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TWO DEGREE OF FREEDOM RUDDER/ STABI LI ZER FOR WATERBORNE
VESSELS 5 TECHNI CAL FI ELD This invention relates to

the control of waterbonme vessels. More specifically it
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
wat er bor ne vessels. 10 BACKGROUND ART Wat er bor ne

vessel s are typically maneuvered using a conventiona

I udiWwO DEGREEDF FREEDONERUDDER/STABILIZER FORWAPERBORNE
conventional rudder is a MHSSERBti ally planar menber

that is rotated around an axi s perpendicul ar, or

nearly perpendicul ar, TECHNCALFIE&De of the water.

Ride quality, nanely mnimzation of undesirable

vessel pi tBiis imvedtianoblates to sheoutydl dbwaterpornSvesselsi Mipraxpecifisplly it
nore of the follow ng: a small waterplane area ship,
cekates b1 a sthbd eud apparetis &y covplgiamaneuverngind|ridg eprjrol pihiaterpome
foils, an automatic control system and other active
dlesssels e Even @areasndeificalla iep presali ihvemiéansrelateg &havirie idperes) ¢f freedom
1) are substantially planar nmenbers rotated about an
aiider/pabilized fot waterborneegssels. parallel, to the surface of

the water. Canards are téﬁicall | ocated forward of

the center of gravity B ﬁﬁoUﬁﬁgﬂﬁf Stabilizers are
typically located aft of the center 20 of gravity,

whi | e foi | Watgibernp gessele drer pigell dmaieuvered wingt #eowyefioasl rudder
of gravity. Water flowi ng over a control surface
clpeird b orgiep; tha stgrp pishe shipr megonteptiqnalgudsler i & sybsiantistly ylangypember
and a drag force parallel to the direction of flow

olbeti iy gptaged pnqunde @naxisy pegrrendigulas Sof garly TReEPepdigpiant tqdhe Brfagenef the
lift and drag force |is proFortLonaI to the size of |

t Widerc dtider gyralitg namaly aninimigation of pnsesigble yesped pitghyand (olly isipppyided by
surface. Wen a control surface js rotated about_its
bayg opher mergof thedelloging: aspalvaterplans areaship, RpFPLYfRRgHFHCh as
force changes. In the case of a rudder, this . .
heperdiel \PreRESES, fapi/pe Tollp paty asoraptic ggpirol Syems gind (et oefivyg devices.
creates a turning noment around the center of mass,

t Qﬁa’lhqdﬁé axgdrﬁéab(}]éggg (showh ipFigure 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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direction of the nmonment. In the case of canards,
stabilizers, or foils, this hydrodynamc force acting
on any or all the control surfaces creates a pitching
and/or rolling nonment around the 5 center of nass,
rotating the vessel in the direction of the nonent.

Wat er borne vessels that require good ride quality and
hi gh maneuverability, at all speeds, will nost likely
higMdf dihafuititbice Waih@k P Iofhe casé BEDfufider,ahie hpdddtigifhéic force applied at the
stabilizers, and/or foils for ride control, and

r it of 106 hif QEate¥RIGdng hiomgat atdnadthp oeneer bfigass| thrnink €8 @essel in the
control surfaces on a ship can have an adverse affect
odiretiiva of d nxpeaid. In e derod vanards, sgbilixdse nr Bils Ihigphydsdynamic force
executing a turn, a centrifugal force is generated,
wittigdhoreoy S hib the zonttoh burfaces lereatag i pitdhing estidraplliog momeny aitoynd the
The magni tude of the centrifugal force is

preoieneiimass) edltating the lvesseli thghdirectiontofithe wese! , t he square

of the vessel velocity and the radius of turn. This

cent ri f ugaWattpme vesseldthitaeavirel sdog ride lqualityzzand high neatuaerability, at
pressure acting on the underwater portion of the

s#li gpeedgowill inposishikelythave # smati waterpla®, irgdrperate sanardsgstahiivemt and/or
whi ch 15 increases with the square of the forward

sydscldr Bde qoheolyand sedder(s) dofdraneuyering| [ncptperatiegsalidhese pantrel suefaces

the direction of a steady turn The ship will heel

9Tt 4 shiptcprehave preadieresrallpe on 9witqy sgeslei ght and  buoyancy,

the righting nonment, equals that of the centrifuga

f or ce and Mipsuvgsng r Whenesshig iscexecutipges fuing i esnitiugsbinten is gengrated,
generated by the shifting of the center of buoyancy of

t Waichastsderizontslly, tequgle thesenteriof ewevifyo The magniade ofithe ceptaiiugal force
shown in Figure 2. Ships with |arge waterplane areas _

2ig progartignal torthe whight|of the vasselethe sqyare b the versgl velpgity smduhe padius of
smal | wat er pl ane areas, reducing the angle of )

i ey i Jais j gpirifuealr roe is fhgleced mmvaeg@rzsmtﬁli Waiery gegpsifey aging on the
conprom sed. Small waterplane area vessels wll have
SYPdEPRIST Pettipn: of thel shipy agillsstrates, iy cFigie &r pThish Beclings gomipty which
but will tend to experience greater roll angles ,
dpsreases Withths squre ehie frarrd sprsd P the iesech dendh iociop thgryessel ogppsite
Al though, 2 conventional rudders, and sone canards .
Cihe1SeB ot Py o B S il Beeh i mamep e peiguess weight and
nmonent that resists the heeling nonent, they typically
JOYABEY, 'gl}ed*\lghargg pﬁ@eqt,quuqlq i@yt of the cenirifugal 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 tumn because of their reduced waterplane area. Although,
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hydrodynam c force sufficient to prevent the ship from
rolling out of the turn. If the rudder is |arge
enough, or separated fromthe ship's center of gravity
enough to provide a nonment 5 sufficient to counter the
heeling nmonment, a level turn or roll into the tumis
achi evabl e, However, neither of these choices is
typically available to the designer because a
t ecavanhioiali suddgrg r dnd rsome canapsie iad stabilizprse kg mnbe drt,owillt frevide a
draft of the ship becones excessive. Ride quality:
Vihemend thiti resigix ghe ihesling snomeevte sthéyn typicallyad@ynot provide the required
hydrodynanmi ¢ forces, caused by surface effects and
yerpdynamicdproe miffinient torpsevant dhegshipfontrollihg ow alithe turn. If the rudder is
undesirable 1o pitching and rolling noments on the
slrigp engigh| or sgpardedofiem dheaship?s eshienof gredtymppughrie Prdvide rat moment
to these undesirable notions than | arge waterpl ane
afudigiesthiopepunipothe \herling eopnenl; |2|levst fum oe xqlleintoethe dum tis acbigvable,
rolling and pitching notions. A notion control system
UETYGvet AYther Aleges choigesip iypically axailable fagthe desigpgr| becangees tremendous
often incorporated in a ship design to prevent these
(REHETREBEP DG iresberieRep bairiRa ral gfdheshipdeeomet ieeseib r ol
surfaces and the separation distance fromthe center _
of gravi t yRide gualisy 3 AR GEPCHPNCEShBAED atSpaway. hudedypamic
tgese notj ons. Having separate control surfaces for
riPHES: CRREd B surfaqe fecis and potivag digbutions alene) the s cavggupdesirable
rydders for turning %%n affect the vessel top spee

d
Aghipg fpdrolipgmements erthe ghip. pgmall waierglensy area ships gz e Fesifient to
long felt desire naval architects and marine _
éﬁﬁ? Hasesicgble M}%@it@% lafge waiprplags arep shiph dpyeer ey willgtilh pxpesjence
apd hi gh neuverability, while not conprom sing_ the
JE%*% é?lg%oﬂrgﬁd’&dwe@avon%é%@owwtw@n gkrine opasds gtabilizers,
conti nual | ose a chaJlenge to .the designers. )
Adgy ?‘1;]5 a N {ppQIpagateds inga Sy glesigm o prevelt these upvagad mgtions.

syrface that allo a_vessel to trayel on a desired _
Feset i Siff ot coRAR) SYEBEFsIR the sepefstiercdistange Fefriliercgnier.pd gravity
xecute a tuLn ﬂt 3 an% desi red speed while

T 9 RACT QRgRe IPUBA TESiFLTuesE mOEPS- ¢ est ori ng moment t hus

rollin hi in rn. DI RE THE
| KI\/EIN'I'IgC]t\I avi?:lgl s%parzltte tcgnt?o]tslillrfaces I%0rS5'1]::5;3(%{%]11‘;ro1,Osfmh as canards and

stabilizers, and rudders for tuming 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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The present invention broadly conprises a nmethod and
apparatus for steering 5 and controlling a vessel on

a fixed heading or on a changi ng headi ng, such as when

in aturn. The apparatus conprises a nenber having a
control surface. The menber is rotatable around a

first and a second axis. A general object of the

present invention is to provide a control surface that
Nk idssiize Spebd Wvhilet@nieituding tol B hydebsiBORAbSne rdheh @ &EroBinglthe ship
ot her objects, features and advantages of the present

| inoerttunon Wi | I becone readily apparent to those

having ordinary skill in the art upon a reading of the
foll ow ng det ai | e DISEOSUREGHOTHR INVIRTION ent i on i n

view of the drawi ngs and cl ai ns. BRI EF DESCRI PTI ON OF
DRAW NGS Trhie praserd rirverstionl broadle cafiprisgses méth@inand fappafetus for steering
present invention will now be nore 15 fully described

i amd tehrérollioh laoedsel gn ddixerd heedingl@rsumra ghbriging hedding heach aswettah incinturn,
taken with the acconpanying drawing figures, in
wHieghpargtisgpomerisks & sembep rvigecioitye swriacay Tk nemberds®tatahletatound
conventional canards and stabilizers; Figure 2 is a
réctipt &l es9corid agisconvent i onal vessel, showing the roll
angle created 20 by the heeling nonent due to a turn;

Fi gure 3 i4 generababieoy pbile pfesent waentioh isHa wiavigle tatnontl sedage that
invention installed, show ng the rudder nenbers
rigpigizsgrolipg eagrpitchingmemantsel in a nore stable nmanner;
Figure 4 is a cutaway view of an enbodi nent of the
present i rihesptdndather abjecisgloateres)ind; advantagestod wheypreseng ipverition will
an alternate enbodi mrent of the present invention;
Fieepmecregdily sappargit de thaseedts endinenyisbidli inghe ambfuperhe reading of the
present invention, show ng 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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rudder rotating around an axis substantially

perpendi cul ar to the keel of the vessel; 5 Figure 6 is

a side view of an enbodi nent of the present invention,

showi ng the rudder rotating around an axis

substantially parallel to the keel of the vessel;

Figure 7 is a side view of an enbodi nent of the

present invention, showing the rudder rotating around

an axi s sUHistanAiiald yutgyay alidvebf tan altérak embodiherkt DE the present

vessel ; Figure 8 is perspective view of a vesse

hawentivg; an enbodi nent of the present 10 invention

installed therein; Figure 9 is a rear view of an

enbodi nentFigufe § ke side eise nf an embedimea pf thi plesdnhiaventiord el@iving the

configured to guide the boat in a direction parall el

troddetrotakingedrountl an bpds spbssetntiallFiperperdicller to shedesl ofihe visaaly of

an enbodi nent of the present invention, configured to

turn the Hitzite Gis 2aide viow ohweunbddiment of the presephinvention, showing the

count ercl ockwi se when the vessel is viewed from 15

dpldgrerotaingayeund an avissubstantidly patallehtoghe keel of tioweisskent  of

the present invention with the rudder rotated around

two subst &igureal i ¢ sigeyvipe afincambadiment ofthe proseht igventieh, showing the

turn the boat at a high speed in a direction

Eerldla Tetatins i e ayisabstantiadly perelieblo theskegliof the dlestalom above;

and, Figure 12 is a rear view of an enbodi nent of the

present i REard iserpesiivg viesgoignvessplchaging e englfoginient of the present

attached to the vessel hull. BEST MODE FOR CARRYI NG

aYFmipNESEIIEISION |t shoul d be appreciated that, in

the detailed description of the invention that

fol |l ows, FieRE 3 Bracreundey alifpepkodisnmnigetithe presrnt Wveplipmyith the

Vi ews are |nten ed to identify identical 5 structura

SYddrre SR AoRL P éﬁlchmqm@llﬁlé%ﬁbém ofdhaiogins

Thi s |nvent|on S appllcable to all multihull vessels

that uti| Figaredita e viaw ¢iap embadipentefitba Rresent ieyentiod. qonigred
control such _as rudders, . canards, stabilizers, and

f%W’sth kgt & ailoR) sneed 8 @ directipmcavaterglppkwigaskhen gheaessel és viewed from

installation of such a
apove;

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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system on the underwater hulls only but can al so be
applied to underwater crossfoils or 5 appendages
protruding fromthe primary underwater hull(s). This
invention relates to a 2 degree of freedom
rudder/stabilizer capable of satisfying the contro

ef fectiveness of two separate control surfaces, nanely

a rudder used for turning and a stabilizer, canard,
OdtrutiQial eletfentd of fe infvbitlidn GOME fefective Riews.] TMERYnOSh is Whpliedble to all
utilizes a substantially planar surface, incorporates
Zmatiief] vexkeld hbtakiliRRontbl Surfaces ifd GhaBeu itk @i ridbRbRrol sudk 69 r@dders,
10 of freedomrudder/stabilizer has the ability to be
Ceahdréy; bielsllizakoatkl foiR. ShisInvelon iPiamawae lrestridiell i@ nsialatipn 6f such a
hul |, and al so about a second axis, X2, perpendicul ar
taystefd oante padepeandilnld edly bot dahealsoViRt applied Ltb Tuhda@witbe croiils or
is not rotated (see Figure 4). Rotating the

r apglehdages pratyrudingAenm thprirbarydinderviater mlih an angle i (see
Figure 3), also rotates axis X2 so that it is no

| onger perThisnidientidnarelates to e degedeenf fiwedohaodder/Mabilizet bhipsble of
rudder/stabilizer is rotated about axis X, and X2 a

t satsfEngibeieontrsl effdotineressd tww separate comirobnurfaees alamely d deideramed for
be realized both at high speeds and | ow speeds,

chuming gnd & stabiliget, caasladr foil ased|foraide domtiohgThis invemtion, Adich utilizes a
descri bed earlier, Figure 2 shows the forces on a ship
viubstantially plavas iserfage aricorppratiel @ pxes Af notation intoagmple fstene This 2 degree
exerted on a steady turning ship induces a roll.

nad rigedonopddey/statlizerhas thecabditr todtei deflectstl abent an afibyi 35, parallel to the
centrifugal force is quite large during high speed
tshiprshulland talso gbauh @ se@nd efi$, Xanperpendiculayip e and peyeendigvlar to the
at | ow speeds when the centrifugal force is | ow the

rvofter safge whensXs ig aataptatedl (see Higure 4% nRdthting Thei ryddegstatiilizer about X,
nonent caused by the centrifugal force and the
dhrovgirrnangle e (spe Eigure 3k alse nateges axls Xyrsathat i isaodorigbreperpendidular to
of lateral resistance, called the heeling nonment, is
dhpueisten surfacg. Wi dhissmydder/sthbilivhieis eotiRid atwut ixes Xesll Xp g tremendous
nmonent, Wis the weight of water displaced by the ship
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 ceqtriﬁxgal 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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(di spl acenent), Vis the linear velocity of the ship
in the turn, ais the vertical distance between the
center of gravity of the ship (CG on Figure 2) and the
center of lateral resistance (Water 5 Pressure on
Figure 2) with the ship upright (typically half

draft), Ois the roll angle, g is the acceleration
due to gravity, and Ris the radius of the turn. The

heel i pg-ypgent, which increases with the square of
tﬁ@d%ormgfgﬁgpeeq of the vessel, nust be reacted by an
equal opposi ng rmment the righting nonent. The

AL T v A S G T e
KGR OR '&HQ ﬁ&aﬁ%?ﬂé SR bt 15 R
Pl S i s e 56 O SR G o P Wate
i T Al i e
radhlar § ARl p e e
?‘E‘geat;?l"frﬁtég %%ng{;ﬁf FOE:EE rgm fﬁttg%veﬁﬁ:rl zoEgl I | ft%equal ™
: %l&“éHf’f ef Bagyanp, dl oo b i e R O s i e 2,

nsv se direction, Thjs ddi ti onal nonent applied
S@’fﬁeﬁmﬁ’gé""ﬂ‘?ﬁt% 4"?9“1‘%6 further reduce or

ﬁla'nre“uCi‘ﬁ Eu‘# ARyt S IFFE%F%l a'f*#%“ﬂ%f%eagr e iy pcpgpabies
0
S%%%ﬁigvérx faé’co%rerﬁoﬁgw@?ﬁ sl e%*&f‘?%’ﬁ B o e of the

s realjzed ntrlbutl

(?qeﬁthﬂwer lrubghcagﬁﬁg? 3 Pl{oy qxg% élanmg squE gwl gwg:{ts ditional
e GunlecHien gnang pi pERR e ne #e%bé{%éﬁwﬁa&é@es erfit tp righting

trj but t | I I
S48 B S A o
TR T e L bR o

Cd%vélopgé by %ggr}gtaglﬁzder gnrél the sepa%%lon %}stlagc S g’?nrs{re?'se 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 (1) from vertical (about axis X, a small contribution to eliminating the roll angle
is realized but a large contribution to the tuming 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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At sl ow speeds when the hydrostatic restoring nonent

is on the sane order of 5 nmagnitude as the heeling
nmonent, ti is small or set to zero. Setting the

rotation angle z to zero allows the rudder |ift force
to be concentrated in the direction for maxi mum

turning ability simlar to a conventional rudder.

Since the speed is slow the hydrostatic restoring

NRYER BéntribStiorStd fefilnmiBP thelrll SRR ASBalizéing @ kiighNeihRed SmfribRen to
hi gh speed maneuvers, the centrifugal force is |arge,

t ! ﬁ.mﬁﬁh%aPﬁﬁH 1 @xpetiehc8D "R rotafonl BEIB S canBtCeRALH & the bpdrator or
set to a large angle providing an additional reéestoring

neRited caffl SilcM®adcl 6n IhY dp @b bdefaribeSt Or i ng monent . As
can be seen by Figure 3, the greater the angle z and

the great e&t ddwespestd ARk 18 Rk dsiafi©fests RiRFhGHhdnOB ofl RLARCAder of
the nore effective this systemis to resisting vesse

I @ghitélld ok e hablifg i, b RQkHall 6816 Qb S BABhgRBS foRKiBBBER « to zero
For exanple, if a high speed turn is desired

r @GR the@bdenfift i folel coRdaBvdeddin tHedifetiioRt bOMaxiAeth Qurkihg Fbility
O degrees is chosen, or if a flat turn is desired of

ot &t ScdnWdntlonabhaded. Sied thé kbl B BB eheHydfbstatichBst6ifg mPRRnt is
is chosen. By rotating the rudder/stabilizer system

t fuffdiewo agposf@tod agle: 45 degrees fromvertical, a
di stribution of the rudder lift force (L) of 70%

contri but eSuring highspéed Gnafidiflers,Qffe dntrinlp@l fokdetis fafleCud Mo heeling
opposi ng the heeling nonent. The invention provides a

CifidthenOis laeghl 16 @ndldveib selitdh ke Qfiglé Hrblilling artdiditiphal f8ioRkE moment
20 nonents and enhances maneuverability. This is

PlsdistBg the Yy @6sEAT Adstofine Mlokdht 2AAaR B Re®GOR e 3, IRAUT&Er B angle T

freedon1to a conventlpnal rudder suph that 't he rudder
| dnfl thef QERR tRARMARS/sbiNer R arkitinQistdAeS 1€ MV ALFRME this system is to

vertical force conponents, providing rolling,

Prbdidhibd Vel RN AurktBWitfe WTRITE BriprorRBRPSerBEnaant ed vessel
noti ons caused Dy sea conditions or maneuvering. The

equi | i bri g BG4 8ih fsfed tthis W&irdd ﬁgﬁafé?éi $tUR& roll angle a

bel ow descri bes the noments on a vessel outfitted wt

tBiafion SYRILN0 NRRES]s RS OR if 4 Hat 'TRNED sk '
orf at hneél\gent rifugal ?or cgﬁ(l efatp %ti de gfheﬁégbgﬁdgﬁ%w {gﬂldratea

P ST R

angle 1= 45 degrees from vertical, a distribution of the rudder lifi 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
momenis and enhances maneuverability. This is primarily accomplished by adding a second
degree of freedom to a conventional rudder such that the rudder lift 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 equilibrivm

B
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magni tude and direction of the |lift force produced by

the 2 degree of freedomrudder/stabilizer 5 (right

side of equation). WYZacos =WxZ+YxalLz+ZRutLr ¢gR where

&Z is the horizontal distance between the center of

graV|ty and the center of pressure (shown in Figure

2.) The present invention is shown in Figure 4 and

desi gnated 10. The invention 10 conprises rudder

MequagsrSfoR 13N 6 sidally M@ balb ek Nbed EHe HRaRAs bR o REssdl Qlnkfi&ibwith this

around axes X, and X2. X, is substantially parallel

t eystelie whi@e the Bbelih$) Momars 30 fufcvies sfthe &ird eft fide of equation)
Figure 8). X2 is substantially perpendicular to X

and thbeighttg| mafient Bez fiastiel of RUBARIStaHE Flopértes2E 1B Jesge? and the

are connected to body 14, which is connected to

v esgithdepod tiretonl & theRifidfdes proimde bysthe O depne o2 Beedain@uddbricbilizer

to structural nmenber 38, which lies along axis X2.
ROgtiesideméedmeticn).20 and 22 are 15 rotated around axis X2

when force is exerted on rod 34 by |inear actuator 32.
Rail “ddodgs p tructural nmenber 38 at coupling
36. gﬁls'T?@ﬁ?%iﬁ%%ﬂé%@aforce exerted on rod 34 by
actuator 32 to nenber 38. Menber 38 is secured to body
1éhddy GEriathi Gbri-dBial A bdir@ech heCdodter S VTP HRITRE Een‘c'éf' of pressure
structural menber 38 to a single degree of freedom
n@R®inyin Fig@e@t)i on around axis X2. Thus the force

exerted on nmenber 38 by actuator 32 serves to rotate

rudder  20THeRgFREHkt SnvéRtiod Whkhdwn &Y IBRE 4 3 c?emé?ateda%d %E: Jentmn

menbers 20 and 22 are rotated around axi s X,

1ébnipSises @ddabrardlemtels 20140882 oRFdiNG Ff %éa tolbk RRAEd ﬂ@ﬁddaaké&fx, and
28 exerts a force on rod 24. Rod 24 is coupled to body

914X, subQidiiblty\Girallé) to Bkl ot thOWhsel (M&sdl 96 & ehdHEA h‘gﬁ!re BY x,is
linear actuator 28 to be exerted on body 14. Bo 14

| Sibgaialy Qlefpendiddlay RSE Lind RBY IekIdT tHeSvebsdl. SRUIBG HMbEL 20 and 22 are

restricts the notion of body 14 to a single degree of

f dorgudrrinto BalyEkYwhithOk @brnSdledath Y4436l pa2tios 13 Rudder members 20 and 22
are fixed to structural member 38, which lies along axis X;. Rudder members 20 and 22 are
rotated around axis X when force is exeried 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



Figure 4 shows one neans for rotating rudder nenbers

in two degrees of 5 freedomusing |inear actuators.

It should be readily apparent to one skilled in the

art that other neans of rotating a rudder nenber are
possi bl e, such as that illustrated in Figure 4A. This

al ternate enbodi nent 100 conprises rudder nenbers 120

and 122 operatively arranged to be rotated around

axest csuplap d6.XThis Hwee de foRaBeIEd Bilthe@ibiudid2800e exerted on body
connected to body 114, which is connected to vesse

po4.t Body 1M3s Ccarmese to Yeksél $osibn 181 ini dmdnh@ i réiricts Fudd@ion of body
menbers 10 120 and 122 are fixed to structural nenber
138tc animglzhlegreadf fiabdomynamelysrodifion Aoghdakis pnbers 120 and
122 are rotated around axis X2 when rod 132 is rotated

by notor 1Bure Rosho&82ndasama fort fokatingl edidgronénter ik 3o tdegrbes of
is coupled with threaded portion 136 of structura

néeddem ugigBlinear Blamatprst Fahaubl tetréadibed pparentendne ckikisatiethe by that other
notor 130 is transferred to nenber 138, rotating

r wge of rasaiing B suddeOmemigr 412 2ossibleyisudh axihst ikRiratéd inFfigioedA. This
menbers 120 and 122 are rotated around axis X, when
b@tgynatprebpdiment 4 0Gecnaprigey rudderonenbard 120122 biedatively atranged to be
rod 126. Rod 126 conprises threaded portion 116.
Titaiesorsenng 9xesi orend X6 Ryddep moinbags 1d0tdnd (182 eradehegied toi tody 114,
128 of body 114. Thus, the rotation of rod 126 by

nishight is Fomneted; gl essel portionel Sr(wassel SO is showrr ndigare $erRudder members
120 and 122 around axis X, . It should be readily

10 ap9A0d 422 g fipefto srpqtural gnamper 138, which lieh alonmadiscX.. Murder ngefnbers

15

20

rotating a rudder 20 nenber are possible, including

¢ GRRGRS 4% epiakd Found ars Xecviearadh o) isromied by mopUEA0oRed 132 has o
el ectrical notors, and stepper notors. These

niErRded gaettion nig4 dhab is gouplpdiwith thoeaded partion 186t diestrughirel merabar 138.
scope of the invention as clainmed. 10 Figure 5 shows

t Feis.r thel aetationsl rpripest ergated bstimeton U is eansfiRied de mmemberhks8, Rating
is shown in solid lines substantially parallel to XI1.
Pydder memkersiP0apd 122 aromdaioXa n dotted 1ines, show the

rudder nenbers rotated around X2 such that the rudder
menber s arRPddy mesmbgierl20 gad 332 we rqtgedkaround axis Xi 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
Xj. 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



5 Figures 6 and 7 show the rudder nenbers being

rotated around axis X1. Figure 6 shows the rudder
menbers substantially parallel to X1, with body 14

(and the rudder nenbers) rotated around X1. Figure 7
shows body 14 and the rudder nenbers rotated around

X, in the opposite direction as Figure 6. Angler

(shown in Figure 3) is the angle the rudder nenber is
rotated ar Bigird 5akevés the rudddd mEmbéis Rrtdidtiearqiihé X8 NRudder member 20 is
i nvention, the rudder nenbers are rotated in either
ostewarin sdidding agisexisallp fparblie €0KM BhgitibmsgiOaant Y2, khoa inwdttédElines,
traveling straight ahead, to create a configuration

t flmiv thetudded memtieni wiakd sarduné 3aistichhthainbe rudbér mambeRtate no longer
produced by the hydrodynam c forces and free surface
epfrdiette Xon t he vessel, but al so maxi m zed the turning
nmonent produced by these sane hydrodynam c forces

during a tEigwes A asdlfsshant thelruddenmbmbers beifgbrotaédsaround axis X;.
conbi ned rudder/stabilizer systemis the fact that the
eFigwre bishersdhsrudder mhmbarystbusantially pialldl keX,, with Sodyniddand the rudder
essentially be chosen by the operator during any

coerdiers) aeteted Royod &i1-9 Riguong sheves pdiefld rand dhec oxdddr goambess grotated
for straight ahead travel. The rudder nenbers are
d@’ﬁlllr@c?&erel%atopm@q drpctionzgs Fignre 6 rAnglea (shopo i Kigure 3) is the angle the
direction, and preferably equal in nmagnitude, around
aselder gembeg isdotged arogidexisthat are opposite in direction,
and preferably equal 20 in nmagnitude, around X1. The

10 rudder menbewss the mesagtinysetiopcthel rusddér amentbers atsgotatet] @y either one or

1

n

20

surface, creating a pitching noment that opposes the
hiy@r exsgase el drepdome %lmng #UWENe5 Waip Ueding straight ahvaghite |ceeate a
Substantially no turning noment is generated by the

r opbaFalinn #Bdy aotj eply HRBimizen e Fitghaedomoll mogante rodusedos the
the preferred configuration for slow speed turns. Here

t hydrodynaeisdfpropsetng dreg spfice effectsem) the vesepl, Ot glscamerdmidedathi durning
X2, such that the planar surface is perpendicular to
tHemsRkpraduced, by tese samashygrogdynagicdriesseduringontikn. r A dehstantial benefit to
During a sl ow speed turn, the hydrostatic restoring
ﬁBﬁéng%eé aacder/siapilizes sysieasis die fant hplthe gfeciivenass of the rudder/stabilizer
predom nant than the 5 roll noment caused by

HYH70 eRAsesstially fprchiessn by tha presptardovingtamecondiiens|  t ur ni ng

noti on through )
Figufe 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 Xj, 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 tuming moment is generated by the rudder members in this

configuration.

11
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the water. Thus, the total hydrodynam c force applied
on the rudder/stabilizer can be utilized to cause a
turni ng nonent on the vessel, nmaxim zing turning
capacity. Figure 11 shows the preferred configuration
for high speed turns. The rudder nenbers deflected at
angles that are in the sane direction, and preferably
equal in magnitude, 10 around axis X2, and at angles

that are OpRARI foSshbw Mk pR&N® onBREHA BF 66% Rbd AHIA! Here the
i n magni tude, around X1. The pl anar surfaces are not

PREdasN fhehbbrA R0 tafe HERCUPLAY 8ol 3&S, X MRihhihar B8 Ra surface is
conmbi ned turning and rolling nonment that opposes the

hﬁ&paﬂmma:%qmr Whtkrl sOFacE Rt a2BPlehtRMal rhdder MEESBW-speed turn,
The restoring noment has a hi gher nagnitude than that

f @fe HyMOstQRIYIHng @idakent chudetiig thedessl Buoydatyl is 0@ pedloMinant than the
inclination. Thus, the equilibriumconditionis
I eglCierflena tauSed Byydrodymaid @ rted lordafell frof it @eséf turning motion through
inclination than for a conventional rudder. Figure 12
S lteweatar.u Obhesy theerkl dwdro®daraio thrédZipplfed oh ¢hepuddsyidbilizer can be utilized
invention attached to crossfoil 80. Crossfoil 80 is
S éccaneec torning hemin loh thefvessd sBimifify tulning sipacityd be readily
apparent to one skilled in the art that the present
i nventi on FEiyrelié shivisabdpefetral dohfipuvation fir high kpeed| tunec tThy rudder
to a crossfoil attached to the hull, or in any other
nenambers daflogied 4t anglds éhat are in i eee directiof,i aod pieferably edhl mmmgnitude,
intended to be within the spirit and scope of the
i ptpamt dxsXK.amd of angleethat ard oppbaite ircdideetioncrnd pteferalypauatintmagaitude,
one skilled in the art that the configurations that
memimd X Phe dimanswifaces lte nobpepndicudarftd dhe s esdrfims, wHidh creates a
size of the vessel, the shape and size of the rudder
meeritered turbihg andablliog mymaik thaheppues the lhydradydamit heling moment applied
factors. The configurations that 12 minimze pitch
atrdthe gtssel.nire nesoring) sioméng heked bigher meghitty tegthatfoa thy sbeventional
and validated experinentally based on the vesse
c ontfiérgu pth tallomglesTéfandindtion h #husdthe wiuilipsium vordition doheached at a much
menbers rotatabl e around an axis substantially
p amaley rell angte of instinaties thagffort dponveogmel ruddeB) , and an axi s
substantially perpendicular to s the keel of the
vessel ( X2Figumeid Tudder memhetsc20nd 22 afithe presqnpimvention gttiched
one skilled in the art that

to crossfoil 80. Crassfoil 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 rolf 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



10

ot her configurations wherein at |east one rudder

menber is rotatable in two degrees of freedomare

possi bl e, including configurations wherein the two

axes are not substantially perpendicular. These

nodi fications are intended to be within the spirit and
scope of the invention as clainmed. 10 Thus, it is

seen that the objects of the present invention are

e hbnirGikee Ritthy afDirdll M@ehents atwish Qe Odbteimidled e aXighORflysf Gnd validated
changes to the invention should be readily apparent to

t Bipsementully ba3g @rthé vesselcosifigutdtionn t he art, and these

nodi fications are intended to be within the spirit and
scope of tTee anacheat dowings shévaimmiddr micbil afotaksbleChdimEdn axis
Is: 1. A nethod for integrating steering and notion

C aubstardially paralielvte Slmckeelcafnhp vesel () iel aitaris Sutefantiallyrpetpdnidiogar to
first and second rudder bodies to a vessel, wherein

Sthi ded bfftbd vesseH(GkaY. Huvmayer) isshotld baestily appagniftb osd skilfediim tioef art that
a centerline of said vessel and said second rudder

batlyr ¢omfiguoatiabse dvhayein ab lmsicor dudded enembgypie Sothiabls an dwé idegrtes of
side, of said centerline and said centerline is

pheedbinaire possibleaincliding cofigwatiods whgsielthe twouates Age @it substantially
| east one first rudder nenber to said first rudder
brrdgendiendar at THessa mpdifications see mteddedutd cher withrithe rspirip ashscdpe of the
second rudder body; and, rotating said first and

svatien asgldded. bodi es around respective first axis and
said at |east one first and second rudder nenbers
around r esPweitil iy ecen thabihel obisctsoof twipragent invéntions gre effigiently obtained,
rotati ng neans, wherein said rotation of said first
addougb cmodificetinnel and Ishrazessto athel inveritign ghouldebes readilynappfrntsto those
and second rudder nenbers steers said vessel and

chsping erdnaryskill dnthe prt,gnd thespanpsiifications ard intendadttd belwithde the ewirit and
in daim1l wherein said respective first axis is

sigprer o fheiinyention phelaimedl to sai d keel. 3. The net hod
recited in Claim1l wherein said respective second axis

is substantially

13



per pendi cul ar to said respective first axis. 4. The
met hod recited in Claim1l wherein controlling notion
of said vessel further conprises controlling roll and
pitch notion of said vessel. 5. The nethod recited in
Caim1 wherein said vessel further conprises an
Whatlst(@amtedds:.cont rol  system and, wherein rotating said
first and second rudder bodies and said at |east one
first and second rudder nenbers are responsive to
said automatic control system 6. The nethod recited

1.A HEthgdéfbﬂ%gegfdﬂﬁgr&%ériﬁg BRd i corftRNl # b PeksSlddothplrisirptth@ Bdps of:
second rudder Dodies™i ndependently of each another; .
r onewiting firsti ad secdndasddabedies tosa vesseldwherqinragid firghppdder body is

said f.irst, rudder, body .i ndependent | f [
oca§F0 o i B oL & e B ePISRELER s st e g ogaied on
a secSitl S1d& OppeLGtesHIdREt M Wi sdidegnetidenid shidtertaiihe ot gaeallel with a
and, rotating said at |east one first and second

keel ¢fisadlevesspbnber s i ndependently of each other. 7. The

B R L

secordiruéddr intuntber & saltheeconrd hatder badyt enld,in C aim | wherein
said at | east one rotating ans is selected fromthe.
Pg% d said at

grrBWHng Bd fiti2Ad sy g4dTRPOd BHEP P ALSSRECHY R gt x1s an
least glgelt fzfs'g %Hq sefond HAdEh A0S SOuhé ?esb?bt@'e 3kdBnd MaLsBight least one

east one rotating means further conprises a
rotatingtnaans, adheredt said rat@ionTefesanidinvothdrsecordatdder botlies and said at least

one ﬁévw% %& Ip%ggg s eté{nlge S}scsgqne%%? ?éslsa%ngggr%olg o i%ﬁ 'sf said vessel.
2. The method recited in Claim 1 wherein said respective first axis is substantially parallel to

said keel.

3. The method recited in Claim 1 wherein said respective second axis is substantially

perpendicular to said respective first axis.

4. The method recited in Claim 1 wherein controlling motion of said vessel further comprises

controlling roll and pitch motion of said vessel.

5. The method recited in Claim 1 wherein said vessel further comprises an automatic control

system; and,
wherein rotating said first and second rudder bodies and said at least one first and second

rudder members are responsive to said automatic control system.

6. The method recited in Claim 1 further comprising:
rotating said first and second rudder bodies independently of each another,

rotating said at least one first rudder member and said first rudder body independently
of each other;

14



11. The nmethod recited in Caim1 wherein said at
| east one rotating neans further conprises a stepper
notor. 12. A rudder conprising: a rudder body; at
| east one rudder nenber nounted to said first rudder
body; and, at |east one rotating nmeans arranged to
r oteddtings sdidl at ulgassr onsodgcoad oudderamember aast spidhsacongdarugider body
. clat éeeﬁsto oncgl rtﬁéjderd menber around a second axi s,
independenily of gach 9By hody and said at | east one rudder
mersRaingadagl ar 1QBgesk festr fidadeeond deilendeniteys dridepaniently of each
other. 13. The rudder recited in Caim1l2, wherein
othesai d second axis is substantially perpendicular to
said first axis. 14. The rudder recited in Claim 12
wherein said at |east one rotating neans further
7. Them&tliog&scitegih a6 ﬂﬁ’thﬂﬁtdlﬁprisirég:l& I The rudder
recited in aim 12 erein said at | east ane rotating
meRHeng spid first aé‘g]ﬁﬁ“rqﬂghé'gdffeé bP%P%nHPPé’E’F‘ IEFCU0RY  The
rudder recited in Claim1l2 wherein said at |east one
rotati ng neans further conprises an electrical notor.
8. Tht TnetlithierecitridarClaiac 1 weherdimsadll af least 2novngatgigmeatisds salected from the

| east .one.rotati ng oeans. furtp%%h conprises a stepper

groupgnsisting 8f fufiher CQmRfLses pIRFITAGUAIT ai m 12 wherein sai d
at least one rotating neans further conprises a first
rotating neans arranged to rotate said rudder body and
9. The meghnshrdcitadtinGlaim hwgan@m said allgest onerotying taeansfurthgr comprises a
rot Iecgg,t one rudder nenber. 19. An apparatus for steering
ALI S nt r ol 1 ng notion in a vessel conprising: a first
rudder body and at |east one first rudder nenber

nmounted to said first rudder ) .
10. The method recited in Claim 1 wherein said at least one rotating means further comprises

an electrical motor.

11. The method recited in Claim 1 wherein said at least one rotating means further comprises

a stepper motor.

12. A rudder comprising:

a rudder body;
at least one rudder member mounted to said first rudder body; and,

at least one rotating means arranged to rotate said rudder body around a first axis and
said at least one rudder member around a second axis, wherein said rudder body and said at

least one rudder member are arranged to rotate independently of each other.

13. The rudder recited in Claim 12, wherein said second axis is substantially perpendicular to

said first axis.

14. The rudder recited in Claim 12 wherein said at least one rotating means further comprises

a linear actuator.

15



body; a second rudder body and at | east one second

rudder nenber nounted to said second rudder body; at

| east one rotating nmeans arranged to rotate said first

and second rudder bodies around respective first axis

and said at |east one first and second rudder nenbers )
15. Bheouddtr reatepén Claim Qegmrdnaxidst leasthnewhiotieg mesed frther comprises

firs nd second rudder bodies are arranged to rotate
arotiy A8 ient |y of each other and said rotation of said

first and second rudder bodies and said at |east one

first and second rudder menbers steers said vessel .
16. Theduddsnreciied imblainr 2ovhasein gaid @t least onp gotatipg meppsofugthgrcomprises

anelecqg él%qotl n Claim19, wherein said vessel further
conpri se€a first keel and said respective first axis
is substantially paraIIeI to said first keel. 21. The

appar at us . rec:lte [ 19, wherein said re£§
it ercompnses

17. The resler gaeited r%ChauBétZamqr%wwd ap s oRa Fetaling megn

t Ghdve first axis. 22. The apparatus recited in
ase@%ﬂ% 19 wherein said at |east one rotating nmeans

further conprises a linear actuator. 16 23. The

aratus.r ed i ai.m 1 erein said at -
15. THRGRER i e \PovheF sid ahibe: 008 rof g Rpgas Tiher comprises
a firsPfdtdRleQheand Arrad gl BROBARISI&SGHo8Y ahda Sé@ndrdi@ting means
wherei'n said at | east one rotating neans further

arrangeshiorriotatsssaahatdeast bné suldenmewber. 25. The appar at us
recited in Claim19 wherein said at |east one rotating
means further conprises a stepper notor. 26. The

19. A%Fh@@ﬁﬁtdéffo{ f&driRhnld Rofdrallifiy ARdtioh & 8 vBsssRdothprRaife!
conpri ses a second keel and a centerline essentially
1 middey hadysmil @t lastong figyd éu(,ideamplber mounted to said first rudder
body;
a second rudder body and at Ieast one second rudder member mounted to said second

rudder body;
at least one rotating means arranged to rotate said first and second rudder bodies

around respective first axis and said at least one first and second rudder members around

respective second axis; and,
wherein said first and second rudder bodies are arranged to rotate independently of

each other and said rotation of said first and second rudder bodies and said at least one first

and second rudder members steers said vessel and controls motion of said vessel.

20. The apparatus recited in Claim 19, wherein said vessel further comprises a first keel and

said respective first axis is substantially parallel to said first keel.

21. The apparatus recited in Claim 19, wherein said respective second axis is substantially

perpendicular to said respective first axis.

22. The apparatus recited in Claim 19 wherein said at least one rotating means further

comprises a linear actuator.
16



wherein said first rudder body is disposed on a first
side of said centerline and said second rudder body

i s disposed on a second side, opposite said first

side, of said centerline. 27. The apparatus recited in
Caim19 wherein said first and second rudder bodies
and said at | east one first and second rudder nenbers

re arr at ed.to I t
23. s ipiefr "aaed s Ebubto ek RuS 3 Kaopl St el e
cmn@&ﬁgghﬂ&ywﬁﬁ@ﬁhn said first rudder body and said at
| east one first rudder nenber are arranged to be

rotated i ndependently of each other, said second

24. ThY qggiraljﬁg ¥ Gt@{f th gﬁdlﬂq l?twﬂe?éﬁ Ealg APlea& OnE ?otﬁﬁ'@ﬁ%mﬁqﬂﬁﬁér

arerarrange ated ependent [y of each

conqﬁmh§m1daﬂdcaamaoﬁt | east one first and second rudder
nmenbers are arranged to be rotated i ndependently of
each other. 29. The apparatus recited in Caim?28

25. THE leﬁi.r&aé Alctled id ElaidN9 WwiRFGR daill YRS JRedbiesn ﬁl%ans further
arrange .

to rotate in opposite directions.
compaispas sicppermedot ed in C aim 19 wherein said vessel
further conprises an automatic control system and,
wherein said at | east one rotating neans i s responsive

26. The aﬁ?drﬁu@#gcﬁ@ﬁ Claf b herdiy §4i8 Fessellobnipkiseda ¥@D8E keel and a
conpri si ng: hull; first and second rudder bodies

centeptingressahtinldy palauelhmthu saig\preond heedaml f | rst rudder body

ryl
wherjB a8 ods by o ibte R e P By el 2815 second

rudde? bs@¢ RNfsposétbon 8BRS sRleseppdsitd fﬁd ﬁﬁdt dﬂe, off saﬁia:tedterhne
centerline and said centerline is parallel wth a

keel of said vessel at least one first rudder nenber

27. ngg‘%’tﬁgg %a & & (?T]gfrﬁ oG ?ﬁ s{i&’ st &l s@onll $RRfer Qélzﬁes and said at

noun 0 sa second rudder
least B@edfirst and second rudder members are arranged to be rotated to control roll and pitch

motion of said vessel.

28. The apparatus recited in Claim 19 wherein said first rudder body and said at least one
first rudder member are arranged to be rotated independently of each other, said second
rudder body and said at least one second rudder member are arranged to be rotated
independently of each other, and said at least one first and second rudder members are

arranged to be rotated independently of each other.

29. The apparatus recited in Claim 28 wherein said first and second rudder bodies are

arranged to rotate in opposite directions.

30. The apparatus recited in Claim 19 wherein said vessel further comprises an automatic

control system; and,

wherein said at least one rotating means is responsive to said automatic control system.
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at | east one rotating nmeans arranged to rotate said
first and second rudder bodies around respective
first axis and said at | east one first and second
rudder nenber around respective second axis; and,
wherein said rotation of said first and second rudder
311h®q$dsmamd5@@id at | east one first and second rudder
qu steers said vessel and controls notion of said
vess 32. The vessel recited in daim31 further

C OARY arfd Borld fuglerdddics eesuntbdap psia dageshéreiesdid frst md'dd body is
hul I ; and, wherein said first rudder body is _ng

locatedos it et oS8Rt gS seifl dosss] sBHkiFEONL RIS D bedscy dg/located on
aon 5§ecg¥i&' gitdg dopé?sﬁ‘eaéag%ﬁ%ﬁ and oqf@ﬁﬂ%gﬁtgﬁme%ﬁd sdj Hggx\étglﬁﬁl%lls parallel

rein sai I'rst an
w1thaﬂipe1m(ﬂagé§emeh a crossfoil. 34. The vessel . recited in

iin said vessel furt r c ri ses eel
i 1534 e f¥rwé i ambsr s © 5718 TS g ol g =t 168 one
secom{lﬁhm%n%enﬁl%r?ﬁd\ﬁiltéfﬁ@|sald%§con-ﬁt}ﬁddé$5§§jj/ recited in Caim

erein said respective second axis is
s utb deasindrieabtaging pmpssmnzgadl torrotate sad first @sdeesond sudder bedies

36. . The ves erein
arourf ieetis FrEL BN 0 SRE ot e s T et 06 Blp&yduna
respebtivedecaiif:gfaaad rudder nmenmbers are arranged to be
rotated to control roll and pitch notion of said

whergjn saidirotation offysed {iest srd secerd rudder hpd@gsanghsaid adrapieng first and
f
secorfFufes piipe S ERAR riohl R ol Boiiorthbganet, .°

appar at us rec:lted in C|a|m37 wherein said first
r udder bodéﬂand said at |east aone fjrst rudder nenber

32. Bheevespal aprdied in &lpim B bifurthen crmaepaa dasiang sseondappendages fixed to

sai d second rudder body and said at |east one

said H‘é@%}g rudder nenber are arranged to be rotated

wherefidefié figle nullderdiod yeia chiowaitdideto, said dirss aipgeradagt aad tsaidnsecond rudder
first and second rudder. nenbers are arranged to be

body;ismaugied to said second appendage.

33. The vessel recited in Claim 32 wherein said first and second appendages are a crossfoil.

34. The vessel recited in Claim 31, wherein said vessel further comprises a keel and said

respective first axis is substantially parallel to said keel.

35. The vessel recited in Claim 31, wherein said respective second axis is substantially

perpendicular to said respective first axis.

36. The vessel recited in Claim 31 wherein said first and second rudder bodies and said at

least one first and second rudder members are arranged to be rotated to control roll and pitch

motion of said vessel.

37. The vessel recited in Claim 31 wherein said first and second rudder bodies are arranged to

be rotated independently of each other.
18



i ndependently of each other. 39. The apparatus recited
in Caim37 wherein said first and second rudder
bodies are arranged to rotate in opposite directions.
40. The vessel recited in Caim31, wherein said at

| east one rotating neans further conprises a linear
actuator. 41. The vessel reci ted in Caim31, wherein

3. R atpfhuys FTba A€ 8 B S HEAR T ol FRL 1 fofbe ome first

ruddmﬁéxﬁbér B@hlarled t@BS fotQB@ indepaidently 0B oflier,t Suid second rudder
conprises an electrical notor. 43. The vessel r eci 9
body; andspid ateast ongrsepasidruddar anegber e&ﬁmaﬁ@i Wd%earpmzf lﬁégﬁg ently of

e 1l AR OB, D 0 e

erelrn Sal

indejadpitlyseEeadnothat. omat i ¢ control system and, wherein
said at |east one first and second rotating nmeans are

responsive to said automatic control system 19
39. The apparatus recited in Claim 37 wherein said first and second rudder bodies are

arranged to rotate in opposite directions.

40. The vessel recited in Claim 31, wherein said at least one rotating means further comprises

a linear actuator.

41. The vessel recited in Claim 31, wherein said at least one rotating means further comprises

a rotary actuator.

42. The vessel recited in Claim 31, wherein said at least one rotating means further comprises

an electrical motor,

43. The vessel recited in Claim 31, wherein said at least one rotating means further comprises

a stepper motor.

44, The vessel recited in Claim 31 wherein said vessel further comprises an automatic

control system; and,

wherein said at least one first and second rotating means are responsive to said automatic

control system.
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