WO 03/ 053772 PCT/ US02/ 41645 -1 METHOD AND APPARATUS FOR LQADI NG AND
UNLOADI NG CARGO FROM A TW N- HULL SEA- GO NG SHI P FI ELD OF THE | NVENTION 5
Thi s i nvewDiosnsi7s2 general ly directed to the effective | oagcmgsandgieunl oadi ng
of cargo froma seaworthy ship. Mre specifically, the nethod and
apparatus of the present invention prqvides for the efficient |oading and
unl oadi ng of floatable cargo containers’onto subnersible platforns of
twin-hull ships. The nethod and apparatus of the present invention is
particularly effecti MMW?M‘%R@’E’AW&JS FQBeL Ilﬁﬁd@wND OF THE
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necessary to effectively transport goods from one Iocatl on to a renote

| ocation that transverses over water. Containers of goods are transported
inl and by nmeans of railroads, trucks, inland 15 waterway vessels, etc. The
per m ssi bI[KFIELDrOE THE INCENTION of | and-bound carriers or vessels for

i nl and navigation ends at the coast. At that point, cargo transported by

i nl and swat er wayhis \B&endSisaRderhly Bigectatd itlRdefErifs ﬁ)aallﬂg afi® anloMiitg Becargo
transferred froma non-seaworthy inland vessel to a seaworthy shi p 20 It
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i nl and wat erway vesse s to sea t.hy ships, particu r y i goods
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submersible platforms of twin-hull ships. The method and apparatus of the present

invention is particularly effective for the short-sea trade.
10

BACKGROUND OF THE INVENTION

As global commerce has expanded, it has become increasingly necessary to
effectively transport goods from one location to a remote location that transverses over
water. Containers of goods are transported inland by means of railroads, trucks, inland

15  waterway vessels, etc. The permissible range of operation of land-bound carriers or vessels
for inland navigation ends at the coast. At that point, cargo transported by inland waterway
vessels and to be carried across the sea must be transferred from a non-seaworthy inland

vessel to a seaworthy ship.

20 It is most inconvenient, time-consuming and costly to transfer goods from inland
waterway vessels to seaworthy ships, particularly if the goods contained within the

waterway vessels need to be repackaged. In utilizing such known techniques, it is often



-2 simlarly necessary to again repackage the cargo when the seaworthy ship
arrives at the inporting port and the optinmal inland carrier would be

i nl and veseeBmss37fn the prior art, nunerous types of vesseP€Tfusp2/€l@ty yi ng

| aden i nland waterway 5 vessels across the sea were devel oped. For
exanple, the prior art provides a LASH ("Lighter Aboard SHi p") carrier, a
BACO ("BArge/ Container") liner, and a BarCat ("BARge CATanmaran") ship.
Each of these prior art vessels requires application specific machinery.
10 The pr siorlagytneCoASHy cangiie repaakigBABOChIZn evheartke stawpsthy shipeariiveg agiéwi gned
for the deep-sea trade in which tinme expended for cargo handling after a

t ypi cal | y ithpargngy poragsd the optiresldniand ¢drded wilidbe inlandvesssRort - sea trade with
its frequent | ayover tinmes after short voyages. Both LASH carriers and
BACO | iners utilize barges specifically built for the carrier vessel. This
greatly enhances costs. The LASH carrier takes these barges aboard one
after anot her §baRypiRafe AlmodNiyedsr V658 3 cariihd BidbhSIBRCRalchis
floats the barges ih and out one after another through its bowgate.

Accor diing e i LNg r ut,qoj t ch
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econom cal Ly. vi abl.e in.the,short-se a The, consi,der abl | er Bar Cat
oo rer cighel ArpalC sl FAgsk BT PALR’l HarkOaiaREY ekt FahtCho
proven unegonom cal because of its 20 relatively sma|l size. The LASH
carrier, 1(9 IT?‘H%‘PE?’u)tSII?@- BEIBAL tRg5P prionsy VW%%FC‘J&H?SI npicalign gRecificar rj er s
enpl oy barges specifically built for the carrier vessel. Al of these prior
art bar geSnagmnery; 053772 PCT/ US02/ 41645 -3

10 The prior art LASH carrier and BACO liner are ships primarily designed for the
deep-sea trade in which time expended for cargo handling after a typically long voyage is
less critical than in the short-sea trade with its frequent layover times after short voyages.
Both LASH carriers and BACO liners utilize barges specifically built for the carrier vessel.
This greatly enhances costs. The LASH carrier takes these barges aboard one after another

15 by means of a ship-borne crane, while the BACO liner floats the barges in and out one after
another through its bowgate. Accordingly, the exchange of incoming versus outgoing
barges takes much time that contributes to these deep-sea barge carriers not being
economically viable in the short-sea trade. The considerably smaller BarCat also relies on
barges built specifically for the carrier ship and has proven uneconomical because of its

20  relatively small size.

The LASH carrier, the BACO liner, the BarCat ship, and other earlier barge

carriers employ barges specifically built for the carrier vessel. All of these prior art barges



are smaller than inland barges and, because of their small size, are |ess
-- or not at all -- economcally viable in inland navigation. In fact, the
r epacki ngwofo3osa7gp may be required. Additionally, the exelarusezeofe4mrri ving
versus departing barges takes too nmuch tine to be economcally viable in
the short-sea trade. 5 Particularly for, the short-sea trade, a

sem - subnersi ble or SWATH (" Smal | V\aétter3 pl ane Area Twin Hull") ship has
garnered particular attention as speci al barge carrier that would

ef f ecti vepie tmallgs ﬁ@ﬂtmlla%bﬁg%ﬂﬂénée“\?@%es‘éfl @eléém%é §iz¢,pse 4658 - BW\VRYRG2lhre
multi-hulled ships. Each hull is narrow in the plane of the water surface,
provi di ng eeonomidally visdicein inland-nayiggtienc in ek, dwappackivglofvarem@ay be reguired.Due t o
this configuration, a SWATH has no cargo holds inside the hull (dry hol ds)
as is chamldttienilgit,ithn efchemgews nriidng versesdephsing batgesntakes marmych toe/toc®r go on
deck, while the | ower section of the hull serves as a buoyant body only.

The Dbuoyasdnob@eiyy Gublediniike Mattlsesiradeanks whi ch, dependi ng on the various
| oad conditions of the SWATH, are filled with nore or | ess water for

keepi ng the vessel at an effective operating 15 draft. Because it can carry
its cargo on deck, a SWATH can accommopdate full-size inland waterway

vessel s of al | pLypeiss 4 e ol SHLS6E;0 AR BuBRLIRE or SHATRIHRN Bkcpar ges.

or any other oat abl e containers. O course, In order to bene rom
this advan AS ron1|t for.the short-sea
rade. a Plag drefRuiyra tynh aseg%%erf?‘% éa‘f‘t%ﬂsf bG8 Spdeli phiSE efOBHaC he o
and Ioadflot ont ai ners, de s | ar A's le

e 00! aontvoR tachre Mafiror Hied JuBivese 1 acsas Heseny S Tls tepRii bl
containers is described in German Patent Application Serial No. DE 42 29
706 A, wihiph Eagly hphe pareey iy thenrlangapfethe WAt syFfages Provadipg aguyph greasemnt i on.

The shlp di sclosed in the
10 cross section deeper below the surface. Due to this configuration, a SWATH has no cargo

holds inside the hull (dry holds) as is characteristic of conventional vessels, but must carry
dry cargo on deck, while the lower section of the hull serves as a buoyant body only. The
buoyant body contains ballast tanks which, depending on the various load conditions of the
SWATH, are filled with more or less water for keeping the vessel at an effective operating
15  draft. Because it can carry its cargo on deck, a SWATH can accommodate full-size inland
waterway vessels of all types such as lighters, push barges, self-propelled barges, or any
other floatable containers. Of course, in order to benefit from this advantage, as well as
from its economy of scale for the short-sea trade, a large SWATH-type barge carrier must
be able to rapidly discharge and load floatable containers despite its larger size.
20
A specific embodiment of a large SWATH proposed as a carrier ship for floatable
containers is described in German Patent Application Serial No. DE 42 29 706 A1, which

was invented by the same inventor as the present invention. The ship disclosed in the



WD 03/ 053772 PCT/ US02/ 41645 -4 aforenentioned German patent application
has been referred to as a Trans Sea Lifter ("TSL"). Wiile the

af or enentwonedsizz nan patent application is hereby incorpecatisdiwid this
patent by this reference, it is different than the TSL ship shown in FIG
1. The TSL ship 100 of FIG 1 has subnersible platforns capabl e of

recei ving nunerous barges -- i.e., 5 fT'0at abl e containers -- in a vari ety
of sizes, not only standard barges. However, due to the carrying of
di f f er ent afosgragnsionest Gefman patedte3ppHeatian hde been refarred o ag HeTfi‘Pﬁ)éé%i'%?r
imrersing or raising the platfornms is nore conplex and constitutes part of
t he presetTSLiYeWhiterthe SforgmebOoned Geam@viparentiapplidatiorf ishareby ingorpatatedaintn t hat ,
between its bow and stern 10 structures, is subdivided by transverse
trusses 5thinpaemebyethsl refeaenge, is padifferentetharn thef TSIhshipstiosvn ieIGppe Thei TSR a
subnersi bl e platform4 between vertical guides. The subnersible platform 4

i s capabl gnigfi00 & FIGT 9 desheaiibie partfoahecHabIt OF rdceRdignumenths Bagenangi ng
fl oatabl e containers 12. Wen ship 100 is on the sea, the subnersible

pl atfosm ﬁoﬁxlaaelc@inainkrsw bl 2 vARAY6F S8, WRLAK - stafiSA bl aRe B f hldab ap! e
containers [aden wth goods, ship 100 shoul'd 15 increase its draft until

| ts subme rc§xirglln§ oP'tdﬂfIé&ﬁ rﬁﬁligé B %0 %it‘f@[&ﬁrm{fgteof &E%eg,re the Bbg&ﬁ]ssafq}nﬁnggs@{ggt for s

4 are subrmrerge oat’abl e cont ai ners arra elrr econe
wat er bor ne_and a@grﬁﬁfhan ed with new Ioatttabl e fo€¢1ai neri. Netwl y | aden
with floafhE'Y"e OREY B MAUC CORRCE ARSI P 8t PP "WRBIH™ resur face
out of the water when ship 100 prepares for continuing its voyage. 20

Wil e the aforenenti oned Gernan patent application provided a TSL extrenely

effective for short-sea trade, new nmeans have been %r ovided for effectively
control | ing théhip 100 is a SWATH in the form of a catamaran that, between its bow and stern

10 structures, is subdivided by transverse trusses 5 into several cargo spaces, each of which is
equipped with a submersible platform 4 between vertical guides. The submersible platform
4 is capable of being flooded and de-watered for loading and discharging floatable
containers 12. When ship 100 is on the sea, the submersible platform 4 should sit well
above the water. When exchanging floatable containers laden with goods, ship 100 should
15  increase its draft until its submersible platforms 4 become waterborne. After submersible
platforms 4 are submerged, the floatable containers 12 arranged on their deck become
waterborne and are exchanged with new floatable containers. Newly laden with floatable
containers 12, the submersible platforms 4 should resurface out of the water when ship 100
prepares for continuing its voyage.
20
While the aforementioned German patent application provided a TSL extremely
effective for short-sea trade, new means have been provided for effectively controlling the

level of the submersible platforms 4 of ship 100 for loading, unloading, and sea travel.



| evel of the subnersible platfornms 4 of ship 100 for |oading, unl oading,
and sea travel. WD 03/053772 PCT/ US02/41645 -5 1t is therefore a primary
obj ect ofwbDle/opi7esent i nvention to provide a new and i nprordoretehdd and
apparatus for |oading and unloading cargo froma multi-hull ship. 51t is
anot her object of the present invention to provide a new and i nproved

nmet hod and apparatus for |oading and ﬁnloadlng cargo froma nulti-hul

ship in a nore economcal manner. It is yet a further object of the
present invention to provide a new and inproved 10 nethod and apparat us
for | oading and unloading cargo froma nulti-hull ship at a faster speed.
It is another nbjsahérefre tahgrifimgSebjdct iofi \temn present tiaveneiow itel revideerv nawdardnpr oved
met hod and apparatus for | oadi ng and unl oadi ng of fl oatable containers
wher ei n t RepBPmEROd adPappa TRl EnL/IddMdadmhg RafdoGRind R haltERNL dhiirer s of
various sizes. It is yet still a further object of the present invention to
provide a new and i nproved nethod and apparatus for | oadi ng and unl oadi ng
of floatable containers wherein Ioading and unl oadi ng can be perforned

si mul t gneously [ e nto
provi dg a new gr{égn(ltﬂerroo\?) P%I M ‘I'hf %&gé g‘g(%lat?) tr(?}tsld% PEC\PS %0\?9&? dgadl ng
cargo fron1 nul t|-$ H Bd |n the evelﬁ I ﬁhe rece|V|n%§{Ioatable
pl at f or ms alBH*?éa‘ b"@ﬁ ] PES s t2%P %%‘Placfﬂ‘i‘ A ghip e G OEPFBIcal
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manner.

It is yet a further object of the present invention to provide a new and improved
10 method and apparatus for loading and unloading cargo from a multi-hull ship at a faster

speed.

It is another object of the present invention to provide a new and improved method
and apparatus for loading and unloading of floatable containers wherein the ship can

15  accommodate cargo-laden floatable containers of various sizes.

It is yet still a further object of the present invention to provide a new and improved
method and apparatus for loading and unloading of floatable containers wherein loading and
unloading can be performed simultaneously.

20

It is still another object of the present invention to provide a new and improved

method and apparatus for loading and unloading cargo from a multi-hull ship wherein the

levels of the receiving floatable platforms of the ship can be readjusted periodically.



O her objects and advantages of the present invention will becone apparent
fromthe specification and the drawings. 5 SUMVARY OF THE | NVENTI ON
Briefly swatoedsamd i n accordance with the preferred enbodipoEniss2/efe4i he
present invention, ... BRI EF DESCRI PTION OF THE DRAW NGS 10 Wil e the
specification concludes wth clains particularly pointing out and
distinctly claimng the subject mattef-regarded as the invention herein,

it is believed that the present invention will be nore readily understood
upon consi deration of the description, taken in conjunction with the
acconpanyi ng drawi ngs, wherein: 15 FIG 1 is a schematic illustration of a

twi n-hul'l shi potét bbjedteshd ativamsges dRihe Presert nviehBorPkETROSm appaiehd @om tfel G 2
is a schematic, |ongitudinal view of the twin- hull ship utilized in

accor dancgpyaMfidatishsndrh&€a/Rtindsnvention; 20 FIG 3 is an expl oded view of the
af t er body E.)LS of the twin-hull ship of FIG 2 utilized in accordance with
the present invention; W 03/053772 PCT/US02/ 41645 -7 FIG 4 is a
schematic illustration of air piping systens for venting air from and for

i njecti.ng @_1‘ @;@ﬁ ?nhﬂi ﬁ'ﬁ%ﬁl‘ the twin-hull ship in accordance with
t he prgse X ) IIHN

Briefly stated and in accordance with the preferred embodiments of the present

invention, ...

BRIEF DESCRIPTION OF THE DRAWINGS

10 While the specification concludes with claims particularly pointing out and distinctly
claiming the subject matter regarded as the invention herein, it is believed that the present
invention will be more readily understood upon consideration of the description, taken in

conjunction with the accompanying drawings, wherein:

15 FIG. 1 is a schematic illustration of a twin-hull ship

utilized in accordance with the present invention;

FIG. 2 is a schematic, longitudinal view of the twin-
hull ship utilized in accordance with the present invention;
20
FIG. 3 is an exploded view of the afterbody 15 of the
twin-hull ship of FIG. 2 utilized in accordance with the

present invention;



5 FIG 5 is a schematic illustration of air piping systenms for venting air
from and for injecting air into, cells of a subnersible platformof the

t wi n- hul IwehBpsi7me accordance with the present invention; pLO/UShEER646a, 6b
and 6¢c are various illustrations of hose connections between a transverse
truss and the subnersible platformof _the twin-hull ship utilized in
accordance with the present inventi orr’-15 FIG 7 is a schematic
illustration of the support of a submersible platformat the transverse
truss in the twin-hull ship utilized in accordance with the present
invention; 20 FIGS. 8a and 8b are schematic illustrations of the
arrangenent of pressure B6n4ay s seheinhiie dldstfation of ais pipingysysepsh  of t he
twin-hull ship and its subnersible platforns in accordance with the
present invention; fandenfifgQdy 6@/ 7@ RCIMjEISHZ/adl tdh hull8adks@b. 9a, 9b, and 9c
are schematic illustrations of the twn hulls and its subnersible platform

showi ng air intake \aevindahaniptin ¥edorRBceith e esbiitanveaiioyr s of the
twin-hull ship and
5
FIG. 5 is a schematic illustration of air piping systems
for venting air from, and for injecting air into, cells of a
submersible platform of the twin-hull ship in accordance with
the present invention,
10
FIGS. 6a, 6b and 6c are various illustrations of hose
connections between a transverse truss and the submersible
platform of the twin-hull ship utilized in accordance with the
present invention;
15
FIG. 7 is a schematic illustration of the support of a

submersible platform at the transverse truss in the twin-hull

ship utilized in accordance with the present invention;

20 FIGS. 8a and 8b are schematic illustrations of the
arrangement of pressure sensors utilized for measuring depth
of the twin-hull ship and its submersible platforms in

accordance with the present invention; and



5 its subnmersible platforns in accordance with the present invention; and
FI GS. 10a, 10b, 10c and 10d are flow charts of the operational process

t hat contwolos/nsne re- emergence and 10 i mmersion of the twcmAisud/416ehi p and
its subnmersible platforns in accordance with the present invention.

DESCRI PTI ON OF THE PERFERRED EMBCODI MENT Referring first to FIG 1, a
twin-hull TSL, generally designated 108; is shown. 15 Wile the preferred
enbodi ment of the present invention will be described in connection wth a
twin-hull TSL, it is equally effective with ships having adjustable
subnersible loading platfornms and nore than two hulls. Ship 100 has hulls
1 and 1', propellers 2 &GS. &, Ibamd Jouate sctem3ti@iibbstddtionSobuer si bl e pl at f or s
4, 4' and 4" are seated on supports (not shown in FIG 1) between
transverse trusses (qin Rills aad it8BEbnRrsiblepiaciorm slagerdgif intdkelanihe 20 structures
of a forecastle 6 and a poop 7, connect hulls 1 and 1' to each other. A

bridge 8 and Smkeexﬁ&d%%ﬁv& a%q)r@ssm@fseﬁsbl% ATERPHHR AN sRipaRls (not shown) in
hulls 1 and 1' are arranged on poop 7. There are two optional barge

handl i gg tugs 10 an o t ent.h ft of poop 7.
These ?)ptr onal tugsgl gneél%g &a%@sdg gé@?%abg:n?gaf cﬁﬁe g\%%%g/ 053772

PCT/ US02/ 41645 -9 Iodl? terborne fl oat abl e containers 12, 12', 12",
12", 12"" and 12"""V% onto subnerged subnersible platforns 4, 4
and 4". CQbviously, for sel f-propelled inland waterway vessels and sim |l ar
floatabl e containers, optional tugs 10 and 10" are unnecessary. 5 Referring

next to FIG 2, the longitudinal viewof hull 1 in ship 100 is shown. The
IGS. 10a, 10b, 10c and 10d are flow charts of the

operational process that controls the re-emergence and
10 immersion of the twin-hull ship and its submersible platforms

in accordance with the present invention.

DESCRIPTION OF THE PERFERRED EMBODIMENT

Referring first to FIG. 1, a twin-hull TSL, generally designated 100, is shown.

15  While the preferred embodiment of the present invention will be described in connection
with a twin-hull TSL, it is equally effective with ships having adjustable submersible
loading platforms and more than two hulls. Ship 100 has hulls 1 and 1°, propellers 2 and

2’, and rudders 3 and 3°. Submersible platforms 4, 4’ and 4’ are seated on supports (not
shown in FIG. 1) between transverse trusses 5, 5°, 5°” and 5°°° which, together with the

20  structures of a forecastle 6 and a poop 7, connect hulls 1 and 1’ to each other. A bridge 8
and smoke stacks 9 and 9’ of the propulsion plants (not shown) in hulls 1 and 1’ are
arranged on poop 7. There are two optional barge handling tugs 10 and 10°, which are

stored in a berth 11 aft of poop 7. These optional tugs 10 and 10’ provide assistance for



view of hull 1" would be identical. An afterbody 15 includes a pressure
sensor 13 and an engine room14. FIG 3 is an exploded view of afterbody
15, and fwotos®es37rncl udes a hull tank 16 and a service al lpeywsyg2/41645 A car go
space 24 is created between transverse trusses 5 and 5 . Hull tanks 16 and
16" and service alleyway 17 bel ow subnersible platform4 are 10 within
cargo space 24. A turbo conpressor 26 'BEnerat es conpressed air for
controlling the |evel of subnersible platforns 4, 4' and 4" by means of a
conpr essetbading watdrporng floatghlerconsgingrs 12, {)20{ B0, ddnprigd’soandA2 ’ge ﬁ@?/a&t’ 88gto
conpressed air to hull tanks 16 and 16' by neans of a conpressed air main
29. As nesitimengd sibmessible ipimfermas Kl ¢’ pndt4°6r n@bviodsiyt, fon selépppolads idandt he
sides 23 and 23' of adjacent transverses trusses 5 and 5. Wen ship 100 15
and subnmekgicblvgy Wselld axvanifr flogalfle contyiadry, optiveal neggs d0endy)l 01gye wnnbégysary.ol une

of conpressed air at relatively low, continuously changing pressure is
required fromturbo conpressor 26 and turbo conpressor 27 for ejecting
water fromhull tanks 16 and subnersible platforns 4, respectively.

Becausg of theR%hg{g rgeggeaeﬂe;.ez?Iheqafgﬁra&ihmﬁe\@efthm?irm'hmooqk WO TR T

turbo conpressor turbo conpressor 27 are typically high

enoun i V15 S Cubl B g ef O ARERHS Pa‘ﬁ‘?ﬁ@gf‘%‘?éa%%%?%@%?ﬁfﬁ bo
At oo o 6 TS generated by
o1 eosr o PRLREDNbr ElGo & 7ol Siory ot g 031 DlarBe e ssoa T bas

-10 open-loop within their operating range because delivery vol une and

, y
pressure &K 1690 azeedce Yoywnell HMLREOSPECE 2ris grepef PrRyces, TASKITSe NS 4) |
Conmpressed air at | ower deli very pressure for the subnersible platforns 4
i s gener atetddy. Hutlsanks dApndd6’ond zervias allpgrayel 7 hedyvsubmersibleyplatfarm4 ared 1' .
Each turbo conpressor 26 supplies cells 40, 40', 40" and 40"’
10 within cargo space 24. A turbo compressor 26 generates compressed air for controlling the
level of submersible platforms 4, 4’ and 4’ by means of a compressed air main 28.
Similarly, a turbo compressor 27 generates compressed air to hull tanks 16 and 16’ by
means of a compressed air main 29. As mentioned above, submersible platforms 4 fit on
supports at the sides 23 and 23’ of adjacent transverses trusses 5 and 5°. When ship 100
15  and submersible platforms 4, respectively, are re-emerging, a high volume of compressed
air at relatively low, continuously changing pressure is required from turbo compressor 26
and turbo compressor 27 for ejecting water from hull tanks 16 and submersible platforms 4,
respectively. Because of the quick sequence of operations and the high volume of air, turbo

compressor 26 and turbo compressor 27 are typically high electrically-powered turbo

20 compressors. Such available compressors are known in the art.

Compressed air for hull tank 16 is generated by turbo compressor 27 in engine room

14. Except for limiting minimum delivery pressure, turbo compressors 27 generally run



5 of one half-side of all subnmersible platforns 4. This arrangenent is best
seen in FIG 5. Turbo conpressors 26 also generally run open-loop within

t hei r opeweatoBogg7range because delivery vol unme and pressureTarse4egul at ed
by check valves 44 of a piping system43. The aforenentioned pressure
sensor 13 in afterbody 15 of ship 100 and a pressure sensor 18 in a
forebody 19 of ship 100 are utilized 4 measuri ng water pressure for
determ ning actual 10 draft. A renote-controlled shut-off valve 30 is also
made avai beds-leopwithingthejpppasstingfrangel hecause delives votpae and prestreciigiscesietadyl | s 1
and 1' of ship 100 are connected in forebody 19 by forecastle 6 and in

af t er body bt Theok wwgs 32 oféh @ipisghsystetr081 i(BIGit4)v oGempresiedi fair, atHowersdeliveryd 15
1' in forebody 6 and afterbody 15 bear only their own wei ght and that of

t he deck pieksins tisreme Ghibhasirasgidems 4aisdzepeared byatnchoecdntipeessorT2e inerigne
surface during voyage draft is reflected by water level 20 in FIG 2. Wen
ship 100 k&mh 16f BEK 1t hdl 102 EadPeddompresk@rasashiicd Selrnud, ad™, eo’bagy 405

i mrerse by flooding assigned ballast tanks 16 and 16" in hulls 1 and 1'.

The wager  syrd ﬁ&&ﬁ%ﬂgg o) sx'xﬁr?@c\?é%l?lgﬁ tRfths 45 T diBmbHerdYs ¥AE Genlifyeh. £1 in 20

FIG 2. The vo wat e ull tanks 16 and 16" take in is equal to

and poop 7lRciiFbaSsonRlelno bt W SABERY Sl GRFRBRERNE its pREREDT © ©

the water-tight rgin. plating 52 of _the |owest ter-tight degks. 22 and
25 in for gﬁlé‘%ﬂ é‘rﬁgmgﬁad B‘@ mﬁgre f%%‘gaé“&‘?yv&e@‘f w@&etse d)f\zf\@“ﬁ?i?%@ - Tie

PCT/ US02/ 41645 -11 bel ow a deck 37, Vent pipes 47 open the vol une .
enconpassePTH)eiensd RrPSSUIeESeRser §? An aﬁ?rﬁ?qynbso?}%hipol(pﬁé‘d HMBSYRSFBOS 8 that no
air cushion is captured when forecastle 6 and poop 7 sink into the water
with i m@sf‘pwgo@nf%oﬁ@@ 100 are utilized for measuring water pressure for determining actual

10  draft. A remote-controlled shut-off valve 30 is also made available on the bottom of hull

tank 16.

The extreme ends of hulls 1 and 1’ of ship 100 are connected in forebody 19 by

forecastle 6 and in afterbody 15 by poop 7. When ship 100 is at voyage draft, hulls 1 and

15 1’ in forebody 6 and afterbody 1S bear only their own weight and that of the deck
structures of forecastle 6 and poop 7 above them. The water surface during voyage draft is
reflected by water level 20 in FIG. 2. When ship 100 re-immerses to loading draft,
forebody 19 and afterbody 15 immerse by flooding assigned ballast tanks 16 and 16’ in

hulls 1 and 1’. The water surface during loading draft is reflected by water level 21 in

20  FIG. 2. The volume of water which hull tanks 16 and 16’ take in is equal to the small
volume of water which the above-water components of forecastle 6 and poop 7 displace
when they are immersed with ship 100. At this point, the water-tight margin plating 52 of

the lowest water-tight decks 22 and 25 in forecastle 6 and poop 7, respectively, extend



5 When ship 100 sails at voyage draft, the |lowest water-tight deck 22 in
forecastle 6 as shown in FIG 2 sits several neters above the water
surface. wowewgx772 when ship 100 is imrersed to | oadi ng deafftusometses -t i ght
deck 22 lies exactly in the water surface so that forecastle 6 has a
buoyant body and stabilizes ship 100 at its bow. The sane principle
applies to | owest water-tight deck 25-1In poop 7 which, thus,

correspondi ngly stabilizes ship 10 100 at its stern. FIG 4 shows an
exanpl e whelpwindeskrii. c&eal pipgandy open o plmesencorapassad Iy gackp7 anggmasen f or
both injecting air into, and for venting air from hull tanks 16 and 16
These pi platigg Sy st therstnasphetd svethatinorgdcushionsisicppt@®0 when ifereeasdet ambpoop-7ener ge
within the 15 programred tinme span at a throughput of air equal to 90% of
ful | capagink ynto tHeUgat@r Wi g sing siipn@® of pl us/ mi nus 10% for regul ating the
air flowrate. Conpressed air main 29 is connected to hull tanks 16 and 16’
by branch lines 31 and 31' that are equi pped with renote-controlled check
valves 32 and 32' for regulating air 20 flow into assigned hull tanks 16

and 165. Hull Mgﬁmgﬁoargguslﬁ voPieR df ?fttﬁéilo@)és@@ﬁéxg&ﬁ@d&kpﬁ in'feﬁcéas%é 6and 33’

t hat are equi ppe r enot ‘’ed check val ves 34 and 34" tor

regul ating the f. 0|n i d 33
in servi cg %Olwév{/lva%\/\%g %W@ﬁ“&%@i@agﬁZE \g’rr ’e‘%%nsﬁg) ed to a
common |ine, 35 ns u vvard t.hro I or .stanchi g 36, an
transver sé& ‘PF‘EF:,I q?%iu OWFESB'F‘% ‘E&f 2?r‘l‘f"§)e’falr;fgyé'i Wﬁs“baﬁ"etrsgr s(‘?\th%t shows
a part of cargo space 2 subnersible platform4 and_the pip 5

syst ems mmreWS%chawbl?wémmoey ﬁp‘étsﬁaB‘F‘ﬁQMSWR)im%@b%P%‘Y nd”’&r?é“‘ELPﬁ‘ﬁF‘Plel t with

conpressed air for re-emerging. Wthin the boundary of water-tight margin
pl ati ng 5 applics Biemwesthyvaser-tight dec 25 in poop 7 which, thus, correspondingly stabilizes ship

10 100 at its stern.

FIG. 4 shows an example wherein service alleyway 17 contains the air piping
systems for both injecting air into, and for venting air from, hull tanks 16 and 16°. These
piping systems are dimensioned in ship 100 to immerse and re-emerge within the

15  programmed time span at a throughput of air equal to 90% of full capacity, thus providing

a range of plus/minus 10% for regulating the air flow rate.

Compressed air main 29 is connected to hull tanks 16 and 16’ by branch lines 31

and 31’ that are equipped with remote-controlled check valves 32 and 32’ for regulating air

20  flow into assigned hull tanks 16 and 16’. Hull tanks 16 and 16’ are vented by assigned pipe
lines 33 and 33’ that are equipped with remote-controlled check valves 34 and 34’ for

regulating the flow of outgoing (i.e., vented) air. Pipe lines 33 and 33’ in service alleyway



platform4 below its deck 37 is subdivided into cells 40, 40', 40" and 40"
by water-tight |ongitudinal bul kheads 38 and 38" and transverse bul kheads
39 and 390 owhsx7subnersi ble platform4 is waterborne, eachush/eeld s 40,
40', 40" and 40"' contains a separate air 10 cushion. The piping systens
for venting and/or injecting conpressed air are dinensioned for
subnersi bl e platform4 to subnerge andlZe- energe within the programmed tine
span by a throughput of air equal to 90% of full capacity, thus rOV|d|ng
a range ofl7 preueynnedigfsto10opmmon line g Whichiuns prsvagd throyghyg colgmier stanchipn 40
40" and 40"' of each half-side of subnersible platforns 4 between a

cent er | i nd64dd amtverse trosstd omendit edigeing hir suth her asmbspberel at f orm 4 are suppli ed
with conpressed air by conpressed air nmain 28, which is contained in
service alleyway 17 in hulls 1 and 1' below the correspondi ng out board
edge of subnersible platform4. A branch of conpressed air main 28 runs

through col umgi@rs sRRGHLNSE @bgdispaed 24 vith QuBINErSIbN ;ﬂﬁfozﬁ Pdrdapapipifpl in
transverse truss 5 where, as a main line 42, it supp ies conpressed air to

subnmer gi bl eeglx a\ﬁlfl Qlﬁ]%rf‘t suBth&8HR JARED 4 Br sﬂl?mergﬂig and@R6h '1't'w1ihr&mg%kéa line

42 are I|n ose connections 45 to branch |1 nes 6" an

46""' , which g C N o i rsible
pl atform ' f$‘h ‘L’Ige g%gurgﬁﬁbnnﬁ]ofb%g ?P’c ﬁﬂ%ftﬁéﬂglg %QB‘S&G%% g@:ﬁ%@g‘;/ 41645
-13 Wtr1r troIIe e 44 r gu) at t.h OW..0

conpr essed'® EFD A fit des 3?2‘?\?\ @f‘”‘% s@gnioplﬁ'gg‘ Wﬁte&'é'g{’ thsi de
cell 40 of subrrer5|be latform4 is ty al | ranch i nes for

conpr essedengjtpd m%lelk@ﬁfé’g 38\28¢ & 53“44”8?"@‘5["' (9&:‘%%36‘5 PRENEY’s VEnSEbmersiBlENay

51. 5
platform 4 is waterborne, each of cells 40, 40°, 40°’ and 40’’’ contains a separate air

10 cushion. The piping systems for venting and/or injecting compressed air are dimensioned
for submersible platform 4 to submerge and re-emerge within the programmed time span by
a throughput of air equal to 90% of full capacity, thus providing a range of plus/minus 10%

for regulating the air flow.

15 Cells 40, 40°, 40’ and 40’’’ of each half-side of submersible platforms 4 between a
centerline 41 and the outboard edge of submersible platform 4 are supplied with
compressed air by compressed air main 28, which is contained in service alleyway 17 in
hulls 1 and 1’ below the corresponding outboard edge of submersible platform 4. A branch
of compressed air main 28 runs through columns or stanchions 36 upward into a service

20  alleyway 51 in transverse truss 5 where, as a main line 42, it supplies compressed air to
submersible platform 4. Branch lines 43, 43°, 43’ and 43’’’ from main line 42 are linked
by hose connections 45 to branch lines 46, 46°, 46’’ and 46°’’, which end in assigned cells

40, 40’, 40’ and 40’ inside submersible platform 4. The configuration of branch line 43



Cells 40, 40', 40" and 40"' of subnersible platforns 4 are vented directly
by vent |lines 47, 47", 47" and 47"'; a hose connection 49; and assi gned

pi pe sectwonn3®s7750' , 50" and 50"' in assigned cells 40, pedrusoz@ic4mand 40"
of subnersible platform4. The configuration of vent line 47 with a
renote-control check valve 48 for regulating the flow 10 of outgoing air
and a hose connection 49 to assigned plde section 50" inside subnersible
platform4 is typical of all branch lines for venting the conpressed air.

Al | checkadthvemotesontidled checkl vabyel4ddar waulptingsthe fpweof spmpsegigd a and Fhese 64,

6b, and 6c are a side view, a plan view and a cross sectional view, 15
respect i vebnnhectidn 45he apsigf gipe edtidrodteinsidn el dfissbrhgrsibiegra fooh 408 sypichl ¢fi nes

43, 43', 43" and 43"' between the piping systemand service alleyway 51 of
t ransver sQ|ltbfdnsk lifesdotcdnfjtesédddir. AHChéchnalvé644 46 locared insidedbevie alleyway
subnersible platform4. Typically, a hose connection 45 consist of a hose
with a flgpge at each end which connects branch lines 43", 43" and 43"' to
correspondi ng pi pe sections 46, 46', 46" and 46"'. In order to mnimze the
possi bislity 20 of damage by noving floatable containers 12, hoses 45 are
arranged behind a protective shield 54 which is attached to deck 37 of

submer si bl e pl Lfo {d“4§4 5% 3 SrhaRRRLBYSL AduLiiey Hgkey 35 RNt o

on prot eCtIVG en su orm

subner ged an ”dee osition aAn | 1s 1 and 1" gth of
the then WFOS i Lo L L e R e i‘i]%Pi ol for
the di stance bet vveen transverse truss and ,,s,ubmers ible platf

Openi ngs 38439 priptassignsdecelsi 4, d405449 ‘éfegg’“teé"li'ﬁé)léttfoé‘ﬁg‘bs H@tween

hoses 45 and all aforenentioned pipes. Fenders 53, arranged vertically on
t r ansver seonfigysaion B yeurlinetsd withs p derBoterEonsobelack valve 48 fer epgalatingotedlont ~ hoses
45 fromdrifting sideways when

10 of outgoing air and a hose connection 49 to assigned pipe section 50’ inside submersible

platform 4 is typical of all branch lines for venting the compressed air. All checked valves

48 are also located in service alleyway S1.

FIG. 6a, 6b, and 6¢ are a side view, a plan view and a cross sectional view,

15  respectively, of the preferred hose connections by means of branch lines 43, 43°, 43’ and
43" between the piping system and service alleyway 51 of transverse truss 5 and the pipe
sections 46, 46’, 46’” and 46’’’ in submersible platform 4. Typically, a hose connection 45
consist of a hose with a flange at each end which connects branch lines 43°, 43°” and 43"’

to corresponding pipe sections 46, 46°, 46’ and 46’”’. In order to minimize the possibility

20  of damage by moving floatable containers 12, hoses 45 are arranged behind a protective
shield 54 which is attached to deck 37 of submersible platform 4. Hoses 45 are looped

over a guide yoke 55 mounted on protective shield 54 so that, when submersible platform 4

is fully submerged and rests in its deep position on hulls 1 and 1”’, the length of the then-



5 subnersible platform4 is subnmerged. Turning nowto FIG 7, the typica
support nechani sm of subnersible platform4 at transverse truss 5is

i Il ustratwd.o3dsrached to side 23 of transverse truss 5 (tratr/uSanes4s
subnersible platform4) is a bearing rail 57 that carries a tiltable
support rail 58. 10 Subdivided into sections, bearing rail 57 and tiltable
support rail 58 extend over the enti rel4width of transverse truss 5.
Affixed to the top of support rail 58 is a top rail 59 on which a _bearing
bar 60 of estahgdedriwists €5 putfic¢sofomthe iistapes betweaen [BRREVETHY) tss 5 @od jsybraereiblét i nuous
bar along the entire width of subnersible platform4, being fixed to

mar gi n pl atatfoogn 32 Openisgsbiteirs piotestipd siti¢ld v providdiaedess tosthk fflangesebatiweeabove
deck 37. Wien ship 100 sails at voyage 15 draft, subnersible platform4
rests w t Rod2eas ian@ ald afoBerfidhtionedt gipest dHehderSS3 aanmngddsvelitatip on kiassverss eusr al
meters above water. Wien ship 100 is inmmersed to | oading draft, subnersible

platform 4 Jl&]&v‘ﬁ?ﬁ 5iBEY HeprdfectiReshviP 84 apraRsh: hoRe RS ardth dlifting RidewR@siiienon,
0

bearing bar 6 subnersible platform4 sits above top rail 59 so that no

| oad renai r:ai After having been unburdened, support
sﬁne?ﬁ?l?ﬂ’a?@hﬁ 4 @kdbné?%ed.

rails 58 are re by an actuator 61 and a | ever 20 62 through openi ngs
63 in the plating of transverse trusses 5. Wien retracted to transverse
trusses 5, the clear width between opposite top rails 59 exceeds the span

over bearing bar . 60 of rsible platforns 4.so éh t s 3‘? rsibl
o1 5t for s 4 caumirophoditn T PPl SPGB S Shfartkf of
| ever 62 is prevented by a guide A@lt ate 64. Wen WO 03/053772 PCT/ US02/ 41645
- 15 suppolRNSVEISE t5Es iSsiseliugid, Adtaghed fopsidedd (ff dFAmsYeEsentings ok &B2t (RS e
| yi ng above subnersible etgl atform4, lever 62 butts against guide plate 64
bef ore suppunarsiblgi pletfergn danist4 |beatingy 14 57 hibat eyeiesai Hiaie sgrposf radlc b&at or
61. The position of support rails 58, either fully retracted or
10  Subdivided into sections, bearing rail 57 and tiltable support rail 58 extend over the entire
width of transverse truss 5. Affixed to the top of support rail 58 is a top rail 59 on which a
bearing bar 60 of submersible platform 4 is carried. Bearing bar 60 is a continuous bar
along the entire width of submersible platform 4, being fixed to margin plating 52 of
submersible platform 4, which itself extends above deck 37. When ship 100 sails at voyage
15  draft, submersible platform 4 rests with bearing bars 60 on top rails 59 and its bottom lies
several meters above water. When ship 100 is immersed to loading draft, submersible
platform 4 is waterborne at the programmed freeboard. In this position, bearing bar 60 of
submersible platform 4 sits above top rail 59 so that no load remains on support rail 58.
After having been unburdened, support rails 58 are retracted by an actuator 61 and a lever
20 62 through openings 63 in the plating of transverse trusses 5. When retracted to transverse
trusses 5, the clear width between opposite top rails 59 exceeds the span over bearing bar

60 of submersible platforms 4 so that submersible platforms 4 can pass through when

submerging. Transverse displacement of lever 62 is prevented by a guide plate 64. When



fully extended, is nonitored by photo cells (not shown). 5 Wen surfacing,
subnersible platform4 rises through the gap between retracted top rails
59 up to wbespsogr anmmed freeboard, at which point, its beacrngobarss 60 sit
above top rails 59. Subsequently, support rails 58 are extended by
actuator 61 and butt against margin plating 52 of subnersible platform 4.
When ship 100 subsequently re-emerges -}% 10 voyage draft, top rails 59 on
transverse trusses 5 rise with it, engage bearing bars 60 and |ift

subner si bbupppitasit 68 in extanded, gfg.t fos ‘mednterancepuEBnses avhala dyiag abdve sehmer giblg
illustrate the arrangenment of pressure sensors 65, 65, 66 and 66' on

hul I s 1 aprtfban an@vausniits apdinst ghide ptaends eford' suppoak rdils SPczmsﬁ;lub@os@ﬂ&ors 65,
15 65', 66 and 66' provide feedback to the |oad conmputer in bridge 8 on
actual dr ghdratipl dafiges bf b} 61MTERSPSitvh JfSuspvRer 19its 58, Tdidesullg retrawedi or FI G
8b shows pressure sensors 18 and 18" arranged at the | owest points of
hulls 1 a &B& &Ik (@8 skhgvdsure sensors 13 and 13' in
afterbodyﬁg%’.]exééga?:({’g{s.e Qﬁ{ed]{%: p?lg)n 90(are svgﬁermtl c illustrations of the
hulls 1 and 1' and the cargo platforms 4, 4'° and 4" of ship 100. Shown are
pressure sensors 18 and 18" in forebody 19 and pressure sensors 13 and 13'
in afterbody 15 of hulls arethe exenpl ar | I tanks
16 and 16" i ¢ RopB ek e i@l H08 elbg ot A o R el o
03/ 053772 PCT/ US02/ 41645 -16 check val ves 34 and, 34! Iar conmbi nati ons
of air infake9Upsorhs BIogREMEY {7808 atapych %%Waﬂf%?eaé‘r‘l‘gé’l?rsy’rﬂ POV 08nd 70"
are provided for trinmmcontrol tanks 67 and 67" in afterbody 15.

Cor r espon@ilig®® omybseauseiis SePol ails 38 ke cxisadad npcuaory 91 ARd WE againg

margin plating 52 of submersible platform 4. When ship 100 subsequently re-emerges to
10 voyage draft, top rails 59 on transverse trusses 5 rise with it, engage bearing bars 60, and

lift submersible platform 4 out of the water.

FIGS. 8a and 8b effectively illustrate the arrangement of pressure sensors 65, 65°,

66 and 66’ on hulls 1 and 1a and submersible platforms 4, 4’ and 4’°. Pressure sensors 65,

15 65°, 66 and 66’ provide feedback to the load computer in bridge 8 on actual draft while
ship 100 immerses or re-emerges. The side view in FIG. 8b shows pressure sensors 18 and

18’ arranged at the lowest points of hulls 1 and 1’ in forebody 19 as well as pressure

sensors 13 and 13’ in afterbody 15.

20 FIGS. 9a, 9b, and 9c are schematic illustrations of the hulls 1 and 1' and the cargo
platforms 4, 4' and 4'' of ship 100. Shown are pressure sensors 18 and 18' in forebody 19
and pressure sensors 13 and 13' in afterbody 15 of hulls 1 and 1'. Also shown are the

exemplary hull tanks 16 and 16' with related air intake check valves 32 and 32' and exhaust



exhaust check valves 72 and 72' are provided for trimmcontrol tanks 68 and
68" in 5 forebody 19. FIG 9 shows, furthernore, one of the subnersible

pl at f or new@,034537200nd 4" with related air intake check val ve3/usd2/amwas exhaust
check val ves 48 and pressure sensors 65 and 65 at the aft and forward
edges and pressure sensors 66 and 66’ ﬁ;t the starboard and port outboard
edges. The cells 40, 40', 40", and 40" ""of the subnersible platform4 are

summarily illustrated; however, the differentiation bet Weeg cells 40 al ong
its port elegkM@lves 3¢ Bohd4 . evigdlar ¢ambiRasiany of 4iF Hgake ichgck vajveg 69 aptt 69400 on i n
transverse direction - and cells 40" at the aft edge and cell 40' at the

forward edgeustocheclorvaives 170 ragdt 70" rare -provided fondrimmaeonstol itanks |6dnajidt 6di al
direction - should be noted. FIGURES 10a, 10b, 10c and 10d are sinplified
oper at i onafterbb®w1§li aQora¢spondify tdmhisdtioat ofigirt inekechevki ywilees 6fl g@inT odnldi ng
depth and | evel position of the hulls 1 and 1' and the subnersible

pl at f or ms eghaué’ ciRBE VAlve®T72 tidp72LOfde pIbvadeds fodVirifnire contel adrks pi8omris 68'f inow of
the novel nmethod. The top part of each of the diagrans shows the

cal cul ati epefaytive BNt @bws PlufthidRrefon8af thedlubmeRitRK Bla@rmBX4)aliShd Yal ve
whi ch controls the flow of conpressed air into or of exhaust air from a

hul | tank, . i i ' lcsof 20
the. submerdfisp el ebbo A i chibis Bkl P8 il prp luedeiPlrese
d i bed f h bel ow.. WO 03/ 053772 PCT/ US02/ A16 o F 1 h
the_ procedtd B oty e T AR SV B HEro Tt el R PR a0 e gl oS
- [ i th |.oad of fl pat t ai 2 f i deepl
Subrrer e PREMITRR St 1 oot B0 L oG ot AreHOPHE BT DG
platform 4 has reached the planned draft  for being | ocked into two
adj acent twamasiyr dlustiateds Jewewera g diffegmtiatignobetween cells 40 along its port and

10 starboard edges for controlling list - i.e. inclination in transverse direction - and cells 40" "'
at the aft edge and cell 40" at the forward edge for controlling trimm - i.e. inclination in

longitudinal direction - should be noted.

FIGURES 10a, 10b, 10c and 10d are simplified operational flow diagrams

15  illustrating the principle of controlling depth and level position of the hulls 1 and 1' and the
submersible platforms 4, 4' and 4'' of ship 100. They show the overall process flow of the

novel method. The top part of each of the diagrams shows the calculation of the control
profile of each air intake or exhaust valve which controls the flow of compressed air into or

of exhaust air from, a hull tank, or a trimm control tank in the hulls 1 and 1', or a cell of

20 the submersible platforms 4, 4' and 4'' of ship 100, all of which are described further

below.



5 The process starts with the calculation of the basic flow rate cycle of
conpressed air into each of the cells 40, 40', 40" and 40"' of subnersible
pl at f or mwWotoosrghout the re- energence of submersi bl e pl acrarsn/4i648s shown
at the top of the diagram Constant conponents of the software for
calculating the basic flowrate are the hydrostatic data of 10 ship 100 and
the characteristics of turbo-conpressol’s 26 and the piping systens for
conpressed air and for exhaust air. Current inputs are the sea conditions -
e.g. swell, wiFi6. 10s sissusrtie proegssi flowef be efesubmersible patfprmelt spland divewhen dr af t
and their planned distribution on subnersible platform4. Once the

cal cul at i gnEmégRg GANPA Aéve thad tolf Bodtatlakentsiheas K2 friny sdebdly sibmergedposamed ai r
for each cell 40, 40" and 40"' are set, following a pre-planned cycle 15

whi ch | astsmk hamriddeheSpoimh Sineh theluBhémsible Hatfirfi NBasl esiied i phased dQR
resting on hulls 1 an 1' to the position where the subnmersible platform4

IS water- @lrt%aﬁllg%cktea%t[?lt\g(?‘%ﬁceq{ @rlsverse tHRsds BV ﬁ%?&hiﬁ’fl?(fl G 10a shows in

the left he st eps e process for controlling list and in the
right balf the steps for controlling trimmof subnersible platform 20 4.
AddressSing the left half of this part of the diagram list is present when
the water preiﬁure - sensors Q6. at the

i.e.,.depth - neas eg b ressur
port edge and preREETe Stag%}‘(%f@ cglsulaion ?ltuetF‘% %?r‘%%‘gv? H“%@@iﬂ FrompEFEL 2T e
platform4 differs. If list does not equal zero, the flow of conpressed
air into @ eacd ofsthegellsi4d, HA', 400 med 40b| af sbmersilerplatfgrm ¢ ghroughqut hgre-
03/ 053772 PCT/ US02/ 41645 -18 of the pressure sensor showi ng the higher
wat er presmergence pf gubmessiblaplatéapet, oy sifowvn ati the top Of dhe dipgiyn. adfustanting t he
setting of air intake check valve 44. In case of a major deviation, the
count er - babraparnienty offthd scftwares faacalkehlating the tayic Slowmutateaare alks hydrosedtieataiangf a
bl ast of
10 ship 100 and the characteristics of turbo-compressors 26 and the piping systems for
compressed air and for exhaust air. Current inputs are the sea conditions —e.g. swell, wind
pressure - and the barge data - e.g. displacement, draft and their planned distribution on
submersible platform 4. Once the calculations are completed, the intake check valves 44
for compressed air for each cell 40, 40" and 40'"’ are set, following a pre-planned cycle
15 which lasts from the submersible platform 4 rising from its position resting on hulls 1 and

1' to the position where the submersible platform 4 is water-borne at the planned draft.

The lower part of FIG. 10a shows in the left half the steps of the process for

controlling list and in the right half the steps for controlling trimm of submersible platform

20 4. Addressing the left half of this part of the diagram, list is present when the water
pressure - i.e., depth - measured by pressure sensors 66' at the port edge and pressure
sensors 66 at the starboard edge of submersible platform 4 differs. If list does not equal

zero, the flow of compressed air into the cells 40 of the submersible platform 4 at the side



air fromcells 40 at the opposite (high) edge of subnersible platform 4.
When |ist equals 5 zero, the basic flowrate of conpressed air remains as
pr e- cal cowatogdsatmove. The water pressure read by pressurePeensor/siefd at t he
aft edge and 65 at the forward edge of submersible platform4 is
simlarly utilized for checking trimmof subnersible platform4 and for
counter-bal ancing trinmby adjusting thHe flow of 10 conpressed air and/ or

of exhaust air of platformcells 40"" at the aft edge and platform cells
40' at t hef therpressureestger chowind ey Bighdrewgptpessurg 4 i.eTheving deepormdieft dispt h
measured by pressure sensors 65 and 65 as well as pressure sensors 66 and
66' is fufdchaseduby ladpedng ae sk ohairwhekdeheckubater didbl &n phsat dfoa majorhas 15
attained the pre-planned draft required for locking it into transverse
trusses 5dgeMiiRn, tHei dustePbilarcingadfting ib acbelecnepbesitntlarolsly rdlakifg ¥ dlasest 44 of
subnersible platform4 are closed. Next, all adjustnents of the basic flow

rate cycl %ir%go?n talsHoeH thO oppdBind Biish) dask SXduBmBAlble ﬁxlaef&%w. IPRARE Bqfar i st

and trinm After elimnation of transitory external causes - e.g. an 20

act ual 5 guz%f)ggle\_@a{lg g% rEtQ%f %Slrngl%\g/seﬁ }'i\fgg%né%ﬂ% %j pﬁ‘p-%gll':{ll%lt%d raQ(Wé.St ead while ship

100 is'lo remalnrn a ustnments are used for
calculating the corrected flowrate cycle for the exhaust valves 48 of all
platformcells 40, 40', 40" and 40"' for the subsequent subnerging of
submersible platform4 wth the sane | oad. WD 03/ 053772 PCT/%JS 2/4%}645 -19
FIG 10b showsTRhavafst Ruessures 1egdybyPrERspesSensosh §° ot e alfdge 29 éhthe
re-emerging fromloading draft to voyage draft while carrying the newy
| oaded sulfdrEiesd sfige of fub@eisible platfgrm a%c}s similaglyautiliged f9HwheckingeHiMMmt of t wo
adj acent transverse trusses 5 and 5° of ship 100. 5

submersible platform 4 and for counter-balancing trimm by adjusting the flow of

10 compressed air and/or of exhaust air of platform cells 40'"' at the aft edge and platform

cells 40" at the forward edge of submersible platform 4.

The mean water depth measured by pressure sensors 65 and 65' as well as pressure
sensors 66 and 66' is further utilized for checking whether submersible platform 4 has
15  attained the pre-planned draft required for locking it into transverse trusses 5. When this

depth is attained, compressed air intake valves 44 of submersible platform 4 are closed.

Next, all adjustments of the basic flow rate cycle are related to the recorded external

causes, separate for list and trimm. After elimination of transitory external causes - e.g. an

20  actual gust of wind or the actual swell in a specific roadstead while ship 100 is loading ~ the
remaining validated adjustments are used for calculating the corrected flow rate cycle for

the exhaust valves 48 of all platform cells 40, 40', 40'"" and 40''" for the subsequent

submerging of submersible platform 4 with the same load.



As shown on the top of FIG 10b, the process starts with the cal cul ati on of
the basic flowrate cycle of conpressed air into each of hull tanks 16 and
16' and iwob@3p$sz7iri mm control tanks 67 and 67 in the aPcenisoryiedd and
into the trimcontrol tanks of 68 and 68" in the forebody 19, as well as
of the flow rate of exhaust air fromsubnersible platformcells 10 40, 40',
40" and 40"' of subnersible pl at f or m a1%hi ch parallels the rate at which
conpressed air is injected into hull tanks 16 and 16'. Constant conponents
of the software for calculating the basic flow rate throughout the
re-enmergence of hulls 1 and 1' of ship 100 are the sane as given for FIG
10a. Current iFRifuti®bashews e weeess fnwidfihgHs L asdiln ofsidp 100 ayhen rgremergingne  of
conpressed air previously injected into subnersible platform4 for re 15
ener gi ng (@pdoidind dkéckoatoyideadraf iwhilp camyidg theenesily halded fhibmessitierpladornise
platform4 is locked in place and ready for being lifted when the hulls 1

and 1' of 4t hearaly nhdOfRe hEw aHERED hio WL RljackMEraidese tidséedFanalseotipiort ed, air
i ntake check valves 32 and 32' for conpressed air of hull tanks 16 and

16', akr intake check valves 69 and 69' of trinmcontrol tanks 67 and 67
in the afterbody 15, air intake check valves 71 and 71' of trinm control

tanks 68 and 6§I tilor\];vnzcg)n tH—? EO%%%S‘% ?Ob,jlgzdprggrﬁéggﬁs \giﬂg trh\eé%lgl\gﬁﬁticﬁﬁo basic

subnersi bl e pl at f'orm ce according to the

pre-planned cycle. This cycl e def.ines the re-e ence of hulls 1. and 1
of ship 1%'8Wf‘|¥’5’n‘f31cl?a8€ ﬁ‘ﬁn%f“&?q a?d“‘@&%‘b@eﬁ‘ﬂgfaﬂ‘%ﬁ@ a?%&r@é’df‘ioatﬁf U i ng of
subnersible platforns 4,_4' and 4" out of the water. WO 03/053772 .

PCT/ US02/ 42wk tanks 67 apb67, dit the| afigehody 49 andintorihesirim gpnteqh ks piod and 68y ha) f
the steps of the process for controlling list and in the right half the
st eps f or theoferabedy 1 hgastwalhap ithh{lpw gate of pxhawst agrf frem submgssiple phform@elisessi ng

the left half of this part of the diagram list is present when the nean
10 40, 40', 40" and 40''' of submersible platform 4 which parallels the rate at which

compressed air is injected into hull tanks 16 and 16'. Constant components of the software
for calculating the basic flow rate throughout the re-emergence of hulls 1 and 1' of ship 100
are the same as given for FIG. 10a. Current inputs are the sea conditions as in FIG. 10a,
the volume of compressed air previously injected into submersible platform 4 for re-
15  emerging (and recorded at that time), and the signal that submersible platform 4 is locked in
place and ready for being lifted when the hulls 1 and 1' of the ship 100 re-emerge. Once
the calculations are completed, air intake check valves 32 and 32' for compressed air of
hull tanks 16 and 16', air intake check valves 69 and 69' of trimm control tanks 67 and 67"
in the afterbody 15, air intake check valves 71 and 71" of trimm control tanks 68 and 68" in
20  forebody 19, and exhaust air valves 48 of submersible platform cells 40, 40', 40'' and 40'"'
are set according to the pre-planned cycle. This cycle defines the re-emergence of hulls 1
and 1' of ship 100 from loading draft to voyage draft and the resultant lifting of

submersible platforms 4, 4' and 4'' out of the water.



5 water pressure - i.e. depth - of the port side hull |' neasured by
pressure sensors 13" and 18' differs fromthe nean water pressure neasured
by the prwesanss7sensors 13 and 18 of the starboard hull PCTIUS0YasEsi s not
equal zero, the flow of conpressed air into hull tanks 16 and 16" of the
deeper - lagging - hulls 1 or 1' is increased by adjusting the related air
intake check valve 32 or 32'. 10 The-ffsan water pressure read by pressure
sensors 13, 13', 18 and 18 is utilized for checking whether hulls 1 and
1' have attained voyage draft. Wen this is the case, conpressed air

i nt ake check valves 32 and 32' of hull tanks 16 and 16' are closed. 15 The
| ower right haThe odxt Fdv@r phtof FHOGWIO0l breowstin ithentefthalfahe stopsl efdhdprogesdifdrf er ent
nmet hod, i.e. not by neasuring water pressure but by measuring the trimm
gradi ent byntroMRgNisst @hd i the gighyhaems istepy eoriconttdl lrggmeinen of Kulis loadulr rof /g t ri nm
i s counterbal anced by increasing the flow rate of conpressed air into

tri nm contpigliob amlgareSsingine 1@(7 halP6f i paf @f diagedm ! IpeistReRA wiRAdhohediul | s 1

and 1'. In case of a major deviation, the counter-balancing 20 of trinmmis

accel egat %éé%é@wv Ltiange Lyofrcﬁe% e Lidna) P! ﬁégsmfeﬁ b?lp&esédreea&sﬂsqm RNt r ol

tanks 67 an or trimcont tanks 68 and at the higher end of

hulls 1 an 3‘1ffers éaWa?e%%?As?ng’ ﬁ{g%urédrb%'éﬁé"’lgﬂeg u%el ﬁ\%o&éaifan(afw PR essed

air into tglm‘ncon "lt;ank

| cul at ed VO 03/ 053772 PCT/ \JS02/.41645 t f
Phe bast o SPIBwe el e apEcief it °¥VH’£C?‘B@SFsﬁ%a“é‘%PéPﬁgd“ES Lém s,
separate for list and trinmm as _indicated by the shaded bl ocks at th
bot t om of 1£i &f eI’Gﬂ’“Af‘?%&“’garPH‘i‘SnétOF6n‘5df’°fF‘r‘Saﬁ’1§Y@SWV“B%P%F‘H%{F é‘éd%‘é‘?

remai ni ng val i dated adj ustnents
check valve 32 or 32'.

10
The mean water pressure read by pressure sensors 13, 13', 18 and 18’ is utilized for
checking whether hulls 1 and 1' have attained voyage draft. When this is the case,
compressed air intake check valves 32 and 32' of hull tanks 16 and 16' are closed.
15 The lower right half of FIG. 10b shows that trimm is controlled by a different

method, i.e. not by measuring water pressure but by measuring the trimm gradient by
means of a highly sensitive inclinometer. Any occurring trimm is counterbalanced by
increasing the flow rate of compressed air into trimm control tanks 67 and 67' or 68 and
68’ at the deeper end of hulls 1 and 1'. In case of a major deviation, the counter-balancing
20 of trimm is accelerated by simultaneously releasing a blast of air from trimm control tanks
67 and 67' or trim control tanks 68 and 68' at the higher end of hulls 1 and 1'. When
trimm equals zero, the basic flow rate of compressed air into trimm control tanks 67 and

67' or 68 and 68" remains as pre-calculated above.



5 are used for calculating the corrected flow rate cycle for exhaust val ves
34 and 34' of all hull tanks 16 and 16' and of exhaust valves 70, 70", 72,
72' of thwotosiosatvzontrol tanks 67, 67', 68 and 68" for treTAShTeGURNt
subnerging of hulls 1 and 1' of ship 100 with the same load. 10 FIG 10c
shows the process flow of hulls 1 and 1' of ship 100 when rapidly

i nrersi ng fromvoyage draft to |oadi ngZkdraft at whi ch subnersible platforns
4, 4' and 4" wth their now known burden have becone water-borne and are
no longer carried by hulls 1 and 1' of ship 100. 15 As shown at the top of
FIG 10c, the process starts with the calculation of the basic flowrate
cycl es of exhaA#tadhistmdnrsoofi tadiasioffldwikdte tpelk arel elaattol e momtdéd enermali nm
control tanks 67 and 67" in afterbody 15 and fromtrinmcontrol tanks 68
and 68' i gafsey, abpadite 16} list AfactriiAe a6 addedakedttiyane sHadédiglodis avthe aborgiof BIGIPr essed
air into subnersible platfornms 4, 4° and 4" towards ensuring that

subner si bligy plageh Qliirthei¥h bt rRRi¥B SherRATASe VAP rétidihifg Laﬁcllh@cdﬂddg'lggne%fse at

| oadi ng draft. Constant conponents of the software for cal culating the

basi c gl o be 4Rl q’?roéalc%?acfigg Yl‘?cl é’o?ret:{éa qujrqﬁg (gcﬂifgggﬁggﬁi\aﬂe?fﬂ QH& B@ of a‘ﬁnd L

of ship 1 are the sane"as given rrent inputs are the sea

condition h w Y..aceur.at r t.ed l.gw .cycl f. exhaust air
For 1 rmor ShibietEs TR AN 8 4o g et iRSE 70D g 2kl Frd o i ol 8% 055772
PCT/ US02/ 4164 -22.cycle of conpressed ai or renderjn ubmey si bl e

bl at for s 64 O and 68 50F pBrealiGm AU iR s oh byksol aEh T thipdol YR thesahen
draft, both cal cul ated and recorded during the preceding re-energence of
hulls 1 aMfdy, and, finally, the signal that the air pressure inside hull

tanks 16 and 16' is restored to the reference pressure recorded at the end
of the re-emergence of

10 FIG. 10c shows the process flow of hulls 1 and 1' of ship 100 when rapidly
immersing from voyage draft to loading draft at which submersible platforms 4, 4' and 4"
with their now known burden have become water-borne and are no longer carried by hulls

1 and 1' of ship 100.

15 As shown at the top of FIG. 10c, the process starts with the calculation of the basic
flow rate cycles of exhaust air from each of hull tanks 16 and 16' and from trimm control
tanks 67 and 67' in afterbody 15 and from trimm control tanks 68 and 68" in forebody 19,
and the calculation of the flow rate of compressed air into submersible platforms 4, 4' and
4'" towards ensuring that submersible platform 4 will be water-borne when hulls 1 and 1'
20  are at loading draft. Constant components of the software for calculating the basic flow
rate of each valve throughout the immersion of hulls 1 and 1" of ship 100 are the same as
given for FIG. 10a. Current inputs are the sea conditions, the now very accurate corrected

flow rate cycle of exhaust air for immersion of hulls 1 and 1' and of the corrected flow rate



5 hulls 1 and 1' during the preceding re-enmergence of hulls 1 and 1' from
| oading draft to voyage draft. The |lower half of FIG 10c shows the
process swoeps/firz2 controlling list, trimmand depth of i roESIDHGHI | e
hulls 1 and 1' quickly inmrerse to |oading draft. List control is 10
effected by neasuring the nean draft of starboard hull 1 by means of
pressure sensors 13 in afterbody 15 an#-pressure sensors 18 in forebody 19
and the nean draft of port hull 1' ~correspondingly. If list occurs, the
fl ow r at esyadé ofclompsissedhac Korvaehdexing 4submersibder blotfominshdil 4' dnd 4'hovatdr-bexicaust
valve 34' in port hull 1' are increased or decreased as required to

count er - a@kn hilis 1 ard 1'mude hd 164digcdraft Shoth beicwlab e whddeestdedduringgheopreexdirgust
check valves 34 and 34' is not 15 changed. The nean water pressure read by

pressure sepmefenckdf hikids 1 ankBl' aseh, HBally, Sheigrlal dackné @iF preshiecikingnwhaniber
hulls 1 and 1' have attained foadlng draft. Wien this is the case, exhaust

ai r check 18%hé{|§‘§' %?es‘é?%d #fhe ?éfﬁlEHéé prhsm%sfeéo@aam n@énafyf@regﬂg.%ﬁﬁiﬂgeﬁ@ofThe

| ower right ha 10c shows that trinmis contro as shown in
censi t ve Ml Fing e AT U g s SRS 4 e T 3 Rlagfle AL

count er bal ance increasing the flow rate of exhaust air fromtrimm
control 'G¥8 %*"and 67' or 68 and 68' at the higher end of hulls 1 and
1'. Acceleration of counter-balancing list or trimmby injecting conpressed
air into 5 trimmcontrol tanks 67 and 67' or 68 and 68 at the |ower side
or end of hulls 1 and 1' is not contenplated as the exhaust air flowrate
cycl es based olh¢ Haves half of F2G. 109 thews ¢ preepss steps for controlling list, trimm and

depth of immersion while hulls 1 and 1' quickly immerse to loading draft. List control is
10 effected by measuring the mean draft of starboard hull 1 by means of pressure sensors 13 in
afterbody 15 and pressure sensors 18 in forebody 19 and the mean draft of port hull 1’
correspondingly. If list occurs, the flow rates of exhaust check valve 34 in starboard hull 1
and of exhaust valve 34' in port hull 1' are increased or decreased as required to counter-
act list. If no list occurs, the calculated setting of exhaust check valves 34 and 34' is not

15  changed.

The mean water pressure read by pressure sensors 13, 13', 18 and 18’ is utilized for
checking whether hulls 1 and 1' have attained loading draft. When this is the case, exhaust
air check valves 34 and 34' of hull tanks 16 and 16’ are closed.

20
The lower right half of FIG. 10c shows that trimm is controlled as shown in FIG.

10b, i.e., by measuring the trimm gradient by means of a highly sensitive inclinometer.



during the preceding re-energence are highly accurate, and as the process
of immersion is very rapid and ends in self-stabilizing conditions when
hul s 1 awo okosd775hi p 100 are at loading draft. 10 FI G Pod/tshows4i he
process flow of one of subnmersible platforns 4, 4' and 4" when being
subnerged with a known | oad of barges fromits water-borne position to its
deeply subnerged position at which al F2¥| oatabl e containers 12 are

wat er - borne and the subnersible platform4 rest on top of the hulls 1 and
1' of shi prif@0is qEnfErmlgncet by ncsgasing shaaflow ratgeofcexhaust alr iftom gimm LentAlsi ¢
flow rate cycle of exhaust air fromeach of cells 40, 40", 40" and 40"' of
subner si btaakpbahidsInod 68 nd 68w tte highebemt ¢fi udls 1asd dhown at the top of FIG
10d. Constant conponents of the software for calculating the basic flow
rate are the sanme as defined for FIG 10a. Current inputs are the 20 actual
sea conditions, the corrected flow rate cycles of all valves cal cul ated and

recorded aft eAcééi@atmnGG@e@dﬁ&ermﬁémﬁ; G8NGEurm PybRE D bonpitatd alrod, 4
and 4'' with their actual |oad of floatable contaliners 12, and the signal

t hat | q i . 4 " i ' .
Eorer S e RN CoRBITRRRL O SaPiralol B8 R s & mnlber flae BLRILARAG A008T 15
PCT/ US02/ 41645 - t. 5 ' " 5"! i . O
The ool oundsseniited BORREEORG AF HBW TRoiRyelds vaspd of B, mecy wElkPad iy 0
40, 40" and . 40"' are _set, follow ng .a pre-planned cycle whjch |asts from
submer si bHBTITE e PECRing ré-gmergenge Aec Mg GCHIRIE: GGk 42 BiREESS aF Pypegjon 1

fl oatabl e containers 12 to its deeply subnerged position when f| oatable
cont ai ner yeryragideand ends in self-stabilizing conditions when hulls 1 and 1'of ship 100 are at

loading draft.
10
FIG. 10d shows the process flow of one of submersible platforms 4, 4' and 4"
when being submerged with a known load of barges from its water-borne position to its
deeply submerged position at which all floatable containers 12 are water-borne and the
submersible platform 4 rest on top of the hulls 1 and 1" of ship 100.
15

The process starts with the calculation of the basic flow rate cycle of exhaust air
from each of cells 40, 40', 40" and 40''" of submersible platform 4 throughout
submerging, as shown at the top of FIG. 10d. Constant components of the software for
calculating the basic flow rate are the same as defined for FIG. 10a. Current inputs are the

20  actual sea conditions, the corrected flow rate cycles of all valves calculated and recorded
after the preceding re-emergence of submersible platforms 4, 4' and 4'' with their actual
load of floatable containers 12, and the signal that all those submersible platforms 4, 4" and

4'" which are to be submerged have been disengaged from their support system at



5 afl oat and the subnersible platforns 4, 4' and 4" are seated on hulls 1
and 1' of ship 100. The |ower part of FIG 10d shows in the |eft half the
st eps of wbespsoecess for controlling list and in the rigkrCThabi4teohe steps
for controlling trimmof a typical subnersible platform4 of ship 100. The
|l eft half of the diagram shows that |list nmeasured by pressure 10 sensors 66
and 66' is equalized by adjusting air ®xhaust check val ves 48 at the high
side of listing subnersible platform4 for increasing the flowrate of
exhaust aiPansvause tpssghd, Hadt’ aof 5 REshi &0 ofnesBfsalepations aresempietedsBiter si bl e
platform 4 indicated by pressure sensors 65 at its aft edge and pressure
sensors 66xhaast dheek Favesadd obdaph ded 4900 and Q" 'cae rsels Joltuving p yrayplanned
counter-acting increases of the flow of exhaust air through exhaust check
val ves 48cydie oalchdasiSfrdf submdrsiblegplaformedgt and 4&xteangswatehlewhe vl caeyings i n
cells 40" at the forward edge of subnersible platform4. The nmean water

pressure fgagblb)ofthBeBUIEoSieE&eply sabmergéd postifon Wien figutdble tondigtrs 2 are
checki ng whet her submersible platform4 has attained the deeply subnerged

posi ti@n QRoardfd el submdrsib®Slatform9t, $Mind 4108 séinord MilS 11a8d ther @S0, ai r
exhaust check val ves 48 of subnmersible platform4 are closed and an evenly
di stributed volume of residual air remains inside cells 40, 40', 40" and

40' "' . WD 03/053772 PCT/ US02/ 41645 -25 Accel eration of counter-bal anci ng

oEt O LT B AL, SAEP P ik B S8 i A 0

40"" at the lo I'ng subnersi

considered as the flow rate, C of exhaust .air .based on. t,he corrected
ol es parrmtptin st A im0 BB Ry Mo T e RN R R Pt R E i as
the process of subnmersion is 5 very rapid and ends in self-stabilizing
condi t i on®latferm PRfishipn 00k | Thg lgfihalf of Hheipgrag showsihat lisy measured by pressure

10  sensors 66 and 66' is equalized by adjusting air exhaust check valves 48 at the high side of
listing submersible platform 4 for increasing the flow rate of exhaust air. The right part of
the FIG 10d shows that trimm of submersible platform 4 indicated by pressure sensors 65 at
its aft edge and pressure sensors 65' at its forward edge is controlled correspondingly by
counter-acting increases of the flow of exhaust air through exhaust check valves 48 in cells

15 40" at the aft edge or exhaust check valves 48 in cells 40" at the forward edge of

submersible platform 4.

The mean water pressure read by pressure sensors 65, 65', 66, 66' is utilized for

checking whether submersible platform 4 has attained the deeply submerged position on

20 hulls 1' and 1' of ship 100. When this is the case, air exhaust check valves 48 of
submersible platform 4 are closed and an evenly distributed volume of residual air remains

inside cells 40, 40', 40'' and 40'"'".



subnersible platform4. The physical details of the process flow summari zed
in FIGs. 9 through 9d are defined below. 10 As outlined above in
connect i onowof7# GS. 10a, 10b, 10c, and 10d, pressure seansarsszd@4mnd 18
in forebody 19, and pressure sensors 13 and 13" in afterbody 15 nonitor

the | evel position of ship 100 transversal to its |ongitudinal axis. List
is evident fromhulls 1 and 1 having?%ifferent draft. These differences
are read by pressure sensors 13, 13', 18 15 and 18' as differences in water
pressure. Thi sA¢oslesatipataf saunter-fagancing digt QrarimAEDY uggting ppypRTeysed 3if ingg the
cal cul ates the change in ballast condition re%gired for neutralizing |ist.
The | oad celsi,uer, 401 or 40iE rat ehet lower sdge(st loéa Kilijng submeible plagpmi Ags BYist ens
branch line 33 for venting or set check valves 32 of piping system branch
line 31 f @énshiefedi 43gthe ogw ess egiclenbd exhalidt ait baskd D8 thercoppaedt valgesngdined. As
presently configured, pressure sensors 13, 13', 18 and 18 20 are indeed
suf fi ci enlglpind @e bre’é@&ingl@&élﬁ@r%&c%@fe B taedurt afld &f the pRsteds Flsutthersion Iss 1 and
1'. However, these sensors 13, 13', 18 and 18 are not sufficiently fast

and acgur %119 rta]ﬂd 2fBL R T Q8e-{difli Ahd Smbiitidis BF béthehe fidatable dohdfletsn@tah@thel N t he
direction of the longitudinal axis) of ship 100. Because of the great

| engt h of 't'v Wwhich are generally headed into the WO 03/ 053772
PCT/ US02/ ﬁﬁ%ﬁbléf%%és while floatable containers 12 are exchanged,

pressures changes caused by wi dely spaced wave crests nay be
m sinterpreted by the |oad conputer. Thus, trimof hulls 1 and 1' is

noni tored by highly accurate, quick inclJinometers. simlar. to tho whi ch
are used in QKYS% dpalt Ok EepPI9SESs dloy SFmIpRLiFed ‘@?ﬁé&i %ﬂfrﬂléghr%eare

pre-determ ned position despite the
defined below.

10
As outlined above in connection with FIGS. 10a, 10b, 10c, and 10d, pressure
sensors 18 and 18’ in forebody 19, and pressure sensors 13 and 13’ in afterbody 15 monitor
the level position of ship 100 transversal to its longitudinal axis. List is evident from hulls
1 and 1’ having different draft. These differences are read by pressure sensors 13, 13°, 18
15  and 18’ as differences in water pressure. This information is fed back to the load computer
which calculates the change in ballast condition required for neutralizing list. The load
computer will then either set check valves 34 of piping systems branch line 33 for venting
or set check valves 32 of piping system branch line 31 for blowirig compressed into hull
tank 16 for ejecting water. As presently configured, pressure sensors 13, 13°, 18 and 18’
20  are indeed sufficiently fast and accurate for monitoring draft and list of hulls 1 and 1°.
However, these sensors 13, 13°) 18 and 18’ are not sufficiently fast and accurate to
determine the direction of the “trim” (inclination in the direction of the longitudinal axis) of

ship 100. Because of the great length of hulls 1 and 1°, which are generally headed into the



5 vessel's wave-induced notions. Such inclinoneters are well known in the
prior art. FIG 8a shows subnersible platform4 frombelow Its actual
depth is weaswsyd by reading water pressure at the bottomrcedige2/ofe4i t s
margin plating 52. Suitable pressure sensors 65 and 65" in the centerline
41 of ship 100 at the transverse margin plating 52, and 10 sensors 66 and
66' in the mddle of |ongitudinal marg?® plating 52 at the outboard edges
of subnmersible platform4 are arranged in pairs opposite to each other.
Pressure samsowkilesfoatgse coBainerarld 66 'exellasgedppFistuses elnagdsespsed gyswidelyn of
subrmersible platform4. If pressure sensors 66 and 66 (which |lie opposite
to each okpweed ahavd apgs tagibaalisintkfpreved by thepdagitdompuse  Fhuss mimef bullsl leangdl at f or m
4) register list - i.e., inclination transversal to the |ongitudi nal axis
of ship - 1t Remehideedoby hidRlyaicEureids Ghick Sclifoneedrs simldr &) 0@ Wwitish hrengéd indi nal
edges is adjusted for neutralizing list. If pressure sensors 65 and 65

(which 11 g U Bat Keep GRAFRIsB BV aIAFunk rl@'&fe‘{reﬁl‘éfhefé%hﬁk@ pRbiaéd a@f)ﬁ@ RS
subnersible platform4) register trim- i.e., inclination parallel to the

I 'ongi tydi pale@xdsveQhd Qa %&9@ Sucmfc gét)rhetgryahs' Qﬂ?kﬁd%rﬁﬁldl\é%rﬁg qrrand 20 40"

along Its torward an rear edges at es of centerline 41 are
adjusted for neutralizing trim W) 03/053772 PCT/US02/ 41645 -27 The | oad
conputer controls the position of hulls 1 and 1' and subnersible platforns

4 regarding draf nd | evel )sj tion by setting renote- trolled check
val vas 32, 32 Pl & Shopys suomdrgpleguatiaem By bUBR: (1R g ok dePioh MERUEedRY: pose,
the | oad conputer contains a control profl |l e for the check val ve of each
cel | 40, AepdinggyatenREFsyse ‘at (B‘Te E%%F@eb‘i’fe“spméfg‘"brpllﬂ“&gé@ §“‘Fa€§p%r€§5P¥Fel y, of
each hull tank 16 and 16'. Cal cul ated before ship 100 i merses or re-
emer ges, tsensers 6antl 63| lnﬁh@ﬁﬁtﬂt@bn‘tﬂ)h@f shiro 109 ay thectzpmp eerse radrginiolasiag\p@sam, 32"
34 and 34

10  sensors 66 and 66' in the middle of longitudinal margin plating 52 at the outboard edges of

submersible platform 4 are arranged in pairs opposite to each other.

Pressure sensors 65, 65', 66, and 66' also monitor the level position of submersible

platform 4. If pressure sensors 66 and 66' (which lie opposite to each other at longitudinal

15  margin plating 52 of submersible platform 4) register list - i.e., inclination transversal to
the longitudinal axis of ship - the size of the air cushions in cells 40 along its longitudinal
edges is adjusted for neutralizing list. If pressure sensors 65 and 65' (which lie opposite to

each other at transverse margin plating 52 of submersible platform 4) register trim - i.e.,
inclination parallel to the longitudinal axis of ship 100, - the air cushions in cells 40" and

20 40'" along its forward and rear edges at both sides of centerline 41 are adjusted for

neutralizing trim.



while the hulls 1 and 1' and subnersible platforns 4 increase or decrease
draft. Based on the planned draft programmed in the control profile and

t he feed-waoBosa17act ual draft from pressure sensors 13, P8T/USAB41648' , 65,
65", 66, and 66', the | oad conputer continuously 10 conpares the planned
versus actual positions of hulls 1 and1' and subnersible platforns 4, and
i hcor porates necessary corrections. THe “cont r ol profile is a file of
control signals for continuously setting each check valve 32, 32', 34 and
34' for the apPreopid eaneputarsaniels HiePosiFph af hls|lsand 15apd ubmggyple plgtforms
subnersible platforns 4 inmerse or re-energe. The control profile is

gener at ed4bygsgiog ideft sdflevdpesition b setlingarg motengnutreded ¢hepk valyes 32,32 ,s4i p 100.
This software contains the hydrostatic data of ship 100, e.g., its

char act er had B& fonted¢dtiege vemingeainf Farathis \purpgse alabad gompweradvntaints ya, codralf t  and
the required volune of and pressure in air cushions inside ballast hul
tanks 16 Pfofﬂ‘élfo'r shelchadidvalve dErdch ¢esli 40 46403 add40’ 2Qf subhitTsibid pratéfi 4 op)f
subnersible platforns 20 4. Prior to ship 100 re-energing with newly | aden

submer §i bl &, plidtil, ObfBach, hiihfask $8fahMaEe  CafeulfRithdiGte GRIPCHIARE S of 8L 1 Ol
profiles foP the specitic | oading condition based on the WD 03/ 053772

PCT/ US02/ é&l@r gs t'hgé ﬂéfr)g{laﬁigééccgﬂﬂﬁlﬁ)uﬁ e{é -lzRe chgcfkavrb%eqz%% %gnﬁhﬁhgf draft,

di mensi ons, “centers o to- -Toade | oat a Iners 12,
and on their arra ment.,on. sybner.si b lajfornms 4.. Wen, hull and 1'
2nd subrreos Pl BTSN 3 SRR BifroPulL i o qeaelodlty Bt B0 1o
may deviate fromth | anned ,position progra dJin the contro rofiles,
oy ot e e S G EiAmBies e CORRLDF & Be Jrele Lk onartah el B on
deck 37 of subnersible platforns 4 do not correspond with the prenises
nmade for OESHE senspi§ Bhd 3’ cISntlB ol 63108ti 46 and KB dheiodg I cpmPuteE cBIRROUYouS

conparison of planned vs. actual position of
10 compares the planned versus actual positions of hulls 1 and 1' and submersible platforms 4,

and incorporates necessary corrections.

The control profile is a file of control signals for continuously setting each check

valve 32, 32’, 34 and 34’ for the appropriate flow of air while hulls 1 and 1’ and

15 submersible platforms 4 immerse or re-emerge. The control profile is generated by special
software in the load computer in bridge 8 of ship 100. This software contains the
hydrostatic data of ship 100, e.g., its characteristic interdependence of carrying capacity,
stability, draft and the required volume of and pressure in air cushions inside ballast hull
tanks 16 of hulls 1 and 1' and inside cells 40, 40', 40'', and 40'"" of submersible platforms

20 4. Prior to ship 100 re-emerging with newly laden submersible platforms 4, this software

is used to calculate the control profiles for the specific loading condition based on the



hulls 1 and 1' and subnersible platforns 4 may require correction of the
control profiles of 10 the assigned check val ves. Adjustnents of the
control pwofosloss7recor ded when ship 100 re- energes are rePcalusoy/ateetl by t he
| oad conputer for the subsequent imersion of ship 100 and incorporated
into the corresponding control profiles. For imrersing - which is nore
than twice as fast as re-energing - th&-control profiles are, thus, highly
accurate so that any further adjustnents of check valves 32, 32', 34 and
34" woul dhjxossatig datmefcbhipalPOtad date @atveright 1 draft adimgnsjons ogenigsu PTGl fdo-
necessary at all. Inmrersion and re-enmergence of hulls 1 and 1' and

submer si bbelqaded floatstde dorsainers $2yamtl onttheanaTangemgnt 0o ewmesgsiblo iplapfoimad .t he

ref erenced control and nonitoring systens suffice. However, the tinme span
of a voyage during which ship 100 floats on air cushions inside 20 hul
tanks 16 is considerably longer. During this time, mnor |eakage of check
val ves 32 and 34 of piping systens 31 and 33 could lead to - generally
smal | - | osseswakn aiulls firem hudnd submelsiblel flatfhihend sminsse wad treymsiyep the@O
prepares for imrersing and shut-off valves 30 in WD 03/ 053772

PCT/ US§2/ 446413 0sitidR nidy Qiebiale! @éth ‘i’ﬁe @hﬂdedb@ﬂh& pogANneans ARdsonWat srofieul d

flowinto hull tanks 16 and equalize the loss of air. This would change

cal cul at; Bt Re eo el of B *P“‘U R e A e B TRk 37 01 g any
potent i al {ét}ﬂ?(':gf Ple clgq' hul l ég 1$rﬁes%0§(f“v{lllt9ptﬁg %lﬁlgesa\nfcﬁnﬁg cgfatlﬁgﬁgk' ng

its interf air press Sn of
ship 100 vvoulog be. | o %‘iﬁ)&{} ressure of th cushi on on .whi ch ship
100 had pFEVTd@eyes Aoy, ‘n‘f reltnB R p b pRbReCle A APt aG o
to be blown into hull tanks 16 until the original air pressure is
rest or ed. hulls 1 and 1" and submersible platforms 4 may require correction of the control profiles of
10  the assigned check valves. Adjustments of the control profile recorded when ship 100 re-

emerges are re-calculated by the load computer for the subsequent immersion of ship 100

and incorporated into the corresponding control profiles. For immersing - which is more

than twice as fast as re-emerging - the control profiles are, thus, highly accurate so that any

further adjustments of check valves 32, 32°, 34 and 34’ would be small and can be effected

15  rapidly, or would not be necessary at all.

Immersion and re-emergence of hulls 1 and 1' and submersible platforms 4 are
short, transient processes for which the referenced control and monitoring systems suffice.
However, the time span of a voyage during which ship 100 floats on air cushions inside

20 hull tanks 16 is considerably longer. During this time, minor leakage of check valves 32
and 34 of piping systems 31 and 33 could lead to - generally small - losses of air from hull

tanks 16. When subsequently ship 100 prepares for immersing and shut-off valves 30 in



10 Up to this point, the interconnections of ship 100 have been shown and a
brief synopsis of the operation thereof described. However, the present
i nvent i orwomg/okg7best described through the use of exanplPe3/USThus4s it will
be provi ded bel ow an exanple of ship 100 rising fromloading draft to
voyage draft and i mersing fromvoyage draft to loading draft. First, a
broad understanding of the nethod of t#e present invention will be further
15 described. The nmethod of the present invention is for the rapid,
adj ust menthedfottpineof judli tanks i 6afre opaned.swateayyeuld fiomginguutetasksplGeand| egualizens 4
regarding both draft as well as inclination in the |ongitudinal axis
("trin') ardotsrandin eMhizl wondd shange itlst dcruadcosdifiqns 1i60 Ghentmill nksaph oy theser easi ng
20 and decreasing its draft. This process is independent of the nmuch sl ower
syst em Whiaglime® @6t EbBattngi the a0fkrdli bfiled fahing chedk duvésngFer slyiagimgaag needs
to conpensate, for instance, the shift of the center of gravity of ship
100 caused,dyidi Mk CORBURRL taak 18 is fey@bpdivin G WA 3HoP 2ReCk g RsTinkdBRAR /21645
-30 voyage. The later system (i.e., adjusting for tr|n1an§ list during
voyage) i ERut i ' ins 1) i gp. Wen
ﬁfeggx?ém It thel 1€ Sree%dltrr% ?{}gre e "iﬂ}ne;s?lit?n &2thﬂ§t3 F]O(P&'o%lb be lb\g?’leﬂﬂﬁﬁ e

shi p 100 S at voya the wei g e subnersible platforns
4, which are |oa with f.loatabl. t 2N . )( y 1 and
1. Homevgfe,ss%é’ge[g%iag %‘6‘0? s°“i‘9n¥%§“r§@§ @8 ?%@B%ﬁ‘&“%fé?? lrng%cel(l?’t Wg ?h‘llg(r?rlersi bl e
5 platforns 4 in cargo space 2 e waterhorne, th ot al. ight of.

subner si bPENSLRRy P&esE%rfaf tPﬁSi[oé{‘B'l ‘Btog’b‘ﬂtt%ﬂkﬁé? gn@éé%%r}g{%aggg%rets%ms is
borne solely by subnersible platforns 4. The load is shifted fromhulls 1
and 1' toTeHECGSubnersi ble platforns 4 when ship 100 inmmerses. Conversely,
when ship 100 re-energes, the buoyancy of hulls 1 and 1' and subnersible

platforns 4 is constantly adjusted by controlling the size of the air
cushi ons

10 Up to this point, the interconnections of ship 100 have been shown and a brief
synopsis of the operation thereof described. However, the present invention may be best
described through the use of examples. Thus, it will be provided below an example of ship
100 rising from loading draft to voyage draft and immersing from voyage draft to loading
draft. First, a broad understanding of the method of the present invention will be further

15 described.

The method of the present invention is for the rapid adjustment of the position of
hulls 1 and 1 and submersible platforms 4 regarding both draft as well as inclination in the
longitudinal axis (“trim”) and transversal axis (“list”) of ship 100 while rapidly increasing

20  and decreasing its draft. This process is independent of the much slower system which
controls trim and list of ship 100 during a voyage and needs to compensate, for instance,

the shift of the center of gravity of ship 100 caused by the consumption of fuel during



10 inside hull tank 16 and inside cells 40 of subnersible platform 4.
Subnersible platform4 of ship 100 is designed to float with its deck 37 at
a pre- devernswssaw hei ght above the water - "freeboard" - wheSsubees si bl e
platform4 is waterborne on an air cushion at an internal pressure that is
equal to the water pressure at 15 the bottom of subnmersible platform 4.
Hence, the surface of the water inside®%he subnersible pl atform 4 bel ow
the air cushion is level with the bottom of subnersible platform4. In

ot her wor deyagehdhgilater shstenoh.ec.ordpisengefop thimiaad lighduring voyeghis keawBApESsed by
watertight margin plating 52 bel ow deck 37 of subnersible platform4. On an
air cushamandis nohile objdcunkthissonentors i BWhen ghipd fdfloatsiativiopagesiraft, theheeight
pre-determ ned free board 20 when carrying its full |oad of floatable

cont ai ner sf the.subiiereiBleOfiRTormis BCWhidBQ2d tbhBetbwith RdatBaé comainérs 12,18 Boinertyr ses
fromvoyage draft to |loading draft, subnmersible platforns 4 rest above the

wat er surf@ger o BUPRBWEer 2Wvhdnl ARPSMBNiS EnthérdeS®oRling\@hft @A R Gubrhdisibleshi p
100 hulls 1 and 1'. \Wen subnersible platform4 has gone down with the

i mver skng o shik 490c4r80 §iiRe BRI wiRRIofe 1R ORI FeidhPbBubMersDdR: G;ﬁﬁkff&ﬁﬁ 4t he

wat er surPace, alr 1s captured 5 I1nside the space enconpassed by its deck

S Ul Tons BoRAL oAtks s, 1 SRATOP Rl is ITIELSRR fALRIRIOlAAMNDS dr ot

submer si bf® orm s deepé pressure I ncreases with

depth, the captured.air_ i s conpressed nd t he | u it takes i
subner si bl eg&é]t oA H%‘Brl?é’iléels?“dsTﬁugo, g‘tehsé’%g‘ﬁﬁs\{)gecggﬁ?”?sh% “&ﬁ? §E€’bleqbow such
an air cushion inside subnersible platform4 |ies above the |evel of the
| ower edg@MBErseshe GoRYEGPEN pIBRY TP i@PSQZ?meFE‘E% [the Reoyangyt of s i‘“ddge%“dnot
fully take up the volume within margin plating 52 and deck 37 of
submner si bsebnsirsible alaforms deis constayily sadiusied darrcontipiling thehsizenof fipjairhcusiamsai ns
onl

Y 10  inside hull tank 16 and inside cells 40 of submersible platform 4.

Submersible platform 4 of ship 100 is designed to float with its deck 37 at a pre-
determined height above the water - “freeboard” - when submersible platform 4 is
waterborne on an air cushion at an internal pressure that is equal to the water pressure at

15 the bottom of submersible platform 4. Hence, the surface of the water inside the
submersible platform 4 below the air cushion is level with the bottom of submersible
platform 4. In other words, the air cushion completely takes up the volume encompassed
by watertight margin plating 52 below deck 37 of submersible platform 4. On an air
cushion of this volume, submersible platform 4 floats at the pre-determined free board

20 when carrying its full load of floatable containers 12.



the anmbient air captured when subnersible platform4 becane waterborne with
imrersing ship 100, the subnersible platform4 does not attain its full
carryi ng wepaosi’y2 15 Before ship 100 i mrerses, transverseCrmnssyes4d carry
the total weight of subnersible platform4. Wen subnersible platform4
enters the water with the imersing ship 100 as described above, the air
cushion captured inside it creates budéyancy and begins to carry
subnersible platform4. Wen this buoyancy has becone equal to its_total

wei ght,  subner siBaferepship 189 immersep At ¥oyaghlrpfhdn IB%‘B%idF‘iﬁng‘“‘P’P%fé'B@ard and
no | onger sinks deeper 20 when ship 100 continues to i merse to | oading
draft. |f phgouns4 rsbaare thearritersutfaceccupRbItS g trafsyered trugses § guganaett fher

engagi ng subnersible platform4 on its supports when ship 100 subsequently
r e- ener geships00mansi ahe 1pl Whéosubmérsitde platforad4 unag gonei dowinl wilt the dtmetseng
required WO 03/053772 PCT/US02/ 41645 -32 freeboard. However, if, after

si nki ng i Bkip 1000 MR RintWiHele itéTRafeih PRtiSSD e, thes WRRE gtk Cair R oaptfuwdm 4
containing a nmeager air cushion floats at |less than the required freeboard,

or if it jiieS@e hs%aee leﬁ(cohﬁgﬁgd thaks bdckrilagd rn%@hgplmgl 55 RHeRQRipS100hen

ship 100 is 1 mersed 'oadi ng draft, corrpresse air is blow into the
subner si bl; f | f gbaar The
draft - uﬁm?‘lh aQ{hE}e ;@tggllgarréﬁ L\ﬁ)?{e\?\% IPt]Js?ﬁ) ma‘f gl?’ Isgﬁ(gldcg%&or%g ‘gmbrecomas
wat erborne, is cal cul at oad co .ut er inpecting air
e equl st GRFEsGH drathy TepBOpGTE D Pf&&ssg’saef@% Pl B e
freeboard of the subnersible platform4 be before ship 100 is fully

i mer sed tEPMEGHBIE MERTOFE A degiraseay thuss thy |5'§Iﬁ@8 nv4tgr t&f"c“é?‘ﬁg an G‘é&}‘w&mdr aft.

10 Wi le subrrergl ng_or re-energing, the horizontal position of submersible
pl at f or ns inside submersible platform 4 lies above the level of the lower edge of the margin plating

10 52. Thus, the captured air does not fully take up the volume within margin plating 52 and
deck 37 of submersible platform 4. Hence, on a "meager" air cushion, which contains only
the ambient air captured when submersible platform 4 became waterborne with immersing

ship 100, the submersible platform 4 does not attain its full carrying capacity.

15 Before ship 100 immerses, transverse trusses S carry the total weight of submersible
platform 4. When submersible platform 4 enters the water with the immersing ship 100 as
described above, the air cushion captured inside it creates buoyancy and begins to carry
submersible platform 4. When this buoyancy has become equal to its total weight,
submersible platform 4 floats at the then prevailing freeboard and no longer sinks deeper

20 when ship 100 continues to immerse to loading draft. If said freeboard begins to exceed the
freeboard required for engaging submersible platform 4 on its supports when ship 100

subsequently re-emerges, submersible platform 4 is vented until it floats at the required



4 is adjusted by venting or filling up air cushions in selected cells 40,
40', 40" and 40"'" of the subnersible platform4. Wen not carrying a | oad,
subner si bve opbsarform 4 floats in | evel position on an ai PCTashi/olw40f
constant thickness due to its symretrical structure and, 15 thus, its
symmetrically distributed weight. Howeyver, a subnersible platform4 usually
carries several floatable containers I2of different sizes so that their
wei ghts burden subnersible platform4 asymetrjcally. \Wereas an enpty
subner si bifiselsiard: f Bpwevert) after sinkiang intp theaydter Wsimmessing ship A0 spbragrgifieon” of
constant thickness, the subnersible platform4 would tilt under an.
asynmet r i phtfoiroddonthiningradecagenaipeushiontloats jat kessghan the respired fraghoardgor if 0" 20
and 40"" of subnersible platfornms 4 are selectively vented - or blown with
conpr esseds & heavily dsgpacthatviel would sandilmat itshsappatst whenoshiml100 liumyreersed foor ces
of the air cushions in the cells coincides with the common center of

gravity ofpaalre driffadonipkdsedodit BivleHSiniolthe setiteesible IplAfo® 40810 1 I0ER at the
PCT/ U802/4164§ -33 subnersible platform4 carrying floatable containers

and fl gat i Oghikd fle@)ald. PPRE B2 ankiRRusie fréebSdtd OB whith isﬁtﬁn&ﬁbll&?lﬁ@nﬂ gffer in
size. The extent to which a subnersible platform4 is burdened by an array

of 11 oal aRk&mes FRMLENEL IS eaQuibRBYSS 100! dofpbBE SMOYERNIRE Bt SniBli! 4 0 4

subnerges OF re-surtaces. en It “subnerge romits vel “wat érbor ne
iti d sinks farth b t f | oatabl e. [ 2

Gi Tt er ont TG COSEOMA AN or BOY SRR VSR hormeT R el R e ear

Thi h th i ght t hat. ' th b i.bl | at 4
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platform4 cells nust be adjusted 10 continuously so that their comon

center of fisbghnhsn ig aitaies Wedinglaf- t he center of gravity of the floatable
containers 12 that remain on the subnersible platform 4.

10

While submerging or re-emerging, the horizontal position of submersible platforms

4 is adjusted by venting or filling up air cushions in selected cells 40, 40°, 40°’ and 40"’ of

the submersible platform 4. When not carrying a load, submersible platform 4 floats in

level position on an air cushion of constant thickness due to its symmetrical structure and,

15  thus, its symmetrically distributed weight. However, a submersible platform 4 usually
carries several floatable containers 12 of different sizes so that their weights burden
submersible platform 4 asymmetrically. Whereas an empty submersible platform 4 will

float in level position on an air cushion of constant thickness, the submersible platform 4
would tilt under an asymmetrical load. In order to prevent tilting, the cells 40, 40°, 40”’

20  and 40’ of submersible platforms 4 are selectively vented - or blown with compressed air,
respectively - so that the center of all buoyancy forces of the air cushions in the cells

coincides with the common center of gravity of all floatable containers 12. Hence, in a



Correspondi ngly, when subnersible platform4 rises fromits deeply
subnmerged position and floating containers 12 of different draft |and on
its deck 8O oomss37ad ter another, 15 the size of air cushi omsTiusowelshs 40
nmust be adjusted continuously. Thus, conpressed air is blown into cells 40
selectively until deck 37 of the subner5|ble pl atform 4 has surfaced,

i.e., until it carries the full weight 3%f all floatable containers 12. From
then on, the burden on the floati n(I‘,] subnmersible platform4 is increased
onl'y by t hemessibihtplasform tdscastyingofleppbleseqnipinasy and fleating i level roitiept IEGHI |, the
resulting burden is symetrical. Thus, the air 20 cushions inside

subner si bleshpina i vy calld 4@ diter T sivased uni formy until it floats at the
required freeboard. WO 03/053772 PCT/US02/ 41645 -34 When ship 100
re-enmerges to voyage draft, subnersible platform4 is engaged by supports
at the transverse trusses 5 and lifted fromthe water. \Wile the weight of
subnersible platform4 is being transferred progressively to transverse
trusses 5, itsSTh Extergus WhivhsSa subeneesisle @forml 4rig byrdemedbydenachy dfiflomtabtehe ai r
cushions are deconpressed, and 5 the water |evel inside cells 40 drops

graduakl y c8ainei3d2 RardzgBewhild he Ruisakasble Platorh ﬁ%ﬁ&h&?@s orftbaluftesn WhesHRI N
i mersed. Hence, in cells 40 containing only a small air cushion, negative

pressure g@;}né?gawmm itsC lepi gtgrﬂoh% @mm?lr ﬁidbéla(sp%a%&osaw Wter, Ifi&aa@leby

hulls 1 an such cel act I'ike siphons and suck in water.

course, tglgers E&S&}l V&?&éreﬁtnwagllnt bec&ﬁ? I@Ete#‘@or 81'16 ﬁ{ & 618?]&&1 itydl@é{‘ [a(ﬂ'sftt o lift

t he added enh a subnersible p at as suc in water
and this is.rel eased instantaneaus wi th the bot omed
pl ati ng sfﬁ‘f S é%geég’e ‘ﬁ‘dglftatﬂaétr?r{}@n e %{H?Fés‘eﬁg%}{ rgali‘hi)‘ﬂ@?m bl e
platform4 being |lifted bx ship 100, water hamer |s Prevented bX openi ng
check val W 3iei of thenair cushions 1n the submersible platform 4 Is must be adjusted

10  continuously so that their common center of buoyancy coincides with the center of gravity

of the floatable containers 12 that remain on the submersible platform 4.

Correspondingly, when submersible platform 4 rises from its deeply submerged

position and floating containers 12 of different draft land on its deck 37 one after another,

15  the size of air cushions in cells 40 must be adjusted continuously. Thus, compressed air is
blown into cells 40 selectively until deck 37 of the submersible platform 4 has surfaced,

i.e., until it carries the full weight of all floatable containers 12. From then on, the burden

on the floating submersible platform 4 is increased only by the weight of its emerging
structure. As this is symmetrical, the resulting burden is symmetrical. Thus, the air

20 cushions inside submersible platform 4 are increased uniformly until it floats at the required

freeboard.



lines 47 of these cells 40 when their (calculated) internal pressure is
about equal to atnospheric pressure so that fromthen on anbient air flows
freely i nwooBkexwe cells 40. 15 Conversely, when a subner siPbiraspl/atsidrm 4 is
lifted up by energing ship 100 and its cells 40 contain air cushions that
conpletely fill them when subnmerged to maxi mal depth, cells 40 will bl ow
off air because the expanding air cushdbn's vol une exceeds the volune of
cell 40. Such excess air is blown off freely along the bottom edge of
mar gi n pl at i ngWhgn ship0l0CaeHemergee &3 uoyge tdoafprsebraersibleplafqrined Gnengegedaiye not
requi red. WO 03/053772 PCT/ USO02/ 41645 -35 The above description expl ains

t he procesgppofts ait I MRLSREE et § ant ifedubomr e VateranWHKiR- dBewgEmgof or t he
exchange of floatable containers 12. However, ship 100 does not al ways

exchange flnadraibleSp1ofiHnod e bSind Zrafdferdéd pRkrelsdivelP Wb BBAERE Qrubdedtst gkl 4. 5
In a subnersible platform4 which is not to be subnerged for exchangi ng

f I oat abl e ¢, ol AN Edrfeshendifp NP GlbuYRNYES TAE, Tl ai¥ @hiIAY ald it ompRERG S ©
efo r

pl atform 4 are opened ship 100 | mrer ses om voyage draft to

B B A e ey

and 40 I TMersi ng Such a
vent ed sub Si bé{]e lLatform4 will not becane wat.erborne b remaj.n on its
10 suppor Putam e GERed (Hensel ectrincohiye gab! S sBEl iR af ¢
In this position, subnersible platform4 only displaces water equival ent
to the vollGEAIVEPIGSEMC EdfhprsHetCs:) Vhet the §EH5W%§?‘B‘§ PIREOFM &his pitedby Phlﬂfg‘r k. This
vol ume is negliagi leﬁ smal | so that in cargo space 24 in which the
submer si bllé gichiceldy 44 actdise siphors Hecwple Inirer.boPheourssy digaait gushivasiimivil! be
transferred fromhull tanks 1 and 1' to cells 40, 40", 40" and 40"'.

tanks 16 are sufficiently buoyant to lift the added load. But when a submersible platform 4

10 has sucked in water and this is released instantaneously with the bottom edge of its margin
plating surfaces 52, destructive water hammer may occur. In a submersible platform 4
being lifted by ship 100, water hammer is prevented by opening check valve 48 in vent

lines 47 of these cells 40 when their (calculated) internal pressure is about equal to

atmospheric pressure so that from then on ambient air flows freely into these cells 40.

15

Conversely, when a submersible platform 4 is lifted up by emerging ship 100 and its
cells 40 contain air cushions that completely fill them when submerged to maximal depth,
cells 40 will blow off air because the expanding air cushion's volume exceeds the volume
of cell 40. Such excess air is blown off freely along the bottom edge of margin plating 52.

20 Countermeasures to prevent this phenomenon are not required.



15 The conditions descri bed above for subnersible platfornms 4 simlarly
apply to immersing or re-energing hulls 1 and 1'. For instance, when
lifting fwoasiosgy7subnersi ble platform4 out of the water pChishz4ib4mnd 1
are burdened asymmetrically transversal to their |ongitudinal axis. As
shown above, the subnmersible platforns 4 are | evel when they float at 20
the programmed freeboard on appropriaf%%y sized air cushions. However, when
the subnersible platform4 are |ifted out of the water by ship 100, the
wat er surface Thesibgae descrigtiomexpBassh¢ presesyiof asuapsrahlepiatofad YRBCEHE ai r
cushion's internal pressure and buoyancy are WO 03/053772 PCT/ US02/ 41645
-36 reducent regmesgiag|for the lexchangs of flaatbleotpataiiess BY. Hpwever eship KQ0-408s aptd
arranged asymmetrically to suit the weight of floatable containers 12. As
ener gi ng akways éXiBangef flaatableecontabmessr i dl @l ofpgtssubroemiblesplatforinedel position, the
air cushions expand uniformy so that the original asymetry of the |oad
is restored and affects hulls 1 and 1', i.e., they are unburdened 5
asymmetrically. This asymetrical unburdening of hulls 1 and 1' is
counterbal anced by selectively injecting air into individual hull tanks
16. Assthe | oapsa Qubniefsibly ipthtfatm 4suiicre fssriob kebghubiregedFodexgrangingl floatadief f er
hulls 1 and 1' are al so burdened asymmetrically in |ongitudinal direction.

Cor r espondpiigihdes 12N cRYERAWEs 38 lforP GRS i subfRRIEH PrAtEn 4 Gre 6iBREDBEBR, hul | s
1 and 1' are held in level position by selectively venting or injection air

10 hul 1" t 80k 08 GmmEREs gﬁﬁ%a&f drif it 1&9@5gﬂﬁrsggtﬁgiqb%biﬂeﬁ?a%g%tﬁ%dq{is?éegitsa”d

re-enmerging to voyage draft” are descri I nce data for
AR T A R R R R )
Such a vented submersible platform 4 will not become waterborne but remain on its
10 supports at the transverse trusses 5 when ship 100 is at loading draft. In this position,
submersible platform 4 only displaces water equivalent to the volume of its components that
submerge when ship 100 immerses. This volume is negligibly small so that in cargo space

24 in which the submersible platform 4 does not become waterborne, buoyancy need not be

transferred from hull tanks 1 and 1’ to cells 40, 40°, 40’ and 40°’.

15

The conditions described above for submersible platforms 4 similarly apply to
immersing or re-emerging hulls 1 and 1°. For instance, when lifting floating submersible
platform 4 out of the water, hulls 1 and 1’ are burdened asymmetrically transversal to their
longitudinal axis. As shown above, the submersible platforms 4 are level when they float at

20 the programmed freeboard on appropriately sized air cushions. However, when the
submersible platform 4 are lifted out of the water by ship 100, the water surface inside cells

40 below the air cushion recedes and the air cushion's internal pressure and buoyancy are



15 containers, the latter case is presented first. R sing from Loadi ng
Draft to Voyage Draft Ship 100 is at |oading draft for the exchange of
f | oat abl ewvoesps7mers 12. Subnersible platforns 4 are deepCy/tsobsesyyed and
rest on hulls 1 and 1'. Above them several 20 floatable containers 12 of
different length, breadth and draft are noored to transverse trusses 5.
They are arranged between adj acent trafsverse trusses 5 towards burdeni ng
subnersible platforns 4 as nearly symetrically as possible when afloat and
carry flozduptde Gerssally, Vagse air zushygns 9ny obdiffereniizes 988 arrangsd synmetrieyebody
19 and afterbody 15 float on the buoyancy of their hulls. Forecastle 6 and
poop 7 ar & st tebugighs ofiftdapblermnialngrssi2abAk iemerging shipl 000 lifis thesubinersibiei on of
its longitudinal and transversal axes. 5 Phase Al Ship 100 floats at
| oadi ng dpatfornms 4ainr levels pogitim, ithe hairl tushisnk £xjgid unifofrolyefsochat 18 ariginaln
afterbody 15. Subnersible platfornms 4 rest fully subnerged on hulls 1 and
1. Hull IgmkfetdbofltheGDRT kK teatore@Sand 2affetes Mull NYardly Bl €85 tBdy h@rurbiideadd ng air
and check val ves 34 of piping systens 33 for venting hull tanks 16 are
cl oseds shyimdificMB! VERis A retiff unb@ERAB oPhulRY hnd 8NkTohfedan@Reyy. Hul l
tanks 16 contain air cushi'ons above the 'surface of water ballast that had
been taken,Ln:. when..shi ! i b Wkl e Rl at.f 1 5. |y
?elgé&gﬁg ! H%{E@Ep%gs?fomﬁﬂﬁ/ﬁﬁl% h§H. {Eﬁﬁss 19. As ﬁ'lte RLEP oﬂ &ﬁw(@ﬂhl

subner ged r orm4 rest w tWwo supports on eac
submersible platforms 4 generally differ, hulls 1 and 1’ are also burdened asymmetrically in
longitudinal direction. Correspondingly, throughout all phases of immersion or re-

emergence, hulls 1 and 1’ are held in level position by selectively venting or injection air

10 hull tanks 16.

The phases of ship 100 immersing to loading draft and re-emerging to voyage draft
are described in detail below. Since data for controlling draft and level position of the
immersing ship 100 are obtained when it re-emerges with newly loaded floatable

15 containers, the latter case is presented first.

Rising from Loading Draft to Voyage Draft

Ship 100 is at loading draft for the exchange of floatable containers 12. Submersible

platforms 4 are deeply submerged and rest on hulls 1 and 1'. Above them, several

20  floatable containers 12 of different length, breadth and draft are moored to transverse
trusses 5. They are arranged between adjacent transverse trusses S towards burdening
submersible platforms 4 as nearly symmetrically as possible when afloat and carry floatable

containers 12.



hulls 1 and 1'. Check val ves 44 of piping systens 43 for injecting
conpressed air and check valves 48 of piping systens 47 for venting
subner si bve opbsa7forns 4 are closed. Cells 40, 40', 40" amrdTABY/4icHs
subnmersible platforns 4 contain residual air whose total buoyancy is
smal l er than the weight of the subnersible 20 platform 4. Phase A2 WD

03/ 053772 PCT/ US02/ 41645 -38 Ship 1003F1oats at loading draft on air
cushions in hull tanks 16, in forebody 19 and in afterbody 15. Conpressed
air is blown into subnersible platfornms 4 so that they rise. This phase
ends when each of subnersible platfornms 4 contacts the bottomof the first

of ~floatabl e FQELRR Hd %ﬁelfbt)&ﬂt]i fi6ht %991\6:%ub§ancgﬁmkir ha_%gﬁ%écglstgﬁarﬁlt ate of

hul | tanks 16 remal ns constant t hroughout this ase.

Platforns 4 k R 44 of _nipi NG . 43 ar en Q_that

corpr essed £ 46 BRI Hid frroRfeABuzy piF TRo Tyl g fRANHps aBodiipa
subnersible platform4. When 10 the buoyancy of the air cushions inits
cells excég‘aga‘fsﬁeersﬂé’ix@snt of submersible platform4, it rises in |evel
position until deck 37 contacts the bottomof the floatable container 12
with the gagpest draft. Phase A3 15 Ship 100 floats at |oading draft on air
cushions in hull tanks 16, in forebody 19 and in afterbody 15. Subnersible

platforns 4 cgnti nS% torise until they carry all floé';\t.abl e .
hip 100 floats at loading draft on air cushions in hull tanks 16, in forebody 19 and in

afterbody 15. Submersible platforms 4 rest fully submerged on hulls 1 and 1'.

Hull Tanks 16

10 Check valves 32 of piping systems 31 for injecting air and check valves 34 of
piping systems 33 for venting hull tanks 16 are closed, shut-off valves 30 in the
bottoms of hull tanks 16 are open. Hull tanks 16 contain air cushions above the

surface of water ballast that had been taken in when ship 100 immersed.

Submersible Platforms 4

15 Fully submerged, submersible platform 4 rest with two supports on each of
hulls 1 and 1'. Check valves 44 of piping systems 43 for injecting compressed
air and check valves 48 of piping systems 47 for venting submersible platforms
4 are closed. Cells 40, 40', 40'' and 40''" in submersible platforms 4 contain
residual air whose total buoyancy is smaller than the weight of the submersible

20 platform 4.

Phase A2



containers 12. Injecting conpressed air is continued until, at the end of
this phase, decks 37 of subnersible platforns 4 are even with the water
surface. woloBoFanks 16 20 The state of hull tanks 16 renaiPo3/usonisicant

t hroughout this phase. Subnersible Platforns 4 For conpensating the
asymmetrical burden on subnersible platfornms 4, check WD 03/ 053772

PCT/ US02/ 41645 -39 val ves 44 of pipi ﬁ%““{'system; 43 are set for selectively
bl owi ng conpressed air into cells 40, 40', 40", 40"'. Wile subnersible
platforms 4 rShip 109 Feats ailepdingdiaft avraifgaplipnsdn hulh tanke 1§, in fosehgrly dApRAIN and
transversal axes is nonitored by pressure sensors 65, 65, 66 5 and 66' at
mar gi n pl attenhgdysl5. whpmpressod pirrisiblowhyinte suhpzersblp pltfawes 480 thatgheyatised Thist . | f
subnersible platforns 4 deviate fromthe | evel position, the flow of

conpr esse@haerendntwheaedacs ofOsubd®tsiblel Platfames 4 Contabctht edttarh dfhibe fasti ofet er  of
subnersible platform4 is decreased or increased as required for

neutral i zifRgablB@ontei@¥isatifatingébovbase A4 Ship 100 floats at | oading draft
on air cushions in hull tanks 16, in forebody 19 and in afterbody 15.

Subrmersible platfornms 4 rise above the water surface 21 at |oading draft
until, at t heBUBRdaBKS 1% s phase, they are waterborne at the progranmred

freeboard, at which 15 point support rails 58 are extended fromtransverse
trusses 5. Hullhe statqlo€ hylgtanks 16 remains constant throughout this phase.

Submersible Platforms 4

Check valves 44 of piping systems 43 are opened so that compressed air flows

uniformly into cells 40, 40', 40'' and 40''' of submersible platform 4. When
10 the buoyancy of the air cushions in its cells exceeds the weight of submersible

platform 4, it rises in level position until deck 37 contacts the bottom of the

floatable container 12 with the deepest draft.
Phase A3

15 Ship 100 floats at loading draft on air cushions in hull tanks 16, in forebody 19 and in
afterbody 15. Submersible platforms 4 continue to rise until they carry all floatable
containers 12. Injecting compressed air is continued until, at the end of this phase, decks

37 of submersible platforms 4 are even with the water surface.

Hull Tanks 16

20 The state of hull tanks 16 remains constant throughout this phase.

Submersible Platforms 4

For compensating the asymmetrical burden on submersible platforms 4, check



The state of hull tanks 16 remains constant throughout this phase.
Subnersible Platforns 4 Decks 37 of subnersible platforns 4 are |level with
t he wat erwewsfsoe 21 and 20 carry all floatabl e contai nePeTAR02/M6en ri sing
hi gher, their burden on submersible platforns 4 is no | onger increased
asymmetrically. Thus, check valves 44 of piping systens 43 are set for
increasing the air cushions inside cel?% WD 03/053772 PCT/ US02/ 41645 - 40
40, 40', 40" and 40" wuniformy until subnersible platforms 4 float at the
programed f redtesaddof pipiag sysiemes/&t 8l sehfd selspigiehubliowilg qoapesssedodi ti on of
subnmersible platforns 4 is being nonitored throughout this phase. Wen
subner si bl e pinat dedis 48, 4D'240'4i49'"'5 t he programmed freeboard, the supply of
conpressed air is shut off by check valves 44 of piping systens 43. In

this positiong,tiltin part rails.58 are ext f transverse
trusses 5, ayhélﬁowli’mgff@lf‘gi@%ttog%dhirrllseFI%e l?,%sg&tﬂﬁog‘t pé%gélr gﬁ quel 9 butt
against margin plating 52 of subnersible platform4 so that_th engage
its bearing bipsituginal i’%j HARYEISH; a¥es BmEN. W?qugpmgge@s ’tgélvoyage
draft. Phase AS Subnersible platforns 4 are waterborne at the programred
freebodrd. Shifs @@Goat maginrRlatng $% whighrqgatinyopsly cAPPaE mHianned m-eacgwht forns 4
until, at the end of this phase, the 15 bottom edge of their margin

pl ating 52 brémks Hsebmermsible pafdras ¢t dryiath fomt the leyel pesition desflawotel | s 40,
40', 40" and 40""' escape and the weight of all subnersible platforns 4 is
bor ne compressed air into cells 40, 40', 40’ and 40'"' located at the perimeter of

submersible platform 4 is decreased or increased as required for neutralizing the

deviation.

10  Phase A4

Ship 100 floats at loading draft on air cushions in hull tanks 16, in forebody 19 and in
afterbody 15. Submersible platforms 4 rise above the water surface 21 at loading draft
until, at the end of this phase, they are waterborne at the programmed freeboard, at which

15  point support rails 58 are extended from transverse trusses 5.

Hull Tanks 16

The state of hull tanks 16 remains constant throughout this phase.

Submersible Platforms 4

Decks 37 of submersible platforms 4 are level with the water surface 21 and
20 carry all floatable containers 12. When rising higher, their burden on

submersible platforms 4 is no longer increased asymmetrically. Thus, check

valves 44 of piping systems 43 are set for increasing the air cushions inside cells



by hulls 1 and 1'. Hull Tanks 16 For re-energing fromloading draft to
voyage draft, check valves 32 of piping 20 systens 31 are opened and
conpressedloaBmsi7®2 i njected into hull tanks 16. After shi prL@@Shzasicsi sen
fractions of a neter above the water surface at |oading draft 21, top
rails 59 having been extended fromtransverse trusses 5 touch bearing bars
60 of the subnmersible platforns 4. Wi-*& ship 100 continues to re WO

03/ 053772 PCT/ US02/ 41645 -41 emerge, the weight of subnersible platforns 4
is gradual |y #0.a#¥f éPr'eand\dla’’ wafgrmiyguntihispbraersible platfmey ek Heattatubses 5. As
ship 100 had floated in level position when at |oading draft, and as the
added buoyancprogammed-feseboaydng nust be distributed symretrically, air
cushions of uniformthickness are blown into hull 5 tanks 16 up to this

point. Ship 1 ontinues to re-energe and.the, bottom edge. of subnersible
platforns 4 g‘?“e%ﬁgsvf’ﬁgl %%&%‘ .d"ﬁ‘f l‘%ﬁ} QO of S"{?’H’grsgﬁl? p%ﬁtgﬂ?sogési n cells
40, 40', 40" and 40"' escape into the atnosphere and the full weight of

t he subnersi bPENE Fiogitersd throughout iy pesgy Wian) submersible platforgsidafain ¢ e
buoyancy contributed by air 10 cushions that had been bl own selectively
into célls 40thequogrampred, fgebagrd, the, supphboheannsessehir iy shup effdyyeheek r i cal
burden of floatable containers 12, the burden transferred from subnersible

pl atform 4 t ovdwds|4d of pipheg systeins 4dsynmetrical .  Accordi ngly, conpressed air
is blown selectively into hull tanks 16 fromthis point on.

In this position, tilting support rails 58 are extended from transverse trusses 5,
as shown and discussed in FIG. 7, so that top rails 59 butt against margin
plating 52 of submersible platform 4 so that they engage its bearing bars 60

10 when ship 100 subsequently re-emerges to voyage draft.
Phase AS

Submersible platforms 4 are waterborne at the programmed freeboard. Ship 100

begins to re-emerge, lifting submersible platforms 4 until, at the end of this phase, the

15  bottom edge of their margin plating 52 breaks the water surface so that the air cushions in
cells 40, 40', 40’ and 40''" escape and the weight of all submersible platforms 4 is borne

by hulls 1 and 1°'.

Hull Tanks 16
For re-emerging from loading draft to voyage draft, check valves 32 of piping

20 systems 31 are opened and compressed air is injected into hull tanks 16.

After ship 100 has risen fractions of a meter above the water surface at loading
draft 21, top rails 59 having been extended from transverse trusses 5 touch

bearing bars 60 of the submersible platforms 4. While ship 100 continues to re-



15 Submersible Platforns 4 Wiile ship 100 continues to re-energe,
subnersible platforns 4 are lifted progressively out of the water. Their
wei ght 1 sworadssariy transferred to ship 100, and the air pcudisopas4sd nsi de
expand. |If submersible platfornms 4 have risen so far that the pressure of
the air cushion inside one of the cellg 40, 40', 40" 20 and 40"', as
cal cul ated, has dropped to atnospheric bressure, check val ves 48 of piping
systens 47 for venting are opened so that anbjent air flows freely into WO
03/ 053772 PCTHTRES, hepysisht g Slth*ﬂeé“‘?}%lnlaté%ﬁ@s fo Sn&gavally s tessd V2 bui | ds up
when subnersible platform4 is |ifted higher out of the water by
re-emer gi ng sbEaping 00! STErteanopysctOISEs - Aﬁ&a%rmwaslslcwci lieles¢liposiion | s
re-energing, water is punped fromballast tanks in forebody 5 19 and
aft erbody 15 wheroadioading alraft,seplazsathe adderd budyapgys farnme-eswrgihgimusthbe syst em
for regulating draft and | evel position of hulls 1 and 1' and subnersible
platforns 4 i discibugod sppmerisalB4 airsustodnsadf fuaifdredihivknésh ardsloyaitynhaf f or ebody
19 and afterbody 15. However, all ballast systens of ship 100 permt
controkl ed devkatd @nofth@poiahi s procedure, i.e., ship 100 can also
re-enmerge fromloading 10 draft to voyage draft by first decreasing draft
of forebody 19 and subsequently bringing up afterbody 15, or conversely,
i merse in t hehipdPP SenENEs IoferfRishge and %g@@%ﬂg@mfﬁu@msx%mﬂthﬂ@% to
re-energe until, at the end of this phase, it is at voyage draft 15 and
subnersi bl e p# &reaks the sarfadeor At thix paints therpdr pusbionsy inagedls 48v40"ak0'mandér s above
wat er .

40'"" escape into the atmosphere and the full weight of the submersible

platforms 4 is borne by hulls 1 and 1'. Without the buoyancy contributed by air
10 cushions that had been blown selectively into cells 40, 40', 40'"'and 40''"' for
counterbalancing the asymmetrical burden of floatable containers 12, the burden
transferred from submersible platform 4 to hulls 1 and 1' is asymmetrical.
Accordingly, compressed air is blown selectively into hull tanks 16 from this

point on.

15 Submersible Platforms 4
While ship 100 continues to re-emerge, submersible platforms 4 are lifted
progressively out of the water. Their weight is gradually transferred to ship
100, and the air cushions inside expand. If submersible platforms 4 have risen
so far that the pressure of the air cushion inside one of the cells 40, 40', 40"
20 and 40''", as calculated, has dropped to atmospheric pressure, check valves 48

of piping systems 47 for venting are opened so that ambient air flows freely into



Hul I Tanks 16 Conpressed air is continued to be blown selectively into hull
tanks 16. Shortly before ship 100 attains voyage draft, check val ves 32 of
pi pi ng syWoea®sB12 are gradually closed and progressivel ypshatSoziowms t he
flow of conpressed air into 20 hull tanks 16 so that ship 100 does not
overshoot voyage draft. Wien ship 100 s at voyage draft, shut-off valves
30 in the bottomof hull tanks 16 are % o0sed autonaticall y. WO 03/053772
PCT/ US02/ 41645 -43- Subnersible Platfornms 4 Subnersible platfornms 4 rest
with bearing Wi selband po tnggativainressyo Wi HP twhen stbmpersiplgeplptiqt 4HE t hr ough
support rails 58 and bearing rails 57 to transverse trusses 5, as shown
and di scussedlifted FHpl@gr ont ofth@\watehby enremergingiship 10Aase, ship 100 is at voyage
draft, ready to continue its voyage. |Imrersing from Voyage Draft to

Loadi ng Draft I [ I R<100 i Mmersing to | oading draft, check
val ves 48 of B?'E)“W@ ?%8"‘!;‘}2@5%’@}'% for venting are opened in those

subnersi ble platforns 4 which are not to be ubnmer ged for exchangi ng

fl oat abl e con llﬁé{"g ]i)é.'s FeTREEINg 1 HtE §LPL’J‘WEF§?@P‘$“H?%I‘? ?%f%ﬁe%‘)&’b not
capture an air_cushion when they sink into the water with i mersing ship
100. Wen shipandafgrbody; 13 egarding (@ 2afeparatefoaEolsyBaar 8 Brthpsystadr ns 4 rest
on their supports at transverse trusses 5 with their decks 37 above the
wat er surf acefor 1Bgylatingh dgaft and eves ipobition| ot fubls nk and vini ad submersiblbe

subnerged for the exchange of
platforms 4 in cargo spaces 24 is not affected by the buoyancy of forebody 19

and afterbody 15. However, all ballast systems of ship 100 permit controlled
deviation from this procedure, i.e., ship 100 can also re-emerge from loading
10 draft to voyage draft by first decreasing draft of forebody 19 and subsequently

bringing up afterbody 15, or conversely, immerse in the corresponding manner.
Phase A6

Ship 100 continues to re-emerge until, at the end of this phase, it is at voyage draft

15  and submersible platforms 4, forecastle 6 and poop 7 are several meters above water.

Hull Tanks 16

Compressed air is continued to be blown selectively into hull tanks 16. Shortly

before ship 100 attains voyage draft, check valves 32 of piping systems 31 are

gradually closed and progressively shut down the flow of compressed air into
20 hull tanks 16 so that ship 100 does not overshoot voyage draft. When ship 100

is at voyage draft, shut-off valves 30 in the bottom of hull tanks 16 are closed

automatically.



fl oat abl e containers 12, check val ves 48 of piping systens 47 for venting
are closed prior to imersion of ship 100. The follow ng description

appl i es exoloawsred y to t hose subnersible platforns 4 whi ebTarse2iie4dbe
subnerged. 20 Preparations for inmrersion are wapped up by checking air
pressure inside hull tanks 16. If | ower than recorded at the end of the
precedi ng i mersion, original pressureti-s WD 03/ 053772 PCT/ US02/ 41645 - 44
restored by injecting conpressed air. Finally, shut-off valves 30 in the
bott om of hul $uhmerkible Rlatfarmas dpened. Phase Bt 5 Ship 100 is at voyage
draft, shut-off valves 30 in hull tanks 16 are open. Subnersible platforns
4, forecast| eSbnaniblp ptapfornsd tesswitle baaringbhsréd® ombioy eailedd evhichHankfeiTanks 16
Ship 100 floats on air cushions in hull tanks 16 which carry its wei ght and
that of all dhkipateiht ehro@gi Qippert Sailk 330and Behiimy @ilbI5e pkahdverseerudses Bel ow t he
air 10 cushions, hull tanks 16 contain water. In a cargo space 24 with a
subner si bl e p§ agsfsgém 4nd &sl&setiGn Figl7. capacity, air cushions in hull tanks
16 are large and the residual volume of water is small, whereas in a cargo
space 24 with a lightly [|aden subnersible platform4 the ratio of air vs.
wat er Ps revefsidgend Sﬁ@ﬂﬁeﬁ@%ls@l)lip&!sf%w%ag@ dnaft, ppadpl t@ RAIEIOUG BY VY8848 of

pi pi ng system 47 cl osed, subnersible platforns 4 sit above water surface

20 at Voy?l% ersmg }rom Voyage Draft to Loading Draft
Preparatory to ship 100 immersing to loading draft, check valves 48 of piping
10 systems 47 for venting are opened in those submersible platforms 4 which are not to be
submerged for exchanging floatable containers 12. Hence, these submersible platforms 4
do not capture an air cushion when they sink into the water with immersing ship 100.
When ship 100 is at loading draft, these submersible platforms 4 rest on their supports at

transverse trusses 5 with their decks 37 above the water surface.

15
In those submersible platforms 4 which are to be submerged for the exchange of
floatable containers 12, check valves 48 of piping systems 47 for venting are closed prior to
immersion of ship 100. The following description applies exclusively to those submersible
platforms 4 which are to be submerged.
20

Preparations for immersion are wrapped up by checking air pressure inside hull

tanks 16. If lower than recorded at the end of the preceding immersion, original pressure is



Forebody 19 and Afterbody 15 Forecastle 6 and poop 7 sit above water
surface 20 at voyage draft. Phase B2 20 Ship 100 begins to i merse, and
subner si bve opbsa7forns 4, forecastle 6 and poop 7 go downPairtusoz/4164At t he
end of this phase, ship 100 is imersed so far that the | ower edges of WD
03/ 053772 PCT/ US02/ 41645 -45 submersible platforns 4 and the bottons of
forecastle 6 and poop 7 contact the water surface. Hull Tanks 16 Bel ow

t hose subnersible platfornms 4 which are to be subnerged, check valves 5 34
of pi pi ng resiosedpsingsting eompressedpir.y ERpibpghpcnff valyesidg in dhebertom ofhyll wpks hat
hulls 1 and 1' remain in |evel position while imersing. Subnersible

Pl at f or ns 14 aW/ ¢fienetheck val ves 48 of piping systens 47 for venting closed,
subnersible platfornms 4 rest on transverse trusses 5. As ship 100

i mer ses, ubnE sible 10 platfornms 4 sink lower with it until the vol une
encorrpass@if%—%eck 37 and margin plating 52 is closed off at the bottom
by the water surface. Forebody 19 and Afterbody 15 By fl oodi ng ball ast
tanks 36 and 3i6ip,100 seatlyoyagamcaft, shutfodf wibhes 30 iidhwhdnksafotaee bpedy Sibmesibidj ust ed
in such manner that they do not affect the systemthat 15 controls the

i nrer si on pakfohil 4 Sfofecastid 6lindipdogs AlsE eve i aRErLdborb iwlaershi p 100

Hull Tanks 16

Ship 100 floats on air cushions in hull tanks 16 which carry its weight and that

of all floatable containers 12 on submersible platforms 4. Below the air
10 cushions, hull tanks 16 contain water. In a cargo space 24 with a submersible

platform 4 laden to full capacity, air cushions in hull tanks 16 are large and the

residual volume of water is small, whereas in a cargo space 24 with a lightly

laden submersible platform 4 the ratio of air vs. water is reversed.

Submersible Platforms 4
15 With check valves 48 of piping system 47 closed, submersible platforms 4 sit

above water surface 20 at voyage draft.

Forebody 19 and Afterbody 15

Forecastle 6 and poop 7 sit above water surface 20 at voyage draft.

Phase B2
20
Ship 100 begins to immerse, and submersible platforms 4, forecastle 6 and poop 7 go

down with it. At the end of this phase, ship 100 is immersed so far that the lower edges of



i mrer ses. Phase B3 While ship 100 continues to i merse, the undersides of
subnersible platfornms 4 and 20 the bottons of forecastle 6 and poop 7 sink
bel ow t hewoas®es37sur f ace. Thus, air cushions are built upPCHAISOE41645
subnmersible platforns 4. At the end of this phase, ship 100 is at | oading
draft and subnersible platfornms 4 are terborne at there programred
freeboard. Hull Tanks 16 WO 03/053772" /[ US02/ 41645 -46 Hulls 1 and 1
continue to be vented and i nmerse deeper, As water pressure rises with

dept h, i ntdrpasible Riatms 4pand Hie %ﬁtﬁm\é&fhﬁomﬁ%sﬂp AU PoeR A Kcontagt the swaterang

their vol une decreases. Check valves 34 of piping systens 33 are set for
venti ng hguifaceanks 16 5 selectively, as during this phase the buoyancy of
subnersi bl e platforns 4 increases which reduces the |oad borne by hulls 1
and 1' asynne?&g Asymmetrical |oading parallel to the |ongitudinal
axis of ship resuI?s from differences in the total weights of

b i bl I
b1 oha AT b RRSHGFES S H L an b ARSI o 1,
d t |1 f th f I Kk I 34 of
CaeeEA bt ol e

rate of immersion of ship 100 is progresswely retarded in order to slowy
approach and 1asd lusaeinsindene! pesiipnivhigrimmersinghen ship 100 attai ns | oadi ng
draft, check val ves

Submersible Platforms 4

With check valves 48 of piping systems 47 for venting closed, submersible

platforms 4 rest on transverse trusses 5. As ship 100 immerses, submersible
10 platforms 4 sink lower with it until the volume encompassed by deck 37 and

margin plating 52 is closed off at the bottom by the water surface.

Forebody 19 and Afterbody 15

By flooding ballast tanks 16 and 16’, the buoyancy of forebody 19 and

afterbody 15 is adjusted in such manner that they do not affect the system that
15 controls the immersion of hulls 1 and 1' in cargo spaces 24 while ship 100

immerses.
Phase B3

While ship 100 continues to immerse, the undersides of submersible platforms 4 and
20 the bottoms of forecastle 6 and poop 7 sink below the water surface. Thus, air cushions are
built up inside submersible platforms 4. At the end of this phase, ship 100 is at loading

draft and submersible platforms 4 are waterborne at there programmed freeboard.

Hull Tanks 16



15 34 of piping system 33 are closed automatically. Subnersible Platfornms 4
As subnersible platforns 4 sink |ower with ship 100, the bottom edge of
their mavgiosof72d i ng 52 subnerges. Wth check val ves 48 etCTpispt/sig4ssyst ens
47 cl osed, (neager) air cushions are built up in them Check valves 48 of
pi ping 20 systens 47, or check valves 44 of piping systens 43 respectively,
are set for venting or injecting air “4&l ectively, as required for
subnersible platfornms 4 to float at programred freeboard when ship 100 is
at | oadi ng drHulls 1\WEl 03£083WF 20 PCVEWSD 2d4mBugse degper. FAs afated presureind
Afterbody 15 The | owest watertight deck 22 in forecastle 6 and the | owest
wat erti ght decdbkes2fth depthydatprndl pressuteenfahe air chishidne imbiletankdt 6 e aad | oadi ng
draft 21 and stabilize inmersed ship 100. 5 Phase B4 Ship 100 is at
| oadi ng dr af t theMWioluthesdebirdades) bl e pl atforns 4 subnmerge, floatable
containers 12 on their decks 37 i merse and becone waterborne one after
another. This_phase ends when the first floatable containers 12 float off
decks 37 of sBeRkr ¥3lKese 34| oft Pigings systems4333rq &ett 106 Yeating Mull oaeksnd@ t o si nk.
Hul I Tanks 16 The state of hull tanks 16 remai ns constant throughout this
phase. 5 Submea¢apively Plagtdusinggthis phape ther bueyiantye ofisunersiblsnpledomise4 pl at f or s
4 float at progranmed freeboard.

increases which reduces the load borne by hulls 1 and 1' asymmetrically.

Asymmetrical loading parallel to the longitudinal axis of ship 100 results from
differences in the total weights of submersible platforms 4, transversal thereto
from the asymmetrical arrangement of floatable containers 12 on submersible

10 platforms 4.

In order to allow for the inertia of the (large) check valves 34 of piping system
33, venting of hull tanks 16 is gradually decreased and, thus, the rate of
immersion of ship 100 is progressively retarded in order to slowly approach and
not undershoot loading draft. When ship 100 attains loading draft, check valves

15 34 of piping system 33 are closed automatically.

Submersible Platforms 4

As submersible platforms 4 sink lower with ship 100, the bottom edge of their

margin plating 52 submerges. With check valves 48 of piping systems 47

closed, (meager) air cushions are built up in them. Check valves 48 of piping
20 systems 47, or check valves 44 of piping systems 43 respectively, are set for

venting or injecting air selectively, as required for submersible platforms 4 to

float at programmed freeboard when ship 100 is at loading draft.



15 Their bearing bars 60 are above top rails 59 at transverse trusses 5.
After top rails 59 have been retracted by actuators 61 as described in
cont ext wWwOh38$3372 7, the clear opening between top rail spPe9/usSs2/micate enough
for the imersing subnersible platform4 to pass through. Check val ves 48
of piping systens 47 are set for venting cells 40, 40', 40" and 20 40"' of
subnersible platforms 4. Wiile they subfrerge deeper, their level position
is maintained by uniformventing. As soon as their deck 37 is awash,

f1 oat abl e conFeiehedy19 andAftechodyd§i n to i merse and gai n buoyancy. Due to
general ly being arranged asymmetrically, the inmmersing floatable containers
12 WO 03/ 0537TRe P@EiUEATidHiGIREk 22 ABfomthstledeandsthid tosvesti vdtertiphtateflo2ss 4
asynmmetrically. Accordingly, check valves 48 of piping systens 47 are set
for venting sinopsipsT ke lgvkiavitdrins whtes auade meloyding drafh2l ahdetdbidieant i nue to
subnerge in | evel position until on each of themthe floatable container
12 wi th the dggR&sda Mippfdo. as the last one lifts off deck 37. 5 Forebody 19
and Afterbody 15 The state of forebody 19 and afterbody 15 remai ns const ant
t hroughout this phase. Phase B5 10 Ship 100 is at |oading draft.
Subner §i bPhasd B4f orns 4 have submerged to a depth at which all floatable
containers 12 are waterborne while the unburdened subnersible platforns 4

continue to sk ﬂ)@ei[é’ea"t 1oaﬁh1g3dnﬁﬁaSWtﬁ1@C§%br\°/&‘§mle bl'ﬂtf&x‘ﬁﬁ'zf sEiSERg ) Ofdatab R
subrersi bl e platforns rest” on top of hul

containers 12 on their decks 37 immerse and become waterborne one after another. This
phase ends when the first floatable containers 12 float off decks 37 of submersible platforms

10 4 while the latter continue to sink.

Hull Tanks 16

The state of hull tanks 16 remains constant throughout this phase.

Submersible Platforms 4

Prior to submerging, submersible platforms 4 float at programmed freeboard.
15 Their bearing bars 60 are above top rails 59 at transverse trusses 5. After top

rails 59 have been retracted by actuators 61 as described in context with FIG. 7,

the clear opening between top rails 59 is wide enough for the immersing

submersible platform 4 to pass through.

Check valves 48 of piping systems 47 are set for venting cells 40, 40', 40'' and
20 40''" of submersible platforms 4. While they submerge deeper, their level
position is maintained by uniform venting. As soon as their deck 37 is awash,
floatable containers 12 on top begin to immerse and gain buoyancy. Due to

generally being arranged asymmetrically, the immersing floatable containers 12



Hul I Tanks 16 15 During this phase, the position of hull tanks 16 remains
constant until subnmersible platforns 4 are seated on hulls 1 and 1' and
the | att ewo®mans3dg7t heir weight. This weight is borne by heCirasst/ames 1' in
their full length between forebody 19 and afterbody 15. Because of the

| arge volume of hulls 1 and 1', the re atively small residual weight of
subnersible platfornms 4 causes hulls I'Z0 and 1' to sink very slightly
bel ow t he progranmed | oading draft, which is tolerated w thout correction.
Subrer si bl e PIRbuFdshpgbmergipleqratfEmy Aoasprmeisaly . 4 pgeudinglyg chack dplvehe | ast

fl oatabl e container 12 has floated up fromdeck 37, subnersible platforns
4 are conti nuélliof piping syssemsed7 aredses fasrventing submprsible phatgorms 4t delective)ymet ri cal

| oad of their structural weight, check valves 48 of piping systens 47 are
set for ventisugthai theg wshiimma o isnbroee $n el g@Bition4Amtil amdachOdf themithormy in 5
order to maintain the |evel position of subnersible platforns 4 until they
l'and on hul | foatatadiontainer AR vaithoihe gécpatteiiaftlasstha nseonkaffgloff gk Rl si bl e
platforns 4 land on hulls 1 and 1', check val ves 48 of piping systens 47
are gradual ly_cl osed_and_ progressively reduce venting for a soft |anding

of subrersi bl Eorsbady bt ard Aftgibady|15s 1" and 1' in 10 spite of the inevitable

inertia of the (large) valves. Check valves 48 of pipin systens 47 are
cl osed aut omalhe atateyoinfpsepodyi1Phangd 2fteshagiyal> tesnainsecopstanti thrqugliugl his
subnersible platforns 4 rest on hulls 1 and 1'. This residual air cushion
IS phase.

Phase B5

10 Ship 100 is at loading draft. Submersible platforms 4 have submerged to a depth at
which all floatable containers 12 are waterborne while the unburdened submersible
platforms 4 continue to sink deeper. This phase ends when, in their deep position,

submersible platforms 4 rest on top of hulls 1 and 1'.

Hull Tanks 16
15 During this phase, the position of hull tanks 16 remains constant until
submersible platforms 4 are seated on hulls 1 and 1' and the latter carry their
weight. This weight is borne by hulls 1 and 1' in their full length between
forebody 19 and afterbody 15. Because of the large volume of hulls 1 and 1°,
the relatively small residual weight of submersible platforms 4 causes hulls 1
20 and 1' to sink very slightly below the programmed loading draft, which is

tolerated without correction.

Submersible Platforms 4



programmed to reduce the burden on hulls 1 and 1' inposed by subnersible
platforns 4 to less than their structural weight. 15 Forebody 19 and

Af t er bodyw093083371 0 bei ng burdened by subnersi bl e pl at f or meTAISOhweks 1 and
1' in forebody 19 and afterbody 15 are i mersed slightly bel ow | oadi ng
draft. However, this negligibly small deviation is not corrected. 20 At
the end of this phase, ship 100 is reaﬂ? for the exchange of waterborne
floatable containers 12 agai nst other ones. W) 03/053772 PCT/ US02/ 41645
-50 It will bafierpbedashilostalencontaingio} B frptedeun frpmtdesk 37 habmen®leyr esent
invention provides a new nmethod and apparatus for |oading and unl oadi ng
cargo from a plaiforrisud lares hopintdxhto be veptad tand idubmenge efebpart | Pee ito thethor t - sea
transport. While a specific enbodi nent of providing the venting or
insertion of gmnmdndcal hexrofphely selediralcweiglt| elsesk walveaits ofipipingysybemuti | i zed.
For 5 instance, it is foreseen that the sane valves could be used for both

inserting andswgetser Fbhtingi ot Quishib®s Mells 4@G0S, ANdangnddter vhitemyier si bl e
pl atforns. Moreover, varying nunbers of subnersible platforns and

respecgive tr @Iﬂéﬁ’t%rn?a‘?m%ihlq?él%%l%Bﬁti&f)érzsh&h@rsib}éyﬂ Aforhl2LRHINRS) 1BfEHMH shown and

( I .
described what 1s presently considered to be the 10 preferred enbodi nent
of this i nvenﬁdlﬁq,a idtl.vm' |1 be obvious to those skilled in the art that
vari ous changes and “modi i cati ons may be made wi thout departing fromthe
br oader aspects of this invention. For instance, although the invention
has been descAt bedogrammed disnatd maforevsubineraibleShlatfortns idslandjomhbys hppd i cable to
other types of other nulti-hull ships. Mreover, although the subnersible
platfornms that' krsck vaeen48 boOpping kestatkvamnira geduslyyclope andpropRidively

reduce venting for a soft landing of submersible platforms 4 on hulls 1 and 1' in

10 spite of the inevitable inertia of the (large) valves. Check valves 48 of piping

systems 47 are closed automatically when, with a residual volume of air inside,
submersible platforms 4 rest on hulls 1 and 1'. This residual air cushion is

programmed to reduce the burden on hulls 1 and 1' imposed by submersible

platforms 4 to less than their structural weight.

15 Forebody 19 and Afterbody 15
Due to being burdened by submersible platforms 4, hulls 1 and 1' in forebody
19 and afterbody 15 are immersed slightly below loading draft. However, this

negligibly small deviation is not corrected.

20 At the end of this phase, ship 100 is ready for the exchange of waterborne floatable

containers 12 against other ones.



15 ends to permt sinultaneous |oading and unloading, it is feasible that
the subnersible platforns could have only one open end. It is, therefore,
ai red i n wbhaesappended clainms to cover all such changes anacTnsdi/dicesmt i ons
as fall within the true scope and spirit of the invention. 20 WD 03/053772
PCT/ US02/ 41645 -51 CLAIMS | claim 1. A nethod of |oading cargo packed in
at |least one floatable container 5 om% a seaworthy vessel conprising: (i)
first and second substantially parallel hulls which |ie beneath the water
surface; (ii)Itwill be appatens frowrthie fonegoingalekesiption thaete peesens ipvertiongramidesand 10
hori zontal position of said vessel wherein when said hull tanks are

subst ant i atw ynéthdd ad apphhtusabetoadiag dnd @slveding sargd feonl eadindwll dhipafiat &nd when
said hull tanks are substantially filled with air said vessel is at voyage

draft; (i phdic@ageBEectivk n §oFi-se® Bhlbors.ubWhils i bpegifizl eaiblo@imEnt oflpoviding tte
bearing bar projecting fromsaid platform (v) a transverse truss coupled

bet ween sgbfink drShseditth ofSAE ALbeeH Ipksvidtad cAfnedsAlatidtidSh | @ilzad. tPorsai d
platform (vi) a support rail on said transverse truss for engagi ng said
5 instance, it is foreseen that the same valves could be used for both inserting and venting air

into the hull tanks and under the submersible platforms. Moreover, varying numbers of

submersible platforms and respective transverse trusses are possible.

While there has been shown and described what is presently considered to be the

10 preferred embodiment of this invention, it will be obvious to those skilled in the art that
various changes and modifications may be made without departing from the broader aspects

of this invention. For instance, although the invention has been described in conjunction

with a TSL, it is equally applicable to other types of other multi-hull ships. Moreover,
although the submersible platforms that have been shown are advantageously open on both

15 ends to permit simultaneous loading and unloading, it is feasible that the submersible

platforms could have only one open end.

It is, therefore, aimed in the appended claims to cover all such changes and

modifications as fall within the true scope and spirit of the invention.

20



beari ng bar and supporting said platform 20 (vii) an air cell, subdivided
|l ongitudinally and transversely, beneath said platform WD 03/053772

PCT/ USO2/w0®4/H537752- (viii) a first air conpressor; (iXx) PCTASOPIPIENg nMeans
for injecting air fromsaid first air conpressor into said air cell; (x) a
first valve which regulates the flow of air fromsaid 5 first air
conpressor into said air cell; (xi) fi-?lst vent pi pi ng neans for ejecting
air fromsaid air cell; (xii) a second valve which regul ates the venting
of air from said air cell; 10 (xiiiGLAIM&cond air conpressor; (xiv) second
pi ping nmeans for injecting air fromsaid second air conpressor into said
hul | tank§bmﬁ§v) a third valve which regulates the flow of air fromsaid
second air ‘conmpressor into said hull tanks; 15 (xvi) second vent piping
means for ejecting air fromsaid hull tanks; (xvii) a fourth val ve which
regul ates the venting of air from said hull tanks;

1. A method of loading cargo packed in at least one floatable container

5 onto a seaworthy vessel comprising:

(i) first and second substantially parallel hulls which lie

beneath the water surface;

(i)  first and second hull tanks for regulating the draft and
10 horizontal position of said vessel wherein when said hull tanks
are substantially filled with water said vessel is at a loading
draft and when said hull tanks are substantially filled with air

said vessel is at voyage draft;
(iii)  a generally horizontal submersible platform;
15 (iv)  a bearing bar projecting from said platform;

v) a transverse truss coupled between said first and

second hulls and generally perpendicular to said platform;

(vi)  a support rail on said transverse truss for engaging said

bearing bar and supporting said platform;

20 (vii)  an air cell, subdivided longitudinally and transversely,

beneath said platform;



(xviii) a first plurality of sensors nounted on said platform 20 providing
f eed- back on depth of immersion and horizontal position of said platform
to sai d owotosas37pr ocessor; WO 03/ 053772 PCT/ US02/ 41645 - B8T(Ushx)168 second
plurality of sensors nmounted on said hulls providing feed-back on depth of
i nmersion and horizontal position of said hulls to said central processor;
and (xx) a central processor including’%alculated flowrates for 5 setting
said first and third val ves which regulate the flows of conpressed air
from said air conpr(esidondistaisaimpressar; cel | and said hull tanks,
respectively, and the calculated flowrates for said second and fourth

val ves whi ch regul gt Ty{rStg_ltlsﬁﬁ moegnsa%o; injgﬁ%ﬁﬁroﬁ[ﬂ%@aﬁiaﬁgt 'ﬁ]iirr cell and said

hul | tanks, respect Ve ereln sali conprises the steps of:

(a) subnersing said platformbeneath the water surface |evel wherein said
platformis supportcé’gmbeﬁ“gaﬁ“ﬂs Piifelihen 15 said vessel is at said | oading
draft; (b) floating said cargo above said platform (c) injecting air from

said first air conpmkpssarfilstWaNtgWhich adgdlatdsrid fipwRIfAG feeagsdat a first
calculated flowrate by said first valve until said platformfirst engages

sai d cargo; first air compressor into said air cell;

(xi) first vent piping means for ejecting air from said air

cell;

(xii) a second valve which regulates the venting of air from

said air cell;
10 (xiii) a second air compressor;

(xiv) second piping means for injecting air from said second

air compressor into said hull tanks;

(xv) a third valve which regulates the flow of air from said

second air compressor into said hull tanks;

15 (xvi) second vent piping means for ejecting air from said

hull tanks;

(xvii) a fourth valve which regulates the venting of air from

said hull tanks;

(xviii) a first plurality of sensors mounted on said platform
20 providing feed-back on depth of immersion and horizontal

position of said platform to said central processor;



WO 03/ 053772 PCT/ US02/ 41645 -54 (d) injecting air fromsaid first air
conpressor through said first piping neans at a second cal cul ated fl ow
rate by swod3/0fi7rst val ve until said platformrises until PCO/tUSe2/at64nat er

l evel; (e) injecting air fromsaid first air conpressor through 5 said
first piping neans at a third calculated flowrate by said first valve
until platformis at a programed freebbard level; (f) extending said

support rail to engage said bearing bar; and (g) injecting air fromsaid
second air conpresdsix)t lar sagil plualisyiodl sersersnoyitesh oy saidamdlsunt i | sai d
vessel is at voyage draft. 2. The nethod of claim1l wherein said first

cal cul ated fl ow r atpeowidling | fe¢dbickdormiidepth s ichneesemdnd dbdzdnstied fl ow rate of
injected air, and said third calculated flowrate of injected air are the
same. 15 3. A net hgsbsitibn F SGdRGEIGI 0 Gai6 3E1GA1 pcisset; and at | east one fl oatabl e
container froma seaworthy vessel conprising: (i) first and second
substantially parallel hulls which lie 20 beneath the water surface; WO
03/ 053772 PCT/ US02/#643 centsal grpgessof jincdyding cpleulated Bow gates foinks f or

regul ating the draft and ]
5 setting said first and third valves which regulate the flows of

compressed air from said air compressors to said air cell and
said hull tanks, respectively, and the calculated flow rates for
said second and fourth valves which regulate the flows of air

vented from said air cell and said hull tanks, respectively,

10
wherein said method comprises the steps of:
(a) submersing said platform beneath the water surface
level wherein said platform is supported on said hulls when
15 said vessel is at said loading draft;

(b) floating said cargo above said platform;

©) injecting air from said first air compressor through
said first piping means at a first calculated flow rate by said

first valve until said platform first engages said cargo;



hori zontal position of said vessel wherein when said hull tanks are
substantially filled with water said vessel is at a |loading draft and when
sai d hul Iwoasks37ax e substantially filled with air 5 sai dreceaset/4icss at
voyage draft; (iii) a generally horizontal subnersible platform (iv) a
bearing bar projecting fromsaid platform (v) a transverse truss coupl ed
between said first and second hul | s ant general ly perpendicular to said
platform 10 (vi) a support rail on said transverse truss for engaging said
bearing bar and sup@brt iinigctingi @ir groa pae nfirsy ¢irj gompresagry theaugh  subdi vi ded

| ongi tudinally and transversely, beneath said platform (viii) a first air
conpressor; 15 (i x)safd first piping meagnsme anecohd calcylpted flowgataiby sdiidom sai d first
air conpressor into said air cell; (x) a first valve which regul ates the
flow of air from safit vdive ditil &id pradogr des antil inisait sated leaet, cel | ; (xi) first
vent piping neans for ejecting air fromsaid air 20 cell; W 03/053772

PCT/ US02/ 41645 -56 §Xi |A a, second val ve_which regul ates tne venting of air
from said air cel |(, injecting air from said first air compressor throug

5 said first piping means at a third calculated flow rate by said

first valve until platform is at a programmed freeboard level;

® extending said support rail to engage said bearing bar;

and

(2 injecting air from said second air compressor through

10 said second piping means until said vessel is at voyage draft.

2. The method of claim 1 wherein said first calculated flow rate of
injected air, said second calculated flow rate of injected air, and said third

calculated flow rate of injected air are the same.
15

3. A method of discharging cargo packed in at least one floatable

container from a seaworthy vessel comprising:

(i) first and second substantially parallel hulls which lie

20 beneath the water surface;



(xiii) a second air conpressor; (xiv) second piping neans for injecting air
fromsaid second 5 air conpressor into said hull tanks; (xv) a third valve
whi ch regubasess7the fl ow of air fromsaid second air conmpCcedsor/4iemt o sai d
hul | tanks; (xvi) second vent piping neans for ejecting air fromsaid hull
tanks; 10 (xvii) a fourth valve which regulates the venting of air from
said hull tanks; (xviii) a first plurafity of sensors nounted on said

pl atform providing feed-back on depth of imrersion and horizontal

position of said pl@) forfirsttand sedodd belhtankd fqpregdatingthe didfi(aniix) a second
plurality of sensors mounted on said hulls providing feed-back on depth of
i mrer si on and hor i zahizahtal gasisioh bosmidiessdintietein Wisentsaidsailldarkent ral  processor;
and (xx) a central processor including calculated flowrates for setting

said first and thirge\ay@taMy k0l WaBWhaddresatdneesfel @ Hioadid@ conpressed air
fromsaid air conpressors to said air cell and said hull tanks,

respectivel v, and tiignGah GHLALAT nGh AW ALSEnd AiaMOIS ORFTF2 PCT/ USD2/ 41645

-57 said second an urth valves which regulate the flows of air vented
from sl d air cell s%er%@lgsaQ%)l'agE%&lfé’ respectively,

(iii)  a generally horizontal submersible platform;
(iv)  a bearing bar projecting from said platform;

v) a transverse truss coupled between said first and

second hulls and generally perpendicular to said platform;

10 (vi)  a support rail on said transverse truss for engaging said

bearing bar and supporting said platform;

(vil) an air cell, subdivided longitudinally and transversely,

beneath said platform;
(viii) a first air compressor;

15 (ix)  first piping means for injecting air from said first air

compressor into said air cell;

x) a first valve which regulates the flow of air from said

first air compressor into said air cell;

(xi) first vent piping means for ejecting air from said air

20 cell;



wherein said nethod conprises the steps of: 5 (a) venting air at a first
calculated rate fromsaid first and second hull tanks through said second
pi pi ng newiod3eseaid i ng tanks to flood with water until saPdTasssele4i s at a
| evel wherein said platformcontacts the water surface; 10 (b) venting air
at a second calculated rate fromsaid first and second hull tanks through
sai d second piping neans enabling tanf& to flood with water until said
vessel is at a level wherein said platformis at a programmed freeboard

| evel ; (c) retracti@y) saisdcadppbetwhich jegulatesiihceeptngeoffainfronsai d 15 beari ng
bar; (d) venting air at a third calculated rate fromsaid first and second
hul | tanks through safi 4lr sigond pi pi ng neans enabling tanks to flood with
water until said vessel is at loading draft; (e) venting air fromsaid air
cell through said 1;2 r,ﬁt pi gir@%gm means until said platformis supported on
said hulls and sai dXBarfgi6°9s #LEPE$ I bat i ng; and WO 03/ 053772

PCT/ US02/ 41645 -58- (5) renoving said cargo. 4. The nmethod of claim3

wher ei n sai d_ fi rst @(aj)cqh@tn_g iﬁiﬁg_txfﬂedhfs foeiRfebiig aiffrbom seidisecongcond cal cul at ed
rate of venting air, and said third calculated rate

5 air compressor into said hull tanks;

(xv) a third valve which regulates the flow of air from said

second air compressor into said hull tanks;

(xvi) second vent piping means for ejecting air from said

hull tanks;

10 (xvii) a fourth valve which regulates the venting of air from

said hull tanks;

(xviii) a first plurality of sensors mounted on said platform
providing feed-back on depth of immersion and horizontal

position of said platform to said central processor;

15 (xix) a second plurality of sensors mounted on said hulls
providing feed-back on depth of immersion and horizontal

position of said hulls to said central processor; and

(xx) a central processor including calculated flow rates for
setting said first and third valves which regulate the flows of
20 compressed air from said air compressors to said air cell and

said hull tanks, respectively, and the calculated flow rates for



5 of venting air are the sane.

WO 03/053772 PCT/US02/41645

-57-
said second and fourth valves which regulate the flows of air

vented from said air cell and said hull tanks, respectively,

wherein said method comprises the steps of:

(a) venting air at a first calculated rate from said first and
second hull tanks through said second piping means enabling
tanks to flood with water until said vessel is at a level wherein

said platform contacts the water surface;

10 (b) venting air at a second calculated rate from said first
and second hull tanks through said second piping means
enabling tanks to flood with water until said vessel is at a level

wherein said platform is at a programmed freeboard level,

©) retracting said support rail to disengage from said

15 bearing bar;

(d) venting air at a third calculated rate from said first and
second hull tanks through said second piping means enabling

tanks to flood with water until said vessel is at loading draft;

) venting air from said air cell through said first piping
20 means until said platform is supported on said hulls and said

cargo is freely floating; and



WO 03/053772 PCT/US02/41645

-58-

® removing said cargo.

4. The method of claim 3 wherein said first calculated rate of venting
air, said second calculated rate of venting air, and said third calculated rate

of venting air are the same.



