WO 03/ 053772 PCT/ US02/ 41645 -1 METHOD AND APPARATUS FOR LOADI NG AND

UNLOADI NG CARGO FROM A TW N- HULL SEA- GO NG SHI P FI ELD OF THE | NVENTI ON 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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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 optimal 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 SH p") carrier, a
BACO ("BArge/ Container") liner, and a BarCat ("BARge CATanaran") 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
time that l\’gg’c?%l% Pd %Bﬁ?g%ag % P&%sg%g)g%@se%?b%?glgﬁttg%r Pg(?fsalﬂg{r&g(zﬁs naglf‘%%Hnu
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 Ff“ﬁ%‘ﬁ“,?’u)tsll?@- BEIBAL tRg5P prionsy V%SF%%FC‘J&H?SI nplicalign geecHlic i 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 5thifpoiesebyethl refeaenge, is padifferentetharn thef TSIhshif stiosvndg HIGp&d The TISLa
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

its subnergsj I . r r S| tforns
4 aro- subSErEnE oF ot Biret, 1 T ARAAL A RAE or BhE, R gL e e
wat er bor ne _and ar.e hanged wi th new Ioatt able co tﬁ\ai ners. Newly | aden
with 1 oabhBEne e RafoRa § s comek i ety bt & PEPHEEE mkBlRd r esurf ace
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 It is therefore a primary
obj ect ofwbDle/opi7esent i nvention to provide a new and i npr @¢edsopitsesl 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 'ES%‘PP&B‘? A ghip e G OEPFBIcal

PCT/ US02/ 41645 -6
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 draw ngs. 5 SUVWARY OF THE | NVENTION Briefly
st at ed amstoiop/osaoenr dance with the preferred enbodi ments ofCrhsopswsent
invention, ... BRI EF DESCRI PTION OF THE DRAW NGS 10 Whil e the specification
concludes with clains particularly pointing out and distinctly claimng
the subject matter regarded as the invéntion herein, it is believed that

the present invention will be nore readily understood upon consideration
of the description, taken in conjunction with the acconpanyi ng draw ngs,
wherein: 15 FIG 1 is a schematic illustration of a twin-hull ship utilized

in accordance ptHehobjb@s PiERRBitaged 6Lk ipRRent fventich wisl tRc 6k htCfrom the
| ongi tudi nal view of the twin hull ship utilized in accordance with the

present i QN@RHdaBh ar%thhﬁ'wiﬂ%s.i s an expl oded view of the afterbody 15 of the
twin-hull ship of FIG 2 utilized in accordance with the present

i nvention; WO 03/053772 PCT/ US02/ 41645 -7 FIG 4 is a schematic
illustration of air piping systems for venting air from and for injecting

air ingo, SMM%)%HIENVEI\EﬂdN hul | ship in accordance with the present

i nvention;

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; fandenfilgQd 06A7 2@ RCINEISHE/adl tdh huB tonkd ®f

the twin-hull ship in accordance with the present invention;

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



FIGS. 9a, 9b, and 9c are schematic illustrations of the twin hulls and its
subnersi bl e platformshow ng air intake and exhaust val ves and pressure
sensors olvotbesxrvd n- hul | ship and its submersi bl e platfopgs/usm/aceor dance
with the present invention; and FIGS. 10a, 10b, 10c and 10d are fl ow
charts of the operational process that controls the re-energence and

i mersion of the twin-hull ship and it$-subnersible platforms in
accordance with the present invention. DESCRI PTI ON OF THE PERFERRED

EMBODI MENT Referring first to FIG 1, a twin-hull TSL, generally designated
100, is shown. 15 Wiile the preferred enbodi mrent of the present invention
wi || be described in coRi@Stonm®b, md It ac selematiciillustfédlons bf thes equal |y
effective with ships having adjustable subnmersible |oading platforns and
more than two hul | swilShilR ah@&s Basindidible plaifoansholving PiF Givdllelagds 2 and 2', and
rudders 3 and 3'. Subnersible platfornms 4, 4' and 4" are seated on supports

(not  shown in Fl GexhysPGhivREIalJreB¥ 8ES6rst JtURS 8An-Aull Jhip aad and 5"" whi ch,
together with the 20 structures of forecastle 6 and a poop 7, connect

a
hul | s and 1' to egc 1 dg e .St 9 and 9' of the
pr opul éi on plants (%o?ubg#gﬁ%: @%&%ﬁlg %ch?\d(}qﬁé@{rﬁeﬁa?%g%éed on poop 7.

There are two optianal .bar handling tugs 10 and 10', which are stored in
a berth 11 aft of p'BY)eer m %ﬁese optional tugs 10 and 10' provi de assistance
for WD 03/053772 PCT/ US02/ 41645 -9- | oadi ng wat erborne fl oatabl e containers

12, 12', 12", 12"', 12"" and 12""' off and onto
FIGS. 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



subrerged subnersible platforns 4, 4' and 4". CObviously, for self-propelled
inland waterway vessels and simlar floatable containers, optional tugs 10
and 10' awe oamscessary. 5 Referring next to FIG 2, the lpomgisoudicmal vi ew
of hull 1 in ship 100 is shown. The view of hull 1' would be identical. An
afterbody 15 includes a pressure sensor 13 and an engine room1l14. FIG 3
is an expl oded view of afterbody 15, afdd further includes a hull tank 16
and a service alleyway 17. A cargo space 24 is created between transverse
trusses DHading vBiterbednt floatablk som@nerhd2.18’, Bid 138rvi2c'e & 1@y wapttand gatoow
subnersible platform4 are 10 within cargo space 24. A turbo conpressor 26
gener at es subarepgeds subtheasible fpdatfocrontdy &’ | andgd’t.heObvienstyt, fof selfHprapedédoindand
platforns 4, 4' and 4" by means of a conpressed air main 28. Sinmlarly, a
turbo CONpARSWH/ vedsel O nailad Slogablp cassiacts coptiohad tips |10 ahdtK ardinnacedsaty’ by
means of a conpressed air main 29. As nentioned above, subnersible
platforns 4 fit on supports at the sides 23 and 23' of adjacent
transverses trusses 5 and 5. Wen ship 100 15 and subnersible platforns 4,

respeckively, RE@ 5 RIPHLIIEI2, e IhiudiRIWBy 8Ff nAPTR! 55 is dwrAl The

relatively | ow, continuously changing pressure is required fromturbo
conpressor. 26 ..and .t u c L essqr f Ji i % | ..t anks
16 and suBi&r %fi lB’Irl]le p‘Y%u?fg? %Réf% ?.gsa%%g;[o%elﬂfcﬁgggg \é@&@% 3 rﬁgqq%%“g K"
sequence of .operation ng.the high volu of air,. turbo conpressor. 26 and
t ur bo con‘ﬁ?ﬁ’égfgfﬂomz 17‘8ai:‘5&1t gﬂﬁ ‘E‘a?’?pkp%ﬁii g P?We‘ir’?gacffefl?o?&llpyg‘bjo@gp'érdm%ﬁmﬁc? hudly
conpressors. Such avail abl e con’t)r essors are known in the art. Conpressed
air for htAnk 104f apervics YerepaledASPIEOSPHE 2Bdhpriealed §rtwseen (ranssTsh WesS§Soom 14.
Except for limting mninmumdelivery pressure, turbo conpressors 27
gener al | y Srapd SWOHOd/tarss 16 2ndp T/ audeovirealieywayol7 bejsnsubagsibie platform harer
operating range because delivery volune and pressure are regul ated
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



by check valves 32 of a piping system31 (FIG 4). Conpressed air at |ower
delivery pressure for the subnersible platforns 4 is generated by turbo
conpr essov0268/05x3172ngi ne room 14 of hulls 1 and 1'. Each rarhsozeomegs essor
26 supplies cells 40, 40", 40" and 40"" 5 of one half-side of al
subnersible platforns 4. This arrangenent is best seen in FIG 5. Turbo
conpressors 26 also generally run openlq oop within their operating range
because delivery volune and pressure are regul ated by check valves 44 of a
pi pi ng sy spemioam witringheinpparasingriengsrhegayse delévervalune and nrossuie 448 {8RBdy 15 of
ship 100 and a pressure sensor 18 in a forebody 19 of ship 100 are
utilized bprhedasalvdsriip vt ipigy ssear 81 {BIG.dot eCompiessgd at atdbwarodadiverfyt . A
renote-control |l ed shut-off valve 30 is al so nade avail able on the bottom of
hul |t ankretéure Threthestibraersibrng stfarns Aulsl gendrasd byl turtaf cayirgssdiOZ6 ar engirennect ed
in forebody 19 by forecastle 6 and in afterbody 15 by poop 7. \Wen ship
100 is at rwwefﬁmﬁﬂamhﬂl IESchliugttcoldpreéssori 26 sﬁﬁﬁl@b@@hﬁ 40, aorql 4@t uad beety 15
bear only their own wei ght and that of the dec structures of forecastle 6

and pogp %f@gfngslh@waﬂ Q%SY@V@E r?sawoha&@ Cithid AHERnYONAR%s skrsaééen g FIG €5 ect ed

by wat er In FIG hip 100 re-rmerses to | oading draft,

forebody. Agndn qngirgs%&g%yaléo uenbTIRE $n Qe P Wil RSP o @ngg?ah%@§§ca5@enks 16

and 16’ urlng

reflected b | e in of_.wat er hul
{anke 16, dRretay Sy ang prefdre g Srelasd wa hS%Y*}‘VCS\?%NOEﬁé"Pd‘Pg WEm nfben e
above-wat er conponents of forecastle 6 and poop 7 displace when they are

i mrer sed WAreMERioped) prOssul; sepgpr 43 rb'b?fﬁ?rbo‘b’hg ey 100; 45 2 RRessyE fesPats | H’g 52 of
the | owest water-tight decks 22 and 25 in forecastle 6 and poop 7,

respect i velfgrebedy theif sy t%) @8 JtlizedHoTMERSOLNg ¥aigs 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



bel ow a deck 37. Vent pipes 47 open the vol une enconpassed by deck 37 and
margin plating 52 to the atnosphere so that no air cushion is captured
when for ewadshss7® and poop 7 sink into the water with i mrergisng4isind p 100.
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. However, when ship 100 is i nh'sr sed to | oadi ng draft, water-tight
deck 22 lies exactly in the water surface so that forecastle 6 has a
buoyant bbelgwandeckt Hbi Meniepipehd b oparothe volums aRempapsed byagrek o/ andimpargin
applies to | owest water-tight deck 25 in poop 7 which, thus,

cor r espongiating §2 stthbatmozgieressu that nbGirkOchien isicapustievhen fee@stlel6 aitbopmop dn
exanpl e wherein service alleyway 17 contains the air piping systens for
bot h i nj egink igo Gierwatéit with nerfiag sMipn0d.ng air from hull tanks 16 and 16'.
These piping systens are dinensioned in ship 100 to i merse and re-energe
within the 15 programmed tine span at a throughput of air equal to 90% of
full capacity, thus providing a range of plus/mnus 10%for regulating the

air Tlewrate. w@glfl@ﬂ gﬁgégi{r’s' g@d?e?ft |ffe R%E'ce&ét&dngr@d@éﬂ 7) fne}ﬂrlﬁﬁ 46 ga“d 16°

by branch l'ine are équi pped w th Tenot e- contro check

val ves 32 and 32, dr s%ggévgt%ar 5 Ik gl el Q828 A05 DRl ol gy@san 6

and 16'. BOPIP™MAAKS 1% are ven assi gre

33" that are eq enot e-.confroll ed che ) nd 34' for
egul at | ng EHEHGR Topd ighy RGter 0 et %Zﬁlswaaﬁr i B e rf? Cso g 33
in service aI | eyway WO 03/ 053772 PCT/ U802/41645 12- 17 are connected to a
common | i A¥easiiGA;fan 2 ioyani hndy and grabiligt ik 0 A iSS BeW s (s cHme Pringiglean

transverse truss 5 to emt outgoing air into the atnosphere.
applies to lowest water-tight deck 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



FIG 5 shows a part of cargo space 24 with subnersible platform4 and the
pi ping 5 systens which vent subnersible platform4 for subnergi ng and
suppl y i tweaioshsomrpressed air for re-energing. Wt hin therbowmwsdssgsof
water-tight margin plating 52, submersible platform4 belowits deck 37 is
subdivided into cells 40, 40', 40" and 40... by water-tight |ongitudinal
bul kheads 38 and 38' and transverse bcﬂq{heads 39 and 39'. Wen subnersible
platform4 is waterbbrne, each of cells 40, 40", 40" and 40... contains a
separ at e a7 arelnoesser qu’hlempilm Ay watféﬂﬁsuﬁ"(ﬂfd thepughrigcadwran oF stpighiost | ng
conpressed air are dinensioned for subnersible platforrn 4 to submerge and
r e- emer ge 3Ghhdirmnsvérse pnsdy’ & emie dutgbing ai patn theyatmasphbreoughput of air equal to
90% of full capacity, thus providing a range of plus/mnus 10% for
regulating the air flow 15 Cells 40, 40', 40" and 40"' of each half-side
of subnersible platforns 4 between a centerline 41 and the outboard edge

of submersi bl epRl a8 §RFN Apad 6f GHRPIPa€S2MMith sulsiReTRIbR & EbrAl 4 ada)the€ pipRigessed
air main 28, which is contained in service alleyway 17 in hulls 1 and I

bel ow Bhe gise@llﬁel?gklﬂgs @H&Qi@ﬁr@ A & sﬁbmcrfﬁfné'alﬂh @u@lﬁttfvgﬁmoﬂxpre%séar anch

of corrpres alr maln runs rough colums or stanchions 36 upward into

2 51 42,
oo et S BRIV o SBF b S TR 5
43" d 43 42 ked )
e anch 1 i Alaifors 4R naeeck;‘ﬁds @%ﬁv?derhﬂteﬁearﬁy W GNGE by et g
40" and 40... inside subnersib platform 4. The configuration of branch
line 43 V\@”@B&“UB@WWP@W@JQB@?&1%‘45‘3“%’3‘“%1%64%ﬁ%f‘%‘ié ntW AN sEbmersiblek val ve

44 for regulating the flow of conpressed air and a hose connection 45 to
assi gn pi patfenntd snwasrbornsi, ¢achc ef el 140s,utheerd YE’ ponirinoe FERRIAE affy pi cal
of

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



all branch lines for conpressed air. Al check valves 44 are |ocated inside
service alleyway 51. 5 Cells 40, 40', 40" and 40"' of subnersible platforns
4 are verwedsdsizertly by vent lines 47, 47', 47" and 47" 'PCTAISNDEWB4S
connection 49; and assigned pipe section 50, 50, 50" and 50"' in assigned
cells 40, 40', 40" and 40"' of subnersible platform4. The configuration
of vent line 47 with a renote-control “theck val ve 48 for regul ating the
flow 10 of outgoing air and a hose connection 49 to assigned pipe section
50" i nsi devihubmetespirdled shekivatin44 fpisregylpiingzthe §pwf comprgpre airape 3 hpssr
venting the conpressed air. Al checked valves 48 are also located in
servi ce akbmmgwdon Blto afsigh pipasectim 4ainsidEceld0ofaulanetsiblei pdatform 406 fpical &w and a
cross sectional view, 15 respectively, of the preferred hose connections
by means afi bbmenGhes fon@snptessedidr., Atheckndlvd844 arbédoardrinsidessepiceiatieyvayst em
and service alleyway 51 of transverse truss 5 and the pipe sections 46,
46', 46" apd 46"' in subnersible platform4. Typically, a hose connection
45 consist of a hose with a flange at each end which connects branch |ines
43', 43" and 43"" to corresponding pipe sections 46, 46', 46" and 46"'. In
order to mnimze the possibility 20 of damage by noving fl oatable

containers 12, .hos D Aare. arsan L t i i whi ch
is attached tocalgscéﬁfétﬁ ’o@ St #grsgﬁg“g%%ﬂg{i?%?ﬁ]%% {%sg}é&ﬁgﬁgércgl&&g?ggd over
a gui de yoke unt.ed on,protective shiald 54 so that, whe bner,si bl e
D1 2t 1 or r 4mes &7 AT (4] gl eihzh qonngedan B nd sl PRL SePPEaR- o il 15 1
and 1", the |length of the then W) 03/053772 PCT/US02/41645 -14- extended
hoses 45 @04 i0cedn rassignedecaissthrtl. BBt vt affs Submepsikle \patfosmg The

subner si bl e ) ]
configuration of vent line 47 with a remote-control check valve 48 for regulating the flow

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-



platform4. Openings 56 in protective shield 54 provide access to the

fl anges between hoses 45 and all aforenentioned pi pes. Fenders 53,
arranged wensogabi y on transverse truss 5 along both sidestafSopsietecti ve
shield 54, prevent hoses 45 fromdrifting sideways when 5 submersible
platform4 is submerged. Turning nowto FIG 7, the typical support

mechani sm of subnersible platform4 at!4transverse truss 5 is illustrated.
Attached to side 23 of transverse truss 5 (that faces submersible rDI atform
4) is a bewrnded hoaés 4% puffipest for the [disgnge bEtWEbITANSEETSH Guss  Ang suignergible

Subdi vided into sections, bearing rail 57 and tiltable support rail 58

ext end ovehtfbhe 4enﬁpexéngsvxﬁﬁjtmpmtectiveasm&lér5§eprt>‘fid%QC®SS wf fhie ibagigesobetwieent op of
support rail 58 is a top rail 59 on which a bearing bar 60 of submersible
pl at f or m fodes 46 and b BforddRativng fipes. GRnies 53 conhgadu@micalipion rahsveage trhss entire
wi dth of submersible platform4, being fixed to margin plating 52 of

submer si blse, gl due 'élms%f [Wﬁie&hve' %8 54 eprbaing RoRP A Eraite aHifiRg siddweys widnp 100

sails at voyage 15 draft, subnersible platform4 rests with bearing bars 60

on topsraigls, ﬁb'@@gﬁtogﬁ“qg’g‘g’%ﬁéﬂes several neters above water. Wen ship

100 i s”i mer se i ng subnmersible platform4 is waterborne at
the programmed freeboard. In this position, bearing bar 60 of subnersible
platform4 sits above top rail 59 so that no |l oad remai ns on support rai

58. After haV|n been u r ed, . ort S 58.a ed an
actuator 61 and l}gé\})g’rwg%%@g ﬂﬁ Qﬁl"?‘FﬁbaW P%S“E’W«Srsﬁttlcagl ‘PXt
transverse trusses 5. Wien retracted to transverse trusses 5, the cl ear
wi dt h bet WBBYEBp B Seist Bystragd. s AchedoWetide 2f f JppmsVesiFe S e thaiglass: 60
of submersible platfornms 4 so that subnersible platfornms 4 can pass through
when submehmggrsible Maderoy ) sie alibspriingc eaie A7 Bat raviey aghltabde suppPENntadldSdy a
gui de plate 64. When WO 03/ 053772 PCT/ US02/ 41645 - 15-

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



support rail 58 is extended, e.g., for maintenance purposes, while |ying
above subnersible platform4, |ever 62 butts against guide plate 64 before
support nraplos/s87can tilt beyond the operating range of a&ctrasvpsiedl. The
position of support rails 58, either fully retracted or fully extended, is
nonitored by photo cells (not shown). 5 Wen surfacing, submersible
platform4 rises through the gap betwebh retracted top rails 59 up to the
progranmed freeboard, at which point, its bearing bars 60 sit above top

rai |'s 59. suppbesegjlishisl axtendedoscg. t for snainferpgcepwpesgs, evhdle dyiby abave garagrsible and
butt against margin plating 52 of subnersible platform4. Wen ship 100
subsequenplayfoine 4 clRRETE2ShuLS adfinsy gyide elactr 64 beforeopppoai fads 59 camtilt beyosd these

trusses 5 rise with it, engage bearing bars 60, and lift subnersible
pl at f or m 4p@utingOfangd6f Neaiatsr. 617! B p&aioansd sBpoed fafe 58, vedthyr fully ustcacaddeort he
arrangenment of pressure sensors 65, 65, 66 and 66' on hulls 1 and |la and

subner si blg bl Tmnitded Bghofo celB @R SKswhysensors 65, 15 65', 66 and 66'
provi de feegback to the | oad conputer in bridge 8 on actual draft while

ship 190 i mrerses or re-energes. The side viewin FIG 8b shows pressure
sensors 18 and 18 arranged at the |owest points of hulls 1 and 1' in

f orebody 19 |l as. 13 and 13" in afterp 20
oo, on, ob M wrl ShRls BEMDRLE h FRRer e eofuBilsFh BRde, 0
th platf 4, 4 and 4" of ship 100. Shown

18 and. 1851 Oy BHbkIpOgIIEJrosheRd BB T Bedind Daep o0 S oveBody 15

of hulls 1 and 1'. Al so shown are _the exenplary hull tanks 16 and 16' wth
rel ated af#ilsi I aldabsequeklyy sIRPeE r3ils 3 Arg ExteadRd Bk ASIYPT (b 08 by FRezipst

PCT/ US02/ 41645 - 16-
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



check valves 34 and 34'. Sim|lar conbinations of air intake check val ves 69
and 69' and exhaust check valves 70 and 70' are provided for trimm control
tanks 67 wod3673771 n afterbody 15. Correspondi ng conbi nat iPamasoi/4@mu3 | nt ake
check valves 71 and 71' and 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']aﬁ'forrrs 4, 4' and 4" wth related
air intake check val ves 44 and exhaust check val ves 48 and pressure sensors
65 and 6Bheckivaivae3annd 3hd Jiovlpmeambieagiens ofr pprake sheck Vsab’ﬁ%é?é“%ég’a"rﬂ‘él 66' at
the starboard and port outboard edges. The cells 40, 40', 40", and 40"' of
t he subneesiabtechetlatvilyesn7d aade70' suenpeevided forr | trigwr gensedl nksebi/ednd 6hhein
differentiation between cells 40 along its port and 10 starboard edges for
control | i agerbb®t 15. | Carespoliignednmtomtions bf airsineks ehetkr edvesoH andafd angl | s

40"' at the aft edge and cell 40" at the forward edge for controlling
trimm- i egaukiN@lecnatives 72 nd! NGire Yiloviddd £br reeifiin @ontrol Siikyl68 hel 68t @d.

FI GURES 10a, 10b, 10c and 10d are sinplified operational flow diagrans 15

|1 T ust g at igfig da € oPT IR ioPnSwe! fuftRétofd, | dnB B ARP&BMRRGId SMAbmRAS 4" iand 40f the
hulls 1 and 1' "and the subnersible platforns 4, 4' and 4" of ship 100. They

show t he over.al S I t frceach of
She- i ngr B Slsa AIRERS Ol 44iig RS IentR VAR 48 8 (rE g edoofloses
i nt ake or e?ust controls the flow to or

val ve e I N
of oxhaustibpy TriBat Ao RLERe R SebiR snab & i AT SR © ©
and 1', or a cell of, 20 the su sibl.e pl.atfor 4, 4 d 4" of ship 100,
211 of whpeh CHGHCIERY R U Tl s BE-oRe o OBRssubrersBEitie 43848 117
FI G 10a shows the process flow of one of subnersible platforns 4, 4' and
4" when summarily illustrated; however, the differentiation between cells 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.



re-energing with a new | oad of floatable containers 12 fromits deeply
subnerged position to the water-borne position when the subnersible

pl at f or mWoOhams7enched t he planned draft for bei ng | ocke®Cirnisoz/4mes

adj acent transverse trusses 5 and 5 of ship 100. 5 The process starts with
the calculation of the basic flowrate cycle of conpressed air into each
of the cells 40, 40', 40" and 40"' of -Bubnersible platform4 throughout the
re- emergence of subner si bl e platform4, as shown at the top of the

di agram ConstElG. 10gsimvanknpeces flowef suf efisabmersible platfauk 4t 4 gd dhevligasi ¢
flow rate are the hydrostatic data of 10 ship 100 and the characteristics
of turbo- Ofmereme With 2feva vdd tof Blohle bentsiyiat 42 ¥rohnits deeplypubmaged positicand f or
exhaust air. Current inputs are the sea conditions - e.g. swell, wnd

pressure ﬁ@%aﬁéﬁﬂ)oﬂﬁﬁﬂﬁltﬂﬁt\@xen R sdbmékisBR) PSRRI hasdeahkd ﬂi&%ldﬂﬂ@d drapl anned
distribution on subnersible platform4. Once the calcul ations are

compl et e roritRfhe el&fk%ﬁ%mt?'&?(fgdvhy s s hles SO OPap d0g. or each cel | 40,

40' and 4 set ng a pre-planned cycle 15 which lasts fromthe
subnmersible platform4 rising fromits position resting on hulls 1 and 1
to the position where the subnersible platform4 is water-borne at the

pl anned draft._The | ower parf of FIG. 10 OWs in the |ef alf the steps
of the processTlFeoﬁ’mC??Bﬁ'laYt tf’ﬁﬁcla{égllm%ﬁtaq‘?‘lgﬁsﬁ W I Cxf ?gCPWBreﬁﬁegﬁg f or
controlling trinmmof subnersible platform20 4. Addressing the |eft half of
this part “‘tS‘? epeheofthe geIim0, P 9140]" and 48 e At SURmEFsiRle, Blaffarm thrﬁ?%’é’ghﬁh% re-
depth - neasured by pressure sensors 66' at the port edge and pressure
sensors 6emgtgendseok sebmsstbld matfemot, auphesmsitbihe top f fthe diagrag. f fleangtant | j st
does not equal zero, the flow of conpressed air into the cells 40 of the
subrer si beempinents @f nhedscditward) for saldelatiy 8/bAS8 Tloy RAETASHhyllt @ddic-db8r 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



of the pressure sensor show ng the higher water pressure - i.e. having
deeper draft - is increased by adjusting the setting of air intake check
val ve 44.won3psg® of a najor deviation, the counter-bal arcrngonfichi st is
accelerated by sinmultaneously releasing a blast of air fromcells 40 at
t he opposite (high) edge of subnersible platform4. Wen |ist equals 5
zero, the basic flow rate of conpressetf-air remains as pre-cal cul ated
above. The water pressure read by pressure sensors 65 at the aft edge and
65' at thef thiequresanid sedspe sbéwinpbinehighds] watpy pressurent 4.¢i bawngrideeped grafit+ Isi zed
for checking trimmof subnersible platform4 and for counter-bal anci ng
trimm by adidisdd by adjisting ew sitinkOof einpinks etlecki valend4or Irotasexdfausnajai r  of
platformcells 40"" at the aft edge and platform cells 40" at the forward
edge of sybiRichi BleeophiBi-bNirFing. of TiEis BERIeraved BY sif@pittomsaLldacitdg blagr @ssur e
sensors 65 and 65 as well as pressure sensors 66 and 66' is further

uti i zed 4pre ek e biiekic him talobeabhailis fhofies. Wndlisagd the

pre-pl anne required for lTocking it into transverse trusses 5. Wen
this ep i -al C I Lndih A i f submersible
pIatfo?n1%Qgr%e%%%ggggqmgfgg&%ﬁﬁiggfﬁé%ﬂ%n{%hg?%?%%g%%éﬁ%gfIOM/rate cycle
are related to the recorded external causes, separate for list and trinm
After elimnation of transitory external causes - e.g. an 20 actual gust of

wind or the actual swell in a specific roadstead while ship 10Q is | oading
- the remi niF’gevaﬁrdafwea@%%iwgeaﬁea%gg % dhe Al ge 2pd ﬁg @hde
corrected flow rate cycle for the exhaust valves 48 of all platformcells
40, 40', Agwaghgdgrof supmensiple plasfowe ey siniisprentdlized foF chegkingr gimyneof
platform4 with the sanme | oad. WD 03/ 053772 PCT/ US02/ 41645 -19 FIG 10b
shows t he spmursbls plagomof4 rand| fr 1cauntr-balandings Hiipml®§ edjesting ethe nflowi ofy

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.



fromloading draft to voyage draft while carrying the newy | oaded
subnersible platforns 4, 4" and 4'' that are now | ocked into two adjacent
transver sEotBouswes 5 and 5 of ship 100. 5 As shown on thecrapsoniicld G 10D,
the process starts with the calculation of the basic flowrate cycle of
conpressed air into each of hull tanks 16 and 16" and into the trimm
control tanks 67 and 67" in the afterbghy 15 and into the trimcontrol
tanks of 68 and 68 in the forebody 19, as well as of the flow rate of
exhaust air from submersible platformcells 10 40, 40', 40" and 40"' of
subnersible platform4 which parallels the rate at which conpressed air is
i nj ected into Fid.|10bashkwes 116 pmcksy Gow cCdwls drand dorwperipri08 vdkn réremergingwar e
for calculating the basic flow rate throughout the re-enmergence of hulls 1
and 1' of fishi padifiDdradr© voggesdi® wsle g@hnrging trer nellGloadi@hsubBiersitde plaifonmst s ar e
the sea conditions as in FIG 10a, the volunme of conpressed air previously
injected UniOaAUWONRESIENEWRbAEE Ridtwb {dpicent@rahivetBREIeRS dndisdof @goIobed at
that tinme), and the signal that subnersible platform4 is |ocked in place
and ready for being lifted when the hulls 1 and 1' of the ship 100
re-enmerge. Once the calculations are conpleted, air intake check valves 32

d 32" f d 16! j
32I ves 69021nd ggrh%%sne ri %’pc(%rﬁlgghéq %ﬁ%ﬂ%&&g&%‘%@me'cgkpﬁhm&ﬁr%ﬂ y 15,
t ak heck 71 f t ks 68 d 68’ 20
For ebody 6% Gitaexin g camatesied ai yoia g by P, Gk 16 bnd 1) S BierP e 0,
40', 40" 40" t, di to th I d I Thi I
def | nes t E&tf%xm%e%céve o thelARERodY 15300 Hito B iR CRPBENKS o148 54@8 g dir af

to voyage draft and the resultant lifting of submersible platforns 4, 4
and 4" outheoforebpdy Wt asrwel\d @3hoHaw 7ate PETrhagy 2ir41@n submagsible platform cells

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.



The next |ower part of FIG 10b shows in the left half the steps of the
process for controlling list and in the right half the steps for

control | iwgoBosatm of hulls 1 and 1' of the ship 100. Addrezdisng4tee | ef t
half of this part of the diagram list is present when the nmean 5 water
pressure - i.e. depth - of the port side hull 1' neasured by pressure
sensors 13' and 18 differs fromthe-fsan water pressure neasured by the
pressure sensors 13 and 18 of the starboard hull 1. If list is 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 val ve 32T n&R2'lowet(aithe FiGanOmstioays ip ithesle fimalfrteastepsyofgheprooese tarensor s
13, 13", 18 and 18" is utilized for checking whether hulls 1 and 1' have
attai ned voptagengdisahind indheRighhhaf the stepe for asrtrollingomimme o6 bullsali andi Itodikke check
val ves 32 and 32' of hull tanks 16 and 16' are closed. 15 The |ower right

hal f of Flip 1800 AubR¥SEnd Mateft AdINGR this paRoF iHeldigearhylistisdrésear vitith themtdrod,
i.e. not by neasuring water pressure but by nmeasuring the trinmm gradi ent by

means qf j ensd tybye | | DRTE Y ik i [ fs93' and
counte?baﬁgﬁggﬁgggé P%%?Eggiﬁgq%%e f|g§ﬁ?éfé gggggn%fgggggsg??si%tgltrimm

cont ol 13k, 0% A8 o8 A0 8Buch 1 HRER RO bl . 2

1'. In cas evi ati e coun trimmi1s

accel erated by sij t aneousl y rel easi a blast of air .fr I cont r ol
t anks 67SQHHME§WH%L ﬁﬂﬁhﬁ KF?B Z?%ﬁﬁg“%g(Eﬁﬂn%§“m§€“PH8%ﬂ$%Wkg“%ﬂﬂ of
hulls 1 and 1'. Wien trimmequals zero, the basic flowrate of conpressed
air into tlpi Ahthesisenes - lagging - §¥lisahar Lot ingrasg@ by adiugs the pelatpd aigdntake
pre-cal cul at ed above. WD 03/ 053772 PCT/ US02/ 41645 -21

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.



Al'l adjustnents of the basic flowrate cycle are related to the recorded
external causes, separate for list and trimm as indicated by the shaded
bl ocks atwoOhe/oborz om of FIG  10b. After elimnation of tramgisvpssext er nal
causes, the remaining validated adjustnents 5 are used for calculating the
corrected flow rate cycle for exhaust valves 34 and 34' of all hull tanks
16 and 16' and of exhaust valves 70, 79, 72, 72' of the trinmmcontrol
tanks 67, 67', 68 and 68 for the subsequent submerging of hulls 1 and 1
of ship 100 with the same l|oad. 10 FIG 10c shows the process fl ow of
hulls 1 and 1' of ship 100 when rapidly imrersing fromvoyage draft to

| oadi ng draft Aatl adpisohensudinbe Habic lgw adté oyete ad, reddtedardthédrecontid¢dhexttérealr now
known burden have becone water-borne and are no longer carried by hulls 1
and 1' of cafed sdfiPate 1 186arkeiwin, ab indiatdddy thé sHaliéd bladks .at tHe@oRsMOEFEG.St art s
with the calculation of the basic flow rate cycles of exhaust air from

each of hybh tagRkslikbhaabf ofBanstB dxi@RAItcald¥y) GO Mhdhing valdesedbadjRskn®7" 1N
afterbody 15 and fromtrinmcontrol tanks 68 and 68 in forebody 19, and
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pl atforns 4, owar ds ensuring t'hat subnersi orm4 will
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accurate corrected flowrate cycle of exhaust air for imrersion of hulls 1
and 1' and®®f the corrected flow rate WD 03/ 053772 PCT/ US02/ 41645 - 22-

cycle of conpressed air for rendering subnersible platfornms 4, 4' and 4"
wat er - bor ne

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



when hulls 1 and 1' are at |oading draft, both cal cul ated and recorded
during the preceding re-energence of hulls 1 and V, and, finally, the
signal thaooBhss72d r pressure inside hull tanks 16 and 16PCraiSpEsicey ed t o
the reference pressure recorded at the end of the re-energence of 5 hulls 1
and 1' during the preceding re-energence of hulls 1 and 1' from | oadi ng
draft to voyage draft. The lower hal f25f FIG 10c shows the process steps
for controlling list, trimmand depth of inmersion while hulls 1 and 1
qui ckl y i nyde o€ comptessedi aiy far shderingi submersibler platfprans14) 4f dreic4'edvaer-bvegsur i ng
the nean draft of starboard hull 1 by means of pressure sensors 13 in

af t er body when atlth PARSE Wir€atsientiny draft Sbath cdloulsbd aiyd eBordedlduriig tiepracedirgf t  of
port hull 1" correspondingly. If list occurs, the flow rates of exhaust

check val yeemRdrgbiceSdfauoREM NUbdd, hnamn%eogigrﬁmamé aiY Bre¥firSthsidé RulP@hks hul |
1' are increased or decreased as required to counter- act list. If no |ist

occurs, 26 aﬁﬁ'l@“ﬂs AL edled &f the ?&ex%cceﬁ?géiﬁétre%?&’éakat\ﬁ?é RSt Rthe ncd ¢f not

15 change e mean water pressure read by pressure sensors 1 18

and 1851 Sl 110699 ok vEEEKHAG WOREREL M s 3 ARG Kool B tdgaji 1

| oadi ng dr aust a| r-chec and 34
of hull tanks #mand 16' are closed. 20 The lower right half of FIG 10c
shows t hat' Y48 #4Ts controlled as shown in FIG | Cb, i.e., by measuring the
trimm gradient by nmeans of a highly sensitive inclinoneter. WO 03/053772
PCT/ US02/ 41645 -23- Trimmis counterbal anced by increasing the flow rate of

exhaust air fromtrimncontrol tanks 67 and 67" or 68 and 68" at the
hi gher end of Mb¢ lower hai@f FIG. 10c shows the process 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.



Accel eration of counter-balancing list or trinmmby injecting conpressed air
into 5 trimmcontrol tanks 67 and 67' or 68 and 68 at the | ower side or
end of huwb3dsam 1' is not contenplated as the exhaust acm/fShpwenat e
cycles based on the corrected val ues gained during the preceding
re-emergence are highly accurate, and as the process of immersionis very
rapi d and ends in self-stabilizing comfiti ons when hulls 1 and 1'of ship
100 are at loading draft. 10 FIG 10d shows the process flow of one of
subner si blleimpi &t ¢awntesbalanced by ingreasing Mfeﬂowéﬂﬁg)fﬁgmr gedrom trHE RSN | oad
of barges fromits water-borne position to its deeply subnerged position
at whi ch ainks 67 aat 6loe 68 and 68 'neethe Nigheaem ofdtudls 1mod A6 and the subnersible
platform4 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
fromeach of cells 40, 40", 40" and 40"' of subnersible platform4

throughout  SuRPRSGhEH o@@ou%&?%laﬁémé |ﬂ§’c $10Ringh vy! fecdtlt ecorhBibdRlr into
conponents of the software f calculating the basic flowrate are the
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condi tion he correcte |l ow rate cycles o cul ated and

ded fter t di | at 4
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t hat all those subnersi bl e atforns 4" i F to he
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PCT/ USO2/ 41645 -24- transverse trusses 5, 5, 5" and 5"' of ship 100. Once
t he cal culvawyi @pis zg]deer@énws@{ établllgpg 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



exhaust check valves 48 of each cell 40, 40' and 40"' are set, following a
pre-planned cycle which |asts fromsubnersible platforns 4, 4' and 4"

bei ng watwo-0b05312 and carrying floatable containers 12 tecritsozieess vy
subnerged position when floatable containers 12 are 5 afloat and the
subnmersible platforns 4, 4' and 4" are seated on hulls 1 and 1' of ship
100. The | ower part of FIG 10d shows % the left half the steps of the
process for controlling |list and in the right hal f the steps for, .

control | i FHEnSVeiSeifieses &, ? yBi'caf 5 (8RR 1) eOnes the colpptptions aresspmpleiesh airtp e

left half of the diagram shows that |ist nmeasured by pressure 10 sensors 66
and 66' i sxmgstathecletialibgs 48 pfisachruglli0; 48 ARdI4Q" " ‘care ski, Vellapdng a@regplapned hi gh
side of listing submersible platform4 for increasing the flow rate of
exhaust akycle Whizhrlasghfromantmer§ibletpieefoRthGt 14 chnd HOWiseinghwatert-barnandf casyinger si bl e
platform4 indicated by pressure sensors 65 at its aft edge and pressure

sensors 6%oatable icoftainfsVer @ iad@eplySsubergédposittbnowtichefqacibiti cugtaynebyy 12 are
counter-acting increases of the flow of exhaust air through exhaust check

val ves 548 ,hfacGRl ki shiBméQible Shtfdr€ 424 tardgeare seRed Giss AhRe K yRhWLR0048 i n

cells 40" at the forward edge of subnersible platform4. The nmean water
pressure read by pressure sensors 65, 65, 66, 66" is utilized for
checki ng whet her submersible platform4 has attained the deeply subnerged

205 197 o0 0T iy Ay SRR WS gL U8 05 4

exhaust check vaf v&s Subrrer Sibl'e are c an evenly

distributed volume of residual. air renains inside cells 40, 40', 40" and
q00 | oCoRI s St DeoBRAbe SSE tohgeuto DT e wEGHP PR ng
list or trinmby injecting congressed air into the cells 40, 40', 40" or
40"' at ttﬁ@tﬂoﬂﬂérOfé]Bﬁ’e{@) Bhe Igttghyalfiof I‘Rj‘ g aE SEPW @%‘I‘%PFBW%W Rressgie

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'"'".



considered as the now rate cycles of exhaust air based on the corrected

val ues gained during the preceding re-energence are highly accurate and as
t he procewe oehsxyaubnersion is 5 very rapid and ends in sel PcItusb/diczd ng
conditions for both the floatable containers 12 and the subnersible
platform 4. The physical details of the process flow summarized in FIGs. 9
t hrough 9d are defined below 10 As o#Yi ned above in connection with FIGS.
10a, 10b, 10c, and 10d, pressure sensors 18 and 18 in forebody 19, and
pressure sensoheceksatipndf TUNter-bagnEBE HiSRF BN Phinjesting eerapressebpir Y6 Mej on of
ship 100 transversal to its longitudinal axis. List is evident fromhulls
1 and 1' lhelisi 40y 401,406 @rd0' traafte. loWhesdgeth) of artdingesbmersibie glitfogm friedur e
sensors 13, 13', 18 15 and 18 as differences in water pressure. This

i nf or mat i eensideredest hackov @att gclkoafl exmnputie basedtoincthe catrecttdyasest gunedhange
in ballast condition required for neutralizing list. The | oad conputer

Wi 1 then ggiitd@E piRbdifg REEmMENE Sredfighll abdudt® @nd ¥Sthe PBocssyTGtibrhdréien 83 f or
venting or set check valves 32 of pipling systembranch [ine 31 for bl ow ng

conpregse %ﬂgr}ta@d B Ends ti@Eﬁff-Qt@oilfiﬂﬁgl&i.nﬁﬁibhmr ¥&th e flABDRY @88 HetsY1 2GaR tHegUr ed,
pressure sensors 13, 13", 18 and 18 20 are indeed sufficiently fast and

accurate f I j draft and list of hulls 1 and 1'. However, these
sensors 1§l?d’n1g8&£§?§&%ﬁg418' are not sufficiently fast and accurate to

determne the direction of the "trim (inclination in the direction of the
| ongi tudi nal axis) of ship 100. Because of the great length of hulls 1 and

1', which are generall X headeg into the WO 03/ 053372FP§T/¢J382%%5 - 26-
waves while fl Ahysical detpils Qe Rrocess dlow, sumpajiegd iy F1GE 7 o &€ caused
by w dely
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



spaced wave crests may be msinterpreted by the | oad conmputer. Thus, trim
of hulls 1 and 1' is nonitored by highly accurate, quick inclinoneters
sim |l ar twotlhosa7mwhi ch are used in nechani sns that keep Parnshy4wis naval
guns in their pre-determ ned position despite the 5 vessel's wave-i nduced
notions. Such inclinometers are well known in the prior art. FIG 8a shows
subnersible platform4 frombel ow. Its2%ctual depth is nmeasured by reading
wat er pressure at the bottom edge of its margin plating 52. Suitable
pressure veeeswhids Batehid caBainem 12hase caeiapgad; REcsresoshasgaseansd byt widaly
transverse margin plating 52, and 10 sensors 66 and 66' in the m ddle of

| ongi t udi Bgdcedags crept afay by nﬁﬁntatprttterbby)tlkbw@md@% Totis, tsm lofrbulisi hand
platform4 are arranged in pairs opposite to each other. Pressure sensors
65, 65', G6is Mosofl byahighlyHairke! qlibieincBiletq?oSinfilaOth tbseswtticresisiusédin

pl atform4 | f pressure sensors 66 and 66 (which lie opposite to each
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register list - 1.e., inclination transversal to the |longitudinal axis of

ship -sthg 85% Zfeeﬂfe 1hgﬂﬁze@h{ot18|:rks h. R c!llﬂorﬁéi&% SreAWe1PkI¥h inlife élﬂﬂth udi nal

edges |s a d for neutralizi ng pressure sensors 65 and 65
(which lie opposite to each other at transverse nmargin plating 52 of
subnersi ble platform4) register trim- i.e., inclination parallel to the

| ongi t udi nal i f ship 100, h i inc 40' and .20 40"
along its for V\E@ g ﬂ‘(’?”éé\‘b"éﬁﬂg@ péﬁ%HBt‘*l‘f“g’i‘ Eggw Slts 'e‘#qp é“ﬁisué by
adjusted for_ neutralizing trim WO 03/053772 PCT/ U802/41645 27- The | oad
conput er EeAYINZOWALE REESHIBE 2t ithsnDestonh ggesofy it Fgrain platige b SpiEbls RICHHE f or s
4 regarding draft and | evel position by setting renote-controlled check
val ves 32 semgrs 653upd 6antn the cerfierting ] efship, HOyat therirangprsgi margingatingi52, ngr pose,
the | oad conputer contains a control

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.



profile for the check valve of each cell 40, 40', 40" and 40"' of
subnersible platform4 or, 5 respectively, of each hull tank 16 and 16'.

Cal cul at esiohehsa7e2 ship 100 i rmerses or re- energes, theseprconspoiiopy of il es
continuously regul ate check valves 32, 32', 34 and 34" while the hutls 1
and 1' and subnersible platfornms 4 |nc%Fase or decrease draft. Based on

the planned draft programred in the control profile and the feed-back on
actual draft from pressure sensors 13, 13', 18, 18, 65, 65, 66, and 66

t he | oad conpum@rloe@mmwerwgmy@lwed{?ﬂﬁa@ aEhylisd 4ad dp aadisubmessibie platforms
positions of hulls 1 and 1' and subnersible platforns 4, and incorporates
necessar y4aogardiog idmfisandTibee! positioroby prtiiig tegnotescantrpilédechsek wamesr 1, 32i.gdal s for
continuously setting each check valve 32, 32', 34 and 34' for the

appropri atad 84°ofor edflecgively whnting diul Fer tﬂxisqmcboié, tmwld)adﬁoraplhcrmoaiahisea qh@olf or s 4
i merse or re-energe. The control profile is generated by special software
in the | opehfitOR tlehetkvale d@actBced4050’p 40.0@nd 4011 Sf Sebnierdble preminai s, t he

hydrostatic data of ship 100, e.g., its characteristic interdependence of
carryigng ?&B@&ﬂv&l}ﬁ of SRR dadli I@Vaﬂfj t16an@aiaﬂ%téd%ré%q VRiOUﬁEne?Jes 3R Ge-
pressure in air cushions inside ballast hull tanks 16 of hulls 1 and 1'
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Prior to s rre-ener |ng W en subnersible pl orms 4,
this soft
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subnersible platforns 4. When hulls 1 and 1' and subnersible platforns 4
i mer se aBEESHuEe SeRSPIgel3, tlﬁ\ellr8 18", % 9al> Goand i66n halpad SoMANEr FomBiRRQUSlY

pl anned position programred in the control profiles,
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



e.g., if the weights of floatable containers 12 or their arrangenent on
deck 37 of subnersible platforns 4 do not correspond with the prem ses
made for walswsari ng the control profiles. Accordingly, trhg/usonticmuous
conpari son of planned vs. actual position of hulls 1 and 1' and
subnersible platforns 4 may require correction of the control profiles of
10 the assi gned check val ves. Adjustmetts of the control profile recorded
when ship 100 re- energes are re-calcul ated by the | oad conputer for the
subsequenhydrastaticsdagnoiohips 0 mnd data OarWFlghﬁc@ﬁ%oXlﬁﬁé%pﬂs neeterhel Favived fendi ng
control profiles. For imrersing - which is nore than twice as fast as

r e- ener gi berloadedhfloatahd caitaiyero12 | apd oartlagir arhangemérit gh lsybnaassible plagfogas 4.hat  any
further adjustnments of check valves 32, 32', 34 and 34' would be small and
can be effected 15 rapidly, or would not be necessary at all. |nmersion
and re-energence of hulls 1 and 1' and submersible platforns 4 are short,
transi ent processes for which the referenced control and nonitoring systens
suffice. Howewakn huhe 1tdndel ' sqp@nsubineRiblo pRgOrndu4 iim@ersbiand refeinprgtPeheld oat s
on air cushions inside 20 hull tanks 16 i1s considerably |longer. During this
time, gin R nfl débi%&kfrd/rﬁhl’{aeylﬁalﬁ%d §iomfro@fanitediif theSotptr6NBrofiks,and 33
could Ieagé?ge@%ggnergl ly small - ossesp@of alﬂrr 2from hul | tanr{lgr 16. Wen

03/ 0887 72°tr) o B O BTk Eqnk(EL Tanh S ot U7 88 720 "t er
change t nani e il Ead b SprERHRl hAF ik bRt R caclilife M 7
pot ont  al Spnis] e, RepcRleyRa soieut Gorpan o A b H G Rk g
Lh b 100, Noll Dbl SdroridtHle pistoms 3 may Requie correction f dhe control profics of O

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



pressure of the air cushion on which ship 100 had previously re-energed,
the control profiles cause conpressed air to be blown into hull tanks 16
until theworBgsitad air pressure is restored. 10 Up to thipeTasOII#1643 he

i nt erconnections of ship 100 have been shown and a brief synopsis of the
operation thereof described. However, the present invention may be best
descri bed through the use of exanpl es:2%fhus, it will be provided bel ow an
exanpl e of ship 100 rising fromloading draft to voyage draft and.

i mrer si ngthertmtomoyfayd tankaf 6 are opevadsi vigjer wewld tflowringoshull wnksr Koand g98dizgt andi ng
of the method of the present invention will be further 15 described. The
met hod of tHehiesspsfesientThisnweunld ichange shef antual leendiagisdn aldy ngdt ekt 16 fromhtbogeosi ti on
of hulls 1 and 1 and subnersible platforns 4 regarding both draft as well
as i nclinadsi@ed ifér Eeulatingn@e todatrd)Profes Sor( the rehedk) vaved. t Faneliminaing ayi S
("l'ist") of ship 100 while rapidly increasing 20 and decreasing its draft.

This pr Ocs§t§ntia§ risRAeRANEANtanR 160 RqiNBEN ShRWesenSorSlof BhétRinghits wadal @lrs trim
and list of ship 100 during a voyage and needs to conpensate, for instance,

105 A1 oS B sl Bl s E Gl IR o
(1 2SBS0y R ANy 45008 Y BDAF SRy e o

ion. en shi voyage draft,

t he wei ght f the subnersible platfar , i,ch are | oaded. with fl oatable
cont ai ner grq%s GausefOMPESRA a‘%‘ﬂlbggﬁ’f’“dﬂgﬁ‘i‘ﬁ _ta%\}\é\ggt?l,thw&nag A Fresdse 1
imrersed to | oading draft and the subnersible 5 platforns 4 in cargo space
24 are waf®fBehne, the total wei ght of subnersible platforns 4 and

fl oatabl e containers 12 parked on them is borne solely by subnersible

pl atforns 4.

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



The load is shifted fromhulls 1 and 1' to the subnersible platforns 4 when
ship 100 inmerses. Conversely, when ship 100 re-energes, the buoyancy of
hul Il s 1 awmodo03/0samd subnersible platforns 4 i s constantl| ypPatjussyedsdy
controlling the size of the air cushions 10 inside hull tank 16 and inside
cells 40 of subnersible platform4. Subnersible platform4 of ship 100 is
designed to float with its deck 37 at ﬁ)pre- det erm ned hei ght above the
water - "freeboard” - when subnersible platform4 is waterborne on an air
cushi on avoyage. rAherlser systeasdgr cadjustng fos udnaad lisduring vipmage) isgwewa ip theat 15
the bottom of subnersible platform4. Hence, the surface of the water

i nsi de t hert asdiismex dieldbgecpbithfsanventdorh eWhen sttip 160 floasiathiopageideafi, aveeweightt h t he
bottom of submersible platform4. In other words, the air cushion

conpl et el yf thakasmersibleslatdsring 4e waivh cing Radaiwitl Ylowalile contginérs 12y gibornelbyt i ng 52
bel ow deck 37 of subnersible platform4. On an air cushion of this vol une,

submer si blgdl a4d o nnéwé\Jeea\tvﬁerﬁstmﬁ 109 i ifmeeéEloNbatish dragandgRlsdbmedibhen
carrying its full load of floatable containers 12. WD 03/ 053772

PCT/ U892/ él]a%én fﬁ ﬁg& a%e SRiape wRAErHoPIE iREStal (vRighY OYRBRedbRf flatkmk @adi ng
% ep

draft, nmer si rms 4 rest above the water surface on supports at

t ransver se th ust?lflg C%m%[}% s ongﬂﬁ&f o Bm, ﬁ{:b{?rﬁé gglnﬁie ) ﬁlbi]“e?sﬂﬁ élaifB t'6 the

submer si bf & p as g down "w rsin

51 nsi do. e 1ekPedibofacel bind T e Eh Réf*éf R EmaEhgrs s hen

ship 100 imerses farther to Ioadl ng draft, subnersible platform4 aI SO
si nks deefBmersess opegrsely when ship Q%F"e%&‘%‘ge%ﬂt‘%bﬁfyﬂﬁw of; idls dafpdut e?pdai r i s

conpressed, and the volune it takes up in subnersible platform4
decr eases submrusibletHasfosms fals confantily cadisied by eonEollisg die size of the @irstushipns

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.



i nside subnersible platform4 |ies above the | evel of the | ower edge of the
margin plating 10 52. Thus, the captured air does not fully take up the

vol une wiwbios/osErgi n pl ati ng 52 and deck 37 of subnersi blpeTpisat/éwuin 4.
Hence, on a "neager" air cushion, which contains only the anbient air
captured when subnersible platform4 becane waterborne with imersing ship
100, the subnersible platform4 does Aot attain its full carrying capacity.
15 Before ship 100 i nmerses, transverse trusses 5 carry the total weight of
subnersi bl e pl atBedpns ship WAR AimEgEsee fE0Mh VeYA8E ATp1h i 19ading dradt, tsHemeigibler wi t h
the i mersing ship 100 as described above, the air cushion captured inside
it creat eplatfooysahrept ghode begivater sufageany spppastsdhrtrarsverise trpdses § thangoanecithen t hi s
buoyancy has becone equal to its total weight, subnersible platform4

fl oats at shipe00 hehs prasd ai.| When fubeebsitde placfoih 4da$ gorgedovei witls thd émmersing0 when
ship 100 continues to immerse to loading draft. If said freeboard begins to
exceed t hgnipf106eharr shirtaeterd REmhfin FRGKOSD Entsts InE waleb k@ fek 24if @rdaprhrean its
supports when ship 100 subsequently re-energes, subnersible platform4 is

vent ed suntidl e {3 Snctinphllea g0 GRS Y0uABRSR o RETAAISHRLA 1510032

freeboard. However, if, after sinking into the water wth inmersing ship

oo £ o TEaRERLE urERld s GART Alueddhig FRAART A6 S Nelfh] WO | €99

than the require reeboard,” or 1 'S SO avi it would

remain on its supports. n.shi 100 is .imersed,to oadi ng..draft ..

ooy 6 codainy Rt Srput e s BPEbEREss S ST B b igar s

the 5 required freeboard. The draft - an th:ijs, t he freebogrd - g%l,\/\hich

subner si bISEPTRrEble Hlarorm dlectsases. TS ethp seriase of theiater helgvegpchgn air cpshipn

conputer, and venti g? glrai injecting air is regulated correspondingly. The
€

control prgsidessybmers forat # higs abpve fthecleyr) Hf dheolowehedzeafiagemangi Blatiigat f or m

4 begin before ship 100 is fully immersed to |oading draft and are
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



finished when it attains loading draft. 10 Wil e subnerging or re-energing,
the horizontal position of subnersible platfornms 4 is adjusted by venting
or fillimnyowposa7rz cushions in selected cells 40, 40', 40" pamasdbite4df the
subnersi bl e platform4. When not carrying a | oad, subnersible platform4
floats in Ilevel position on an air cugshion of constant thickness due to
its symmetrical structure and, 15 thus‘32'i ts symmetrically distributed

wei ght. However, a subnersible platform4 usual] carries several,

f1 oat abl e figehpard ndpwevE, i after Sinking o ghe patergyith Wé’ﬂefﬁl%ﬁmp \}\%Q’dhl?rgerﬁhlreden
subnersible platform4 asymetrically. Wereas an enpty subnersible

pl at f or m plasiotrh 4 contaiaingi améagerlir pusbionifloats ahlessrthali the caguhedfreebpardo pisif dnt

t hi ckness, the subnersible platform4 would tilt under an asymetri cal

| oad. | n ¢ stehedvily fadenethac it i wduld ggmditn en dsl uppotB, whkin' shipl 000 20ingmersedOtd’  of
subnersi bl e platforms 4 are selectively vented - or blown with conpressed

air, respa@ingu@ity, conﬁ@esﬁddadlr {shovere ke the Glibnadriible platrona v dmil ddafat tHee air
cushi ons in tl”gle cells coincides with the common center of gravity of all

f1 oat abl e /GRRER RS GArdl 2Thd BARS. ankifthid, WE R366RS 7 A2 whiel /sthbahtasitia @fford 3-

subnersi bl e platform4 carryl ng floafabl e containers and floatlng in |evel

posi tion, 3%&%\6@' erﬁ gy‘éal&lgath&% Celdag ¢ ﬁﬂgdeei,fﬁ{d wanﬁ%%?fl?_,oat ge{rs ?snt to

which a s rrer5| orm ene y an array
cont ai ners 1 sub rsible ptl
I

re- surfacé%gu ﬁo ?SP%%‘?@F geiﬁef 198%9 t%“’?cé%?é N af“é’ls%n& H’guggesf)?r% ﬂpghr?d si nks
farth bel { hl 2 of diff ht b
e PS5 P B S BB TS,

that remai ns on the subnersible platform4 asymetrically so that
finished when it attains loading draft.

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



the size of the air cushions in the subnersible platform4 cells nust be
adj usted 10 continuously so that their common center of buoyancy coi nci des
wi th the wons®es37of gravity of the floatable containers 12ctrhasb2/4wm®i n on

t he subnersible platform4. Correspondi ngly, when subnersible platform4
rises fromits deeply subnerged position and floating containers 12 of
different draft land on its deck 37 on®after another, 15 the size of air
cushions in cells 40 nust be adjusted continuously. Thus, conpressed air is
bl own i nt eubmesrsible piatfoeh deearsydngyfloanabie coninersdofloating i enelepositionethpalt f or m 4
has surfaced, i.e., until it carries the full weight of all floatable

cont ai ner sushins Fr nneelladf ddfer it siee.bur den on the fl oating subnersible
platform4 is increased only by the weight of its energing structure. As
this is symmetrical, the resulting burden is symetrical. Thus, the air 20
cushions inside subnersible platform4 are increased uniformy until it
floats at the required freeboard. WO 03/053772 PCT/ US02/ 41645 -34- \Wen
ship 100 re- enEhi@egenitqo whychge subirtdible plaoform 4iibberdpdedt fycamardyi f femagbiged by
supports at the transverse trusses 5 and lifted fromthe water. Wiile the

wei ght 50f combREB S ichhePivalld Mk RubndrSibR@ilatrrh 430BrhEEELS Bis@FIRSSWIRh Yt t O
transverse trusses 5, its air cushions are correspondi ngly unburdened.

Thus, the sierfUSRLANE RVE IECATRICHRRDn Asifks! DRnURbAGwW! Gutel, Adapbge cells

40 drops gradu y as long as the bottom edges of subnersible platform4

R ) : i oo i on.
negat i ve SoRagtsd ol el Ephbeng QRleRpdhd theoilek BB e sbncifal O
lifted by si phons

ulls 1 and 1'? such .cell s 40 act. iﬁlrﬂliﬁ and suck. i n
water. Of TCRMEREEs BrEovelEN gl SR of e spppersipls, plfforty 4 St Iy Sy
buoyant to lift the added | oad. But when a submersible Elatforn14

the size of the air cushions in the submersible platform 4 cells 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.



10 has sucked in water and this is released instantaneously with the bottom
edge of its margin plating surfaces 52, destructive water hamer my
occur. Inweaosumrer sible platform4 being lifted by ship POOUSez#ess hamrer
is prevented by opening check valve 48 in vent |lines 47 of these cells 40
when their (calculated) internal pressure is about equal to atnospheric
pressure so that fromthen on anbient -3-r flows freely into these cells 40.
15 Conversely, when a subnersible platform4 is [ifted up by energing ship
100 and its cW®hes sHip 1©0nt-aimarges to gopsige dnat, tshiarhersiblepil@tariny4 fsi drigagedeiym when
subnerged to maxi mal depth, cells 40 will blow off air because the

expandi ng sgiports Ws the Mragsvefik WiRsexs eadslifidaefrwnl tiosvata! Galile 4e. wSgithofexcess
air is blown off freely along the bottom edge of margin plating 52. 20

Count er rre@m&ﬁmtegpmr&mems béihg 1RRGEREEPRBreASICINA trafitelst Qhssed'S, @%@53772
PCT/ US02/ 41645 -3 The above description explalns the process of

subITer st DleGrhlrdloHOEAredpRRERS GiifucAR TRGSTRY G DANAL afdechiphan @aea&f

fl oat abl e cont ai ners ver 00 does not al ways hahge

fl oat all e I i.bl r

subrer g i bltﬁ %t@ R%l 1n%g e{i'lg%l() dr&ts Cérgcfugﬁggﬁon r?g rtt'iaee d)tt? e% %fd'suaﬁl':%ersf?)le

fl oat abl e ntajners 12, ch val ves 8for ventin thls ubrrer i ble
olatform M%%a“o Bivin EGRET ” SianRe - Bocstlor anbRbe, ity 39aT dipishipg

| oading draft, so that no air is captured inside jts cells 40, 40", 40"
and 40" \RREAIVE PresPUSK €21 PACHT titfe: V(B?‘b‘lhc\ﬁh“{mf"rﬁlhlé Pl3oER & ‘hé}‘f@‘ﬁpbhﬁw andsych a
vent ed subnersible &atfprm_ 4 wll not becone waterborne but remain on its
10 suppor tls such cplls 44 agidike siphons apgissugk ;M waeh sAF pourwo thesaip eushioasl imigpldr af t .
In this position, subnersible platform4 only displaces water equival ent

t o the voltanke 16fre sufficiomip dneyanstotlifathe 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.



subrmer ge when ship 100 i merses. This volume is negligibly small so that in
cargo space 24 in which the subnersible platform4 does not becone

wat er bor rwp obssgancy need not be transferred from hull tachkaSt/arwes 1' to
cells 40, 40', 40" and 40"'. 15 The conditions descri bed above for
subnersible platforns 4 simlarly applisto imrersing or re-energing hulls
1 and 1'. For instance, when lifting fT0ating subnersible platform4 out
of the water, hulls 1 and 1' are burdened asymetrically transversal to
their |ongitubieaiovadessriptien explaiit theBRPEess 0ha subipsrtiblsinAtlorB T uPBFLSe ar e

| evel when they float at 20 the progranmed freeboard on appropriately sized
ai r cushi endre-¢neging for thenchahge ofstingtables¢aprainesy b2.f However aghép 1&%40@81 ngfut of
the water by ship 100, the water surface inside cells 40 below the air
cushi on r evegeexchanget flvatabier contagiersol? @ dlhofatsrsabmesibeplatormnd. buoyancy are WO
03/ 053772 PCT/ US02/ 41645 -36- reduced. Cenerally, these air cushions are of
different sizes and arranged asymetrically to suit the weight of

fl oatabl e containers 12. As energing ship 100 lifts the subnersible
platforms 4 in |level position, the air cushions expand uniformy so that
the orbsginal BSysIBRiefsiblepldtfofn Kogtch & noesd be abnridd &6 @chagingl flctableand 1',
i.e., they are unburdened 5 asymmetrically. This asynmmetrical unburdening

of hulls }omderd' 12 ShéeRUalveS BREANERENnDIis SBIREIHIY Bladfoinhh Q8d bft@ledbéfoiet O
i ndi vidual hull tanks 16. As the |oads on individual subnersible platforns

4 general lsﬁﬁpng firﬂfners@é”‘rb%o\aolygg;é r}%.t@'i(ﬁdﬁlb?ﬁatﬂ%)%ﬂ% ¥ p’l’ﬁ@gfeid(\iﬁgljde}'ité- n

| ongi t udi na I rection. pondi ngly roughout a es of 1 mersion
o1& (CTRLCAE Sior b Spd 4B vhen & SuRhED R JaftlioP BRI bR 51861 Vel Y
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



The phases of ship 100 imrersing to | oading draft and re-enmerging to voyage
draft are described in detail below Since data for controlling draft and
| evel poswoioemsof2zthe inmersing ship 100 are obtai ned wheaTiusor/etce3rer ges
with newy | oaded floatable 15 containers, the latter case is presented
first. Rising fromLoading Draft to Voyage Draft Ship 100 is at | oading
draft for the exchange of floatable cofftainers 12. Subnersible platforns 4
are deeply subnerged and rest on hulls 1 and 1'. Above them several 20

f1 oat abl eTedyprdai Fenesally thyse @irfepgriangtarg ehdiffarenhiizes e agrAREed raymmetFieallypor ed
to transverse trusses 5. They are arranged between adjacent transverse
trusses 5td swimthdsweightadfloagblesnohtainetsi 1. e Aplemiefgingnshipt 19( lifie the| spbmersible
symmetrically as possible when afl oat and carry floatable containers 12.
WO 03/ 053 plagroasT 4Us0 Bivdll fdsition3 thd-aireowilipnd @xpand wfifoemlyoshy thhb thd osgginain t he
buoyancy of their hulls. Forecastle 6 and poop 7 are waterborne and
primarilyaghakithy detheNbd kO0Rstoredtdng dfec@atullon ald it S.el,Qﬂ%i hi¢dinbatdeneaind
transversal axes. 5 Phase Al Ship 100 floats at |oading draft on air

cushi ogs 'aﬁrnh]h@t}icefl@'.nk‘?hi;@syrhﬁetfiém eRBEentRy 8NAulls™ aff 1 efsRdMMerbatancddsyer si bl e
pl at f orns rest fully submerged on hulls 1 and 1'. Hull Tanks 16 10 Check
val ves 32 LRI yst 1. f.0k Lnjegt | kI dach | vas,. of

pi pi ng sygﬁéc&gkg’?)ﬂ?%c?%%eﬁfﬁﬂtg ngﬁ’ﬁddtagr@g {f@%a?g' c%gsgg, %gisu}l)ﬁol}ég l§'\lldgl?]ves 30

in the bottons,of . hull tanks 16.are n. Hull tanks.,16. contain air
cushi ons 5@&1/%51[)1% é)latH)rmsIl generall%l dlﬁer, ht?lps andq are atlso urdened asymme{rlcaﬁy 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.



surface of water ballast that had been taken in when ship 100 i nmersed.
Subnersible Platforns 4 15 Fully subnerged, subnersible platform4 rest
with two wopposirs2 on each of hulls 1 and 1'. Check val veeC#Asof/41pii ng
systenms 43 for injecting conpressed air and check valves 48 of piping
systenms 47 for venting submersible plat;orns 4 are closed. Cells 40, 40,
40" and 40"' in subnersible platforns‘i'contaln residual air whose total
buoyancy is smaller than the weight of the subnersible 20 platform 4.
Phase A2 WD 03/053772 PCT/ US02/ 41645 -38- Ship 100 floats at | oading draft
on air cushions in hull tanks 16, in forebody 19 and in afterbody 15.
Conpressed ai rgj I I 4 . Ve FliSe€.
This phase enggémﬁgﬂﬁgggEthégﬁEﬁg§%?ﬁﬁgﬁ%?%g?%?ﬁ%éﬁ%g%%Pg%?%gﬁﬁz&ggttom
of the first of floatable containess.. . I ve it.. Hul I.. Tanks 16
The. stat e PP A “ETER S ETRRIT SaBig? sl 06 D Bt o s iifptind®
Subner si bl e PIatfoHns 4 Check val ves 44 of piping systens 43 are opened so
t hat coin@%g@Evﬂ??EVP%ms uniformy into cells 40, 40', 40" and 40"' of
subnersible platform4. When 10 the buoyancy of the air cushions inits
cel I's excepdse Ae wei ght of subnersible platform4, it rises in level
position until deck 37 contacts the bottom of the floatable container 12

with the deepest af t . L. ) .
pghip 186 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



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 continue
to rise umoioBosiey carry all floatable containers 12. | njpettisny4ieenpr essed
air is continued until, at the end of this phase, decks 37 of submersible
platforns 4 are even with the water sur%ace. Hul I Tanks 16 20 The state of
hul | tanks 16 remai ns constant througﬁ%'t this phase. Subnersible
Platforms 4 For conpensating the asymmetrical burden on subnersible,
platforns 4, &ShipdR0 Ggnptpay leagvgzéraﬁ@wauswﬁﬂa@enéuﬂ ks {61y Eagcbpdy 4P apd i5i ng
systens 43 are set for selectively blow ng conpressed air into cells 40,
40', 40", af@body 1hi Cempighned nisiibblowplinto supmessiie plagferms hso thatvibdy gisesiThison
parallel to their longitudinal and transversal axes is nonitored by
pressure pamsonds Gdhen6aich dd6submenible GhBitfombs drerogiants phatbongm5d thaifokt of
continuously conpare planned vs. actual draft. |If subnersible platforns 4

devi at e f rRAERbIBRONEYIEls 1RFRatin®ibove e fl ow of conpressed air into cells 40,
40', 40" and 40"' located at the perineter of subnersible platform4 is

decreased or increased as required for neutralizing the deviation. 10
Phase A4 Shi pHBdank$d®s at 1 oading draft on air cushions in hull tanks 16,
in forebody 19 and in afterbody 15. Subnersible E‘l atforns 4 rise above the
wat er sur f aceThelstate of bulditanks b epiains 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



until, at the end of this phase, they are waterborne at the programed
freeboard, at which 15 point support rails 58 are extended fromtransverse
trusses SvoOMeh$37TAnks 16 The state of hull tanks 16 renmai RETASNEIAM

t hroughout this phase. Subnersible Platforns 4 Decks 37 of subnersible
platforns 4 are level wth the water surface 21 and 20 carry all floatable
containers 12. Wen rising higher, t het¥ burden on subnersible platforns 4
is no longer increased asymetrically. Thus, check valves 44 of piping
systens 43 aralestd4df Srpiping spsemndp eigesehfar selgstvebhblowing epapeessadsainnD

03/ 053772 PCT/ US02/ 41645 -40- 40, 40', 40" and 40"' uniformy until

subner si bl e pinat dedis 48, 4D'f 4@at40at. t he programmed freeboard. The transversal
and | ongitudinal |evel position of subnersible platforns 4 is being

nmoni tored thr ggg f“te{]s%’]bie gﬂ%&eﬁys\C/)\?errfsesu[%grss{e§%lblg§sritp()lna$éﬁﬂgsgfffﬁ%{/ai n 5 the

programed fr conpr eésse 'S check
val ves 44 of piping systens 43. In this posjition, tiltin uppo rails 58
are extended {‘)’Pg‘FH neh AR, HARSKErs3l AXED K TB‘,’““%H‘? @'h%ﬁ“%?nﬁnmrgéis e’d&% n FIG 7,
so that top rails 59 butt against margin plating 52 of submersible

pl atfoPm 4 soaihé’ atHedrgiapjating 32 ¥hisbontigiogdy sogpare Panfed ¥s-sa¢y3! 100
subsequently re-energes to voyage draft. Phase AS Subnersible platforns 4
are wat er bor nérafit ksebmersileaptatiatms deddyisgg romshe fevebposition, the flow of

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



begins to re-energe, lifting subnersible platfornms 4 until, at the end of
this phase, the 15 bottom edge of their margin plating 52 breaks the water
surface swotokasd7the air cushions in cells 40, 40', 40" an#ca@Soz/eseape and
the weight of all subnersible platforns 4 is borne by hulls 1 and 1'. Hul
Tanks 16 For re-energing fromloading draft to voyage draft, check val ves
32 of piping 20 systens 31 are opened4¥nd conpressed air is injected into
hul | tanks 16. After ship 100 has risen fractions of a neter above the

wat er surf aced@it 40’0481 rapd 4Y Afunifpimlyt wysil submersible Matfdrmg do8est axthended from
transverse trusses 5 touch bearing bars 60 of the subnersible platforns 4.
Wi | e shi p 10frogmntmeduesboaadr e WO 03/ 053772 PCT/ US02/ 41645 -41 energe, the
wei ght of subnersible platforms 4 is gradually transferred via bearing

rail 57 to trapsverse trusses 5. . ship 100 had.fl oated in | eyel position
When at 1 oadi b rBvestipin e il 8l BatigResomsP e e i gF st be
distributed symmetrically, air cushions of uniformthickness are blown into

hul | 5 tanksPeiBs gontiered Hhrughgpithis ®iase, Msncwhpeibisspladorms-£adile and the
bott om_edge of subnersible platforns 4 breaks the surface. At this point,

the ai P cushi BProgramped dregppardghe sugply ahepmpressed ais dpghut oFtky ¢hsek at nosphere
and the full weight of the subnersible platforns 4 is borne by hulls 1 and
1'. Wthout thavésddyfpipingsystemsddt ed by air 10 cushi ons that had been bl own
selectively into cells 40, 40', 40"and 40"' for counterbal ancing the

asymmetri cal pnu{h(fiselglosft)ifon,f tlll?l%é %);;p%rtcrgi'i‘st 8 Qr%reite:rl‘lgéd {rcr)]rg tr%ltjlsrv%%@ 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-



transferred fromsubnersible platform4 to hulls 1 and 1' is asynmmetrical.
Accordingly, conpressed air is blow selectively into hull tanks 16 from
this poiwbosms3715 Subnersible Platfornms 4 Wil e ship 100PcorusShziusss t o
re-emerge, subnersible platforns 4 are lifted progressively out of the
water. Their weight is gradually transferred to ship 100, and the air
cushions inside expand. |If subnersible ' platforns 4 have risen so far that
the pressure of the air cushjon inside oge of the cells 40, 40', 40" 20 and

40"', as cal cHMBeqthenyeizh ob sebgper bl (aig A & gradeadly wansteed Wiy o) ves 48
of piping systens 47 for venting are opened so that anbient air flows
freely into VWSaBg08RY/® trauyyerssonsses 8457 ship 1Q0Hhad floatedl imlgdelposiienyat i ve
pressure builds up when subnersible platform4 is |ifted higher out of the
wat er by r e- ewberganitpading plraffOandresr tho cadded! SueyadcyAfarenckrowtygiad muki be ship 100
is re-energing, water is punped fromballast tanks in forebody 5 19 and
afterbody 15 disibud Bgminetrizalye parcasidorsatunifbrnsthickaess ateoblowaintd el Syst em
for regulating draft and | evel position of hulls 1 and 1' and subnersible
pl atfosns 4 iﬁn@ﬁr@%@mﬁ@gin% is not affected by the buoyancy of forebody
19 and afterbody 15. However, all ballast systens of ship 100 permt
controlled deviation fromthis procedure, i.e., ship 100 can al so
re-energe frothiPdaRicARfinues Krigfemergs andyhgBotiamyedeerf sphmessiblgddatlonss ng dr af t
of forebody 19 and subsequently bringing up afterbody 15, or conversely,
i merse in thé bewks depurfa¢engAnthisngaint, the air cushions in cells 40, 40', 40" and

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



Phase A6 Ship 100 continues to re-energe until, at the end of this phase,
it is at voyage draft 15 and subnersible platforns 4, forecastle 6 and
poop 7 arwodewsx7at neters above water. Hull Tanks 16 ConpreIdasd2/aicns i s
continued to be blown selectively into hull tanks 16. Shortly before ship
100 attai ns voyage draft, check valves 32 of piping systens 31 are

gradual |y cl osed and progressively shut?down the fiow of conpressed air
into 20 hull tanks 16 so that ship 100 does not overshoot voyage draft.
When shi p 100this gelpand, 59 pgeative pressurs Hyildopp whensubmgsiblenplatiesmbétit om of hul |
tanks 16 are closed automatically. WD 03/053772 PCT/ US02/ 41645 -43
Subner si bl e Plified bighes oot Suberwawt by ec-phergingrship 190r est wit h bearing bars 60
on top rails 59 which transfer their weight through support rails 58 and

bearing rails n r,gsses 5, as shown and di scussed in FIG
7. 5 At the eﬁgl%gba’f%?gn%éz{se@?o hlilgp 100 is at voyage draft, ready to

continue its age. | rsing from Voyage ft to Loading Draft

Preparatory t lﬁi%E'pf@gq? Fﬁ?‘é‘?gglﬂé’ Yetes éé’g‘ﬂl?g grlogxfl{a?las& kI, 9rspady 48 of

pi ping_ 10 systens 47 for venting are opened in those subnersible platforns

4 which are né&? apdafgbody bnescguingstgrd SRUAKFGNEY syptefat shihat BesYStther s 12.

Hence, these subnersible platforns 4 do not capture an air cushi on when

t hey sink inttort regulping draff @nd jlewed popitign i iulls 00 .and Viheandshibmensitde i s at

| oadi ng draft, these subnersible platforns 4 rest on their supports at
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.



transverse trusses 5 with their decks 37 above the water surface. 15 In

t hose subnersible platforns 4 which are to be subnerged for the exchange of
f | oat abl ewoesps7mers 12, check val ves 48 of pipi hg syst eneCaUShos16¥=nt i ng
are closed prior to imrersion of ship 100. The foll ow ng description
applies exclusively to those subnersible platforns 4 which are to be
subnerged. 20 Preparations for inmmersibh are wapped up by checking air
pressure inside hull tanks 16. If lower than recorded at the end of the
precedi ng i mBuhmensibleoPlatforms$ 4pressure is WO 03/ 053772 PCT/ US02/ 41645 - 44-
restored by injecting conpressed air. Finally, shut-off valves 30 in the
bott om of hul Subhmndilsle pli€foemed cppewitil beaFing bersBO di t&jhiails 5 vhich teensfepyage

draft, shut-off valves 30 in hull tanks 16 are open. Subnersible platforns
4, forecast! epir andghp@Bugh Sipbors eMBI58! andeeating AMNOGE wWatmsverskittubsesranks 16
Ship 100 floats on air cushions in hull tanks 16 which carry its wei ght and
that of all %|Qahakh end@iudedqs F1G-Z7.0n subnersible platforms 4. Bel ow the
air 10 cushions, hull tanks 16 contain water. In a cargo space 24 with a
subnersible platform4 |aden to full capacity, air cushions in hull tanks
16 areSl arge Ahdewend of thissphasealship dOQ ipeat ¥pyags deaft, iready fey contingp 8y ¥¥82¢-n a car go
space 24 with a lightly [|aden subnersible platform4 the ratio of air vs.

water 1s rlr%\r/neeg’sslg dfrom 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



Subnersible Platfornms 4 15 Wth check val ves 48 of piping system 47 cl osed,
subnersible platforns 4 sit above water surface 20 at voyage draft. 20
For ebody WO oansB72f t er body 15 Forecastle 6 and poop 7 sit &bOXUSOMaIcET
surface 20 at voyage draft. Phase B2 Ship 100 begins to i nmerse, and
subnersible platforns 4, forecastle 6 and poop 7 go down with it. At the
end of this phase, ship 100 is i mer sé&so far that the | ower edges of WO
03/ 053772 PCT/ US02/ 41645 -45- subnersible platfornms 4 and the bottons of
f or ecast | desporeghby wissEng cerapiesed aif-h Eingly,shut-offy3lyes S0 inqifie|botrem & hulbtaplkd ow
t hose subnersible platfornms 4 which are to be submerged, check valves 5 34
of pipinglépstepese33 are set for venting hull tanks 16 uniformy so that
hulls 1 and 1' remain in |evel position while inmersing. Subnersible
Pl atformsP ag/éi’ check val ves 48 of piping systens 47 for venting closed,
subner si bl tforms 4 rest on transverse trusses 5. As ship 100
i nerses, subnersible 10 platfornms 4 sink lower with it until the volunme
enconpassed b$hipd0f st vayuge dnaft, ghut-gff \atves §0 fPhulktasksd$ende ofehn. Submémibleot t om
by the water surface. Forebody 19 and Afterbody 15

platforms 4, forecastle 6 and poop 7 sit several meters above water.

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



By fl ooding 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 wonmsnsd7%2the imersion of hulls 1 and 1' in cargeCcTasersic2st whil e
ship 100 inmerses. Phase B3 Wile ship 100 continues to i nmerse, the
under si des of subnersible platforns 4 gd 20 the bottons of forecastle 6
and poop 7 sink below the water surfacée.” Thus, air cushions are built up

i nsi de subnersible platfornms 4. At the end of %aés phase, ship 100 is at

| oadi ng  dvbapersible plafpsme s pml ehepbosioms rsforecaitle &and PR Aecontack Higrwater
programed freeboard. Hull Tanks 16 WD 03/ 053772 PCT/ US02/ 41645 -46- Hulls
1 and 1' @¢enfiadenue to be vented and i merse deeper. As water pressure rises
with depth, internal pressure of the air cushions in hull tanks 16 rises
and their vohPFqPﬂﬁii@ases. Check val ves 34 of piping systens 33 are set
for venting hu nks 16 5 selectively, as during this phase the buoyancy

of subnmer si bl | at f or 4 | ncr.eases i.ch reduces the Joad borne by hulls
1 and 1' asynﬁ%@?’%‘%ﬂ:Isngmerﬂbcerﬁ’}%t?WEé%’@hEﬁcﬁ& 55&dﬁlﬁr§?d’tcﬁece(hvéfvle§)ngi t udi nal
axis of ship 100 results from differences in the total weights of
subrer Si bl e pf’gf’f RJPIRg SYSterps ShagSPsiar VEHE Sl fanks S5, il al

arrangenment of floatable containers 12 on subnersible 10 platforns 4. In
order to al |l olanpd’ remain indeve] posfontwaledimgyesing. check val ves 34 of pi pi ng
system

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



33, venting of hull tanks 16 is gradually decreased and, thus, the rate of

i mersion of ship 100 is progressively retarded in order to slowy approach
and not wodenshiont | oadi ng draft. When ship 100 attai ns lpomdisSnm4iduznft
check valves 15 34 of piping system 33 are cl osed automatically.
Subnersible Platforms 4 As subnersible platforns 4 sink ower with ship
100, the bottom edge of their margin-ffating 52 submerges. Wth check

val ves 48 of piping systens 47 closed, (neager) air cushions are built up
in them ChecKullalveg 148ominupitpbeiyemed aydinumasseqdeeperr Ahaater pegssieg 44 of

pi pi ng systens 43 respectively, are set for venting or injecting air

sel ectively, sssrvatudepe] ifiterhasprossaresofitheaiplcedhions s hull taoks 16 dsks aad
programed freeboard when ship 100 is at |oading draft. W) 03/053772

PCT/ US02/ 4164meir4 6lumerd2bredyes 19 and Afterbody 15 The | owest watertight deck
22 in forecastle 6 and the | owest watertight deck 25 in poop 7 are |evel
with the water_ surface at | oading draft_ 21 and stabilize _imersed ship
100. 5 Phase Bhccnyyvesodsiof BiPINgosysieRl o ae Setwigr| wndnh b sipise 191 at forns 4
subnerge, floatable containers 12 on their decks 37 imerse and becone

wat er bér ne ongelegtively, aholungg . thishphase piea Seoyaneys ofusehmarpiblef plaeernts| pat abl e
containers 12 float off decks 37 of subnersible platforns 10 4 while the

| att er conti ninereasesswhikh reflces Tanked li®rne 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.



The state of hull tanks 16 remains constant throughout this phase.
Subnersible Platforns 4 Prior to submerging, subnersible platforns 4 fl oat
at progr avowdofareeboard. 15 Their bearing bars 60 are abeoce/usop41eai | s 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 w de enough fof’the i mersing submersible platform
4 to pass through. Check val ves 48 of piping systens 47 are set for venting
cell's 40, 40" Foxppodpitan@afiechodydd subnersible platforms 4. Wile they
subnerge deeper, their level position is maintained by uniformventing. As
soon as thei r Thebkwe@ Avdtartigivatetk 22 fil foadcatileed ouinhalowestswat@tight decip2begin to

i mrerse and gai n buoyancy. Due to generally being arranged asymetrically,
the i mrersi nginf peupt Abke leONivith ke wale? SiBa&340b3didg dRET2 U2AR sibitidd - 48-
unburden subnersible platforns 4 asymretrically. Accordingly, check valves
48 of piping fyadEBship/108r e set for venting subnersible platforms 4
selectively so that they continue to subnerge in level position until on
each of themthe floatable container 12 with the deepest draft as the | ast
one |iftsPhpase Bdck 37. 5 Forebody 19 and Afterbody 15 The state of forebody
19 and afterbody 15 remai ns constant throughout this phase. Phase B5 10

gg:ofhlg? I'S akniboR@i 8%t bRl draktd MWt MSmBsBld Paftsimtt )3 B8 0 2

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



which all floatable containers 12 are waterborne while the unburdened
subnersible platforns 4 continue to sink deeper. This phase ends when, in
t heir deempopessi’ion, subnersible platforns 4 rest on toppofi/usot/és4sl and
1'. Hull Tanks 16 15 During this phase, the position of hull tanks 16
remai ns constant until subnersible plg forms 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 faorebody 19 and aft_erbodg/ 15. Because of
the | arge vol Wrurdsp sgbmersible plaidorms 4 asympietrically.i deeqrdiggly) checkyplygnl wei ght
of subnersible platforns 4 causes hulls 1 20 and 1' to sink very slightly
bel ow t he pr odf afipipihg|systeinng7 dreafet forwenténg submensiblecplatfesths v seleotitelycor r ect i on.
Submersi ble Platfornms 4 WO 03/ 053772 PCT/ US02/ 41645 -49- After the | ast

f | oat abl e contcathaethel Zoluime ftb cabmeeigel in lavehnp@aok Wi os gleheofsihtihahe pl at f or ns
4 are continued to be vented and submerge deeper. Due to the symetri cal

| oad of theirfsiibletsttfheriivaitit the abeprit dvatt ¥eBe £8t e s PIEN@CE$St ens 47 are
set for venting air cushions in cells 40, 40", 40" and 40" uniformy in 5

order to maintain the |evel position of subnersible platforns 4 until they
|l and of hul | Eorebagy 19 and Aftetbody 3y anmed di st ance before submersi bl e
platforms 4 land on hulls 1 and 1', check valves 48 of piping systens 47
are gradual | yThe sgedofafrichodn gPeandi aftarfodyr b reamingegonstay thepughous ¢t | andi ng
of subnersible platfornms 4 on hulls 1 and 1' in

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



10 spite of the inevitable inertia of the (large) valves. Check val ves 48
of piping systens 47 are closed autonmatically when, with a residual vol une
of air i mnepde/os37subnersible platforms 4 rest on hulls 1 amdTASO2/AteUS
residual air cushion is progranmed to reduce the burden on hulls 1 and 1

i nposed by subnersible platforns 4 to |less than their structural weight.
15 Forebody 19 and Afterbody 15 Due t 6*%bei ng burdened by subnersible
platforms 4, hulls 1 and 1' in forebody 19 and afterbody 15 are inmersed
slightly bel ofMi¢rodgilasy fidatable conpines, b hast figased ypofipmglepk §7.ssvBmprstis/i ation is
not corrected. 20 At the end of this phase, ship 100 is ready for the
exchange of vglaterberderd cominatd & dborveniedemd sibmengaidesperot Pee tortkes. WO

03/ 053772 PCT/ US02/ 41645 -50- It will be apparent fromthe foregoing

descri ption tdyatmdtfieal poadsenheir sieniralomeightp vhede yalenéSvofipipingdyaeads appar at us
for | oading and unl oading cargo froma twin-hull ship that is particularly
effective i n ShktsesRR vhtHRHROGshioin! @IL4G L] 40’ CardrodivgBeimIPin provi di ng
the venting or insertion of air has been provided, countless variations

may besutili Z@r‘éﬁr 6 Maimain e l@ﬁ%%osiéién 6f53uﬂ()rﬂér'§i§%%ﬁdt?ag¥d?ﬁ§64hﬁﬁtﬁ%nd’&{ ves coul d

be used for both inserting and venting air th t'anks and under
t he subner si blluﬁ Hla%tdf ernms. Moreover, varying nunbers of subnersible
Is | gl . .

pl atforns and réespective transverse trusses are possible. Wile there has
been shown and described what is presently considered to be the 10
preferred enbAdapesgraromed KHisancenbeforei sabmensiblenplhdforins 4oland onihuilsol bibse ski | | ed
in the art that various changes and nodifications my be nmade w t hout
departing from, ch&kbabasies onpipigisestems 47 are gradually closed and progressively

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.



of this invention. For instance, although the invention has been descri bed
In conjunction with a TSL, it is equally applicable to other types of

ot her mulwpD-0Bws3775hi ps. Moreover, al though the submersi blpeTpisat/dwrss t hat
have been shown are advantageously open on both 15 ends to permt

si mul t aneous | oadi ng and unloading, it _is feasible that the subnersible
platforns could have only one open end®®%It is, therefore, aimed in the
appended clains to cover all such changes and nodifications as fall wthin
t he true scoplk wilhbte appardnt from thé r¢gngriescsiption haiile OBAQE BFPRiPETIULE2/ 41645
-51 CLAIMS | claim 1. A nethod of |oading cargo packed in at |east one

f | oat abl enew mhehadeandSappataqusaos dading tahy unlosdieg cargoirans a ngin-Kull) shif0tha6is20
first and second substantially parallel hulls which |ie beneath the water
surf ace; Fhﬂt&ulﬁﬂly stfectivg i goanda radsport arWailé © specHERWlodin@nt dfproviding tend

horizontal position of said vessel wherein when said hull tanks are
subst ant i gbddhgfdrlih@etioM SaiVRishech Préliaeds sQIntks vatiadors ARG B¥0utilized.  For
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



draft and when said hull tanks are substantially filled with air said
vessel is at voyage draft; (iii) a generally horizontal subnersible

pl at f or mwoO(08033722 beari ng bar projecting from said pl atf oPau/uSV)/41a45
transverse truss coupl ed between said first and second hulls and generally
perpendi cular to said platform (vi) a support rail on said transverse
truss for engaging said bearing bar & supporting said platform (vii) an
air cell, subdivided longitudinally and transversely, beneath said
platform WD 03/053772 PCT/ US02/ 4164CGLAIMS. (yiji) a first air conpressor;
(ix) first piping neans for injecting air fromsaid first air conpressor

into saidl%iagm,cell; (x) a first valve which regulates the flow of air from
said 5 first air conpressor into said air cell; 10 15 20 (xi) first vent
pi ping nmeans for ejecting air fromsaid air cell; (xii) a second valve

whi ch regul ates the venting of air from

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;



said air cell; (xiii) a second air conpressor; (xiv) second piping neans
for injecting air fromsaid second air conpressor into said hull tanks;
(xv) a thwoa3mwsd7ve which regul ates the flow of air from saca/usseciomd air
conpressor into said hull tanks; (xvi) second vent piping neans for
ejecting air fromsaid hull tanks; (xvii) a fourth valve which regul ates
the venting of air from said hull tanks; (xviii) a first plurality of
sensors nounted on said platform providing feed-back on depth of i mrersion
and horizontal podiii)on foft da¢ahppéssdf orm to said central processor; WO
03/ 053772 PCT/ US02/ 41645 -53- (xix) a second pI urality of sensors mounted

on said hulls proLﬂxSl n%rgtgpgﬁag%lé o), q%r idhe r hg;gega@l @ﬂ&%?d hori zont al

position of said h s to cen raIr sor (xx) a central
processor including calculated flow rates for setting said first and third
val ves whi ch regul dPBPFEROrARGfaId 3T Ce@’orrpr essed air fromsaid air
conpressors to said air cell and

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

5 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;



said hull tanks, respectively, and the calculated flow rates for said
second and fourth val ves which regulate the flows of air vented fromsaid
air cell wod3ssi7d2 hul | tanks, respectively, wherein said merhsd/eenpri ses
the steps of: 15 (a) subnersing said platformbeneath the water surface

| evel wherein said platformis supported on said hulls when said vessel is
at said | oading draft; (b) floating sa?l cargo above said platform (c)
injecting air from said first air conpressor through said first piping
means at a first cakigyl atsedofd pluraligt of isensersi mourgdr en sgid| Mdlsunti | sai d
platformfirst engages said cargo; WO 03/053772 PCT/ US02/ 41645 -54- (d)
injecting air frompeatidingifesd-bakr orc deph e siomersiom agh hoszonthlf i r st pi pi ng
nmeans at a second calculated flowrate by said first valve until said
platformrises untigositibn bBsadd hilitte kaill e¥ietal ploegssorp@eting air from said
first air conpressor through 5 said first piping nmeans at a third
calculated flowrate by said first valve until platformis at a programred
freeboard | evel ; (f()‘x)ané ERIBRIPFRSSE Apcudingnridrulatedflow peefiage sai d bearing

bar ;
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;



(g) injecting air fromsaid second air conpressor through 10 said second

pi ping neans until said vessel is at voyage draft. 2. The nethod of claim1l
wherei n swO®3MH537%1 cal cul ated flow rate of injected air, Psaidosecond
calculated flowrate of injected air, and said third calculated flowrate
of injected air are the sane. 15 3. A nethod of discharging cargo packed in
at | east one fl oatabl e container from‘%“'seaworthy vessel conprising: (i)
first and second substantially parallel hulls which |ie 20 beneath the

wat er surface; WO (8) 053megtin@CAiy (Joop Aid 6fanst gircpmpresper) thiqugBt and second
hul | tanks for regulating the draft and horizontal position of said vessel
wher ei n when sai d Isald firsepiging merss & alsetoah ciledlatpd flowiratd byisail wat er sai d
vessel is at a loading draft and when said hull tanks are substantially
filled with air saofidt wiesaltil bAd platforay dgs udrilat is; at (atelr Jeval;general |y

hori zontal subnersible platform (iv) a bearing bar projecting fromsaid
platform (v) a transverse truss coupl.ed.between said fi rs}1 and second

hul | s and general | yé'g

ber JRRTIMEUIATAY S8d; BrshRL; Gogmpgssor 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;



10 (vi) a support

| ongi t udiwaloBgsamd transversely,

rail on said transverse truss for engaging said 15
beari ng bar and supporting said platform (vii) an air cell, subdivided

beneath said platform @eiriusp2/aehirst air

conpressor; (ix) first piping neans for injecting air fromsaid first air

conpressor into said air cell;

of air fromsaid

first air conpressor3i-nto said air cell;

pi ping neans for ejecting air fromsaid air 20 cell; WO 03/
PCT/ US02/ 41645 - 56-(iif xi ifirstzand @econd hulhkanks foniregulatinguheadrefs antie venting of air
from said air cell; 5 10 (xiii) a second air conpressor; (xiv) second

pi pi ng neans for i njegiebhtiigposition bf swid e whereonehenssaid mtimpikessor i nto said
hul | tanks; (xv) a third valve which regulates the flow of air fromsaid
second air conpressgE sitkiantisiR) Aned with tvatdf Ssaid vessel is at a loading

10

15

20

draft and when said hull tanks are substantially filled with air

said vessel is at voyage draft;
(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;

(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;

(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

cell;

(x) a first valve which regulates the flow

(xi) first vent
053772



(xvi) second vent piping neans for ejecting air fromsaid hull tanks;
(xvii) a fourth valve which regulates the venting of air from said hull
tanks; (xwoioBps&a7first plurality of sensors nounted on saPdTpiSavdiesim
provi di ng feed-back on depth of immersion and horizontal position of said
platformto said central processor; 15 20 (xix) a second plurality of
sensors nmounted on said hulls providi-#g feed-back on depth of inmersion
and horizontal position of said hulls to said central processor; and (Xxx)
a central processor(xiinclasdcong vabk orllicht regulatesthervanting d¢fair frget ti ng said first
and third valves which regulate the flows of conpressed air fromsaid air
conpressors to sai Garigir cedl;l and said hull tanks, respectively, and the
calculated flow rates for WO 03/053772 PCT/ US02/ 41645 -57- said second and
fourth val ves which r,%gul ate the flows of air vented fromsaid air cell
and said hul | tanksXiPedF&tIndAl SPMPIERYei n sai d met hod conprises the steps
of : 5 10

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

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



(a) venting air at a first calculated rate fromsaid first and second hull
tanks through said second piping neans enabling tanks to flood with water
until saiwlowsssyb2is at a | evel wherein said platform corCaaiss2/itees wat er
surface; (b) venting air at a second calculated rate fromsaid first and
second hull tanks through said second piping neans enabling tanks to flood
wth water until said vessel is at a I®vel wherein said platformis at a
programmed freeboard level; (c) retracting said support rail to di sengage
from said 15 beari ngidoscond aid foeni valgesavhictategulaterthe dlowalo€airat ed rate from
said first and second hull tanks through said second piping nmeans enabling
tanks to flood w t hvengtiearonusdid hir séli shdwariseill thisks atespeeddilng draft; 20 (e)
venting air fromsaid air cell through said first piping neans until said
platformis supported on said hulls and said cargo is freely floating; and
WO 03/ 053772 PCT/ US02/ 41645 -58 (f) renoving said cargo. 4. The nethod of
claim3 wherein said first calculated rate of venting air, said second

cal cul ated rat gn@kinvait hmétBoédmpragkhs sk d¢thi rd cal cul ated rate

(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



5 of venting air are the sane.

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

5 of venting air are the same.



