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RELATED APPLICATIONS
[001] This application claims priority based on the following three United States
Patent Applications: Serial No. 11/548,472 filed October 11, 2006; and Serial No.
11/695,932 filed April 3, 2007; and United States Provisional Patent Application Serial
No. 60/909,850 filed April 3, 2007.

STATEMENT REGARDING FEDERALLY SPONSORED DEVELOPMENT
_ [082] Development for this invention was supported in part by Contract
€ No. N00014-05-0347, awarded by the United States Department ofthe Navy.

Accordingly, the United States Government may have certain rights in this invention.

FIELD OF THE INVENTION
[003] This invention relates gemerally to ships and, more particularly, to

maritime designs and methods of transport.

BACKGROUND OF THE INVENTION
[004] The transportation industry provides a wide variety of modes and routes
with which to meet diverse demands. Selection can be based on numerous factors,
including required delivery speed, security and the influence of transportation cost on the
(o price of goods and services. When rapid, time-critical movement is required over a long
distance, €.g., thousands of miles, air service has been the norm for both passenger and
cargo transport. By way of example, rapid deployment of large military operations can
require significant levels of air transport to place equipment and personnel where they are
needed when they are needed. On the other hand, when commodity freight is being
moved large distances, selection of the transportation mode is more cost sensitive, but
often limited by the availability of low-cost choices. Depending on points of departure
and destination, multiple low cost choices may be available, but there is often a need to

accept the slowest fransit speeds to minimize transportation expense and thereby assure



FIELD OF THE INVENTION [3] This invention relates generally to ships
and, nore particularly, to maritinme designs and nethods of transport.
BACKGROUND OF THE I NVENTION [4] The transportation industry provides
a wde variety of nodes and routes with which to neet diverse
demands. Sel ection can be based on nunerous factors, including
required delivery speed, security and the influence of transportation
cost on the price of goods and services. Wen rapid, tine-critical

noverent is required over a |l ong distance,. e.g., thouysands of ml es,
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transportation for long distance shipment implies acceptance of relatively slow delivery
speed. When multiple transportation modes are available to reach a freight destination the
competitiveness of the maritime industry has been challenged. Other modes may be less
fuel efficient but are still cost competitive while also providing greater speed and
flexibility. For example, the rail and trucking industries are often capable of more
quickly delivering products to final destinations while cargo shipped by water must often
be transferred to rail cars or trailers to effect final delivery.
[006] In order for transportation by water to be more competitive it would be
desirable to improve speed and further reduce transportation costs. However, operating
costs, often increase with speed, particularly for freightliners. Such limiting factors are
rooted in the limits of achievable hydrodynamic efficiencies for vessel designs. It has
long been known that the efficiency of movement through water is a function of a ship’s
length to beam (L/B) ratio. There have been continual efforts to improve the design of
ships with high L/B ratios for operation at relatively high speeds. Several classes of
T vessels have been so optimized.
[007} Limitations in achievable performance stem from inherent structural issues
associated with performance under high structural loads and bending moments such as
experienced in high sea states. Strength and flexure issues associated with long, slender
ships are addressed with provision of a more robust, typically heavier, longitudinal girder
system relative to that required for relatively short ships. Generally, the length of the
ship dictates the size and weight of the longitudinal girder system. With advanced
analysis capabilities to model behaviors of hulls under dynamic loading, and considering
the length of the ship as a single beam for modeling of behavior, girder systems must be

of sufficient stifiness and mass to assure acceptable operation in the presence of



cost conpetitive goods and services. The cOst of freight transport is
hi ghl y dependent on operational costs. [5] Wen noving | arge vol unes
of freight between different continents, sea transport has been the
predom nant node due to cost, while passenger transportation is
predom nantly by air. Commerce al ong sone | arge inland waterways may
be predom nantly by barge or freighter, being limted to commodity
products or large cargo which is cost prohibitive or inpractical to
ship over land, Generally, the choice of water transportation far
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[009] An embodiment of a method of forming a ship may include providing a
{ plurality of vessels each having a hull defining a cavity suitable for movement of air
between a fore portion and an aft portion of the vessel when the vessel is afloat, and
providing a plurality of first and second connection components so that a first component
of a first of the vessels is connectable with a second component of a second of the vessels
[010] According to several examples, a vessel is provided for attachment to a
second vessel. The vessel may comprise a catamaran hull including first and second
parallel sides extending from a fore portion of the vessel to an aft portion of the vessel
and defining a cavity when the vessel is afloat and a deck may be formed above the hull,
A first connection component may be positioned along the fore portion and a second

connection component may be positioned along the aft portion, the second component



expected bending nonments. It is desirable to devel op designs for |ong
and sl ender vessels (e.g., with L/13 > 10) which avoid the

conpl exities and added nmass conventionally required, as such can
enable a nore cost efficient ship which can operate nore
econom cal ly. Such inprovenents can render nmaritinme transportation
nore suitable for a variety of conmmerce and non-commerci al needs.

What is needed is a set of solutions which render nmaritine operations

faster, re flexible, and.nore cost efficient. Wth such
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of the vessels is attached to a second of the vessels with limited degree of freedom so that

the first vessel can only undergo displacement relative to the second vessel about a single

axis of rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[014] The invention is explained in the following description in view of the
drawings wherein:

[015] Figure 1 provides a partial perspective view of a ship according to an
embodiment of the invention;

[616] Figure 2 is a view of the ship of Figure 1 in a view showing an underside

of the ship;



bei ng of a connectabl e design, such that when a |ike second conponent
is formed on anot her vessel, the |ike second conponent can be joi ned
with the first conponent to effect a connection between the two
vessels. A seal may be provided along the first conponent, positioned
to sustain air pressure within the cavity when the |ike second
conponent formed on the other vessel is joined to the first

conponent. [11] Also according to other enbodi nents of the
invention, a vessel having a fore portion and an aft portion, further
includes a hull providing a cavity extending between the fore portion
and the aft Portlon for_npvenent of air %gerethrough whe vesse
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DRAW NGS [(214] The Figwehis operspsciiseplien efeuiihies dimensfostll rondiehiglustrating a
descripti Rﬂgé B—ra\ﬁkéﬂ‘én?lf t he draw ngs wherein:

[022] Figures 9A — 9D are simplified plan and perspective views illustrating a
coupling mechanism according to another embodiment;

[023] Figures 10A ~ 10E are side elevation views illustrating possible variations
in hull designs according to the invention;

[024)] Figures 11A through 11D are elevation views illustrating ship 10 in
various modes of operation;

[025] Figure 12 illustrates, in a side elevation view, the ship of Figures 1 ~ 4
deployed as a surface effect ship; and

Figures 13A and 13B are elevation views of the ship shown in Figure 12 illustrating the
bow and stern.

[026] Like reference characters denote like or corresponding parts throughout
the figures. In order to emphasize cerfain features relating to the invention, certain

features shown in the figures may not be to scale.



[15] Figure 1 provides a partial perspective view of a ship according
to an enbodi nent of the invention; [16] Figure 2 is a view of the
ship of Figure 1 in a view show ng an undersi de of the ship; [17]
Figure 3 illustrates a series of vessels coupled to one another to
forma ship according to the enbodi ment of Figure 1; [18] Figure 4
Is a partial perspective viewillustrating hull portions and other

sel ect elenents form ng an exenplary mechani smthat effects coupling
of the vessels shown in Figure 3; [19] Figures 5a and 5b are parti al
plan views in schematically illustrating portions of hulls associated

with the wesaelp BROWATTON GrTEEBIVENGINE 6 IS a partial perspective
view of an alternate configuration of hull portions for effecting

coupl i ng BR7t he veBsbre dseraiRing i Eptgilireagple embodiments according to the
invention, it is noted that the invention includes a novel and non-obvious combination of

elements and method steps. So as not to obscure the description, details of elements and
steps pertinent to the invention are emphasized in the figures and written description,
without illusirating in the figures certain associated elements and steps which are
otherwise conventional or which will be readily apparent to those skilled in the art.
[028] With reference to the simplified perspective view of Figure 1, there is
shown, according to one embodiment of the invention, an exemplary ship 10 comprising
multiple vessels 14 arranged in a serial assembly for tandem movement as one unit or
ship. Adjacent ones of the vessels 14 are flexibly coupled to each other to allow
variations in pitch of each vessel. Yet the vessels are coupled in a manner allowing
transfer of motive power from vessel to vessel, thereby enabling movement of the entire
series of vessels in a controllable manner and as a single ship, e.g., somewhat analogous
to movement of a railroad train comprising a series of cars each coupled to another. The
ship 10 includes a fore-most vessel 14, designated14a, a rear-most vessel 14, designated
14b, and multiple intermediate vessels between the vessels 14a and 14b. Although only
four vessels are shown in the figure the ship 10 may include fewer or a larger number of
vessels 14, e.g., ten or more vessels. As indicated for intermediate ones of the vessels 14,
each of the illustrated vessels includes a hull portion 16 and a platform structure 18 which
: may comprise multiple decks and superstructures. Like components among the
intermediate vessels as well as the vessels 14a and 14b are designated with like reference
numbers.
[029] As used herein to describe a feature of a ship, the tenm length refers to a
distance measurable along a direction parallel with the dimension of the ship or its hull
which is substantially aligned with the primary direction of intended ship motion or
thrust; and the term width refers to a distance measurable along a direction normal to the
length. The lengths and widths of the vessels 14 may vary considerabiy. For purposes

of providing an example range of dimensions, the lengths of commercial vessels



[20] Figure 7 is a partial perspective viewillustrating hul

portions and ot her select elenents of a coupling nechani sm according
to an alternate enbodinent to effect a coupling of the vessels shown
in Figure 3; [21] Figure 8 is a perspective view of a three

di mensi onal nodel illustrating a hinge arrangenent; [22] Figures 9A
- 9D are sinplified plan and perspective views illustrating a
coupl i ng nmechani sm accordi ng to anot her enbodi nent; [23] Figures 10A

- 10E are side elevation vie iJlustrating possible variatjions in
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12 illustrating the bow and_stem .
catamaran hulls 20, each hull in a pair designated as a starboard hull 20a or a port side
hull 20b. A lowest deck 22 of the platform structure 18 is formed of individual decks 22-
1, 22-2, 22-3 etc. on different vessels 14 which are each connected between a pair of the
hulls 20a and 20b. The surface of the deck 22 which faces downward toward the water, as
well as the component surfaces of the decks 22-1, 22-2, 22-3, etc. which face downward
toward the water, are referred to as wet decks. Generally, the hull portion 16 of each
vessel 14 has a length extending from a fore portion 24 to an aft portion 26 of the vessel.
See Figure 3. In this embodiment, all of the hulls 20a extend along a first straight axis A
and all of the hulls 20b extend along a second straight axis A’ parallel to the axis A.
The ship 10 extends an overall length L, comprehending individual lengths of the
plurality of hulls 20a along the axis A -and the plurality of hulls 20b along the axis A’
among the multiple connected vessels 14. Hulls 20 positioned along each axis extend
substantially toward one another with nominal or minimal spacing therebetween to
accommodate required clearance for movement and sealing materials as described herein.
In other embodiments, hulls of different vessels that are aligned along a commeon axis
may be spaced substantially apart from one another, e.g., by a meter or more with
optional sealing materials such as a bellows arrangement, extending between the hulls of
{ different vessels to provide isolation of cavities formed between opposing hulls 20a and
20b if it is desired to provide a pressure differential between the cavities relative to
atmospheric pressure. The ship length, L, extends from the ship bow 28, along the fore
portion 24 of the vessel 14a, to the ship stern 28, along the aft portion 26 of the vessel
14b.
[031] The hulls 20a and 20b of each vessel 14 are parallel with one another, and
cach vessel 14 has a width B (see Figures 5) measurable as the distance between the
outside substantially parallel surfaces of opposing hulls, 20a and 20b, i.e., as measured
from an exterior-facing surface along the port side of one hull to an exterior-facing

surface along the starboard side of the opposing hull. For embodiments where each of the



[ 26] Like reference characters denote |like or corresponding parts
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series of the vessels 14 coupled to one another in a configuration suitable for operation of
the ship 10. The perspective view of Figure 4, illustrates elements of one exemplary
coupling mechanism 50 that effects coupliné of the first and second adjacent vessels 14-1
and 14-2 shown in Figure 3. Portions of the hulls 20a and 20b positioned along the aft
portion 26 of the second vessel 14-2 are, respectively, each adapted to rotatably engage
{ with portions of the hulls 20a and 20b along the fore portion 24 of the first vessel 14-1.
With respect to Figures 4 and 5, the vessels 14-1 and 14-2 are shown in spaced-apart
relation for clarity of illustration. This illustration shows additional components of the
platform 18. Above the lowest deck 22 there is an exemplary second deck 34 which
includes a weather cover 38 formed thereover. In this embodiment, when the coupling
mechanism 50 is fully engaged the coupling is the interface between the two vessels, i.e.,
between the fore portion 24 of the first vessel 14-1 and the aft portion 26 of the second
adjacent vessel 14-2. Each coupling mechanism 50 comprises two couplings 50a and 50b,
each of a three component hinge-type arrangement. A fore region component on a hull on

one vessel is connectable with an aft region component on a hull of another vessel with a



10291As used herein to describe a feature of a ship, the termlength
refers to a distance neasurable along a direction parallel wth the

di mensi on of the ship or its hull which is substantially aligned with
the primary direction of intended ship notion or thrust; and the term
width refers to a distance neasurable along a direction normal to the
| ength. The | engths and wi dths of the vessels 14 may vary

consi derably. For purposes of providing an exanpl e range of

di mensi ons, . the. | eng r.ci a se

enbodi rren?°§k18§§{?r g‘?)ee gﬂznﬁ?hocr?\ul’ 183§ 1 ?Eh%%ar &jglg%%{t%%%%&rﬁ’and
the W dt hgorifjses/@finst flll’l@ml iR mahamfoz@regmdsmﬂhe Hill Pha JfOBOGRIch in-& 2

is a pers ectl e viewta Q eat h 10 illustr n
Lhat oach it Y Geen o5 TR gateds T pard 17" obs anmgemi dblel'd
subst ant i adtdtnlpKiagd-te rﬁ@ie&ﬁﬁﬂc&ﬂhdmﬂll fareaggmxea@}bfhmﬂ :ﬁrsl vesgel péril rabout
designated as a sta or.a west

Gook 55" clhoriin 1 44 SR TEPRCh (i S Tararde ST id sl o
22- 1, 22cQuplided-58b8da6h odthe @bt Bidé 6MNthe VRSAEL]I 451 alfa mm cbmpies e a@bnd pin

connected _hetween a pair of t 2 he s face t he
ock 22 VATEHIEREE IO TREPR SPoMPEN Nl s Yool Mebity S [on 580
conponent osis hacBH Flthd eeset eLKS TR BairsD2 thtse cgﬂrp&leneirfancmﬁ%rﬁdbnﬁlﬂe g
downward toward the water, are referred tq as_ wet dgé n?ﬁslly,

the hul | pé#PEnhing-lie raeemeief g hujlforgegion Febrpfithe

fore port haniZshntag @ﬂh@és%eo@ﬁﬁﬁéﬂﬂla%ﬁeélﬁn?%%fﬁ%&%@e] 14ge Figure 3. In
this enbodi ment, all of the hulls 20a extend along a first straight

axis A antf34l | of (The Pk 368 @56k xia¥ e siatignrsy éi”@é&%?ﬁﬁ ‘gtﬂi‘ea?%ﬁ‘?gm&il s

A paral | glgat 9gih RghiRXdhe f@re 5@1%1@ (e, 3@)) erﬁaﬁngﬁt 8RO @fdbhedt€RAL Be L,
conprehendlng i hdi vi dual |engths_of the plural |t¥ of hulls 20a along

the axis appamat tHe cevnlmachpaw s joge olsveatl GG lﬁ’émé%ihs: Aen BB t he

mul tiple ganpgciedil 8SBlifiokd- yemﬁl&ﬁaté’@oppﬁhéd $Re | 608 GorRPdn gkt S
extend substantially toward one another with nom nal or mni ma

spaci ng t Pardbealisin2qw ege clwatifaaxs ActdiraiiedhediR AR #ith roofieRent
and seal | g& F@Plﬁ%{i@lﬁé@%ﬂ S‘&é% %ﬂ%b*a ﬁﬂléihg tiu!' %H@%f%&@&m@&éﬁtﬁms

hul | s of are aligned a comon axi s nay
be spaced?@ubst aleng axiF},A apaitis seneprthsribipalfos ﬁ@ﬁmc atgd or jeynted Y?é%eérln or
more withg prtenﬁ,'aa,he ? 1@1;,@5; SHR R éﬂdﬁ?%h:h QWRuBlH ANREE]
extendlng et ween t different vessels to provide iso| atlon

of caviti é@omwmmb@m@ﬁ S@ppéslpmgi Yeiwdes tiroitly S8a aurh6qYs and; expegding
desired t id ssure differential between the cavities

rel ative eﬁ&'%IJ&%gﬁgﬁfpressure The ship length, L, extends from
the ship HB6I 28, alTbagerere cousert gfen eitioriatad; vessel hisebopr gxnddred inghe past. t he

S‘.h' p st er‘rgge? for%ké}ﬁ]ge,tlrﬂg. ?,558,&’9! tHo%v%?pr(?Jr J&Bﬁm\éﬁmg h;'vﬁet}mt provided a

series of vessels which, when coupled for tandem motion, collectively behave as a single
ship. For example, the ship 12 can be steered and maneuvered as a single vessel although
it comprises multiple vessels 14. Several embodiments of the invention achieve this
effect by allowing changes in pitch among individual vessels while constraining other
motion such as roll or yaw. According to several embodiments, rotational movement and
translational movement along certain axes is controlled or prohibited to prevent yaw or
roll while allowing rotational movement that enables changes in pitch in response to
vertical bending moments. Thus individual vessels can undergo changes in pitch while

limiting or prohibiting other motions that would result in undesirable behaviors. As an

PRI



[0311The hulls 20a and 201) of each vessel 14 are parallel with one
anot her, and each vessel 14 has a width B (see Figures 5) neasurable
as the distance between the outside substantially parallel surfaces
of opposing hulls, 20a and 20b, i.e., as neasured from an
exterior-facing surface along the port side of one hull to an
exterior-facing surface along the starboard side of the oppoSing
hul | . For enbodi nents mhere each of the vessels in the ship has the

same beam w d e descri uni f or.m
banm o at s uer 8 S sRrerrohertur & o By b webe] S didlet R |
of hulls 20atraincth{yes of rotlaamh }M@S@ﬁinglﬁdlﬁdmﬂ/wds@ﬂs ahilavildwing efyinges id2
havi ng an SO ed vqu of .air wh vessel

he. veseaPlin qOR dtPul POz EHAREHY SR PA ARSI PHid B Pa<rarblef  y
r ﬁgimﬁ”s géu@w endividiaP @Bss€19 BT wideegat dhafgewiin Botfi rpﬁoirzw eew r\;dh_fle fcamstm:al i lnlg
chanber ext.en mul ti pl e, vessel s ichis tiple
e e CtypEanis Tl e e Petmoles JIHSReE g oGl WEiD o0 FhEs T
i|lustrat ed @b@ﬁbamﬂ3ﬁuﬁmhgaﬁﬁg%ﬁ@ﬂkmhe ship bow 24 to the ship stern

28 and is bstantially encl sed b seri of, h
in conbi néq:’%bn Wi t H’l%“% o\ 28¢ 3 24§ ‘?"‘GW%BﬁET PG #h@?ﬂé\%aﬁ‘ﬁ&g}f t he
[sgl3 f ?‘Ed ﬁleskﬁlalhs’lﬁl %zﬂ-éaﬂplﬂ-% Ih Q‘ﬁt—,&ﬁeﬁi?gglahh&g&@sﬁngfﬁw@fmﬁsﬁﬂhﬁlﬂd zmat

e v S ormn e Ssnl may e coupl e In a varil ety
of ways déﬁﬁiﬁ@? Hy SR3fied tpart JEgHanp as vf%é@&%ﬂ%&. ‘Pe}HO‘flg‘? adneqhanjeally o

Wi t h r espesiplddQraacdheatlhPGe Rbss¥e 938l ank 0 4WN TG fiblred Qluk@dtd @dturdeaizendi ng
on how the vessels are coup|ed to one another, each vessel 14 pay

exper i enc &X§HwiAyE design lempgﬁglglﬂﬁ piing, m‘gﬁawwafr 5§ @1ipin thejuulls 20 and form

adj acent wRI&@L: mAL@OL ahd 80w 6F M B W%'tln@gxﬁ%ﬂ%ﬁ@hﬁlﬁezw&sai@c&at
Figure 3 illustrates a series of the vessels 14 coupled to one

anot her i NeSECIEHREPRIATR PRTANSTITE Hish BepERe BEdAHET 6R a%ﬁaclt WEerie BYBN The

perspect i g Vhg¥s Al FKiltGddnirthtiohd bpaiﬂ‘e%%o@l mﬁmﬁgmsore &, EXMBWRnar Y
coupling mechani sm 50 that effects cou he first and second
adj acent V&¥88|dseress-of fegrdpm,Aro coptamiphted: Wﬂlgmhé halls here icppdedotpesthea

hul I's 20a,anehe2RRnRRsH 5b %’b%&‘lébpéﬁgst&ﬂﬁllﬂfiiedl%ﬂﬁﬂx'cﬁ’n{‘bezzﬁalﬁfau{e@ flogeHend
vessel 14-2 are, respectlve , each adapted to rotatably engage with

portions ftirg ragtigl e trosrtigwiataohindingn §0% #nd 60br @norvmphifid example of Ae
first vesgg| déL%nJand Ws%&at%@%@&%g bfdchan @0 ﬁ)swﬁ]icl?-fbgulénntﬂtbearl{@ﬁﬁ@d gad4-1

and 14-2 are shown in spaced-apart relation for clarity of

i |1 ustrat Perand PAD & now f&ﬁgftrrb&fh 6 kiHis28a ardici0p |ats>riavstr@t9m%ﬂv@nsfsthw havpe

pl atform I8y wAROME.dNGitl PP&ESbs %Géﬁng’-aerﬂ&%&ev&aﬁs @&th%&@ﬁ) LAy féﬁ%f&@d
deck 34 which includes a weat her cover formed t hereover.

enbodi menwallsgiepesitipacdiaigiting g et therﬁtw plagest 4y is o @1@&3@@04 ﬁ'ét ln
coupling bﬁe#éa%oameﬁfs 2GR ;RRhHELR. Fﬁl?m&%llé’ﬁﬁfﬁiv%’ }lﬁvaﬁre witeleyRenot he

fore portion 24 of e first vessel 14-1 ortion 26 of
t he secon@lmhd]iee}esemd véls sespect 4o the agech awd ! Mﬁlgthﬁéélﬂﬁamf% inchde yomqysi ses

two coupl E ?&15(? ot ron- gﬁ%trxcef%&nregf Nﬁngﬁﬁiﬁﬁﬁgﬁﬁ Q/Qﬁeﬂfon?ln%ﬁ ?gare

arrangene gi on conponent on one vesse

connect abtentesigidtedamhile tnonethélens ivonpwatingt the reoncehisl showh iantbe rémplifisd sel
with a illustrations of Figures 5.

[037] To effect the consistent profile of substantially fixed hull width along each
of the axes A and A’, each of the hulls 20 has a uniform width W over the majority of the
hull length, wherein the width W is measurable from an outside plane surface 64a of each
hull 20a to an inside plane surface 66a of the same hull, and from an outside plane

surface 64b of each hull 20b to an inside plane surface 66b of the same hull; while at both

10



| ocking pin. See, also, Figure 5b Each coupling 50a, on the starboard
side of the vessels, conprises a first pin Ma which links a fore
region 56a of the hull 20a of the vessel 14-1 to an aft regi on 58a of
the hull 20a of the vessel 14-2. This arrangenent enables a
rotational, hinge-like novenent of the hull fore region 56a of the
first vessel 14-1 about the pin 54a and wth respect to the aft
regi on 58a of the vessel 14-2. Simlarly, the couplings 50b, each on

t he port si of the vessels 14-1 an 4-2, cQnprises a secon i n
54b whi ch tﬁ’f?sre%fo?so‘iﬂét e %?ﬁmB%B“SF g‘cﬂ#ewhﬁ‘ﬂm% fg O%GHJé’rf%Pé‘éggﬁ“HfM 1
to an aft ohegicORs®2Bhadfrothiewittlikdspe2Oln brtibhe ol BikChn AdjoiAing TSR P8I I'S
of three c%gg%ge t arran enents enable a rotational hi nge- 11 ke

movement &% Ped grel Willy Fespech n? Bl 2% dhe fera putgide SR 4S59rs Sp Bt
the pin 54iranthatfakd dﬁﬂﬁﬁ’@@ﬂa\iag HoRethB Wip 1@fahd BRALBNInA&Ds1Pfacd BRrsMESSEl
14- 2. [034]The pi ns_ 56a and 56b may be stationary with respect to the
af t regi oAsSHBBahatcfates i or daveerd aﬁlcéhqrév@ll@ﬁs Hog gagivengyessel.dhafnside hyt

ot her arr an@REBEHY oF it 11l 208 FRBPBE BRide sukhee mlmmﬂms hﬁﬂm&ﬁ@ pfkidng one
of several enbodi ments which can provide the ship

cont i nuou8f hyllstthag ratate Withresgech fo ptherppEigns ¢ff hus aqumacs@due@ﬁfmdﬁs Pdg t he
pl ural i ty Wofmdwhbcsd 20%/28m8 engaging DerifoEwhikh Sotle wAMdeeMUb %ﬁe "a;nﬁw% hi p
10 with a continuous, yet articufated or joi nted, second hul

conpri si ngét brelagpegr Qi elwe afcompings Fedhert eV, Hborrhy popiding. agsubstamt@H@

axi s A . lkidel SveRBNSiRIL foP8achYrihel Aitls 02 Andb8Y ﬁluiuaﬁlg%&& thOteBloRbr
vessel . In other enbodinments the ship 10 may 1 ncludé one or nore
addi t i onaPvalepi cul at ed hull's, e.g., incorporating nechanisns 50,
positione t ween :

O "1 he_Shih 10351 THe gane 0?15@@%%@E%hﬁﬁ?%ﬁﬂaﬁ%ﬁl?&qﬂ’%a%%géEﬁ%
been expl peéen Ve (tf&?élgpf’él@v frogete vesgel) endamiping, indifleurfgceq@gtions/a (fqeleEver
prior inphg tf@rts' %Y%ltﬂ%th 1510 lg%aé’arﬁieﬁ' ehaajlan\é SRR 1570

when coupl e OI‘ tan em not1 on, l ective a Single
For exarrplzﬂréme pvdorsFizp Simileshin ti@efomremrécﬁ@wdthm&%@r@dh fslige slphigb e

vessel al Lhayolykle %Bﬁﬂﬁ'ﬁﬁ%famﬁ a'\hB# eJe?selé 4nd 38 aﬁ(lgr{eailnsﬁgp ?a’ gent S
of the invention achieve this effec Iomn changes 1 n pi

anong i ndpedicualb (assgdhshulhioteaegiom §Ga) amtmarvgdtbx Wé?f meaturainieu th phse r ol |
or yaw. Ag llfﬂwgto gn\é%%ﬂ:io:le?%o?hm}egibng %a%tflﬂ%rh%:llf e%% m:iuﬁé] %
transl ati nnvene certain axes 15s

to pr evenplamtme sudhde pMnoheMa(fhmg avgy fonebe vessdl) amd\aqalmninstdh sirface

Shanl oo (THGERs Gacll G0 allof SARGNSE) Wia SRl RERTLAGPAERL:

ited

Thus i ndi S can han es in
or prohi bpdrtierg74atib éire ploteiporient7at Sumlaﬂgzl, theah;tul aft Iegloumﬁﬁbsofrthdjﬂnéls 20b

behaV|ors e a,state ¢ ons._ i be
dost pr e t5ef daptfts SRIPbEsial ARfCe oy AR (BURL S EPROR hEMRsll 40X
anong | ndplamajumide\seéml workidn V&b aﬂact:mg\nﬂwghxdhamgeg;oﬂ B84 with a vadtht mz

ot her hand an nd, wat e it may be desirable
to all ow "&H PVF&hHﬁB Imggmﬁ?bqhﬁ @?6%“ 5ﬁm2%31n both pitch and yaw
whi | e confBfiai ni ng hichiawgeshd foregoink gedtheryl dielfossiragoexssaphe S6b biduke r at e

2h;%;te§mi I{ﬁcg?o&%(ggas taqua 58P eaz %n‘geea pro%ler \gf{dlth W)g v%% is ﬂﬂlf‘%f ﬁmlel o?l‘u’gngge
uniform hull width W over the majority of the length of the hulls 20. Consequently, with
this reduction in hull width at the hull fore and aft regions, the fore and aft regions can
lap one another to form a hinge joint between vessels which results in a smooth,
continuous transition region between adjoining hulls 20 having a width W. In this

example the width reductions along the individual fore and aft regions 56a, 56b, 58a and

11



[36] Figures 5a and 5b are sinplified views of the pairs of hulls 20a
and 20b of the vessels 14-1, 14-2 and 14-3. Figure 5a is a plan view
showi ng two pairs of hulls 20a and 2% in spaced-apart relation as
they are being joined to provide a nechanically coupled arrangenent

of the vessels 14-1 and 14-2. The figures illustrate features of an
exenpl ary design incorporating the coupling nmechanism50 to join the
hulls 20 and formthe larger hulls 60a and 60b of the shlp 10. In

this exanple, the hulls 2 j acent vessels ar to one
anot her wP¥th I#¥ eé%l%ﬁ%}é’%a P@ﬁgﬁ? agfupééisﬁﬁﬁnﬁfrbﬁnﬁgg Qg‘g't %@%er{e?eﬁ?
vessel s 14 nRUtareRAEpMRET inORS fighredths o REUsseE aa@hnmbmea;bmm SEthnll dorg. |,
provi di ng varying de%rees of freedom are conte %fb‘ &\gen dteﬂﬁ}

hul I's 20 zstong seRAndd P:desé‘é%’éfﬁlyvﬁa%e"t“l"vé“%@%&ﬁP“s riaces /g
substanti gld i flesed sm EdeBoﬁ Qd‘ajala&um@mlam@%rﬁlswamtﬂse reddettivlyl @Bt h

of the two articulated ship hulls 60a and I|f|e?ng§§€rrple

of a hul | exfensiingrplensenaete F‘ﬁfaé?f Caapst 745y Wétb mugmfseewéﬁﬂ
in the ar Eécﬁu%ﬁénﬁﬁl sk GR%dMNer §Qfstinte WNY 88 idagativel BRaddhisie 202
|

and 20b are lustrated as though they have each been formed with a
pai r of oppbst pytivefdaocdfd-si dewal I's so that each of the four side

wall's ar e f' tioneg, r&c@se?b@zﬂ&dpﬁ%aébb@tl thWidB s Fh@hd BERBASeacht 1S
to be und ood that I n other enbodinents of the invention the hull

si dewal | srewalye biegyef tb@lﬁﬂ/aqglﬂﬂé 554 ad S8bsplecef widthsW@Znans tin ssestpatirians
respect taglhe.Axesnt megt?'{h?c and®RY chhEchckiSe H@e\’oﬂtﬁhcffokgj:%%i\'ﬂﬁ’er kiR Shat

synnetr|c or non-sy eatures. Nunerous additional variations
in hul |l déstgm &t esvos tfemplpred daigh(I6e BehadHEfoS8b) Wb L3sdrsytirsy 28 he

concept s gps(?tm& Q atnﬁf"a% bihd Qxﬂl dabh E‘l?rfa'&@%tpfb%ltf%ed: %@Hfsf3§ siface 5@07] To

effect th8 Consi St ent | | e subst anti al fixe dth al ong
each of tRee Higew . aﬁdihwgh et Tists The /Hul 18 20 THasreadespiited png h W

over the Q{ﬁ' 2k 1 Ys Ree %@E dé&%%t sl!lc%qg)tpﬁ}l obRGE Shd il REoMd (S#cﬁffé%ﬂt %ulls can

nmeasur abl e rom an ou ane ace 64a of éach hul Oa to an
i nsi de pl hﬂ@ff@mdfvadﬂesuefafaﬁs dfat amemeflamedhmparaﬂﬁméanewﬁwsm S(blﬂfﬁ%“-'ﬁéf@y;?%ne

surface S40f hEAFN dldbived Wi 1Bl 1§ VSR oPhADRNELIIEARS @b Ry Blonidbe

same huII ore regions a regi ons of
the hul | sacmuorlaheonmm lang fsutfiros evhinsr tap onms anpthpupy slons) rem@svasiasent

t hat rot az gg uﬁace?SpECt to portions of hulls on adjoining vessels
are reduc&dPAS0S8d herein with respect to a hull 20, the term

out si de s(4iiace ref£e featutwofahssilindtatd embattlmhla:oe%latcﬁa@l\/\}amd@méwa@mﬁqfom

the ship 1 nd f
faces i nvvﬁ?ﬁu ?re i adgﬁr%l{ %ﬁtﬂ’ Fgﬁggﬁﬁggﬁé?%e%ﬂsggéif&%& 9%,
i nsi de supfaaties ﬁﬁmﬁdﬂ havhg arnmhibmz@andthceal tonibe hmilswcﬁéh Whur Thie tes@Biin of

t:;he hul | t t
Ot ﬁ er up or ﬁ%ﬁﬁgt’ Itfy %u?‘ﬁ %fhhavailorlll tﬁ'eu ditﬁe f&p%ﬂ 8%‘ %I{cﬁ sﬁlé)vﬂutllm(%%ﬁ@ 86, tO
reduced t @.lihish thdieulle lﬁga@dr&gb rnwdheeméeswihed withopdsmgwidehof ths gpawthutl o

one anoth r. ca 0 creat nbi_n

t hereby p B'W 8%6“%”@&%??‘5#1 i°RF 145° tﬁer n%ﬁlﬁ]v%} 390 Hng&lf}cﬁoﬁﬁ%t w%}és B of

t he hul | s i Bascteen Gitsirnplivhiy @i tﬁgxsahrmut Gdneraﬂﬁg:ppqmmgfm@wf |tlzpsamEdB®81 The
fore regions 56a of the

| s 20a e nc i

surface pdt¥i |°8?Pp‘/d’§n(pla]§’2:lglrfpdan§§v8§/“w gﬁrt“! h%onvog(rsjsse gﬁll %l'%alnégeﬁlongl de
\S/\lljr2f ace p@[ahgﬂ][mhaé’@a(&)a@,bm@l h:healbmg the f;ggth I?Xﬂigt?]l[gh tffﬁﬂtﬂ)ls aa ﬂ]ﬁd@Ob\@@Bh

neasyred from e portion to t ortian
Sinilarly, eﬁfﬂh‘é"'s?rgﬁ‘:@ 2‘6? r%%ﬁ TEHSHIANG | 5‘3&18%&2 ﬁgﬁ(‘:"il 1éc}lat%%I ane
out sh de su;;hﬁﬁ%pap?kldam;gfgb v(lata@bq\gl wmmefrr ttiofs w@ag delprefamel. aFql ane
i nsi de surface portjon e
W dth, W et PG e Aaiey Sr e Tt S W Ak bl on

72b. The af Wi WNs pedRndhelebEwhich 14 ZhiR Bagdie idgtdnbide th Hullane may
out side surface portion 74a (facing away fromthe vessel) and a pl ane
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aft regions 58a and 58b each have a profile width W2 which is half
of the otherw se uniformhull width Wover the majority of the length
of the hulls 20. Consequently, with this reduction in hull wdth at
the hull fore and aft regions, the fore and aft regions can |ap one
another to forma hinge joint between vessels which results in a
snoot h, continuous transition regi on between adjoining hulls 20
having a wwdth W In this exanple the wdth reductions along t he

i ndi vi dua t i,ons b 58a atlve to
the uil B GeBRER Ty e oS AP Preut O e SRR il B b o
recesses nﬂaycﬂmllabe Wef@hanpmplommst he vufeilgasr mglais ahdreentotied eshams ar8a
and 78b (ad fore . regions 56a and, 56b espegtive
each oxt eRUTPArD s geedrig vl FRae 3 3uobme soisyly B prdd
recesses 80a Pégm?le SGb a( pedfiA gerspectine viwd of @&k thullego ecvsr&ifa taan ah&bhate
respectively, each xte an t he faces 74a and. 74Dh).
Weh the REEBrLFRoR s R aes G5 Skt HeandBhin R B g
anot her as8aindtsamce VV2 froma respectlve pl ane outsi de surface
portion 7 r 70b...[ 04Q1lThe rece ses, 78a.and 7 b about the fore
regi ons 5g)gzﬁnd 566:1%"5‘?1%#%3 lpérctlé t'B‘P?i g t°ﬁﬁe Sr{esse gi‘thsan%]a“ “4nd
58b, al soillfuatingthe paird of Alld 200ndrARessIat]s 80Rstan HBQiguﬂ-bE@UIThE hRwaé t

i can ea ive ne of the f i ons

regi ons 58 d 58 rec rere

{hat Lor o ALrtF e Peg ACTE DRl Zppea SHn b SRas &dnmin a0y BaaLs sab)
Wi t h eachagukdvar@sd@a (9O dnb@aedPgBh#Sin mascuﬁﬁeaﬁ Iﬁﬂﬁo@@ IG5 to
syrface 72h £05|t|oned agai nst a surface 74b. See re . Although

t he surf ab@salymgion7 3 ang yith avinep i afbecogtasctipg bahfose regwarﬁéb duhylhals,

it is conjeginlsab.edht MalstrbC Pink 3PPIAL 4B ard Yofn a8 Ex@hided 0AFRNG: Rfdin
different. hulls gan be effected with surfaces that are not forned in

paral | el bR cAAd Bt sulpRed qeiriayisye nruemenepdrdadlsoetiebd

Wit h 1 esp@eientet ¥efdnkitato BfceRhicE @H&mﬁé thR IpRAVEST (AN PesBBY THAGi#HRa and
additional contours al ong surfaces ich | ap one another "or al ong

regi ons adjPaBanpbe Phpiied tigsaciadhe ilataied ?@H&dﬁlﬁf‘éﬁ gt nivsempy bei§redhe ed

embodi mendecirgd Erh@itthﬁﬁglli‘ tﬂe%féex@giﬁﬁ%f%arhﬁa 5@ (Rto Tt tegfoRt §8ar g4 ﬁﬁ)sand
a hull aft region, . regions 56a and 58a, or regions 56b and

provi des CHHGE théftH%B?‘i’lFl‘gnaé[ ReMYN® ViR hiaBHATEg EamenY, antp m@cmn thatgegt h W

Thi s 1 esubih $adst iBoSSEARE hthinVanGoNSEish. Slfernbietl) lﬁw\/élﬂ%ge maﬂ&e re
| ength of each ship hull 60a and 60b. Although the hu a and 60b

have beengUes @rimelgd woth %M%rﬁ@e Fing s aaﬁronrr@éa B%ﬁ@nﬁ@hqfeﬂbéf» thy aft
substant i @glbys Q@h@lvé@int& ﬂae %&s@s”ﬁwﬁa 78PN tﬁ'@fé}élg%ﬁﬁbbﬁé BibddBhloYne

constant w dt hs hi been for sinplicit | ustration.

S
Gener al | yrecféﬁﬁé@% ﬂ‘@ji %deé"be Bms freanslaids wwlsmbay)f @i@cmwabi@ ar mérrumbﬂem
pl anes ory Fﬁ@xoﬁtwlﬂe@%p%% %y%uaagrstda Bt cs! log %Fﬂlﬂa Q}]Hi:n
the [ 60a

ort hogona central axi s al ong the engt

and 60b hipsignplsyp beragised, &Gxasplhaw Fovgedt @rt@—@mgﬁ wenftt wrdegxedmw ofi theitugy

i ndi vi du cir 4 I t equa
W ot her orBEBI{E sMenctiicer d Bk Mg vARBED clclfs GOBRIRER Jhe' BRalD
of the hudvidabk) Iiege Ifigsigns; eeladelde wironh Shwtwovth3 Qoek atndv dntesontifentz]

hul | d f
ol hm | gﬂgﬁg\’férggxrﬁ%fﬁdv%%ert e ot b mb ARuIMYLLE, the. LY & fitdlps ©

respect to another monohull vessel, i.e., a barge. Generally, the starhoard and port sides
of one vessel may be fitted with pins which are initially in a retracted configuration and
which are extended once the vessels are aligned for coupling. Such hinge style couplings
permit changes in pitch while constraining the vessels from separately undergoing

changes in roll and yaw.
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have a width (2/3)Wrelative to the full wdth W The conbi ned w dth
of the two portions may still be W O her proportions as well as
angl ed and contoured shapes are contenplated. while it is desirable
that the | apped conmponents generally provide a wwdth W Figure 6 is a
partial perspective view of the hulls 20 according to an alternate
configuration wherein the fore regions 56a and 58b are angled to
receive the aft regions 58a and 58b. 10421Figure 5b is a parti al
sect i onal w of the vessels 14- illustrating
of Chutl'e BT and pdktreie fuRiotics SEORHBRR. 6 PR ose e G |
ﬁkeﬂ ?: ongx(s)taatw tgﬁggﬁb@&%pz&g%etsfﬂ@ﬂ@-hltahﬁlwilﬁlﬁzﬁanaﬂ@d:r&% 1o lr?ahrﬁéﬁelﬁ)f
the hulls a an are.s ed to one a with a hinge
pi n 54a cd%ﬁémqliﬂmﬁlﬂ Yﬂﬂﬁ%?ﬂeofwgwegfi%e%hamﬁaﬁ’ gﬁ?%éﬁ?rBHe%‘ﬁ’é *8hd
With a hi agesepidactb4d fe@ieneaihl Adnbd bvaﬂ@ﬁmé 604 6o0hGIbrzahdtiirfacad f7ha

regi on 58b. The |Ilustrat ed pins 54a.and 54b are shown aﬁ extended a
suf fi ci enfndyZ(seh F’H?‘H’agbfhﬁ’wdfmif“ eateral It% facHitate eenfspiag opte At gEdigR e t o

secur enends gnghe vedsk1Aahe il Aklend! hd RYEMBNorfi @SRNTIMEvER] AL L eso
whi ch change the pitch of the vessels. The pins 54a and 54b may be of

vari ed deé%r@\%rsasswtﬁ‘ﬂthwélgﬁlrwrﬁé%drelﬁceeeeﬁﬁﬁmupﬁ’é rﬁﬁa e 4Bi 36 shafpcpapnded| y

secured t 9oiclhidsUIRgddBchtQIR 9b @Y LARS mebEnANEr PR 6 We deSirddRsiBibd
regi ons 58a and 58b) such that the aft regions nay be swing, via a

hi nge arr &hgésnihe pig greppestioneb for ragagsmen. fcking areshanisms §ickrps the
aperture Wdihid nRbhddlsh 983hoOIn MNHKENR! flidin AL pAM I PRY, ONSteB¥Ly,
|ncl ude gui des or angled slots for placing the Cﬁl ns at apg@oprl ate
poOsi t i onsTefAgoBieKpagsion neﬁcamlsm%@abrﬁeﬂm éhSPrBi‘ﬁeda i Adg & kngisulingl 783
and 78b ag *éech&?(l eora@“on'gqgé antia 6f maweath' AleRe t,&eem)t%ﬁese@e?v&gtf)@ol@rﬂd 80b.
The pins 54a and 54b al so t he moveabl e ‘or retractable type,
control | edJChfﬂé)rfeé%ém&IC indjgis, a’&hlﬂéhfbhldl fCtlj? rgipgs 464 prsS@r  Hamugedivingans.
Such hi ngdfsl GRS AaNE BARE 8tk SOBME RIPkRLioh G GABNE o Fuciliate

tug-barge unit, wt e tug coupled to a stemnotc

car go- car Pyingpl mirtigaaltmovemantdetseen @ppmtambthe hpll regionsaéaang vab- I Faptre
anar act o fag Rk BodRotloqrahy Rl 10 AL <R iR R 2l BELLA
tug, to pift loni 6 Gengralist segls of Nuying designsahay dovergsy ok all of gie, sutfachr g rge.
Gener al | ygq.t ‘%Pﬁ“

wth pi ns?%?%h§%€{g9?%§ﬁ a ﬁ &gr#eeﬂroe‘rgﬁlggt& Tgﬂ@%?é‘feﬁlgg‘%%%ﬁ?%fngﬁﬂﬁ%h i ch
are ext endedhtafcebethrecnvespletl yesaele whin hn ethnfoor 3@ baspl posgive Sesurehithge
SLYL e, COUMS NS RPLEvEIRIES, Ll B kihollil s SRR AU Akl
Accor di ngpqlmrm@tnh,eqr nwfmdif mdxber—luktr@rylrm §ipton makrivl aadnely bEinflatables

1 Ustrat e BUR 9RAGE0:AALhINSHER! 8 phd iy, A e o WAL 00 Y
mechani sn¥igde 7Tihesthtes b fm&ﬁevmgmmﬁeﬁﬁaoiﬁhdhlﬂﬁbreeaghnseﬁﬁe afibhlbewitivi t h
an angled a

(schenmat i c\gﬁ co?ﬁfa&wg egtroeg]g5 &‘L’t?ﬂ ¢ Ea@?flﬁ{éi %%%ébr% iﬁ? nlga%ldfég ?%e
aft hul |l geotidn 1nciu®@ amfengagemmsbeiiz dsdigs@ibed whh reepett Figoe 6hdidtion ef hul |
portion 5{ further asgl st with alignnent and

pl acenent %gwr{gnsgaﬁnﬁgbogﬁé Bwat%%ﬁ’m%a‘&ﬂ’ SRTECE 90a and 90b i ncl udes
an engagefig4it sl ot TB etbodjtiente soofine d@snitibedf ineorpirate tz0 silit il esiniieddon

position 94. Once the_pins Qs d fo nga nt, |ockin
rechant SR RFT, Loy WBPG: BF SR anh el baneun b aORRBMTOR e t0iced )
retai n easfdttpid otder pd aeaappédi tagainat @k yanothedt m&ntaffmcemmm @fith a pin.
mechani s

further | ace eac in_al o
ot omaiettes g anioeieRs Aot e B P aa e Aeisb iy GB.06PEs
intor eceweﬁseﬂglaycﬂxtﬁmfbey@ldcthe A8 t6 @EAneEtN@relly WElahs dedM &hihd Hhhieohul |
fore regions 56a and 56b. The receiving volunes may i nclude seal ed

14



anot her vessel via, for exanple, retractable pins that extend from
one of the decks. Figure 8 is a perspective view of a three

di mensi onal nodel illustrating a hinge arrangenent connecting a

| owest deck | evel 22a along an aft region 58 of one vessel with fore
regions 56 of hulls 20 |located on the port and starboard sides of a
second vessel. Figure 9Ais a sinplified plan view show ng such an
arrangenent for tvvo spaced apart vessels 14b-1 and 14b-2,

functionally simlar. t he ves b ratin 0

var | at oS HEREh et oAb fa et ing dhat HeRR 385 5o B PROPEY | g
f eat ur es BigutehBsis a’dpadpeas&m viehe of iagthiree dahmmﬁombmmﬁalentumrstthgta aingei n

di fferent planes and not A0 vi.ew t ak | ong
G ot o, RSl v e s IS Al o af welbn e e VR PR
regi ons 2fbr@fegidil§ 56 & 9ells20 ldedd od i pbﬁsﬁmstdﬁwaidsmddietﬁ‘iagdaaﬁﬁdzeésapa
and 120b Jffer from P&i hL{||S. 20 and 20b in that t can be of
subst ant i al¥F'y (‘f\oﬁs"tSJ dcﬂﬂ”é‘e‘@rs i STPRETHER f VELRPRCEEPESr m
the ship ?d&'sdlﬁ43@@@(3&@@-2,?-@9&10%1@%1&%&6 thkaef@eland M%oﬂ)@rafﬂ alilolther

i ncor porate configurat.ion erein fore ons _o ulls on
one vesse}’m&?“%“ i ﬁ@ef@“ale BYEIETD 8f tFF SYPORTE %“flfwgfﬁﬁ%g fAruzes of this

adj oi ni NgeMREHRdnt HRAHMRE sholvd RolPdrlents Mz afedf ldRSent gREEOMAvRELIHAAd and
156b and thg hul |l aft reg%ons 158a and 158b .can be of Llh]_g sane w dt h,
A Y lg

W as t he"$PREFIBIG 3 f1 3long himgleplagg: Pertignsiof the vessgbwls apsrshov

vessel s 14lhe fode r8816hsibr2he veld@lshul | s 120a and 120b extend beyond the
déck 22, whi I e at the aft ends 26 the deck 22 extends be%/lond t he hull

aft regi ofé3] desi griit sersalSulls detisnptedy 20arpnd ROb difieg frony by iwlisc?03nd he

vessel 14b0b1maﬁae tlﬂ-;@sdaﬂ me@fh%sfastwy\eenmt Gagh a@r%eeesﬁ@éﬂré herpicRAso 154a
and 154b which are aft of the deck 22 of the vessel

14b-2. [fe5p e S@mlélﬂg Eaﬁ‘i’% 4“%?%08? b RO apeh 20bidgnot iggorperalg 2 lapgped

el ast orrer@onﬁgﬂhﬁcﬁldwmeanfo%ﬁﬁbg%s %f fwh& o&%aa v@§selt m@ rfn%re@ diReyoR dpba
and a P-seal 166 applied along t bow of bet weén t he

fore regi GRSNY skhpllgfa apsdipinigs V@a@c akagher, rﬂlenhwi @é‘: Ws\?éwﬁﬁlgr@fedawa

through the 1586 ehd BEEDCIVRERNP 86 Srasanﬁfl S0 l?cdof\/tﬁé SRASwWHAE W Ghe
chamber 36 has a positive pressure. Figure 9C illustrates further

posi ti oni #fereprtionsebihe hllse At Hie f@@@“‘éﬁl%rﬁ’é ﬂFWé“éﬁéi“‘b‘f’ 1 gndy idbr2, fiedmllat
the aft reg,qapg 1mx&&dfbe§&na%e &e%E'%QvHIB‘é?EFE% Rfis % fhe‘ﬁU&k 37 &@anh?e

chamber 36. Fi Is a partial ers ective view of the enbodi nent

u
of Fi gur ebeypng qﬁl@ﬂ‘rﬁt r%@nﬁak@%@ﬂ*@ |96¢| 158b. ofThe fhull Fers gegionsays-the
(wi thout e@mi% m%eglgrleda@ftcaeééeﬁact@o@e&na@&@m ma% h eI hicdOge
formed in the fore region the hull 120a into which a pin 154a
may Sl i dem{)@t@(ﬁﬁﬁeéﬂtcg@e(ﬂé@k”(ﬁftweﬁél kﬁbrﬂ ng vessel 14b 2 thereto.
The cylinggg 162 iR thhmgﬁatéa%er;dm%aeﬁl 2168 d. | A £oRRN Ef:l%@u?gn I ow

reS|stance rotatlona novenent n refatlvetoth
10471The nidjofsthrlilate wikoirenssion lé@ohﬂégs? $ceiM S0 arplsdlding teroresfithonal
ship

deck 22 between the fore regions 156a and 156b to reduce or minimize movement of air
through the interface between pairs of coupled vessels when the chamber 36 has a
positive pressure, Figure 9C illustrates further positioning of P-seal material 166 along
the end of a hull 120b at the aft region 158b to further reduce movement of air out from
the chamber 36. Figure 9D is a partial perspective view of the embodiment of Figure 9A
illustrating the fore region 24 of the vessel 14b-1 (without fender material and seals) and
a receiving cylinder 162 formed in the fore region 156a of the hull 120a into which a pin
154a may slide to couple the deck of an adjoining vessel 14b-2 thereto. The cylinder 162
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design. Cenerally, as the length of a vessel increases, conventional
design practices have required that the structure be strengthened to
wi t hst and hi gher nonents of |oading. Vessels are designed to exhibit
sufficient stiffness to counter, for exanple, vertical bending
nonents due to seaway. More generally, a |large vessel can incur a
conbi nati on of |ow frequency wave-i nduced vertical bendi ng nonents
(transverse mnth t he Iength of the hull) and higher frequency | ateral

f hul | s.
o non1 | ity Shfei e BMENE ARAE noR bint R R u UG bRo P M 6 e

structuraﬁmmmm$mnhathMmﬂlbe added to the vessel in order to provi de
necessary ffness,to,t ull, structu as.md

especi al | ﬁ‘@l)st ly tsr EplruBgfaEFg VB‘?‘VIW%‘%Q atidﬁqsbsltm%ﬂang i ﬁ%%veﬂté%lnémp
accept ed dbsign, GeerdlBehs the tdngﬂtld)lt‘a|ve§séiqwréa@ef§ﬁdiﬁn$eﬂﬂﬁﬂzﬂ rdedifiepratiipts gy er se
sea conditions er unit |length i.nGgrease as t ver al
length of *&" \%’%E‘é{]ﬁt sm%T"ﬁ%'F é%ébdengttﬁ tPh‘éIVH?@Bﬁ T P}?E’e§tsr‘ﬁhlf’ -t o
W t hst and véaeis ois degigire 10f cx@ibitesi$Rsenh a6iesdTid eduitdaefoatbdthw V@tical
provi de vessel s mhlch are both Ion% r and nore |ightyei W t hout

suf fi ci enPPYIedRYBFL dUPdR Feaan ddorg 2 IR "Fﬁs‘é]%’a&r‘flf“’g%&‘?niﬂtl%f’t@nl n

response bDlohef&’éd[uélgy mﬂ@—md&ce‘&michlf&ﬁdtﬂ% MGBts (()tzhgsxf_ll_:ﬁﬂdm%e a»j]gt? of |
ese_conventi ona

al i gnnment _a 0SSi, resul t ng in fai

const r ai ntbgq%ttlﬁ q’@éﬁ‘éqltﬂ}% 3! RS P’&Etﬁ"&hi"‘éﬂ‘@ﬂ“& Af Paees gt ng
mul tiple weImak STHblax labtox-m@mtmlmtsm %B@ve@ﬂﬁﬁ:ﬂ:@é’es o kesk@nelRm Mavgeent .
Wth regard to the exenplary hulls 60a, 60b conprising multiple

segnent s SECHTH Graseidaigpush be addsdnin the vesssl & opden to prRYidsnecrstry Hiffessder e

of the i nwemuil@Rudise! Mals Hab ehai@ RGN cRERIB Wodidb vafy ibRAinisdual it
hul I's 20 can be based on desired perfornmance parameters, includi ng

wei ght,  bERSyERUTC acspRipcheh do spreleeiuatitn! ST yrdeqfie) O GEVEFIerFR | ng
t he over atdndltRngthe hsst i uhhi1Bhgthl Ba15 1ﬂcfb§sesz¥srtﬁ8to%r§‘lh 1én@ AU e £NBBdISs F or
the hulls_ 60 that formthe ship 10 are not primaril i/ ased on the
overal | | BRgEdof husrae megd Eordbe stipgure F%Wﬁb&tandata@op% e of pleesess hen t he
llength of phhes kiedinvigus! prbuhd $eR0s anfcndsei i RRs Eﬁd:ﬂ‘fo'ré)ﬂgbwel h.
established for the iIndividual vessels 14 which formthe s :

over cone ¥ohettraiffipiat sepciirpltpsilience envissry cabAentagd ostildate in F@P%ﬂs@ to
connect edydr@in@ RonfARBRkEtih L dﬂ%“ﬁl@hu]mt%? 848 af Ofos y%@%nﬁ.
|nd|V|duaI .ones of the vessels so that the individua hullg

are respo fllisge t o bendi ng nonents. For exanple, at the |nterface
bet ween CEMB’]' ed Ve@"ﬁ@de%oﬁ\réﬁﬁ&lap@d}lsé?ﬁntg 5@%[31%51‘119@?lprcgﬁdlﬁé)gxﬁgﬁlaﬂﬁ!ad
degrees of freedom which permt responsiveness of ‘one or nore vessels
to exter N8P PURREEHIE nW“tIIHe vereele Beribly seppiaddn ane siptiso forj tendgmemesisiorti ment
the ship Exe i in
o WinGbdaNe ok s%ttﬁt E%@gtdsﬁﬁ%aﬁﬂg&ﬁulh i YAl egtﬁto%ﬁté

response to vertical us t ere”can

si gni fi cagita @haage-lika hu]ég%qar 20t %tﬂ'qaml'ﬁh)f theaiventien is Hat thadingthcd beam
vessel s t

behave as@gﬂﬁrﬁ?i‘é}%{?ﬂd@ﬂ%ﬂgé g(ﬂ’teaw 1¥é§t B)(rl ﬂ%{ﬁﬁdrné@b#ﬁﬁgerg 3j}{$]ﬂﬁn%f
the ship wegsaoliency @ptaan@dnepdqand@ﬁmmsxe whde befinitigg ﬂm oeerelsleagih gf

i nduced

i pvi t g S FRORP b Ge RO oy 1B Bt Btk RE By t0kiehef'
with les sprtmmmba@ed orf heovesll igngthof fhethels 60; bF!L q&heesm;?la@edf thsedtdnehes hi p
10 may in . nat. Q th
these. seaf bt P e MSET bbb it B PGB BB tDM0 B el
Surf ace Efdsetst 145hihich( BES) thetsﬂnq: desi m omércrmim cdmstmarscmtmﬁc lth riiehciiig ons

f ship | h b f thi
veni ol & cfager b telEie FARARE i GRhactE Ty et VAP aLE L Eh P enl o

shown i n ¢fhiedifidgairenss oﬁthcf\a:SSelsl I4atse thae tierihdioidual fhudls 20 presSponsive b t he
chanber 36 to provide |ift to the hulls 60a and 60b. [50] In the
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about a single pair of rigid, parallel catamaran hulls to
sufficiently enclose the air volunme between the hulls and enabl e
pressurization that results in formation of an air cushion for

el evating the hulls. Generally, with respect to prior SES designs as
wel |l as the enbodinments illustrated herein, an elevation of hulls in
a SES with pressurized air is referred to as an on-cushion state.
This is to be contrasted with an off-cushion state in which the

el evation . qQf ..t he hulls_dete n b) ssel buoyanc An on-cushion
cont + gur at eI Pl VST EhHb oY o e oo v e Eooahieeds e il 1o
crui se at tanslﬁioaﬁll aredo;anhnag hie§ﬂé®e\§f écdbm veigh batityrebfdMki W& of one or
resi st ance, t F P %qu& gns the hulls have been rigid

gi r der sy &% es% 8ﬁﬁ Miis} OFF&?S 1k the Spupng medhpnipR S0giRiope emyadimadl a
ri gid struhipuitealiefvt doit Gon&!ﬁmﬁdd&h@veﬁi@ntt Feindik@iBal OlesseREn S BB aY SelpEQN

pr obl ernattlb For exarrplﬁ? u der h, sea state conditions there can
be si gni f PEUIRE DR 20 Hh 6159@‘3?@05%"189@ Yassel pidchic eBllis glows
vessel, efig indididgal tvessels aswmgméd fskda é%%ts‘ﬁ}p I%Hfébm% id H%}eoa@s

a wav resulting

can pl ace pordt)l ons of the keel above the rou

in a | oss23EGIULENE deavals et figcsp pervessple 05813 sBipsl9i @8n be displaced in
Consequen'frdsyonse 541 b&fdll@Eﬁoﬁﬁ@z&b @8, hAV&dAFNeLatidng 19?@(:41’!{65‘@ Sfjatu%tepm !

| engths | es n 10g nder varied sea conditions surface

ef f ect shﬁ‘ﬁgac le§ﬁ ‘Pt"é‘Fh fkfé%qi hiyl weHd bodesicnedte vithsterel aelimpmentswitey of
| osi ng ai [esg:ﬁl@meon under high sea state condi t| ons, e.g., Sea states
of five or gher. Cenerally, for this reason, surface ef fect ships
are not d&"?bned widkeH! IP%%H%FW@&Qeﬂﬂdﬂhﬁlﬁ skipd Ormay ingnde abeh s¢ahdO shi p

10 funct ! 9 derdgedle. SEondihafbl wiN RAAGICH, B ORI ALAH ALGNG 4 1

entire chanber 36 to place the shi in an on-c 1'on s
in el evat F‘Hﬁtl%*fast%%urff‘ﬁ? Edfegim FESeOhe ﬂ@t@tqfv@lqlbowmmteeﬂlmhtnmms of

Fi gures 1dfy fehg@ugd pd b s ﬁé{@tueg{‘ch\é}a%iéﬁ f%fofttﬁl?veﬁlhélé’c&s% %Q Yed

as a surface e%fect ship and illustrating ﬁe sta ard si des
conmponent P Teguee q_ﬁlﬂddb? Vaipuy ethereals ﬂvu@ 3n thlﬂ lﬁglﬁlegﬁﬁne?admétetrétmtme o6 eI s

14 are Shﬁy\ﬁl‘eésﬂre I@m%lchéfﬁﬂegBWot]ﬂo lﬁ'f(l%m}ﬁ'iIXG(Y%tnﬁrﬁPﬂal ne 170 along the

hul I s correspon mg}to an off-cushion state an itTst draft. Figure
11A may cl@fPlespondit e p#b SpefaeedifEcioBrifsihgvr gederaily mnlu&ﬁs‘omdéaﬂmkzﬂhe

shi p ot hesmhSEsisPid SHrdH ar%ﬁ%l hﬁ&n&%ﬂzﬁﬁ?ﬂ&ﬁ&éﬂ& t%lgyowr{l% rsn

60a and 60b. Figure IlB I ustra es e sane vess
rel ative teveendiatudieand ?ﬁﬂb‘crv@smﬁ@wnﬁhﬁeﬁsmsm I@nlasomcﬁfmhlagmnﬂﬁbm for an

AS shown § e R el RRD. M EnROCkr RN SRS ol A e

changes i tnbsiinsatsaiflusated Hervin rah zdeyatiet oilenls donpREswith vesselzed air is

| t hough | t 10 f
31 oot onr et BasoBRinbla THE W B (ol Mt PRt ediding

t he vesseVviych he alevgsivouef itire hmllsoﬂétemmm o vessalt bu@adcw\kMﬂ dnhsksdh p 10
is not d (85 RS et hi Th stratlons sho
possi bl eeog %mﬂlg ol?ﬂ;liaaelfflr ({ %gﬁg%{é mn E?%leﬁﬁba{? @%5@3 Q R et apelaely | n
pitch ar éngimpemléssbltlwlylcmow&ctabthe specific to a particular speed
of the shygy10. Thg IBY [ h changeg can be a function
of both 'E[Re Jsea st a% %?5 /OF E‘EP%@& %Tg'%%ﬁa?resyit?“? G¥ee
i || ust r attesentirnlengtls biithe shipy@ith ouchwi g stfuemibdsffsts of schlR@p ShH dze of the
ship have been problematic. For example, under high sea state conditions there can be
significant changes in wave contours relative to the keel of a vessel, e.g., due to presence
of tall wave crests. Such situations can place portions of the keel above the trough of a

wave, resulting i a loss of pressure needed to support the air cushion. Consequently,
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10 when depl oyed as a surface effect ship. In Figure 12, |ike
reference nunbers are used to refer to |like vessels and conponents
shown in other figures. The ship 10 as shown in Figure 12 illustrates
additional features including various platformstructures, a main
propul sion system 178 and water jets 180 |ocated in the rear-nost
vessel 14b. Aft lift systens 184 are also located in the vessel 14b
while forward lift systens 186 are positioned near the bow in the

vessel 14a. The lijft sgﬁé{tens are positioned relatively close to the
bow seal XRUOLRES Seumsshap ssucrally bsatlimited o vl gergthsclesshibem 1AD veatesnt |

seavway disRboeesd 8L didone safrl SHEAURHOY, | kel on
in the chanber 36, th?a I:ft gystems canﬂpqwltgiéhgﬂté?o]?egle&t ﬁs%si{sal-léla‘lbgck

into a se&desg fffﬁ%"rnt“}’ 8hlosiga pin seshionandarhigh sea stateenditiong gize sealtatesnid

13B are elfoy 3t ine icRWSran®frof s s '

configured as a%B%ES and }?I Ioustsrat |dri:lg,1”&}rfa§§%ggcttls\ggF agéjhﬁe&%ﬁn&g%ﬁtand

t he stem ogths gratpr thary Fnyr e of the invention is enabl ement of a

flexible hp 1N S t he

structur afdyéfe)a an_ gyﬁ{sﬁ{e Sﬁﬁg@ﬂﬁctmﬁﬂﬁé{y@g???g& bend %E%@?kﬁﬁe to

seaway, waloehihe egtirs é%ﬁr@?ah@ tosplion thsi shiphin awpn-pushios kiage rfzmitmgdn olevation
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[57] Another feature of the invention relates to an inproved
capability of operation under high sea state conditions. By way of
exanpl e, as ships according to the invention travel into | arge wave
fronts, e.g., with crests on the order of 10 neters or taller, the
initial vessel, e.g., l4a, can be optim zed in design to encounter
such a condition with recognition that as subsequent vessels in the
tandem series travel over the wave front the nagnitude of changes in
pitch will,.dimnish, Thus the.latt essesmt e
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surface contours may be nodified as shown in Figure 10D to foll ow
non-circul ar curves which can cone relatively close to one anot her
when the vessels are running with no pitch. Wth these variations,
novenent of the contours 192" and 198" mmy enul ate novenent of cans.
As shown in Figure I OD a nodest gap 206 nmay exi st between the
contours 192' and 198' which may be closed with sealant material to
avoid | oss of pressure in the chanber during an on- cushion state.
However, he ve se I [ can a 8 can
formwhic y req |reﬁéﬁﬂ%%=%% ? h] Fgﬁjd%gg%g Fn t%rqg%g
reduce | osfficieht tpnesiciepetband argatgoen a munfasts lifem skip af ezbltﬁeey Er@dtrgthlo E
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couplings anong indivVidual vessels during operation of the ship. In

SES appl i wigeivanrsy ofer pondiiviigct edvessel s havi ng respective hulls

spaced- apggh) subst @Vﬁllea}ahbfus e?nbgmme*?ﬂ( o?thg‘fo}e%ryt 1%@&10%@1@% Bids RekMEan the
vessel s can be sealed with flexible g. ke, materials to

assur e t hiesetarrepretiaefis wbciesinple Wéy hﬁhq zllwrﬁtes éull thlmmwvf aprgels 14
sufficienglyes %ﬁln%aﬁ Pesg%n})\éhﬂﬁhe?@xﬁn s Shs RES TR W& fﬂea‘éé%‘?&i wtltﬁ SXDpIEd ence

on- cushi on novenent Reference to a pin or a hinge-liKe coupling
and, genewsl tp@zhmgseq&feﬂle mieveniton. tHee example, the hull portions 16 may be of a trimaran

design. The vessels 14 may be formed with three or even more hulls wherein hulls of
different vessels are formed along common axes to provide three or more ship hulls like
the hulls 60a and 60b. In surface effect ships of this design, the volumes between pairs of
ship huils can be pressurized to provide lift.’

Numerous other variations are contemplated for designs based on rotation of fore or aft
regions of the hulls 20. For the design shown in Figure 4, the fore and aft regions of the
hulls may have circular shapes that come close together when two vessels are coupled,

That is, one circular shaped surface can nest along another circular shaped surface with
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mechani sm 50, is not at all limting of the designs which can effect
coupling of vessels according to the invention. Many conponents of
varied design nmay be incorporated to performsimlar or additional
coupling functions between vessels. There may be rotation with
limted degrees of freedomor all degrees of freedomto allow notion
about each interface between coupl ed vessels. For exanple, a design
may all ow for only changes in pitch for changes in pitch and yaw, or

changes i nvol vi_n i on s of free 0 N, t he
ship 10 i §2CSHS gd Lod‘”{‘%a B %‘68 9% %alfgé“'ngﬂgég”? ﬁoém%]oup‘fﬁcngss\ﬁggt Ween
vessel s i thetdmeulsﬂ’lhrlas my dﬂﬁ&&llgﬁtl‘ﬁﬁ :ddags ae allod fcﬁrrtBEdmmsamd ifigrtion of
exanpl e, ht

applicatid "5 ngﬁﬁ’ia% %ﬁgﬁ Ifl%ﬁﬁla?%arfglé?t % 1étdtorﬁmrénS%IP% WEHEY
addi tion tendr THsldnahgeafenotiludes plReieg ot gini smhahntdﬁgra&mg thé chmawdom
Nunmer ous ot her _varij at changes and, substitution be mad

wi t hout dgf%’FeFFCnﬁnfeF Bhf r?Bn@E‘Bﬁglrﬁlfs oGy fﬁab?ff’ FYpes %@gg%a Milo)f f/en(?etr he

i nvent i oNnpbisit, OSdeYFibirdi1 0L GvHIh i RGside dvaBonMibe f i1l dpaesd-apdi @esbdly a1 i on
cl ai nred |s | . A nethod of operating a series of three or nore vessels

connect ed2Mhi4AHOSM BFigKdenrent for travel over water conprising the

step of ajdsop ng eags mfl ﬂnlaee%i@ﬁs@l Sclti@sfal @xnlansupfats Eortdur 40N LIBHE aOVer
vari ed wave conditi ons whil e

t t f
Vassel w £¥Fl6 GLipa o1 SnFmisiR bR ghinac 4. Tot Bl heslhe

claiml fuhiela diRGlaHeirR8e tdnfbut l%l&@@oﬂ‘hl‘e@ﬂﬁdiu@a;}’zﬁth&fter@@QJ’buNeﬁﬁﬁﬁ
wth respect to an adjoining ves The nmethod of claiml

wher ei n t B0 yhich i posgionghie fil %§%"éivu{g§yé%i?§r1?%n@e°réﬂéﬁd’é‘§g ithe F5Rges or
yaw wi th EB%%etaﬁotﬁé} ) a@bﬁ'rﬂ&n\f&ss%ﬁiﬁng' rﬁatéﬁdmdzeﬁs@iﬂpg&uﬂeﬁth@mapf a

mechani cal_linkage that is |[imted to one (t:;ree of rotational
freedom The pin 200 may be retractable and extendable to sclec vely enter the cylinder after the
hull surface contours 192 and 198 are brought close together in the process of coupling
the vessels to one another. For this embodiment the pin 200 is shown to be positioned on
the hull aft region 58a at the center of the circle along which the surface contour 198
extends. Concealed portions of the lowest deck 22, the second deck 34 and the weather
cover 38 are shown with phantom lines to illustrate relative positions of the contours 192
and 198, The distance b, from the receiving cylinder 194 to the keel 202 and the distance
from the pin 200 to the keel 202 are shown to be about the same, e.g., approximately a, or
as, but may be substantially less than or greater than a; or a;. Vessels 14 constructed in
{ accord with Figures 3, 4 and 10A are further illustrated in Figures 10B and 10C wherein
the circular contour 206 corresponds to the combination of concentric surface contours
192 and 198 as well as any voids or sealing rnaterials therebetween.
[060] With reference again to Figure 10A, in other embodiments the position of
the pin 200 may be laterally displaced a distance ¢ along the lowest deck 22 or may be
moved up or down relative to the lowest deck 22 by changing the distance b relative to
the keel 202. With reference to Figure 10D, when the pin 200 is so displaced relative to
the center of the circle along which the surface contour 198 extends, the contours,

referenced as 192° and 198°, no longer follow the paths of concentric circles but rotate

about a point 210 where the pin 200 is placed in the receiving cylinder 194. Further, the
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4. A nethod of configuring nultiple vessels for transport in tandem
conpri si ng: attaching a first of the vessels to a second of the
vessels with limted degree of freedomso that the first vessel can
only undergo displacenent relative to the second vessel about a
single axis of rotation. 5. The nmethod of claim4 wherein the
vessel s each include a hull extending along first and second sides of
the vessel and between a fore portion and an aft portion of the
vessel , and wherein the step. of attaching includes effecting rotation
With the SPfe&oRRys maybe mAdHidienshevain SeprediDop tiolyoret cicalapcurves

cent er | i ngy &t %R &Bmeh8lafitdlP blodd 8 GRANGFerSILE She vessels areGunniiE Wik b od
of claim5 wherein the hull sides are foined with (falr of " parall el

cat amar an Pl | With these varistiong ool B¢ comaym 1521 apd hYY marcPmedriag
the step qﬁov%@:ﬁlo@gaxﬁ@% éﬁ@ﬁﬁ% Figﬂre"‘@bee[ ma@eSE ?@? 206h8 f&ﬂlét b§t'vﬂ§r§the

define a cavity between the vessel and wherein the
step of ateriewnt Ng2°caenbW vhigh mende ciqmi @&blspal@g mﬁ@r@l o aveid dess rof

chanber . pressure in fhe &Qﬁbéﬁ&ﬁg Bl onu@lidh &atdPAEEER! 2€0S WEReI Tisplay
attaching fornms a pressurizab
significant sag, a larger gap 208 can form which may require additional insertion of

sealing material to reduce loss of pressure during the on-cushion state. See Figure 10E.
When the vessels experience such relatively large pitch there may be a significant but
temporary pressure loss. For this reason, the hull connection configuration described with
reference to Figures 10B and 10C may be advantageous.
[061] The hinge-like couplings permit rotational freedom about an axis normal
to the two axes A and A’ to allow for relative changes in pitch of each vessel while at the
same time inhibiting yawing and rolling .rnotions of the vessels with respect to one
another. The invention may be deployed with a variety of other connection mechanisms
between individual vessels that form the ship. For example, in lieu of the coupling 50
connecting the vessels 14, vessels could be connected to one another in 2 tandem
arrangement with substantial separation distances between the hulls of adjacent vessels.
In such implementations, the connection mechanism may be of a type which allows a
limited rotational degree of freedom, similar to the rotational geometry of the
mechanisms 50, to permit changes in pitch. However, still other designs are
( contemplated, e.g., including designs which allow for changes in both pitch and yaw but
not roll, or even a conventional ball joint design which allows for changes in pitch, yaw
and roll. Depending on the intended use of the ship, such alternate configurations may be
preferred.  For example, a coupling which allows for changes in yaw and roll could
facilitate manueverability of the ship 10 operating as a SES along nammrow inland
waterways. Further, coupling mechanisms may be designed to selectively allow varied
degrees of freedom about the couplings among individual vessels during operation of the
ship. In SES applications, with connected vessels having respective hulls spaced-apart
substantially, e.g., by a meter, the opening between the vessels can be sealed with

flexible, e.g., bellows-like, materials to assure that the chamber beneath the hull can be
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chanber suitable for elevating the hull of each vessel relative to

t he water. 9. A nmethod for transporting conprising:

providing nultiple vessels each having a hull defining an air cavity
over a water surface; | oadi ng different ones of the vessels
with material destined for different end | ocations; connecti ng
the vessels to one another with rigid couplings to effect tandem
novenment of the nmultiple vessels over water as one ship while

1 tti : ' itch; . t ti th
Descel s t uERH aCtlerds) HUE e BT s e Foal S RGReoa 1 ne
vessel s f rosmdaneovehmen, :

[062] Reference to 2 pin or a hinge-like coupling and, generally, reference to the
mechanism 50, is not at all limiting of the designs which can effect coupling of vessels
according to the invention. Many components of varied design may be incorporated to
perform similar or additional coupling functions between vessels. There may be rotation
with limited degrees of freedom or all degrees of freedom to allow motion about each
interface between coupled vessels. For example, a design may allow for only changes in
pitch, for changes in pitch and yaw, or changes involving other combinations of degrees
of freedom. When the ship 10 is configured to be operated as an SES the couplings
¢ between vessels in the ship may have three degrees of freedom as, for example, might be
effected with a ball joint. There may be applications in which translational degrees of
freedom are desired in addition to or in lieu of one or more rotational degrees of freedom,
Numerous other variations, changes and substitutions may be made without departing
from the scope of the invention. Accardingly, the invention is only limited by the claims

which follow.
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10. The method of claim9 further including the step of renoving
cargo fromthe ship at the first destination for delivery or transfer
w th anot her transportation node. 11. The nmethod of claim?9
wherein the step of disconnecting one or nore of the vessels fromthe
ship includes retaining other vessels connected to one another, the
met hod including transporting the other vessels as a single ship to a
second deBHd inddntion claimed is: 12. The nethod of claim9 wherein during
operation one or nore of the vessels includes at | east one propul sion
unit for inparting notive force to the vessels. 13. The met hod

of claim9 wherein 4 heusisepr %er&ﬂféngg&jiéggoft BV ES Bl veel® Wnnected in
tandem arrangement for travel over water comprising the step of allowing each of the
vessels to flex in pitch to contour over varied wave conditions while limiting variations in

roll of each vessel with respect to an adjoining vessel.

2. The method of claim 1 further including limiting variations in yaw of each

vessel with respect to an adjoining vessel.

3. The method of claim 1 wherein the ability of each vessel to experience
changes in roll or yaw with respect to an adjoining vessel is limited by provision of a

mechanical linkage that is limited to one degree of rotational freedom,.

4, A method of configuring multiple vessels for transport in tandem,
comprising:

attaching a first of the vessels to a second of the vessels with limited degree of
freedom so that the first vessel can only undergo displacement relative to the second

vessel about a single axis of rotation.

5. The method of claim 4 wherein the vessels each include a hull extending
along first and second sides of the vessel and between a fore portion and an aft portion of
the vessel, and wherein the step of attaching includes effecting rotation with the single

axis extending in a direction orthogonal to a centerline between the first and second sides.

6. The method of claim 5 wherein the hull sides are formed with a pair of

parallel catamaran hulls.

7. The method of claim 5 further including the step of placing each vessel in
water so that the hull sides define a cavity between the vessel and the water; and wherein

the step of attaching connects at least two cavities into one larger chamber.,
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anot her is performed by connecting each vessel to an adjoi ni ng vessel
in a manner that permts each vessel to undergo changes in pitch

14. The nmethod of claim 13 wherein the step of connecting the vessels
to one another permts each vessel to only undergo changes in pitch.
15. The method of claim9 wherein the step of connecting the vessels
to one another is perfornmed by connecting a fore portion of each
vessel to an aft portion of another vessel In a manner that permts
each vessel to undergo changes . .in pitc 16. The met hod of

cl ai m 15 wher & n t H&€ ety C&@ﬁﬁe‘&hqrﬁg thengenefgierhing frone pasoiveble] s

perforrrecthemmuﬁabfé hﬂtele%& géh@%fea\m L Qb ¥ndper 90 changes

in pit . The net alm mhereln the transporting
step |s perforned by operating the ship as a surface effect ship and

0P$ EL§E|SL gkifgnggne&ngﬁﬁmammgaagéggﬁg%ngessels is perforned in an

providing multiple vessels each having a hull defining an air cavity over a water
surface;

loading different ones of the vessels with material destined for different end
locations;

connecting the vessels to one another with rigid couplings to effect tandem
movement of the multiple vessels over water as one ship while permitting each vessel to
undergo changes in pitch;

transporting the vessels to a first destination; and

disconnecting one or more of the vessels from the ship.

10.  The methed of claim 9 further including the step of removing cargo from

the ship at the first destination for delivery or transfer with another transportation mode.

11.  The method of claim 9 wherein the step of disconnecting one or more of
the vessels from the ship includes retaining other vessels connected to one another, the

method including transporting the other vessels as a single ship to a second destination.

12, The method of claim 9 wherein during operation one or more of the

vessels includes at least one propulsion unit for imparting motive force to the vessels.

13.  The method of claim 9 wherein the step of connecting the vessels to one
another is performed by connecting each vessel to an adjoining vessel in a manner that

permits each vessel to undergo changes in pitch.

14, The method of claim 13 wherein the step of connecting the vessels to one

another permits each vessel to only undergo changes in pitch.
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18. The method of claim9 wherein the steps of providing and
connecting vessels permts formation of the ship with an arbitrarily
| ar ge nunber of vessels. 19. The nmethod of claim9 wherein the
ship is adapted for operation over a route in which there are
fluctuations in the anobunt of cargo space in demand and fluctuations
in the type of cargo or the nunber of passengers by changing the

nunber of vessels in t he ship. 20. The nethod of claim9
wherein the st tran per f y operating all of the
vessel s with @> oméﬁheé ﬁ@fﬁftp “?1“}%?5{%& CRYSHES decYrsirds9emet o

occupy a ﬂbﬁqfeﬁ @ﬁ@fd&&d %g%nmﬂgtahﬁ)rélﬁé%%h Jrad LORL W ¥ hoRiod &
the power stem he nethod of claim9 wherein the step of

connect i rP@Ot evesead dibt mapger (s perdtsisach yasen) fadeslergosbangss inpitch.

i nterconnected cavities formng a chanber, each vessel capabl e of
occupying a first draft when afl oat without aid of a power system and
a second dr af t16snmalThe methrarofichemf i5rshercnalid step dfcoahettiaf thdressgda@rone

stem . . -
sy another is performed a manner that permits each vessel to only undergo changes in pitch.

17.  The method of claim 9 wherein the transporting step is performed by
operating the ship as a surface effect ship and the step of disconnecting the one or more

vessels is performed in an off-cushion state.

18.  The method of claim 9 wherein the steps of providing and connecting

vessels permits formation of the ship with an arbitrarily large number of vessels.

19.  The method of claim 9 wherein the ship is adapted for operation over a
route in which there are fluctuations in the amount of cargo space in demand and
fluctuations in the type of cargo or the number of passengers by changing the number of

vessels in the ship.

20.  The method of claim 9 wherein the step of transporting is performed by
operating all of the vessels with a power system providing lift that causes each vessel to

occupy a draft smaller than when the vessel is afloat without aid of the power system.

21.  The method of claim 9 wherein the step of connecting the vessels to one
another provides a series of interconnected cavities forming a chamber, each vessel
capable of occupying a first draft when afloat without aid of a power system and a second

draft smaller than the first draft with aid of the power system.
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