Mul ti-Hull Watercraft with Am dshi ps- Mount ed

Propellers Field of the Invention [oo00i] The present
wonvenkean rel ates to naval architecture in geRreTAls2005/023032

and, nore particularly, to doubl e-ended watercraft.

Background of the Invention [0002] Ferries,

roll-on/roll-off and ot her "doubl e-ended" watercraft

{i.e., watercraft that often travel in both forward

and reverse) require propul sion systens that are

efficient for travel in both forward and reverse. In

accmﬁanﬁwwane%ﬁafteﬁm m.dgh.g eMWdﬁ{redaﬁg'opellers

propul sors {e.g., waterjets, propellers
azi pods are |ocated at both ends of a doubl e-ended

vessel and rotate apgaiabfdhsanventilondaxi S so that they
point in the desired direction of travel. This

t gsdani ghHe p'ré%eel't Fadnadt pg&eyse nbeey&iiteche v gendrBE and, more

. equi ppen nd rotate the azipods is
Pa“”H%&Vy&F% ?e”@?ﬁgﬁgrQE *and prone to nal function
[ 0003] Therefore, the need exists for an inproved

doubl e- ended matdﬁnmﬂtguﬂﬂsﬁghgﬂhxﬂnﬂnnids this

di sadvant age. Summary of the Invention [0004] The
pieesahFerries ernlr e rolsoff andiotheradpyblaeinded( watatcraft (ie.,
water%mhgt 8@9@ @a‘()@tlﬁrb%ﬁ@?&rwamaﬁd/ Rév@?se? ?E@J _f prroBﬁlsﬁ)(ﬁSsty%tems that

di sa vant ages associ at ed doubl e
are efﬂﬁ?%ﬁv@(é‘fatveﬁ iR ttoﬁ'é foswags and f eve)iﬁ hWqu?@C? I‘M”ih‘s‘irlf‘atteF%que in
the predrodi prepililser (Blie, watesety, prcmeaetsl @n:) 6n az@e@@hﬁﬂe&i@d at both

ends 4§ 863& shupd kentklond fardtesTbred a B 35 that ek Py n the
desiradisdireetibo df trentls Tdfis tektbmpne:mdusadmeagaousn, hawerehevecause the

equ|p}¢4%hFL)§(<{oat{oth<ﬁé“3PﬁErs e az%b‘iﬁ ﬁle%}r}i gjybteﬁerr%g@f bh& prone to

or ventrl
maWUhdﬁUIlng appllcatlons such as wind tunnels. [0005] The

i '[Adé?.i Rk re¥dte SIRGH AR st ﬁ)r%nqﬁi-ﬂ)%\?eded'&%@e EREdd WEMraft design

npri1ses four high-Froude nunber hulls: two forward
”ﬁtaWﬁESéh§‘“$vBa@ﬁ9?he port side, and two on the
starboard. The ferry's hulls exhibits | ongitudinal and

| ateral symmetry Suma®yioflechequaehtionf fi ci ent
propul sion in both forward and reverse. [0006] Each

hoddoaT Dhp presest anentiaepgradiént arbngeitauded wiatduble- einddd
waterglraiftvaqﬁi &/o0ids some of the costs and disadvantages associated with double-ended
watercraft in the prior art. Although the illustrative embodiment of the present invention
is a double-ended watercraft, it will be clear to those skilled in the art, after reading this
specification, how to make and use embodiments of the present invention in other
watercraft and machines, such as aircraft, windmills, and axial impellers for ventilation
and other air handling applications such as wind tunnels.

[0005] The illustrative embodiment is a double-ended ferry that comprises four
high-Froude number hulls: two forward, two aft, two on the port side, and two on the
starboard. The ferry’s hulls exhibits longitudinal and lateral symmetry and provide
equally efficient propulsion in both forward and reverse.

[oo06] Each hull comprises an independent engine and gearbox that drives a
propeller shaft and propeller that is located amidships. Mounting the propellers
amidships is advantageous because it reduces the propellers vulnerability to ice,

grounding in shallow water, and other impediments.



propell er shaft and propeller that is | ocated

am dshi ps. Munting the propellers amdships is
weadv@ntageous because it reduces the propell er BCT/US2005/023032

vul nerability to ice, grounding in shall ow water, and

ot her inpedi nents.[0007] The propeller shafts on the

starboard are collinear, as are the propeller shafts

on the port. The propellersson the starboard oppose

each other and counter rotate, as do the propellers on

t foRPThe ﬁmilépﬂr@f@ &\Odh@ts%rbb@ﬁdaéﬁer&niﬂ%@rp%ls|a@é the propeller

IS a ds t adv ges
shafts; QU TEorT of Bt PGSBS 58 116 S PETaHAORh 631 Piher and counter
rotatedles dd\the pegrellofs @othetpirt, lrOUEoIM@ qouapetbtting s bedlkr ispstem.
This aéﬁ%s%%%@g%ﬁ%gé? %fgaa to ng§|2 Fo%gtquibﬁotpleﬂgr gy%pe%?%trhloﬁt the
disadvantegsedficonntesrrgiatiog/ myepe! lso sesiemsdpahée ernoxsaraf(e g/, steahtes-rotating
concef?ﬂ?lc*%‘ﬁtaﬂst &ﬁn;ﬂ@% E;ea?}J @ci Eaét@(}arﬁjav%gs cpfn@é Q’Fz%r Lo

r edund anc he craft

e”9'n‘f%%%]?%%/a@éélﬁfaﬁhégsf(ﬂ“?fﬁs PR&OEN Fﬂ?s@?f’&?ﬂ‘?/ gtasharodiafrerirovides
redunHi\ﬂ:yPMi&' Hnskéss lihéftré/ﬁﬁdeﬂ’tbhﬁerﬁhECh propel l ers. \Wen the

ferr rom y war moVvi n [Everse

af1oF) BTe e W Py VRS T Er M PRelies are
variabtk-pich popetérsr ovladn the fefryehehgeyr el heving hanges to Mdivilig in
revers2HH B RS LELL York & dTRUE LB Ehd bl E0LLNni & BEH 3P
propeéfnmb@nmtﬂmaﬂpablseme ferifyi tognoveuds c,efﬁaleséwhcevacﬂel gs indoes
when fdrlvskq.propel l'er shaft that extends fromthe first hull

towards the second hull; and a second propeller shaft

¢ ROSLXR & HSiTR TGP BT iesb RERGIRFS: ot 081 1 aneedond Gul; a first

propeﬂ‘tﬂ!&»q dhaftBhbeéxtreSfromit the Fir&f hdi®waF @R cdPh@l; drddHs&ond

provelesrEBhaneS e S BoT PaSEra D! St Wl =ahl ne

present inventi on. [ oo i ] Fi gure 2 dep| cts a side view
of the salient BrisfpDesoriptia e Pirbwx
enbodi nent of the pr esent | nventl on. [0012] Figure 3
degeitel Kigarepl dapigisean @pmmrammewhatsabdemmmnew of the
lIIusterflvéC@rFlBéfdxﬂ‘QQt o@ﬁmedpﬁ‘géé?k‘?r%én@lo gure 2. [0013] Figure 4

picts variable-pitch propeller 213-x-1 at six
dEWé} BAHrg? @6H‘é§ 3 5ige Vé?V‘gPﬂ/‘é‘ﬁ i iametosrnonepisof 4pe illustrative

embodih@HE ef &,é}l@@g@{tsn@erﬁioan vi ew di agram t hat focuses on

h
t [0%19] L|gure Q%eplcts a plan view drawing - taken at elevation YY - of

ferry 100, as depicted in Figure 2.

[0013] Figure 4 depicts variable-pitch propeller 213-x-1 at six different pitches
(for a given diameter).

[0014] Figure 5 depicts a plan-view diagram that focuses on the pitch and
direction of rotation of propellers 213-x-1 and 213-x-2 when ferry 100 is moving forward
(i.e., bow first).

[0015] Figure 6 depicts a plan-view diagram that focuses on the pitch and
direction of rotation of propellers 213-x-1 and 213-x-2.



direction of rotation of propellers 213-x-1 and
213-X-2 when ferry 100 is noving forward (i.e., bow
woOi20®1124041 0015] Figure 6 depicts a plan-vi ew dpagnan00s/023032

that focuses on the pitch and direction of rotation of
propellers 213-x-1 and 213-X-2.Detail ed Description

[0016] Figure 1 depicts an isonetric draw ng and

Figure 2 depicts a side view drawi ng of the salient
conmponents of the illustrative enbodi nent of the

present invention, fpetafleidesdrigtidit 3 depicts a plan

view drawing - taken at elevation Z=O - of ferry 100,

agoodepFiguasl idepictan %oaﬂetlfl@@r?aﬂl?]d:lﬁrﬁd yugiheé)z @@E@Eé §eﬁie view

.Su str cture 101 u
crawifg Bt G Fpgients, of i ndsliby Vi impogiens o e pissent
inveniia), femgilfés Fagwreg:‘emmn:txeszlar_ewgwrmriagmr-btakealal-e]ev]amon Z=0 - of
ferry f&glagq Rl P %XFé%% 2, engi ne/ gear box 211-1-2, and

eng i‘ne/ Gear four (4) propeller shafts:
prS’éé] Ferry dAafcemprises:- 1, propel | er shaft 212-2-1,

ptopabtetrushgé tio212-1-2, and propel | er shaft 212 2 2

and ellers rope ler 213-1-1,

213 f9ur1<4)&H%eﬁ?'é?lﬁslrlhlﬁ 1454 Torof el itet- ZZPsdiw - 2;

i nt ebmoamoeﬁgmlslaﬁdmtmaxed dsnynh‘e/gewr?sX i1 1aedg;3e/gearbox
the . ustrative 0 men coO ur

St P2 B eaRHAE) 405 5200 DR Bisesaatbox 28825,

shaffow (@) ppepdiler shaftd: propdilebehat aar-1it-b, plopskershialt 2¢-2-1,

N (G shdif bgh. - ﬁagwgm&)@n& PR QL oW [ O Make

and use e resent 1nvention that
conpPirs@s Prorslisrs: mp@elk@@t2§,3df-1 propeller 213-2-1, propeller 213-1-2,

hul Ia%q;agﬂ,@@yzggaz Qoxes/ propel |l er shafts/propellers.
Ferry | e-ended watercraft that i

mtefCE%&féE%deaso?eH‘%a .Whﬁ%aﬁ%f brds @ﬁe.%&'H&é@sﬁa@ﬂ@lst@ar’@@m'bod'ment

compr&emsl fy@tdetd &fShlflr@mdlﬁl@/@MVb@é‘esﬁﬂﬁbé%r&ﬁaf&i/@l’ﬁde‘ﬂ@réttﬁﬁln be clear
ri.ve

to tho§ o PRI e Redtid bk BseBPye Poido iileane v

embodilenfs ¢fche piretené ipreopeh teatsonfpeises tvldor erohe béts of

huIls/'lerfﬂqlgést/%jééﬁ‘@!esﬂyrggﬁié}%hg.lfgs?mpeegg2,;SymTet rical about

and 3), and | ateral

siaeak Fgry 0@ s a dgulleranded waigrceaioiat s camebhead loaging and
unloadiRgWasdeAg&rsIbdr§o3and vehicles from the bow as easily as from the stern, and
of being driven bow first as easily and efficiently as being driven stern first. Except for
the pitch of the propellers, ferry 100 exhibits longitudinal symmetry (i.e., is symmetrical
about plane Y=0, as shown in Figures 2 and 3), and lateral symmetry (i.e., is
symmetrical about plane X=0, as shown in Figure 3).

[0019] Because of the longitudinal symmetry, the designation of bow and stern
are arbitrary. In accordance with the illustrative embodiment, the end of ferry 100
nearest hulls 111-1-1 and 111-2-1 is designated as the bow.

[0020] Hulls 111-x-1 (wherein X is chosen from the set of integers {1, 2}),
engines/gearboxes 211-x-1, propeller shafts 212-x-1, and propellers 213-x-1 are
associated with the bow of ferry 100, while hulls 111-x-2, engines/gearboxes 211-x-2,
propeller shafts 212-x-2, and propellers 213-x-2 are associated with the stern of
ferry 100. Similarly, hulls 111-1-x, engines/gearboxes 211-1-x, propeller
shafts 212-1-x, and propellers 213-1-x are on the starboard of ferry 100, while
hulls 111-2-x, engines/gearboxes 211-2-x, propelier shafts 212-2-x, and
propeliers 213-2-x are on the port.



[0019] Because of the longitudinal symetry, the

desi gnation of bow and stern are arbitrary. In
weaceewridanace with the illustrative enbodi ment, Proe/USnEs/023032

of ferry 100 nearest hulls 111-1-1 and 111-2-1 is

designated as the bow. [0020] Hulls 111-x-I (wherein x

is chosen fromthe set of integers {1, 2}),

engi nes/ gear boxes 211-x-1, propeller shafts 212-x-1I,

and propellers 213-x-1 are associated with the bow of

f edd2¥ EQBers‘M}bﬂL@e hgbli$a rtek= %aﬁdxn@@&hﬁ&ﬁfe@ﬁ@fﬁ@ﬁ%&ure that
propel | er shafhﬁ praopel |l ers

ho“seéfge Ra%‘se&rg%r Sa§"§r<98f &ttéa @ teﬁu'tpﬁ?ee”%if %rrl?i'%'f“gf %rrr‘r’ y0900.

SuperStrotiuee L9Q nidei; bbovisldatkriine, Z(B]n@hﬁﬁallgG&jub@&?%tcﬂ;lthe]foﬁir hulls and
ers 213-

ReFHIEIEATTER TN TITIE oy
the hldlsg’xegslﬁg;eshobmmeflme_-zztb@ lopreo pettioprofdtudls t141211-2; 21 %-2-1,
111- 1a§‘dar9:r ppeblers g(%\gplgfeﬁ/ Em&9ed N RAMde £822L) tpgserrsél%ig?d in the

rstructure I's a ree-standi Nng CONPOSI
art hog\t gl and Hae suRAIsEYCtFRel Yhssenger s, cargo, crew, and

e@bUinTEBéh bi0theFbliOhuIRG0 tr?frrsgs éﬂ%deﬁeﬁt@érﬂryﬁé é@)&b;@a 100
u

ve waterlin wn in Fi op the
enaing SIS WP pPOUHRIEESRe TEE FHEFF AOTb s 1t Towbrds the other
hull onebesaae gidewfkeep 10be Foekrdrhyie, ppieliérashadi®l 2-2-1 extends from
o TS 4 T A 0 B A0 L B o
hull 14i@-2 1qwards haﬂé-ldolﬁil e%ae:*ofyomejbn"mngesJZ antl 3yidrbpdier shaap12-1-1

is coll@%atlﬂ@tﬁr@pﬁﬁdtet@ﬁiaﬁ Qli-&;q %{Jng - gf?c% g%? ﬂ [ghaft 212-2-1is
CO”'”%rY‘ﬁFW R@geligy shatielien Ipya b@fhfl%ﬂ ed engi ne/ gear box

t hfbtzﬁ W ﬁ§rnt?alWp@ﬁsﬁiolnebro%@ﬂéﬂsﬁahailzeﬁle&ﬂﬁltért%tteg%th respect
t_he 8t er hull on the sane side of ferry
to mee'df-r ﬁsﬂawah& and prepsier é@afgﬁ%&? b pourgenriates e fG‘rSBﬁFt to
propeher dhaft11-222 D, tD\V\@a’rdSulhule/hehlﬂmﬁel%.r saaf 200mvartsalsywith a rate of

oo PE B Ao FLE AW hod e v

shaftsguppeat thersagteahymparefiretolutomopdri mimaite bt in qopopied Hizections).

Zglﬁfzh] gé@'\ JF&O?%I%‘PQ 2![3 i€ 2?123' é aﬂ% Przg?ﬁb %?;—%Eggg variable-

11s col near Wt Ier sh
pitch giogRler whese bades cap@@z@]anw ﬁ@'ﬂ"'rr&lmé@é‘rl&@f’olﬁ well-known fashion.

FlgurepJI @@ﬁ'cisafarﬁb%f-élt@ﬂ&’oﬂ)elﬂer%gni—qratrs@l &?f@ﬁan‘ﬁ”pﬁtﬁhése§9le§blven
aft 212- | er shaft

eller s r
cramebdhy” SR B HER F opediehis 1L s RS Ereicgsae & rotation
is +w sthehtth@ HiRectiod. oflmovepadiitiis tdvaards WieRftpriophtrast, sihtthe pitch

the prgéél!et% %iéil{‘r %Muarnﬁst%\?\n dta }g'gtéoor{% r ‘: ]tzonalgt g)z Yo %:fgrdo rpe\x}mn of
movergnieis towargstthve right. It will be clear to those skilled in the art how to make
and use variable-pitch propellers.

[0025] Figure 5 depicts a plan-view diagram that focuses on the pitch and
direction of rotation of propellers 213-x-1 and 213-x-2 when ferry 100 is moving forward
(i.e., bow first), and Figure 6 depicts a plan-view diagram that focuses on the pitch and
direction of rotation of propellers 213-x-1 and 213-x-2 when ferry 100 is moving in
reverse (i.e., stern first). Table 1 depicts the rate and direction of rotation, and blade

pitch for each of the four propellers on ferry 100 when ferry 100 is moving forward.



shafts turn at the same nunber of revol utions per
m nute but in opposite directions). [0024] Each of
wonoepakiens 213-1-1, 213-2-1, 213-1-2, and 213P2TAISE®5823032
vari abl epitch propel |l er whose bl ades can be changed
from-90 to +180, in well-known fashion. Figure 4
depi cts variable-pitch propeller 213-x-1 at six
different pitches (for a giwven diameter). Wen the
pitch of a propeller is set to -75 and the direction
of rotation[is *w_ Then TNRaEd GRGLI ON PI_novenent is
towar ds t he |IFIPPeIIER | enntaiast of RbEIKGMEPHERDh t he
propeller iq 9¢8-f@ +75 and §he direct|{ oy, of| rotation
is -w, then [thesdi-pe¢tion of _govenment [sqfowWards the
right. It wilTbiBe-gl ¢ar To thgse skilTedg nithe art
how to nmeke [apd3uysg VariablespLtch propelg.ers. [0025]
Figure 5 depicts a plan-view diagramthat ﬁcuses on
Tablé he- RateCdhdamieeddioh &g Riotationf ardotigthi fon PlpePEreN@héreMBving Forward.
213-x-1 and 213-X-2 when ferry 100 is noving forward
The vélugens, repmsefisrtat rateanfaotatignron tﬁedepbcarsl anpkiznvalue\w,
n of
repref OO roh QAP B o8 nd 5o 7Re LB L BSGAR e s 100
is traviediogiin amﬁwth lunn T foveargieor{in reversest dwhtife vajugs armbfferent when
ferry 98P isoupnih &t (léttyesISWngécf eﬁ:thP'BeQ:ﬁ areb %ds‘énskll%ﬂqn glb)éagﬁ after

pitch for” each four propellers on ferry
readinghdys $R&Ciiatiein hogN Fﬂ;%tﬁgnmsﬁmﬁaprpaﬁpte ua'ueaq‘@r &said we in any
circurbdte@&d i on of Rotation and Pitch for Pr opel | ers Wen

vin rd. The represen e rate

1077 ThE A e repthstitar e PRAt PR e e e hen 1 a lsapg
propetlére(/. re_attbe o strppbpédlieniin tre fidve), padtthe Vhi@etdwaepedsarts tae @itch of a
oropelBEGRLA PRI LRE R SMc! B T BUSLOR bR SAEA o, 1
Shouléiibﬁﬁ@ﬂ@rﬁtoqmﬂt ther dssidr@dions of igpdinagprapeliee apd stadimg propeller are
not pé‘ﬁf‘a@n‘ént IHut Whd bnlkﬁn ¢LI886n Ed)tﬁerﬁ?ﬁe%tlérk 'tljla!tefgrrgrlo'bhg tr%(/{ehr}?e In

after reading this specification, how to déeterm ne
accordgfise yyith ﬁleé”‘él%fq}é@ qu}@@e%d WP in any circumstance.
[0026] The val ue FL repres(ﬁ,andLhe pitch of a

ro eller (i
tn sorfe AiEmgPis BERRI RS KL I DRt RN, 028 Bl e the Hiw
propeﬂepmSBmllghmhdlfﬁerértrhharﬁ tiee pitdpef theleasvenpidpellar, tihe
trailing propeller {i. ({)hg &econd propeller in the (Eq. 2)
flow. It should be unders bod that the designations 9-
becauge alsehaf eaynperorpsating propdllers & moalgefficiepewhen the pitehoof trailing
propepgflg@f@my dlhﬁHFen@rtﬁarpreypltcﬂ dreh&@ida0hg &obgl?erd'lﬁee%bppase it will

err¥ is travell ng. In accor ance wt

be clqar FQJEHOF%F |Ugd Wrﬁ,el?ﬂwequ- how {n mpke and ise embodlments of the

present invention in which the propellers have the same or different pitch.

[0027] Table 2 depicts the rate and direction of ‘rotation, and blade pitch for each
of the four propellers on ferry 100 when ferry 100 is moving in reverse.



In sone alternative enbodi nents of the present
invention, the pitch of the trailing propeller, Ft ,
womliegl |y different than the pitch of the | eadiusgoos/023032

propeller, FL, Ft " -FL (Eq. 2) because a set of

counter-rotating propellers is nost efficient when the

pitch of trailing propeller is slightly different than

the pitch of the leading prgpeller. In either case, it

will be clear to those skilled in the art, however,

how t o make [and use énbod RRfd an®T ( N€ Bresent

i nvention i n RIRPEHEE heiniceion drerstatimee| PENsane or

di fferent piteh3-i-9027] Tabl ey2Z depictp Hhe|rate and

direction of pogatpon, and biade pitch|fgr each of the

four propelleps3q@riferry 100+when ferry &00]i s noving

in reverse. Tapi®-222- | Rate andyDirectionh ef Rotation

and Pitch for Propellers Wien Mving I'n Reverse.

T8 281 Rbtre @ahpbiratticdr sfadtygoresid Hitdrefol Prafel bRewpES $RRIng In

i nvention, the watercraft only noves in one direction,

r at her than in both forvvard'? hd reverse. |In theses

c I 3-

?u}%%ﬁér?%&ge gfte a?QQ L‘n‘ﬁ{g)ga é'r?tf g)#hper%t%g lft tJW/er& L f éhe watercraft
only ragmesip paf dU’ﬁC‘t'Qt‘e r ﬁ@&dﬂﬁg\ 'prb?@'elml’@lrard%al‘fd severset IRltheses cases,

each éfgﬁoﬁélfe%hzﬁ ithe 3 aiyl ixng- ferOEﬁJi |2§§ Z S cfah)B%Ca %ﬁ ed-pit h
is to be understood t he above-descri

Propeﬁ%&@%ﬁt@e BIFED pieihelisading agqp@t\%r '§é'><6¢ at fe apA dBRAttch Gf the
trailing pvepdlieprs faed dtligt many vari ations of the

- vi sed by those
S BREFLEE £ bR gRret MRt et fer e bimet e grerely
illustratinee ofrihe wrésent irfventiex anp gt manyt arkatBpe of thealidverdescribed
I
embo&%f@% §é) %\%t%éuoc%ygjgteog% rsﬁllltgﬁ g}]mandltundgpgggﬁagﬁn%?r%p the scope
of thetlh‘éerttllonus“tor SKENVEI% b ﬁeemfscaapn.t memprogs specifindetat's are
pI’OVld-gEQIS Braddfith |p?<§{/|¢lé1attn&*o@§lli d¥bdriptibR %ﬂg Wn@@rst&ﬂ%ﬁ@’ & thelill ht?gtratlve

I nventi1 on can pr act ticed without one or nore

emboqREE o &IATSse TG o hese SLSHIBSe Ak Wil rapagize, however,

that titimpentedit can i6d ﬁrac[:t@&BQ]th&htl’drﬁedﬁTﬁbt%, ofitRoSOi®:ails, or with other
wn,_structures, materials, or

0
methOdﬁerrngF c?!ris Cgpqé’oﬂ‘a'tr’]t sfSwn or described in detail to
akooBell Brsimarmions) laspmet|estaﬁcetsl,m/eil+ldrmsmmtucmﬁes materials, or

operaﬁ%o%'e rﬁ%?gﬁowrk br l:lésér’ 'Bg E&%ﬂ tB 'a%nd%%ft}’rﬁ{é ng)t%ct\'/seof tg

ments shown 1 n ures are
illustrafive erppodimentss it iig ynQﬁfat\md ﬁlwt%aIVérIOlﬂ%e@bewUtents shown in the

Figures & H@BaHtvd, A dSHe Glot héégskmytd?a l?ﬂ?s@ar@oﬂéfé?éhtce tRfoughout

an_embodiment” or “some enmbodi nents® " _
the specification to “one embodiment” or “an embodiment” or *some embodiments”

means that a particular feature, structure, material, or characteristic described in
connection with the embodiment(s)'is’included in at least one embodiment of the
present invention, but not necessarily all embodiments. Consequently, the appearances
of the phrase “in one embodiment,” “in an embodiment,” or “in some embodiments” in
various places throughout the Specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures, materials, or
characteristics can be combined in any suitable manner in one or more embodiments. It
is therefore intended that such variations be included within the scope of the following

claims and their equivalents.



nmeans that a particular feature, structure, material,
or characteristic described in connection with the
weonrhadizeemt (s) is included in at | east one enbedirmsmios/ 023032
of the present invention, but not necessarily al
enbodi nents. Consequently, the appearances of the
phrase "in one enbodinent,” "in an enbodi nent," or
sone enbodi ments” in various places throughout the
Specification are not necessarily all referring to the
Se: R'dQAiasat . Furthernore, the particular features,
structures, materials, or characteristics can be

cgnm mggq.h@camygng,ubt abI € nmanner in one or nore
t heref ore |ntended t
VATTRDHESts BT UHB S it fich e ST opraDf silBeraed when i

waterf ol | owmi ng claims and their equivalents. Wat is clained

[ hul | . t hat

Basrne MG BRSSP RSB i 8 Pk Sbybagnapen v
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5. The machine of claim 1 further comprising:

a first fixed-pitch propeller on said first propeller shaft; and

a second fixed pitch propeller on said second propeller shaft;

wherein the rate of rotation of said first propeller equals w and the rate of rotation

of said second propeller equals -w.

6. The machine of claim 1 further comprising:

a first variable-pitch propeller on said first propeller shaft; and

a second variable-pitch propeller on said second propeller shaft;

wherein the pitch ® of said first propeller at the rate of rotation of w equals the

pitch @ of said second propeller at the rate of rotation of w.

7. The machine of claim 6 wherein the rate of rotation of said first propelier

is +w when the rate of rotation of said second propeller is -w.

8. The machine of claim 6 wherein said first propeller shaft is collinear with said

second propeller shaft.



a first fixed-pitch propeller on said first propeller

shaft; and a second fixed pitch propeller on said
weeswnd4qauopel | er shaft; wherein the rate of r8CaSEN5/023032

of said first propeller equals w and the rate of

rotati on of said second propeller equals -w. 6. The

machi ne of claim1 further conprising: a first

vari abl e-pitch propeller ongsaid first propeller

shaft; and a second variabl e-pitch propeller on said

second propeller shaft; wherein the pitch F of said

first propeller at the rate of rotation of w equals
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and t'ttan\l\apais!lslabdortdltwddﬂdhukis of said fourth hull;
a deck connected to said first hull, said second hull, said third hull, and said
fourth hull.

10. The watercraft of claim 9 further comprising:

a first propeller on said first propeller shaft;

a first engine within said first hull for turning said first propeller;

a second propeller on said second propeller shaft;

a second engine within said second huil for turning said second propeller;
a third propeller on said third propeller shaft;

a third engine within said third hull for turning said third propeller;

a fourth propeller on said fourth propeller shaft; and

a fourth engine within said fourth hull for turning said fourth propeller.

11. The watercraft of claim 9 wherein when said watercraft is moving forward:

the rate of rotation of said first propeller is +® and the pitch of said first propeller
is @,

the rate of rotation of said second propeller is -w and the pitch of said second

propeller is @+,



and that is parallel to |longitudinal axis of said
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10. The watercraft of claim9 further conprising: a
first propeller on said first propeller shaft; a first
engine wwthin said first hull for turning said first
propel l er; a second propellgr on said second propeller
shaft; a second engine withifn said second hull for
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and

14. The watercraft of claim 13 wherein the rate of rotation of said first propeller

is +w when the rate of rotation of said second propeller is -w.

15. The watercraft of claim 13 wherein said first propeller shaft is collinear with
said second propeller shaft;
wherein said third propeller shaft is collinear with said fourth propeller shaft; and

wherein said first propeller shaft is parallel to said third propeller shaft.

16. A watercraft comprising:

a first propeller on a first propeller shaft that turns at a rate of rotation of +w;

a second propeller on a second propeller shaft that (i) is collinear with said first
propeller shaft, (ii) opposes said first propeller, and (iii) turns at a rate of rotation of -w,
wherein said first propeller and said second propelier function as a counter-rotating
propetller; and

a first engine for turning said first propeller shaft, wherein said first engine is

collinear with said first propelier shaft.

17. The watercraft of claim 16 further comprising:

a first engine that turns said first propeller shaft; and



wherein the pitch F of said first propeller at the

rate of rotation of wequals the pitch F of said
weoeeawnd4qan opel | er when the rate of rotation of Pe®IUS2005/023032

second propeller is w, and wherein the pitch F of said

third propeller at the rate of rotation of w equals

the pitch F of said fourth propeller when the rate of

rotation of said fourth propgller is w 14. The

wat ercraft of claim 13 wherein the rate of rotation of
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sal d second propel IS -W . The watercraft of
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propeller With @ RIEFNA e PPdr shaft is col linear with said
f uietdin gaidpekbetd pipafiér; is anitkedhsitahi propealied wWithr s pitch of @
propel l er shaft is parallel to said third propeller
shaft. 16. A watercraft conprising: a first propeller
on a first propeller shaft that turns at a rate of
rotati on of +w; a second propeller on a second
propel l er shaft that (i) is collinear with said first
propel l er shaft, (ii) opposes said first propeller,
and (iii) turns at a rate of rotation of - w, wherein
said first propeller and said second propeller
function as a counter-rotating propeller; and a first
engine for turning said first propeller shaft, wherein
said first engine is collinear with said first
propell er shaft. 17. The watercraft of claim 16
further conprising: a first engine that turns said
first propeller shaft; anda second engine that turns
said second propeller shaft. 18. The watercraft of
claim 16 wherein said first propeller is a fixed-pitch
propeller with a pitch of Ft ; and wherein said second
propeller is a fixed-pitch propeller with a pitch of
FL.



