1 Milti-Hull Watercraft wi th Am dshi ps- Munted
Propellers Field of the Invention [ooo0il The present
invention relates to naval architecture in general,
and, nore particularly, to doubl e-ended watercraft.
Background of the Inventlon [ 0002) Ferri es,
roll-on/roil-off and other "doubl e-ended" matercraft
(i.e., watercraft that often travel In both forward
and reverse) require propul sion systens that are
efficient for travel in bothiforward and reverse. In
accor dance mﬁth one technique in the prior art,
propul sors (e. wat erj et s, progellers etc.) on

azi pouls:larléull atexcraft wothqAnuda iRF-Mowrded Reoppllars

vessel and rotate around a vertical axis so that they
point in the desire i,r ign of travel. This

techni que is di sadva%ﬂé&é’i&éﬁiﬂm, because the
equ'[mg‘i‘higﬁge&%\}%ﬂbgn ?éque§9)tt?atvgl erﬁte%ﬁl ?ﬁ&en‘e?al and, more

heavy, expensi ve, and prone t hct 1 on.
Par iRy feoprsled pakereraly exi st s for an |rrproved

doubl e- ended wat ercraft deS| gn that avoids this

di sadvant age. SunmBasg d pJaviention[ 0004] The

present invention is partlcularl wel | -suited with
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se.e i nvention in, other
e SREO IR ol B R TR IE HoRGydr el the
eqdnmeakmsaﬂ t¢ hpldiand retatesihe\aginods lsthieavy, bulk, epeasiveiand prone to
maneRélonng applications such as wind tunnels. [0005] The

contPPUE e Sere. i sHg Brists e LAY Vo L ate- st Wk o cesian

thatmmdﬂhlsmwventanhe port side, and two on the
starboard. The ferry's hulls exhibits |ongitudinal and

| ateral symmetry a#ﬂ@%@hgmﬂmeffl ci ent

propul sion In both forward and reverse. [0006] Each

hul jooe)Theippesentinvéntibape partingladn yelheuldatowigie doldde-ebdel
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| ocat ed Mount | n pro ers am dshi ps
Wa?%%%‘i’?ﬁé’@‘ébﬁ% %B%ﬁ‘ethr!t” %@BH&%@“ tf&he Bregent invention
is avddublereridiet wayertrafi] it avill b tleamai thosel sknliel:la’n tnevarumuer reading this

spelifilfifon! HBE 4 ABRE Snd 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.

[ooos] The itlustrative 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. :

[ooos] Each hull comprises an Independent engine and gearbox that drives a
propeller shaft and propelier 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,




2 [00073 The propeller shafts on the starboard are
collinear, as are the propeller shafts on the port.
The propellers on the starboard oppose each ot her and
counter rotate, as do the propellers on the port, and
forma counter-rotating propeller system This '

af fords the advantages of a counter-rotating propeller
system wi t hout the disadvantage of counter-rotating
propeller systenms in the prior art (e.g.,
counter-rotating _concentric2shafts, conplex gear

boxes, etc. ng two | ndependent
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WhleﬂIfQJ'yﬁl’Cbt i ve enbodi ment of the present invention.
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depicted in Figure 2. [0013] Fi gur e 4 depicts
vari abl e-pitch pg SEID et Iptiba-of thed agdi f ferent

pitches (for a given dlaneter . 0014”'F|gure 5
depicoimy Figyre drdepicsvendsargetaimdidveing bidhe sekend nomhmeptst aftthe
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of BELAMITE § ddfices’s Plaf UidwidrdinidgZ: 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).

[0o015] 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.




Det ai | ed Description 10016] Figure 1 depicts an
isonetric drawi ng and Figure 2 depicts a side view
drawi ng of the-salient conponents of the illustrative
enbodi nent of the present Invention, ferry 100.
Figure 3 depicts a' plan view draw ng - taken at

el evation Z=0 - of ferry 100, as depicted in Figure
2. [ooly] Ferry 100 conprisesg superstructure 101,
four (4) hulls: hull 111-1-1, hull 111-2-1, hul
111-1-2, and hull 111-2-2; four (4) engi nes and
gearboxes englne/gearbox 2&%)1 .engi ne/ gear box 211-
2-1, englne/gearbox 2 ne/ gear box

211- f ou I I
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ferry neReIHRNS3 dﬁb%% ‘bI8k vzhddrawing -PERpe bt elevatiod-2=d - of ferry 100, as
dl:‘ro el ["er 213 2, and propeller 213-2-2,
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pEiRe ted as depicted in Figures 1, 2, and 3.
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effi q:rqm!lnyZB'S-ZbEI ng driven stemfirst. Except for the
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Plang ¥rd,asshoAde RSP Aand 1epl simisebdl pele Yrirpecal sbout

planeX=D,YasZhoandh pigoree3). ers 213-x-2 are associated.-with
a 'ESor%S Msefo? the/ loﬂl&g.ldu%l @Jn?riéh‘#; Méﬁfynahon of bow and stem are

. arbitrary. In accordance with the illustrative embodiment, the end of ferry 100 nearest
hulis 111-1-1 and 111-2-1 Is dessgnated as the bow, : ’
{00203 Huils 111-x-1 {wherein x is chosen from the set of integers {1 2}),
mgme;/gearboxes 211-x-1, propeller shafts 212-x-1, and propellers 213-x-1 are associated
with the bow of farry 100, while hulls 111-x-2, engines/gearboxes 211-x-2, propeller shafts
112-x-2, and propellers 213-x-2 are associated with the stern of ferry 100. Slmllarly, hulis
1i1-1-x, englnes/gearboxes 211-1-x, pmpeller shafts 212-1-x, and pnopellers 213-1-x are
on the starboard of ferry 100, while hulls 111-2-x, englnes/gearboxes 211-2-x, propeller
shafts 212- -2-x, and propellers 213-2-x are on the post. - .




111-1 x, engi nes/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, engi nes/gearboxes
211-2-x, propeller shafts 212-2-x', and propellers
213-2-x are on the port. 4 [00217 Superstructure 100
is a free-standing conposite netal structure that
houses the passengers, cargo, crew, and equi prent for
piloting ferry 100. Superstructure 100 rides above
waterline 201 (shown in Flguﬂe 2) atop the four hulls
and rovides the structural port necessarz to kee
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dire &uéf‘?-fygﬁlgﬁ ﬁ“ Sropel'?erg 5?3“ xylI ae \/g éjIBa:r(t:l 5awrﬂenr]‘aw 18 Fssne:ovmg forward
(j.e., bow f' irst), 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 (/.e., stern first). Table 1 deplcts the rate and direction of rotation, and blade
pitch for each of the four propellers on ferry 100 when ferry 100 is moving forward.



direction of rotation of propellers 213-x-1 and
213-x-2 when ferry 100 is noving forward (i.e., bow
first), and Figure 6 depicts a plan-view di agram t hat
focuses on the pitch and direction of rotation of
propellers 213-x-1 and 213-x-2 when ferry 100" s : . 1
moving in reverse (i.e., stemfirst). 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 noving forward. 55 Propeller Rate and

Pitch Directi of Rotation 213-1-1 +w m 213-1-2 m

213-2-1 - (Op Mpprgd@ites-|2. +( CRa®@hb| e 1 ppRdt € and
Direction of Fbﬁaﬁaa. oncof Refatlen doel dr s Waen
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Cireymasteigeg propel ler (i.e., the second propeller In the
fl ow)ozsi the vl réaaesuﬁtdeﬁéﬁ.a%ffafﬁépé@ﬁwﬂ%:t@enakl|ém1g

P eller ar
prepelEiEnire Bt Pepaies f s Aewpcmnd P bR SnrePrafriepiecmicn ora
prefeder wmty Isithe tiailing paspellen(ge., tire sexondpdpelitas imtheflowde It
shdnhb Y8 Uhddrkts8d E{H@Qﬁé G&EHnatiSPIE of ledding prbpelled ind LrBiiag BPOﬁelier are

ternatlve enb F sent i nvention, }
nofErENGRE PYATE 3 R0t 3¢ plskcuion Fhatfemy P trayelin. 1n
acmmembthmwnsmemmunmmﬁnt,t he | eadi ng propeller, Oi,

Or $3 -(PL (Eg. 2) becaus 2 SKt of counter-rotatlng(Eq 1)
ellers is most effjcient when the of
in BirSE Fksrethy, pRielence of e peRres meniog: Biecoeh ah heriing
propelierhdgfis sltphtiy difthreny tianoghe Ipiteh of the |eddinycpropeliee,, ) t
will be clear to those skjlleg in the art, hovever, (Eq. 2)

how to make and use enbodi nénts of the
because a set of counter-rotating propellers is most efficient when the pitch of trailing

propeller is slightly different than the pitch of the leading propeller. In either case, it will
be clear to those skiiled in the art, however, how to make and use embodiments of the
present invention in which the propellers have the same or different pitch,

{00271 Table 2 depicts the rate and direction of 'rotation, and biade pitch for each
of the four propellers on ferry 100 when ferry 100 is moving in reverse.



present invention in which the propellers have the
sane or different pitch. [0027] Table 2 depicts the
rate and direction of rotation, and bl ade pitch for
each of the four propellers on ferry 100 when ferry
100 is noving in reverse. 6 Propeller Rate and Pitch
Direction of Rotation 213-1-1 -w 213-1-2 +a~
213-2-1 +cap OT 213-2-2 -cop mTable 2 - Rate and
Direction of Rotation and Pitch for Propellers Wen
Moving In Reverse. [00287 Bn sone alternative
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forwards and IreyefFse—HFA—treses \,mco, each of
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trailing propeffer s fixed—at 0. (00297 TT is to be
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t'aﬁ'ﬁ‘g PEYRE nﬁ% 'Flﬁx?‘b%to‘ﬂhl ze, however, that the i nventl on
C anfdoeo]pik &ctoi beathdeistdvdthatthe abéverdustrititdd driteaifndl®s aiel ierely

lllug%%%v td? 'gl‘f’é {5&%5?%%98&?] ancl@%? fn'aﬁ{r §ariaq:fz)ﬂp gpﬁgtaéﬂvee Elgscﬁbed
em P‘?'W@PEF@@ bedgvised by §1°S%$kl"ez§l;je thg 6 withawlcdapartingftsm therscope
of thesmvehtiat For esteinpie, il muﬁwmc&bapumm&@uggmﬁk%e&its bRe
pro\r’dleb'ﬂ EQE%SFJS\WHQ g t%ﬁ%ﬂd%ﬁn@t‘c’wggﬁger % ngv'r ‘fthe |ﬁustrative
empyqlmgpqsazf Hircpresan inveationt These sldlies lnltye dlrta\r/lh recogrizealhewever,
thaBetfedneshtion i Belphitited Wigﬁuﬁ Bﬁbrg Tsﬁdggﬁebsg%gégla ﬁognutlfgh other
meﬁ‘e%g%gh{%néis' C%;nz? ﬁen%tg 1? :‘ ggtnur e, Structure, material,

or [BeR1 &Bttb¢m¢,dn dove irstandes, welldmows strisciures; triaterials, or
ope&ﬂfh;ﬂg bREAYLCRdwh Sr békeHbiiad defhiiab al6id Dhs@Mifg BERRE JFRRd
illus%ratwe gmbadiments It is understood that the various embodiments shown in the
Figures are illustrative, and are not necessarily drawn to scale. Reference throughout
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 sultable 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,



present invention, but not necessarily all

‘enbodi nents. Consequently, the appearances of the
phrase "in one enbodi ment,"” "in an enbodi ment,"” or "in
sone’ enbodi nents" in various places throughout the
Specification are not necessarily all referring to the
sane enbodi nent. Further more,, the particul ar

features, structures, material’s, or characteristics
C@ha edned in any suitable manner In one or nore
enbo rrenrf' I's therefore intended that such

vari atl ons be I ncl uded within the scope of the
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sebdrdSiiulh Wherelrr saRl fivsh ieoth obisaid Hrsd pgll isckheoplyr end é;ftsglﬂ(f@'stqéull from

cond t hat extends froma first end
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f oura third propelierzhal that axtends frarp sgan'a qd % staﬁlaﬂ'-g*d hurl towards
saldsfoh Holl! Wnérem <afd et ehd &F gatl ﬂrlirldlhullrls)me anhy e of Fpid third hull from
' l@;’g eﬂlgf%;ﬂﬁiﬁrr}?gaffe)(t egds a fourth propeller -shaft that
v an ¥nd of saldfourth uIJ to

sai ch foulthipcotetiér shafttbsbesierrs P A st S oot AR hIF towards said

th V{ﬁ ‘1*1"u£1 bt <bft firB€erNbpsaRN@uith haRisithiamiy éndrafishidffpurth hull from

ropel |l er shaft, extends; and a

W@gpéﬁ‘st"i“&e's)% %Gﬁ'f?@af'e@dto said first hull aL‘ﬂ rd hull, and
sec nehperthuctusa tohriekteddo lsald| firsthd. said geepnd Syl 59, B hu
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of tm"ﬁﬂé;g:rfw rol, sl et vy 594 F“'Whg‘% & folreH hull provide

subbtartigtyillofithé blieyaney ofsaids watgrcraft.
2. The watercraft of claim 1 further comprising:
a first propeller on said first propeller shaft;
a first engine withiry said first hull for turning said first propeller;
- .a second propeller on said second propeller shaft;
a second engine within said second hull for turning said second propeller,
"a third propeller on said third propelier 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

e wat ercraft

3. The watercraft of claim 1 wherein when said watercraft Is rnowng forward:

the rate of rotation of said first propeller Is +w and the pitch of sald first propeller is

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

propelleris ®r,



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
propel l er shaft; 'a second engine within said second
hul | for turning said second propeller; a third
propeller on said third propeller shaft; a third
engine within said third hull f8r turning said third
propeller; a fourth propeller on said fourth

pr Opﬂﬁs' r%'&e §h|%f:$tnon RRLidahi@ PrdpBI&NgLd @nwithd pitchsatisdid third propelier is
fourt for turning said fourth propeller. 3. The
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MoVi i rate virotktiontoé saidtfeurthi propeliariieo mooinddhp giteh pisgaid fourth
p%rgp([gji _is +cu and the pitch of said first propeller
3 ate of rotation of said second propeller is

- CO0 ghehhkhardictafhortiaimal dhamodil filst ppkliarshalt inwollingar with said
the rate of agt tlon of said third propeller is -w and

s¢qBad prensl 89 hird propeller is 4)L, and the

rat ewnérerrosam third prbpedier ghafbisrcohingarowih sdid fqusthirogglier shaft.
the pitch of said fourth propeller is QI. 4. The

wat ePc Tae wasgre@ngf HaimhRFOERCYIRIFNG r st propel | er
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a first hull that is buoyant in water;

.a second hull that isAbuoyant in water;

a third hull that is buoyant in water;

a fourth hull that is buoyant in water;

a first propelier shaft that extends from said first hull towards said second hull,
wherein said first propellér shaft is the sole propeller shaft that extends from said first hull;

a second propeller shaft that extends from said second hull towards said first hull,
wherein sald second propeller shaft is the sole propg!ler shaft that extends from said second

hulf;

a third propeller shaft that extends from said third hull towards said fourth huli,
wherein said third propeller shaft is the sole propeller shaft that extends from said third

huli;




second propeller shaft; wherein said third propeller

shaft is collinear wwth said fourth propeller shaft;
" and wherein said first propeller shaft is parallel to

said third propeller shaft. 8. A watercraft

‘conprising: a first hull that is buoyant in water; .a

second hull that is buoyant in water; a third hul

that is buoyant in water; a foyrth hull that is

buoyant in water; a first propéller shaft that ext ends

fron1§ d first hull towards said second hu

wher 8fePrEupraesiier shafl thab sxtepds Epmrspid fougth pull 5%3”15 said third hull,
whempesdic fousthairbpdiibashafixis ehel solé propeberistiafk ithattexibietds fronf said fourth
hﬁﬁ d propeller shaft that extends from said second

u towards said first hull, wherein said second

pr opRPYRESIEITHIre cprneckrd ospid frpidpdl Faid serpadthuiihgaid third hull, and

sad fovtshullf om sai d second hull; a third propeller

? 23:‘%*#"% SF%)%‘IT%'ld?IES?{ g]g(r%gald?wflhl rcgi;héréelﬁilé? {oqréldhull provide

sqbﬁ@nﬁdivealmfdb@bvw.anghaﬁsalct wateraaftends from sai d third
hull; 1 9 a fourth propeller shaft that extends from
said fourth hull towards said third hull, wherein said
fourth propeller shaft is the sole propeller shaft
that extends fromsaid fourth hull; and a
superstructure connected to said first hull, said
second hull, said third hull, and said fourth hull
wherein said first hull, said second hull, said third
hul I, and said fourth hull provide substantially al
of the buoyancy of said watercraft. 1



