rggltcg l;;l{y s{[]gedqp Eloézv ¥e @ydr st oBE trefsr?ormg moment is

convention nce e spee
U% ]9 tat C {1 1ilor| ng nonent is sufficient to oppose
& 8qup85r?é ol gugle Ny hi gh speed nmaneuvers, the
centrlfu elslar e, thus t elin
| ar ge. 81%5 speedgmangyivers, the ‘featr@é% Eﬁﬁfeelsﬁwg@ng sige ¢ Beeling

an addltl onal restoring nonment assisting the

mpRpei dsslergei dhe anglor ise trederae anglsprewding an gdditipngl restprngrmaoment
3, the greater the angle t and the greater the

assistethgethd lptdadsiatic zastoring pemabti ovs cadn b¢ seac by Fipere3pthe greater the angle ©
effective this systemis to resisting vessel roll

arfdWhé Bbafr tHe! mdddristbilizer %gﬂiﬁi tRIdEtdAe RRIThere BEBGRe HiPEystem is to
exanple, if a high speed turn is desired regardl ess of

reElEfﬁlg F@dsb r@lﬁ‘&hrﬁlg% tﬁ&tv@fhbﬁ’ﬂ'bo%%n'ﬁsﬁ perfdrflgRLees is
chosen, or | aflat turnis deswed of adequate turn

ot at .an[ﬁt KBIRIE 3 Hidh sod it 1€ BRSPS GR AT e r B gl o
rom %ﬁ%”'cal

1‘0&%181& é’Pglf‘. : t (ielggegs S 955;"1 ﬁatqum is cf%su”edoor} a%];qutagetum rate a

rotation angle of © = 45 degrees is chosen. By rotating the rudder/stabilizer system through an

angle 1= 45 degrees from vertical, a distribution of the rudder lift force (L) of 70%
contributes to turning and 70% of the lift force to opposing the heeling moment.

The invention provides a control surface that minimizes rolling and pitching
moments and enhances maneuverability. This is primarily accomplished by adding a second
degree of freedom to a conventional rudder such that the rudder lifi force can be divided into
horizontal and vertical force components, providing rolling, pitching, and yawing moments
opposing unwanted vessel motions caused by sea conditions or maneuvering. The equilibrium

8
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contributes to turning and 70% of the lift force to
opposi ng the heeling nonent. The invention provides a
we@oovsozded4sur f ace that mnimzes rolling and piPCHUSIYP04/013815
nonent s and enhances maneuverability. This is
primarily acconplished by adding a second degree of
freedomto a conventional rudder such that the rudder .
oquarien fo5 relbincahi{eady e brlgw flepcribes the momsnis AN agisesel atfittedayith this
force conponents, providing rolling, pitching, and
systei mdreredhebrelingompwent Aya foiiantad dhe asaisidigahforde dlel sisla o eqiiation)
by sea conditions or maneuvering. The equilibrium
w@féé@a’egh@ng fmomenipls| 2 functipnsefethe yhyduostatid ptopertice s tiebwessel and the
the nmoments on a vessel outfitted with this system
magrefude aridladiteetin af ghenfifinfore praxiueed yribd 2 depreaxf oftfileedom rudder/stabilizer
centrifugal force (left side of equation) and the
(righgtide ofgqumiort is a function of the hydrostatic
properties of the vessel and the magnitude and
T, pon of the |ift force produced by the 2 degree
WWCﬁ£§¢ddﬁGdeE@@¢s@®%flizer (right side of equation).
e & is the horizontal distance between the center

whé
f Vi and the center of pressure (sho in Figure
where G the @ERets Gy PEYoRL B GG §1rerP GG (e Cagr of Dressure
esignated_10. The invention conprises rudder nenbers
(shovmmdi2we gder ati vel y arranged to be rotated around
axes and X . X is substantially parallel to the kee
of the vddig@reseniarventionse shogvnsindigure f amd desienat8d 10.XThe invention
substantially perpendicular to and the keel of the
corprgises ruddRu debsrbersifirad £2 2peraticeh2@raagel todeneiated irdund lagayX; and
14, which is connected to vessel portion 18. Rudder
XpreKpsrssbs2tiallypathllelao ehefkiealad theovessel (wesksel Salis showhét Figde 8). X, is
which lies along axis X . Rudder nenbers 20 and 22 are

substhutiatiyl papendivilad id X, ¥ndihe kedl OF € veSseE XRiiddetimembdrogo @l 22 are
by linear actuator 32. Rod 34 is coupled to structura

cTRERET 10D dR 114 COMBI isnBnmered T8 v&isdl pBARHE QRS Rub&er fn¥nb8rs 20 and 22
exerted on rod 34 by

are fixed to structural member 38, which lies along axis X,. Rudder members 20 and 22 are
rotated around axis X, when force is exerted on rod 34 by linear actuator 32. Rod 34 is
coupled to structural member 38 at coupling 36. This transfers the force exerted on rod 34 by
actuator 32 to member 38. Member 38 is secured to body 14 by bracket 30, which restricts
the movement of structural member 38 to a single degree of freedom, namely, rotation around
axis X;. Thus the force exerted on member 38 by actuator 32 serves to rotate rudder
members 20 and 22 around axis X;.

Rudder members 20 and 22 are rotated around axis X; when body 14 is rotated

by linear actuator 28. Linear actuator 28 exerts a force on rod 24. Rod 24 is coupled to body
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actuator 32 to nmenber 38. Menber 38 is secured to body
14 by bracket 30, which restricts the novenent of

wa@aeoosoassml nmenber 38 to a single degree of freReriU8g004/013815

nanely, rotation around axis X . Thus the force
exerted on nenber 38 by actuator 32 serves to rotate
rudder nmenbers 20 and 22 around axis X . Rudder
14aingoupling 2. s dlowaihe fprse sxested by dinvra astupter hierbeswrajedion body
Is rotated by |inear actuator 28. Linear actuator 28
14x Bedss 1hisfegpiested o wesgel partiordd ip 2 npagnes dlagb restrictsgthe gwiigm of body
at coupling 26. This allows the force exerted by
14 forresinglendsgreatod freigmt eaniely, eotationarbvod ativdy 14. Body 14
is connected to vessel portion 18 in a manner that
restri ct Figune 4nshdows ono imebsdfpr ratatngs ruddéremetslgpre s tfo degrees of
freedom nanely, rotation around axis X . Figure 4
freddomsusing éinese adigatdror Iirshdudd bewgadily dpignientrendierskillediintthgoart that other
degrees of freedomusing |inear actuators. It should
mbhs g asthling ARjddéranémbied aRN@ssile, | sueitlad that idgstrarel it Pidlire 4A. This
ot her nmeans of rotating a rudder nenber are possible,

alfefele @fbodivdint 100 dbaipfisds @GddePmbBinBdH €20%hd 18D Iogex@ﬂ1¢e®r fihged to be
enbodi ment 100 conprises rudder nenbers 120 and 122

rRRE] Aol¥hbs &, A0 98 d Rufd R GndnMeR £9 A8 955 gre%ﬁﬁec?eraqo )Sody 114,

Rudder nenbers 120 and 122 are connected to body 114,

SRR SRR SR AL 1
13 an%ﬁzég%zﬁxe b o MR 135 i R Hngéji%B%ﬁﬁ‘ie'ﬁ%embm
13 130...Rod, 1
1l dde eIt aipma B Kapnerod da i o fﬁorﬂrﬁ%}eﬁgd 32 has o

portjon 136 of structural menber 138. Thus

thrqaded pestian 13 ihahis equpled avithoihreadadoportiogn 13650k $taﬁglrr@ rpeagber 138,
to menber 138, rotati ng rudder nenbers 120 and 122

Thuso thedrotatipral Xnomepy, axgated b miders 13021 teansferr@Dioamembest 138 etbtating

around axis X when body 114 is rotated by notor 124.
rudi¢roment2ds 120 tad X2 aronhd 326 X2.Rod 126 conpri ses t hr eaded

portion 116.

Rudder members 120 and 122 are rotated around axis X; when body 114 is

rotated by motor 124. Motor 124 rotates rod 126. Rod 126 comprises threaded portion 116.
Threaded portion 116 is coupled with threaded portion 128 of body 114. Thus, the rotation
of rod 126 by motor 124 results in the rotation of rudder members 120 and 122 around axis
X;. It should be readily apparent to one skilled in the art that other means of rotating a rudder
member are possible, including combinations of linear actuators, rotary actuators, electrical

motors, and stepper motors. These modifications are intended to be within the spirit and

scope of the invention as claimed.

10
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Threaded portion 116 is coupled with threaded portion
128 of body 114. Thus, the rotation of rod 126 by
wWOorei0s1023b200 results in the rotation of rudder NMEEHESR04/013815
120 and 122 around axis X . It should be readily
apparent to one skilled in the art that other neans of
rotating a rudder nenber are possible, includin '
conmbi nat ifasEe 9 Fhawshe Fudder membsrssrotatesk apund l}?mdgwsrslember 20 is
el ectrical nmotors, and stepper notors. These
shayven injselid linsh subsiagtiglitneraieldo 0. BesifipastioandH@, sheiwmiin daftetl lines,
scope of the invention as clainmed. Figure 5 shows the
shraydl ther rudderrisesmbersatotatesidaraursluX el such, thar el ewddee miomber? @rel 150 longer
shown in solid lines substantially parallel to X .
p#all ta ¥ns 40 and 42, shown in dotted lines, show the
rudder nenbers rotated around such that the rudder
menber s &Higird3o6 land geshomantal hdbert Mentbers beifig! r@iated @wthd 7axis X;.
show t he rudder nenbers being rotated around axis X .

Figu@L ghofrs 8eauddet ARmbetel s tafRilh @aralles bDXT, antth B M4 (and the rudder
parallel to with body 14 (and the rudder nenbers)

meRbab)efbtAsP Hdtnd<X,. FFigMeer 3110%’3%¥ hadyhglifte 3Mlet Rembers rotated

rudder nenbers rotated around in the opposite

ahERL 10fe aﬁpg'éf‘rt%geg?& as':!g%lrrg 6! A@lgmvmgm iﬁb%gfegeﬁs th';%{lgle the

the angle t nme I's rotated arou

m;ﬁg?ra %nabte,pﬁr&att%ﬁg{%n&@’seﬂi on, the rudder nmenbers are

n-ei oné or ‘two degrees of freedom during
ah ht ahead, to c

a turn, while traveling sir eate a
confi gur g[{°| R theReEseRy V%lﬂg% tf’ﬁ THIRTT ZRn0eATR FTtRd Byqyther one or
rol] nonepts @;gduced by t he hydrodynam c forces and

¥ SesiEel Phlieert (UFRE 3nluh ek, ¥dde traveling shiaiet Rhsadnity egeate 2
the turnin% nmonment produced by these sane hydrodynamn c

cqnbigualony (that ot g oply, - sinirgzes Bt Bitghi and pekhenementy predused by the
conbi ned rudder/stabilizer systemis the fact that the

hydrodynariig dereessandf fraerrarfacedei&ets Inathe véssedy but yadso gmaxinaimed the turning
essentially be chosen by the operator during any

mooadi frodaead by these same hydrodynamic forces during a turn. A substantial benefit to

this combined rudder/stabilizer system is the fact that the effectiveness of the rudder/stabilizer

system can essentially be chosen by the operator during any conditions.

Figure 9 shows the preferred configuration for straight ahead travel. The
rudder members are deflected at angles that are in the opposite direction, and preferably equal
in magnitude, around axis X,, and at angles that are opposite in direction, and preferably equal
in magnitude, around X;. The rudder members are not perpendicular to the water surface,
creating a pitching moment that opposes the hydrodynamic pitching moments applied to the

vehicle. Substantially no turning moment is generated by the rudder members in this

configuration.

11
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Figure 9 shows the preferred configuration for
strai ght ahead travel. The rudder nenbers are
waledosmzicedl at angles that are in the opposite PCT/US2004/013815
direction, and preferably equal in magnitude, around
axis X, and at angles that are opposite in direction,
and preferably equal in magnitude, around X]. The
rudder ndfigse 30 shewsibe prferrrdreontgnrationtfor slaw speadefurns. Here the
surface, creating a pitching nonment that opposes the
riidelr m&mbam'%) pict ddfliected olyearpendapps ided suah thake thee bliagdr esurface is
Substantially no turning nonment is generated by the
perpetdigulamanthe vaatar surtfdee,sas oithfd guvattionat rikddgtir Buridg asshomspeed turn,
the preferred configuration for slow speed turns. Here
tHeltg diostdiikeres R Rb ek Qaded bthht vessél &doyantyyis afoeditedoiihght than the
such that the planar surface is perpendicular to the

rolei6her Wafisa€ By hdrodynbiicFoeeMestd 80@lthd Wekek furnibd! friofien Srough
sl ow speed turn, the hydrostatic restoring nonent

tHeakiad ms {8101 $58bAyANAKINEY apHiedTBR hoRGRNATHIRAL cetnfb%mtmzed
the roll noment caused by hydrodynam c forces created

tcf ¢aise &t‘ﬁmn&éenﬁ&ﬁént b &fé'v@é!el”ﬂﬁ:hﬂ%m?c 5 ag Ia?}%aglgr wat er .

Thus, the total hydrodynam c on the

rudder / Stﬁ@ﬁé llf-@l{o“%acﬂe ﬁgfeHje& aliSh HFURS s g e'iitf{txﬂg.nghe rudder

monent on e vessel turnlng ca

o SRR LB LS i Conf DG Q2L 00k éﬁblya?gg@ég —
s e G SE %é%ﬁo%&%eaﬁgﬁac?%fl o presdh et i,

opposite in direction, and preferably equal in

anpph Xe-udde plapyusyEfaces @remoamaqpewaaéweawernwrface which creates a
perpendicular to the water surface, which creates a

cerobitrdriaaringLand irelngameimens [that ngpasemibe hyctrhdwamppglé% mpipent applied
hydrodynanmic rolling noment applied to the vessel. The

ta thstvesseln gTiworestnting) mement Hiag) b dighemgpagritude thah dimt fdvathe t@ventional
t he conventional rudder at all roll angles of

rudded atrdltroi anglehafdnclihdtion.e (lhid, ithe équitibeiomndiohditiéh is Seached at a much
reached at a much smaller roll angle of inclination

sthdlRArollQhgla of BElinedr Biefor § bitedtional rudder.

Figure 12 shows rudder members 20 and 22 of the present invention attached
to crossfoil 80. Crossfoil 80 is secured to the hull of vessel 50. It should be readily apparent
to one skilled in the art that the present invention may be attached to the vessel hull directly, to
a crossfoil attached to the hull, or in any other manner known in the art. These modifications
are intended to be within the spirit and scope of the invention as claimed.

It should be readily apparent to one skilled in the art that the configurations
that minimize pitch and roll moments differ based on the size of the vessel, the shape and size

of the rudder members, the velocity of the vessel, and other factors. The configurations that

12
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Figure 12 shows rudder nenbers 20 and 22 of the
present invention attached to crossfoil 80. Crossfoi

w@oseyaecured to the hull of vessel 50. |t shetlk/tisSine4/013815

readily apparent to one skilled in the art that the
present invention may be attached to the vessel hul
diirectl to a crossfoil attached to the hull, or in
nﬁwylzmm%b wenFdl MORSIN kst bre dgierminerh dyaughp @nalysisa i yalidated
are intended to be within the spirit and scope of the
expaviaprtallyrbased oaltid vesss! configwifinml d be readi |y apparent to

one skilled in the art that the configurations that

m ni m ze Thiet atachadd dragtings nshown reddei fnfepnbetsasdatalde arund an axis
size of the vessel, the shape and size of the rudder
substatnénilg parnlhed to éledeel of thé vdsked (X9 sadlan aaizdubstdnéally perpendicular to
factors. The configurations thatmnimze pitch and
the®ledl offthewBisel (LS tHdweveleit eiotidtededdily aptalentsdadny SkiBeddin the art that
val i dated experinmentally based on the vesse

othen torfidluadtio@Nwhekbif a8 t1éAE BRS relidaindaiBerSi O AbEIBY two degrees of
nmenbers rotatable around an axis substantially

8o k8! okl MBclk@Rt cOifighiPRonkeRRGEn (Be two 3R A8 RX isﬁtrstanﬁauy
substantially perpendicular to the keel of the vesse
. ’ it Ll 4 .1.0
phfebieshP S mb SRR B RCARLL o SRR o Do of o
k@%nlgg§%aggg rudder nenber is rotatable in two degrees
0 reedomdre possible, including configurations

wher ei n e two axes, are.not bstanti al | ) . .
per pond diHs S 5418 Gt S aERS af e ReSa bnppon dereiisgty ghrained
el e FULeEER IR e IR o501 e 10 s

present invention are efficient|y obtained, although
haying) ordipayy slglh & the artcand tepse mpdifieatiens a1¢ avigndeshtodigsvithén the spirit and

readi |y apparent to those having ordinary skill in the
scape¢ of thevmvention es ¢lainied.i cat i ons are intended to be within

the spirit and scope of the invention as clai ned. What

Is Clainmed Is: . A nethod for producing a nonent on a
vessel conprising the steps of:

13



rotating a rudder nenber around a first and a second
axis to produce said nonent. 2. The nethod recited in
w@@smeibsmherein said first axis i s substanti ab@TUS2004/013815
paral l el to a keel of said vessel. 3. The nethod
recited in Claim1l wherein said second axis is
substantially perpendicular to said first axis. 4. An
Vﬂ}ﬁbﬁrcdmdhbr steering a vessel conprising: a rudder
menber, said nmenber operatively arranged to be rotated
lar oufdneghofdifergarodusing a menasohen avdsse! c@nprising thepieee af us
recited in Claim4, wherein said first axis is
substotating alrhddepaeraber etounda Brskad|a sefond akisl toprediek saié moment.
The apparatus recited in Caim4, wherein said second
2axi sThesmsthddbteainddi ialdlarmewhpesinl satdi iat atiois Sabsehnfially arallel to a keel
axis. 7. The apparatus recited in Caim4 further
5 offadessei.ng a | inear actuator operatively arranged to
rotate said nenber around one of said first axis and
3sai dTieememned Axidd inlamhewhReA kA Yseoh®&tid BAubstinfAlR pétfndicular
further conprising a rotary actuator operatively
tPdalPgedist 0 rotate said nmenber around one of said
first axis and said second axis. 9. The apparatus
reci ' i éﬁ&HiSing an electrical
4'rmt o;r\ﬁo ea%gﬁfgﬂe ye a%?gér?gezgo@ rgt ate said nenber
arou e ; XS .a econd axi
To. a8 nding? 308 il o TP AwRAL fo REREPE B8k a st anc o
conprising a stepper notor operatively arranged to
10 S‘?"B@?"é&sai d menber around one of said first axis and

sai d _second axis.1l1l. A vessel conprjsing: a hull
Shavi ﬂ{f 3PPRIIS ;rec1ted in Claim 4, wherein said first axis is substantially parallel to a

keel of said vessel.
6. The apparatus recited in Claim 4, wherein said second axis is substantially
perpendicular to said first axis.
15 7. The apparatus recited in Claim 4 further comprising a linear actuator operatively
arranged to rotate said member around one of said first axis and said second axis.
8. The apparatus recited in Claim 4 further comprising a rotary actuator operatively
arranged to rotate said member around one of said first axis and said second axis.
9. The apparatus recited in Claim 4 further comprising an electrical motor operatively
20  arranged to rotate said member around one of said first axis and said second axis.
10.  The apparatus recited in Claim 4 further comprising a stepper motor operatively

arranged to rotate said member around one of said first axis and said second axis.

14
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a rudder nmenber rotatably fixed to said hull, said
menber operatively arranged to be rotated around a

wo pooso2mmidl a second axis. 12. The vessel reci tkC/UH004/013815

Caim1ll, wherein said first axis is substantially
paral l el to said keel of said vessel. 13. The vesse
recited in Caim1ll, wherein said second axis is
15 ubsA sepsel apmprisyw; pendi cul ar to said first axis. 14.
The vessel recited in Caimfurther conprising a
| i nedrlldevings beel,operati vely arranged to rotate said
menber around one of said first axis and said second
axi sa rufl@er rdnebev esatably fiesli tb eseidiholl,Gasli meniber bperatively arranged to be
conprising a rotary actuator operatively arranged to
rotéddreursiai filstrmadhescoad and one of said first axis and
said second axis. 16. The vessel recited in Caim
14, ur tTRrveseMeiel A ECldm B, SdibfeinCald firet Kis i9 BeYsRhiiale! perallel to said
arranged to rotate said nmenber around one of sa
kdel 6Shida%éssl and said second axis. 17. The vessel
recited in Claimfurther conprising a stepper notor
pergal t - Sad o :
L B P ol ORGP ST RO B SRl Bl
.SLAg: a hull having a keel; a rudder nenber
“%§?§§%%%3 fixed to an appendage fixed to said hull,

SRR T R L N R T
10 Tolatd Bl e ar S A o R SR B e ol SRSL s
15.  The vessel recited in Claim 11 further comprising a rotary actuator operatively
arranged to rotate said member around one of said first axis and said second axis.
16.  The vessel recited in Claim 11 further comprising an electrical motor operatively
arranged to rotate said member around one of said first axis and said second axis.
17.  The vessel recited in Claim 11 further comprising a stepper motor operatively arranged
to rotate said member around one of said first axis and said second axis.
18. A vessel comprising:

a hull having a keel;

a rudder member rotatably fixed to an appendage fixed to said hull, said member

operatively arranged to be rotated around a first and a second axis.

19.  The vessel recited in Claim 18 wherein said appendage is a crossfoil.
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