CARGO TRANSFER SYSTEM Background Techni cal Field Enbodi nents of the

I nvention relate generally to a cargo transfer system and nore

parti cul avbypide3@ssyst em adapted to ef fect transfer of pcarsgaodombysasen

pl atforns and/or vessels which nmay be subject to relative novenents between
each other. Description of Related Art Figure 1 shows a conventional crane
system for transferring car goCARGA TRANSRERSHSEEM atform and a wat er
traveling vessel. The platfornms nay be offshore platforns or nobile

of fshore bases. Due to unpredictability of sea state conditions, the

pl at f or m aBhokegeahndof t en experi ence undesirabl e wave-i nduced dynam c

not i ons tgg_t 'brrpe e _qu(:rat lons for transferring contai ners therebetween.
Rel ati ve nofCORMCHFielk pl atform and the vessel present considerabl e

difficulti to,.contai ner placenent at the destination. Even with careful
mani pul At | GNAAINGAtE 0f the dpqntian redatargeneratly tom pergeetransfee systesel amhd a
crane tip e i r i controll | ar ge i npacts
to the des?’?ér:rgt ﬁgﬁmgﬁ’w’aaﬂﬁggagﬁggﬁédggﬁe%aaﬁ%e?@éj(gnﬁ?ﬂ%e&eeffpﬂ%gﬂ g’ﬁ%‘?ﬂ(
during conpkitieemspara/enwetsel$veisich umay ber ibject fonedatihve MYehRiMls behdssmae
of the contai neLs and contents therein. As the propensity of such

uncont r ol | E8% ts linmts the availability and speed of cargo transfer,

i nproved cargo transfer systens are highly desired. U S. Patent No.
4,632,622 discl oses an apparatus for transferring cargo between first and
secondl®odPesctiptiomn afBeFaieelbmé relative to each other where a hoist for

bodi s i nol BES L FRas EanyAhBiH] Fanh st e i EnoTorOp: GaRgeers
E:a ;/\%te 2lnl %’hgm gplatforhhan@edivater hiafveRsS 0B8R AtTHp LEbANS YEayBY SR Abre
platforms or mobile offshore bases. Due to unpredictability of sea state
conditions, the platform and vessel often experience undesirable wave-induced
15 dynamic motions that impede operations for transferring containers
therebetween.  Relative motions of the platform and the vessel present
considerable difficulties to container placement at the destination. Even with
careful manipulation of the crane sysfem, relative motion between the vessel and
a crane tip caused by wave motions may result in uncontrolled large impacts to
20 the destination deck and adjacent containers on the destination deck during
container placement. These uncontrolled impacts may lead to damage of the
containers and contents therein. As the propensity of such uncontrolled impacts
limits the availability and speed of cargo transfer, improved cargo transfer
systems are highly desired.
25
U.S. Patent No. 4,632,622 discloses an apparatus for transferring cargo between
first and second bodies which are movable relative to each other where a hoist
for raising and lowering cargo through a hoist line is mounted on one of the
bodies includes a linkage for connecting the two bodies. The linkage is pivotally
30 connected to the bodies for accommodating relative movement between the
bodies. A guide is located between the hoist line and one of the bodies for

engaging and guiding the hoist line. A trolley which is movable along at least a



bodies. A guide is |ocated between the hoist |line and one of the bodies for
engagi ng and guiding the hoist [ine. Atrolley which is novable along at

| east a iworbiom3szmb t he | i nkage engages the hoist |ine egrisiceo®iodess®pposite
t he guide and noves the hoist line along the |inkage between the guide and

the other body while the line changes |ength so that cargo connected to the
hoi st | i nepartinntod the Jieage @ngaghe the moigjdineeiethe sidegepponitedtiesguidelandal i ty

of arnms in_additjon to hydraulig¢ cylinde for.c ensat i i on
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the inventygile B YihdecaingRsdenslnss kst sagbecorirctéd anshehowst linar gan bet ween
di fferent decks or bodies, where the cargo transfer systemis actuatable
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changes i ncarfieetdrvdhdedecpagiviodgns bet ween di fferent decks by adjusting or
repositioning a location of an effective coupling position between the
cargo transfer system and one of the decks. According to one enbodi nent, a
cargo tra Lﬁ'fmﬁ%ﬂ?tem conprises a transverse nenber novably coupled to a
first localron of' a first deck, and a side nenber disposed bel ow the

t r ansver seEmbodenenfEhef shalénvemiioar piovideudesargof iragsfee rsysteow fbt yrapsias efd t o
t he transverse nenber, d econd end, operabl et o novab| oupl 0. t he
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changes in relative mean positions between different decks by adjusting or
15 repositioning a location of an effective coupling position between the cargo

transfer system and one of the decks.

According to one embodiment, a cargo transfer system comprises a transverse
member movably coupled to a first location of a first deck, and a side member
20 disposed below the transverse member. The side member includes a first end
movably coupled to the transverse member, and a second end operable to
movably couple to the second deck. The cargo transfer system further
comprises a carriage movable along the transverse member for transferring a
cargo from the first deck to the second deck, or vice versa. At least one of the
25  transverse member and the side member is actuatable by a relative movement
between the first deck and the second deck to self-adjust for accommodating the

relative movement.

Further, a receiving base may be mounted on the second deck for providing a
30 plurality of connectable positions for accommodating a plurality of relative mean
positions (or relative heights) between the first deck and the second deck. A

location of an effective coupling between the second end of the side member



Further, a receiving base may be nounted on the second deck for providing a
plurality of connectable positions for accommodating a plurality of

rel ati ve weaniguasosti ons (or rel ative hei ghts) between t lpetfiSicredyodesak and

t he second deck. A location of an effective coupling between the second end

of the side nmenberand the second deck is adjustable or repositionable
bet ween t lendpthe seicond ddeckoisn adiustalle poysrenasitiorabile Ledweabdhei pyralite inge

in arelative n o1 - f - . In
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portion ofpdtiieehithés firsteck dnd theaideendeiderdi ment, the el evated portion may
be a tower nenber nounted on the first deck or an integral portion of the

first deck. Brief Description of the Draw ngs Enbodi nents of the invention

i‘r e di gcl Qﬁ%%ehgk%ﬂﬁﬁe%rﬂr tﬁ’% fildt IRIB0R M End ?rét'b‘:‘ecﬂrrﬁéﬁ/ 'B%Sar} Hé_v‘é@oc 'mgégur e
illuStrates a conventional crane systemfor cargo transter, Figure
i1l ustrat af thedirsfdgek.t niammbérersgrabedisnent, majetdva;ecbpbﬁmmayobe actowratti ng

to one enbodi nent of the ipvention; Figure 3 s magnj fi.ed vi ew of the
syst em of W@Wﬁé”ﬁ?“rﬁ?gﬁﬂéﬂﬁ%ﬂ kaPrpfg'kg‘l??ﬂ@ B?'%\Rﬁdgqb%ﬁ%id@r?ﬁf or the
systemof Figure 3; Figure 5is a side view of a cargo transfer system

transferring a cargo container; Figure 6 illustrates a rotatabl e connector
of the sydBmaef Destriptioa of theiQrawings | | ustrates a side nenber novably
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Figure 9 idrbumdsaqreg\,h%margo cont ai ner supported on a danping platform

Figures 10Ato 10D illustrate a vertical danping systemand a horizontal
danpi ng and gui ding system Figures 11A and 11B illustrate a possible
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mean positi iI'rs

15 Figure 2 illustrates two cargo transfer systems in a deployment position

according to one embodiment of the invention;
Figure 3 is a maghnified view of the system of Figure 2;
20  Figure 4 shows a possible stowage position for the system of Figure 3;
Figure 5 is a side view of a cargo transfer system transferring a cargo container;
Figure 6 illustrates a rotatable connector of the system of Figure 3;
25
Figure 7 illustrates a side member movably coupled to a receiving base on a

second deck;

Figure 8 illustrates a damping platform provided on a deck for supporting a cargo

30 container;

Figure 9 illustrates a cargo container supported on a damping platform;



second deck; Figures 12A and 12B illustrate a self-adjustnent in a cargo
transfer systemwhich is actuatable by a relative surge novenent; Figures
13A and 88 2idassdssat e a sel f-adjustnment in a cargo trarsfisG2emsvesas whi ch
is actuatable by a relative sway novenent; Figures 14A and 14B illustrate a
self-adjustnment in a cargo transfer systemwhich is actuatable by a

rel ati ve heave notion; Figure 15 illustrates a cargo transfer system

accordi ng odi f the invention whereby a cargo contajner is
suppor t ed %39‘?}\%% ?ggngélm @VWE&,‘ eaﬁd"?ﬂtﬁ’@?éjai%p'f‘gl S¥¢ieAt e howBeaiahent
of the sysdempihgaadadidingsyefess; menber is novably coupled directly to the
first deck. Detalled Description In the follow ng description, nunerous

specific details are set forth in order to provide a thorough understandi ng
of varisgusg t [ ' S he invention. 1t will be

under st ood, . dcg\%gvtﬁ% a%l'g gﬁq@%@‘%é %S%'ﬁ% adpstrpen ate&l?oEﬁCﬂéﬂ‘_ﬂ% bgpetfRe
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I n ot her instaqﬁas,_mell known process operations have not been 8escr| ed
in detail PRCYIHERCHKot to unnecessarily obscure pertinent aspects of

enbodi nents being described. In the drawings, like reference nunerals refer

to sane or simlar functionalities or features throughout the several

vi ews. Embobiguees s124 arte 128y diustrate pr oulf.deljustmeat am 4§ Wargd fiesidiao sysapsf er
be subject to a relative novehent

of car b en t decks which ma

bet meﬁPea@h\'ﬂC@}'ﬁ&%ﬁ*ﬁ%@%E‘sfe%&yeﬁﬁr%mvsm%ﬁ; a same body or on different
bodi es. Where transfer of cargo is desired between two bodi es, the decks
may be |l ocated on a stationary body and a noving body; or on two noving
bodi es. | nFigurencr3A angl i18Bt iluptatee rasplf-edjustmenyima kadjesrdrstéudpstehit

(FPs0) and RSt s Rt BRUATd el Bk GroteBeRnary bodi es. i nel ude; b

(FPSO and contai ner nary bodies include; but are
not limted to, a container port

15  Figures 14A and 14B illustrate a self-adjustment in a cargo transfer system
which is actuatable by a relative heave motion;

Figure 15 illustrates a cargo transfer system according to one embodiment of the

invention whereby a cargo container is supported by two transverse arms; and
20

Figure 16 illustrates one embodiment of the system where a transverse member

is movably coupled directly to the first deck. .

Detailed Description

25 In the following description, numerous specific details are set forth in order to
provide a thorough understanding of various illustrative embodiments of the
invention. It will be understood, however, to one skilled in the art, that
embodiments of the invention may be practiced without some or all of these
specific details. In other instances, well known process operations have not

30  been described in detail in order not to unnecessarily obscure pertinent aspects
of embodiments being described. In the drawings, like reference numerals refer

to same or similar functionalities or features throughout the several views.



and an offshore fixed platform In the foll ow ng paragraphs, enbodi nents of
the invention are described with reference to transfer of cargo containers
bet ween fwoabiong3dsedi es, e.g. a floating platformand apcosiGainevMessel ,
in an of fshore setting for illustrative purposes only. The cargo transfer
systemis described as being installed on the stationary body or floating
platform However, it is to be understood that certain variations and/or
nodi fications may be applied without departing fromthe spirit of the

i nvent i on.Ebodismentpl &f, thehinventiempiroviders, syetelis dair pieeling Henefesyf| ¢ar8ei ons

as well as i,n onshor plications: car . DI QVi ' [ S,
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Ref erence dtfefmatike decks Gib\Ebe [dddte§ bhat sarbetbualyusr drs differsmt asdliés. andiare
system 200 for transferring cargo between a _floating platform (hereinafter

al so r éf ertransfeofeargofis desirgd detweoy twadadiesihgidacksdnay derlpeatedeasal

(hereinafter,. r t 0 1 . cqy dgpc one
enbodi mntS%%?&{%g t?ﬁ%rﬁq of. R‘R%r??ﬁ?'eg’gp@fgﬁlgc | vleHQ)ibg)v%\l/%idqg gﬁfég“e&rvi ew
of the cargplichtiond, esxadisibs of aneving bpeids neludes hatvare moEligitedsto3 Fading.
While Figures 2 to 4 show two units of cargo tli: scser systens, 200, it is to
be under stiyeduetien. Steragg end a@glpéfi'@yé’teég?br( % ) rladyt‘?oé}t%'f‘@F \&3Sehns

may be de e I I t I ; ' - pBHgUr es
2o 15). R leSRraatipaan b ERs ETRE, But i 14 InFERE e, Kontdngr pore,
arns: 18 t cavel ameffokore2fd2sd platfarm. t r ansf er nenber (or a transverse nenber
204) and a side nenber 206. The primary nenbers may be forned of steel or
any other suitable materials. The tower nenber 202, as depicted in Figures
3to 5, my be nounted or secured at its base to the first deck 110. The

t ower mentarth2oBllpwingipesddgraptis rembioditedntendl dre dnmvgadionocalsr deserbes with

stabilization stryucture _framwhich the transvers 204 an '
menber 20668?588?%30 :tq@@!sgefroo r@iggé;oﬂ\g?ﬂ'iq%ﬁl %\%@3 n'liﬁoeaqﬁgaiéd'%’g’n%gr gﬁ@fq'ngy
al so proviglatfadn el atddmaihepWetss, il aat offidire ISEking éseillubrathir parpaesbe
di sposed before or after transfer. . o .

15 only. The cargo transfer system is described as being installed on the stationary
body or floating platform. However, it is to be understood that certain variations
and/or modifications may be applied without departing from the spirit of the
invention. For example, the invention may be used in offshore applications as
well as in onshore applications; cargo may be provided in containers, tanks,

20 pellefs, or other configurations; cargo may include personnel.

Reference is made to Figure 2 illustrating two units of cargo transfer system 200
for transferring cargo between a floating platform (hereinafter also referred to as
a first deck 110) and a container or carrier vessel (hereinafter also referred to as
25 a second deck 120) in accordance with one embodiment of the invention. A
magnified perspective view and a side view of the cargo transfer system are
respectively shown in Figures 3 and 5. While Figures 2 to 4 show two units of
cargo transfer systems 200, it is to be understood that a single transfer system
or multiple transfer systems may be deployed depending on requirements.
30
In one embodiment (e.g. Figures 2 to 15), a cargo transfer system 200

comprises three primary members or arms: a tower member 202, a main transfer

5



Accordingly, it is to be appreciated that the tower nmenber 202 may
alternatively be an el evated portion of the first deck 110 where the

el evat ed wonviom3sesay be an integral part of the structurersiG20modsssst deck
110, or may be a separate structure mounted or forned on the first deck
110. At a top end of the tower nmenber 202, the transverse nenber ZQ4 IS
novabl y colpgreRer ke attansyerse azember 404 baad b slec oremeine 02 0R.1 0T fen Bfigrar

[ bl e 0, ' I L ustrates r ot. bl e connector 210 which
P!sv;)t)?rred 0 aS?tsrrhggbﬂeg@?@egréf\%é’ s°§ear?i¥lc§}ﬁ‘5rrsﬂ%’?%mqt%?l§- mechani ss f or
mani pul ating the transverse nenber 204 about a |ongitudinal axis of the
tower nmenb 202 (see arrow A in Figure 5). The rotatable connector 210
facilitat e?rhﬁo nfnepIberh 02 afsderisednimibigures B fte o mayt bermiopotsdt bon

[ | el j ice ver i ncl.udi ng
by it o o e BEIEARRRL PR Sharuedk T10n e «Bhat rESmbRR alRols SRl o

al  ows t hedipengion@d@rido asahtjad] tosprovide espeBiRation GRFiciR frehAWh& the
10 and the second deck 120. In certain
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erboat ment BENSTRISeofiaabee 20 e oRe 10 faen SURpyuplech Beseloomagied 1o
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Bpbr oxi mat SRR | THEoWe KRR SRR, 4RSS BRI e o | -
certai n ot it detlodilfemtere wher eargaunapdbe tdigposcataiibe epnagst Gandil my

' ' . ' ' f the t _menber
204"t hibohCERaldinat 7 52 abPudiintl BaF ke s Tiatioer Bk manatiematiely ax s
of the towse ameskente2Dgorichi éﬁmemirépaeekwqx)ﬁ@fa e é%@gp&%gfwkf&gﬂ to

nmovably couple the transverse menber 204 to the tower _ _
woul d al | o@ ghigsirall padveithe: stiticiune afr thesfirst steckehb@r o2 0day heaavesgdra

pl ane (i. St?ﬁ‘g[‘%e%iumoa&*Ogmte@emﬂﬁ%ﬁfgr%} dtﬁﬁt\%matform see arrow B in

Figure 5). rst pivotabl e co By be provided at the
rot at abl e connector 210, for exanple. In certain enbodi nents, the first
pi vot y allow pivotal novement of the transverse nenber

Db S BB 4t 30 Bhhmeri 517 e Bomenise moriser 304 & rovebhy
coupled thereto, such as, by a rotatable connector 210 and/or a pivotable
connector. Figure 6 illustrates a rotatable connector 210 which is formed of a
turntable, a drive assembly or any suitable mechanisms for manipulating the
transverse member 204 about a longitudinal axis of the tower member 202 (see

20 arrow A in Figure 5). The rotatable connector 210 facilitates movement of the
transverse. member 204 from a stowed position (Figure 4) to a deployment
position (Figure 3), or vice versa, including any intermediate positions
therebetween. The rotatable connector 210 also allows the system 200 to self-
adjust in response to certain relative movements between the first deck 110 and

25  the second deck 120. In certain embodiments, the rotatable connector 210 may
be appropriately configured to allow manipulation of the transverse member 204
through an angle of up to approximately 180° about the longitudinal axis of the
tower member 202. In certain other embodiments, where required,' the rotatable
connector 210 may be appropriately configured to allow manipulation of the

30 transverse member 204 through an angle of up to approximately 360° about the
longitudinal axis of the tower member 202.



to approximately 180. It is to be appreciated fromthe foregoing that the
rot at abl e connector 210 and the first pivotable connector 212 woul d provide
t he syst ewowbidnssoss degrees of freedom (DOF) (see arr owpATAGdo@ro0eMs B in
Figure 5). For the purposes of manipulating the transverse nmenber 204
between a stowed position (Figure 4) and a depl oynment position (Figure 3),

i ncl udi ng Anfirst npigotabie atannectin i2dds naderlebanavisled 4o pmaveplys yeoupla 3he may

be provided. Th | | t 10 i ncl ud lifti | . i
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| ocat ed Oggévém%ﬁﬁ ofigekrdiVers tdrmbérd 27 pedhertRhPpRiveands pagegdaular thr om

the rotatable connector 210 to an internediate point on the transverse
menber 204he Tedknfehetatforansiasr awoweBiie Figoa AndTha Hest pévaiablexsmnecih a

stowed _position tp a dep]o Lt |i41d | 12 for
exanpl 8, Is#jt n'ﬁ"YeB?r%ﬁ?é’%ld}slgzaﬂéen‘ggﬁ%%%grﬁogg‘g&%rim’?%rtc%éng‘?%'e e %?'BZOG.
Auxi l'iary &fapbdigieHis, they fidt @ivotgblasseinelcioro2 12 nsay hHbd eiastaliatovementstfem
may nove or rotate the transverse nmenber 204 and side nenber 206 in}o a

Iclepl oynentthgdeansverse mesaker 20 relative fothatavwssrmenyes a2 By anANds OF 4Pe
ocation, .e.q. . | V4 base 220, on the second deck 120. After coupling
t he side @%@J%Bﬁ?’gi e receiving base 220, the lifting cable 312 may
then be slackened so that the transverse nenber 204 is able to selfadjust
in response to relative noyenents hetween fh irst .deck 110 and e second
deck 180, This fmirvmererien TR the doeeorine e dhe velatebertie a2l rdl de
menber 20GhEI Rt BiVBRMIGWERAbCRPY 12 RBUIDDRVONRI sPasH W twiltibgidlee of
nodi fications may be made to the above. A second piVvotable connector 214 may
be provi defdeedomyDE)y(seeaplow Atand amow\Birskigteeddr 204 to the side nember

206. Figures 7 and 8 illustrate a second pivotabl e connector 214 provided
at one end of the transverse nenber 204 to couple the side nenber 206 to

the transvess@eRiBeses 8f mahisulsRsg ek fhaNsiatbt enembaeedahetldencustdwaid ow
rel ative pivotal novenments between the
15 position (Figure 4) and a deployment position (Figure 3), including any
intermediate positions therebetween, a pulley system 310 may be provided. The
pulley system 310 may include a lifting cable 312 that is guided by a winch
supported on the rotatable connector 210 or by a winch located on a first deck
110. The lifting cable 312 extends generally from the rotatable connector 210 to
20 an intermediate point on the transverse member 204. To move the transverse
member 204 and side member 206 from a stowed position to a deployment
position, the lifting cable 312 may, for example, [ift the transverse member 204
together with the side member 206. Auxiliary deck crane, or a drive assembly or
a suitable actuation system may move or rotate the transverse member 204 and
25 side member 206 into a deployment position to position the side member 206
over an appropriate location, e.g. a receiving base 220, on the second deck 120.
After coupling the side member 206 to the receiving base 220, the lifting cable
312 may then be slackened so that the transverse member 204 is able to self-
adjust in response to relative movements between the first deck 110 and the
30 second deck 120. As and when required to move the transverse member 204
and side member 206 from a deployment position to a stowed position, suitable

modifications may be made to the above.



transverse nmenber 204 and side nenber 206 as and when required (see arrow D
in Figure 5. In certain enbodi nents, a pivoting angle of the transverse
menber 20&oaonth/s@s nenber 206 nmay extend bet ween appr orcHsGRb0/ 086348 O
approximately 150. It is to be appreciated fromthe foregoing that the
second pivotabl e connector 214 woul d provide the system 200 with one

addi tional degree of freedom (DOF). A receiving base 220 may be nounted on

t he second, deck 120. for, .recei Vi he side menber 206 in a,depl oyne
bosi £ on. AHRECOBELPYPRpIB ASTNEst o 4% Bk bl AP 8O b TR BHY DL thBns
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depl oynent position, the side nenber 206 is novably coupled to the

recei vi ng Segend 2ivotahte ecrnanter 2hé poovided at emecendbf thetransvense. member

Accor di.ngl | ocati,on of an eff Y nnection betwe h id nmber
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vertical | pigstabhler corféatentzaldl wolld agswniglitivenpivetaltinevernes babl@e®arét i ons
for acconmodating changes in relative deck | ocation and/or el evation of the

first decHransyesmeimenbeyetMhandside meolesr2Q6has apdiwhen ratresoses Irw
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(2)1‘2 49% qe\r/]var_y@mag_ﬂ 204. %lqd rs&{é rrguhﬁl@szw Orlﬁzhfy ékt?zogbéﬂ@ﬂ apﬂroﬁimmeapglw rtenbme)r
I C I S adj usta e alon t he gul dewa to_allow the npvabl e er
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rel easably coupled to the nova nber 2 I S purpose, an
engagenentdegeed ahfreedomy(DeFpr ovi ded at a free or second end of the

si denmenber 206 and/or at the novabl e nmenber 224 of the receiving base 220.
The engagenent nmechani sm may all ow qui ck and easy coupling and rel ease.

Thi's woul g Reediif§ WasWEId M b xRt ohahalsk¥sndeeeRBIZOSfob et oB@Rgtthe
decks becone unacceptably large to be safely handled by the szst em (or
exceed5a side member 206 in a deployment position.” The receiving base 220 provides
multiple connectable positions over the second deck 120 in a horizontal plane
and/or vertical plane. In a deployment position, the side member 206 is movably
coupled to the receiving base 220 and assumes one of the connectable positions.
Accordingly,‘ a location of an effective connection between the side member 206
20 and the receiving base 220 may be adjustable or repositionable vertically and/or
horizontally by assuming one of the connectable positions for accommodating
changes in relative deck location and/or elevation of the first deck 110 and the
second deck 120 (or in relative mean position between the first deck 110 and the
second deck 120).
25
Figures 7 and 8 illustrate one example of a receiving base 220, which may
comprise a pair of guideways 222 (e.g. rail guides or sliding guides) and a
movable member 224 which is adjustable along the guideways 222 to allow the
movable member 224 assume one of the connectable positions between the
30 ends of the guideways 222. In a deployment position, the side member 206 may
be releasably coupled to the movable member 224. For this purpose, an

engagement mechanism may be provided at a free or second end of the side



predeterm ned | evel) such that there is a need to quickly di sengage or

rel ease the side nenber 206 fromthe second deck 120. Wile Figure 7

i |1 ustratwe 2a10m380s3ont al adj ust ment of the novabl e nenmbecTtR24¢09i0003a&rt ai n
ot her enbodi nents, the guideways 222 may be arranged vertically or inclined
to better adjust for a range of static or relative nean positions of the
two decks mewitsir @06daridior at ther movablarmemper 224 icdthe reciivingriasey220 hdhe

i di dj ust ment i | lustrated in Fi be r.eplaced, b ¢ of
i xed connRigadRmeR) meshabisih e, sy aybkend sBakiconelid iiiessr 1 °
effective gopEesti KEAPWRSEN fobex@iniifie MpalBEVe 2RBvanEnid ®ectpEam dhededdckt20

may be periodically adjusted. A |l ock nechanismnmay be provided to secure

t he rr?vabl leem@mnazg?pt@tblxoﬂaarg@ftq he sadelyidunsiied yole system(en ﬁ@CQQ%ﬁ?i ner
t t _ . . !
conneceor DTS IR Sud RCHVIER adiesil & BhicRY dBehlabs FbRARE, |

t he recei vinagksidaarekedr 206 eohhiHedsddonat dddkei 2Zonnect or 216 may be provi ded
at the free or second end of the side nenber 206. The third pivotable

connector 216 would allow relative pivotal novenents between the side

menber 206,,gid Iiié]l?rer'}aﬁﬁlis‘(rjgf@s Q‘T‘\%@ 831%% QBjusPReFESORE rqsgé‘blé?ﬁ rﬂ%eﬁﬂgé"‘fﬂe”
requi red (see arfow F-in ki gure f I'S'to be appreciate ¥rom t he
f or egoi ng tdrédintdthet enisbdimentsabthe guideway®r2221 Mayo bedapanged eettioally yat em

200 with one_ addjtional degree of freedom (DOF)., Further, the si nber
206 meh? bemPM%(f @ob%ﬁ%fb%&tlgtafeqr@nﬁnﬂﬁcﬁ%r?i@“%% @%tfve[ Riean, eRifRnse gﬁ’é’r 204
to provideyth i ' iast Adicatiode i r d)ggj).

arrow C i nd%uéie&ﬁ%@ﬁé%%p? graft her, ét%fglefa {rl?aﬁ'sgg?sﬁgm r?g?rb@%dégigg(‘nay Sﬁ%ﬁbe
rot at abl e abhdlustratddoingFigueé Tamagiie repflacdeeby iadeetnefnfvead comeatioprrainigeor he

systemw th one additional degree of freedo se nr L OFLgur e
5 Wih (R AERsyeless inuklion Sedion Ua SR Mo srreg Tofisleim iy b
syst em 200mietniscrP2d8 anaf tHeakedhd ideck "dEpaRept p¥koditaliyphijestedioveysik it
is to be understood that |ess than the above-nentioned siXx independent DOF
may 15 mechanism may be provided to secure the movable member 224 at one of the
connectable positions during container transfer to ensure safe and stable

transfer operation.

A third pivotable connector 216 may be provided to movably couple the side

20 member 206 with the receiving base 220. The third pivotable connector 216
may be provided at the free or second end of the side member 206. The third
pivotable connector 216 would allow relative pivotal movements between the
side member 206 and the receiving base 220 on the second deck 120 as and
when required (see arrow F in Figure 5). It is to be appreciated from the

25 foregoing that the third pivotable connector 216 would provide the system 200
with one additional degree of freedom (DOF).

Further, the side member 206 may be rotatable about a longitudinal axis of the
transverse member 204 to provide the system with one additional degree of
30 freedom (DOF) (see arrow C in Figure 5). Yet further, the transverse member
204 may also be rotatable about a longitudinal axis of the side member 206 to

provideé the system with one additional degree of freedom (DOF) (see arrow E in



be provided in certain applications. In a deploynent position, sea and w nd
conditions induce a relative novenent between the first deck 110 and the
second dewb 20@@3sds3ch actuates the cargo transfer systemc2Be2009m06343
particularly at |least one of the transverse nenber 202 and side nenber 204,
to self-adjust for accommopdating the relative novenent. The cargo transfer

syst em 200 Figiyrer @) t Woth thenpavebleaceamedtions B28e$aibesliabovs,i Meays BaaSfer
is,to.attach to a car cont ai ner 370. The

. 0 . -
carri age 3900eEs 288 FObAA ARG SBY ibened taRBo moHoand oevan & fal ong
the | engt htobetreidismoavinge RoEeBATthe UbolB heAMSERS sikRIEAL ARG ORI NS 370
supported by the cargo connector device 330 froma I rstdec . The

second decke1pwVidad \in eeripdn sapplivationsr I agdeplpgmeny [sitibn, vesa ugidgrisdai n

drive syst " I t . an t her .known nechani sns. The car go
connect%r Sgﬁ}?"é'gﬁgs'@d?ééeeg?FB%‘P’%&T&@”%&{H %t&jeeﬁa@"ecgﬁﬂr ﬂ@@kaﬁ%c”t%é@ﬂ? ar
frame in whectnd| deels e dwhiutki aduteenitgs cams t{%ﬁgfé}-\/lé%%rﬁt 288 mgfe t he
four corners of the rectangular frame to receive connecti'ng lags of a cargo

cont ai ner BRBICUR %tolﬁﬁ\%(:?'ﬂ%@f[t%éfaafst‘;erﬁ@dﬁ@@@eaﬁoﬂraaansildBememuetr!Z(i)gstcmn a
top surf acgephahif 164 GREABAAT tnd flatiOMBybRB,R | O - Shaped | ocki ng

openi ngs and connecting | ags na or ired | or other suitable
material. To |ift a cargo container 370 using the cargo connector device

ti I er tably _connected to the slot-shaped
?ggi(i tn ogiﬁgﬁé#g@? tf%\%??r?%&%gﬁhgéﬁowgfq’m?rl 8O8IPRIES Be Cﬁﬁl%ﬁ&acﬁﬁﬂ; fet eps
f 90, f Colc3id dHHEE L b : | sition and vice
\?er sa. | ﬁr?hi s ngeeij &?%ga%onnecﬂ %ﬁﬁ agg@ﬁ%ﬁ@%} kc’é?é{a@g t‘?% H{QSIC@@H'H@
posi tion td/Geclihelcariagme@0 ttay bargrovikedt at ter t3n8véset herfiséeeo4 HiR

530" om t REVALIESa Y A%, REpU ol W ffarisyrros e eamga 8 dRriGuTsie” e Pacaso
T e v At BrGanpgnied 08 gotanni it UL ROROM A HISAPD |,
glr ;e\rM_n L: \I‘/lt%t Onsnc-:?c%n%r d‘ej&l”&g, ]:)(r)rvic!el I/erlsgg The carriage 320 may be driven using
chain drive systems, cable system or any other known mechanisms. The cargo
connector device 330 (see Figures 10B and 10C) may comprise a rectangular
frame in which slot-shaped locking openings may be provided at each of the four
corners of the rectangular frame to receive connecting lags of a cargo container
20  370. The connecting lags are located at the corner fittings on a top surface of
the cargo container 370. Both the slot-shaped locking openings and connecting
lags may be formed of steel or other suitable material. To lift a cargo container
370 using the cargo connector device 330, the connecting lags may be rotatably
connected to the slot-shaped locking openings of the frame. The connecting
25 lags may be rotated in steps of 90°, for example from a neutral position to a
locking position and vice versa. In this case, the connecting lags may be rotated
to the locking position to securely connect the cargo container 370 to the frame.
The reverse procedure may be performed to release the cargo connector device
330 from the cargo container. In addition, the cargo connector device 330 may
30  also be easily decoupled from the carriage 320 to permit use of an alternative
connector device for lifting different sizes of containers that are within the

acceptable handling capability of the system. While the foregoing procedure is

10



accept abl e handling capability of the system While the foregoing procedure
| sdescribed with reference to | SO couplers, it is to be understood that

ot her conmebmro3sysst ens may be used in enbodi nents of tlpeTisSGeaniobe3 Wi t h
suitabl e nodifications. The cargo transfer system 200 may further conprise
a vertical danping systemor platformto reduce inpact on a cargo container
upon unl oadesgriped twithgefarencartootSQi coufders) it tof bé amttidtatdorl @witnethep a

destinatio nd a horizontal, danping. and gui di ng system (al so
referred t goggggt})}igs} 3%—"&%@%58&?}93%%@8!’“?@&9 i i 'ﬁgeumy\nﬁ%awlt@ble
| at er al nowsddHidstiops. SW ngi ng of the cargo contai ner during unloadi ng and

of floading. In Figures 10A to 10D, a set of vertical danping systemand a
hori zontal danpi ng and guiding system 350 is installed on each of the first

110 th e n the lateral sides of the tower
renber 202 Bad THG t%ﬁ”ﬁé&é@?%%ﬁﬁ?eawa'SSﬁtVsrtwé? dagRing gystem
onl oaded andplatforoatdeddudbempact o al catgaRbAIRSIFIA BRM ki @tﬂﬁ@dﬁ&m'ém

,

platforms 342 operated by a pneumatic, electro-hydraulic or .
appr opr i at 8"¢8c ﬁﬁ@sﬁﬂdm#'pﬁémg (Riaging oo &d destination desk), oandl ad dorizersta( e. g.

[ [ °l I [ L pact of . a car
Cont ot ner 5P BRI}t TBRE (Rt 1ORS £ EaldPARs Qlind s Eth i dor 250
may be protgsfieting undssiralle latdrat ahowsmenisngr RYiMGIME BN tTe Hargo CHNEner

contaiper 370 as jt is being lifted fromor |owered onto a danping
pl atfoﬂfn %ﬂ'&n%lgﬁj;ﬂ §gaad Oﬁﬁ%ﬁ‘{‘ﬁ'%i m ze the inpact forces exerted by the
cargo container before the cargo container 370 is |lowered to the danping

platform |In addition, the danping platform 342 may al so be installed with
act uat or skstighyesr 108] toerl 0Dy amsad oheedimaalaropingi systenB hdt @ AbHzditam t he

reduce t he A BPIEL 208 SRR uslemCabi a8 iGrielihah S5 @b ihagrend!6 rdstner
The SonbneLmmeedste RO RaNEa 401 M/ ASHSIAT 00 ORP kR B L
320 and t HPe side member 206pwhere a cargo container is to be onloaded and offloaded.
The vertical damping system may include damping platforms 342 operated by a
pneumatic, electro-hydraulic or other appropriate mechanism. Further, damping
pads or air-cushioned devices (e.g. air springs) may be provided to absorb the
landing impact of a cargo container 370 when placed on the damping platform
20 342. A movable guide 352 may be provided to restrict lateral or swinging
movements of a cargo container 370 as it is being lifted from or lowered onto a
damping platform. The damping pads may minimize the impact forces exerted
by the cargo container before the cargo container 370 is lowered to the damping
platform. In addition, the damping platform 342 may also be installed with
25 actuator systems or roller to move.the cargo containers 370 to and from the
damping platform. Additionally, a control subsystem may be installed to reduce
the forces acting on the cargo container 370 during the transfer. The control
subsystem may enable the carriage 320 to reposition relative to the second deck
120 in response to relative movements between the carriage 320 and the
30 second deck 120.
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second deck 120. The cargo transfer system 200 may further include a
tag-line system 360 in which tag lines are (pernmanently or renovably)
connect edwbotdnssdsat eral si des of the cargo connector degrse288M00343

Adj ustnent of the tag lines nmay be perforned using w nches. During transfer
of a cargo container 370 froma first deck 110 to a second deck 120 (or

vi ce versdhe chegd dnsferesystayn 2680ampy opirther dhgluddjaidagdinassyajem S6Bsinant

ey asi G SSGHRS SePaTI RGP Y e SRE RSO HeGHS BLET Rielal Hofeed
transfer aRd dRGs eBrnabRY IRVdABBY. PRFddgtneht BY tHEkLy RGN fhiyupe peyree@Bts of

the cargo container 370. Dinensions of the cargo transfer system 200 nay be
vari ed acawsing ngnches.edquiringnisansfer pha saedeapdaings$70 fron afighpeek 140Hei ght

{1 ansvar S RER oagh 120 G kD) etabiteR, b d ab Byl difed: oo o

connect or &idd al SoRRBhPIGHBIGRISysteniTel otiser app@piiate efstehe $n drisnmaibaer,206
is approximately 9 metres. A nethod of operatjng a cargo transfer system

2go is ﬂesibﬁfl@@d”mfhs tRaY fassisswinngamRing BaYhewinging snetipnse thal piightaPedt hat
the metho i ficed, be.i h - q
in certai gj e ogﬁ%enggsgsg&t ngﬁfjtrl?%g% zér%ﬁgi% elgl g?/étphgﬁgaﬁ%g&?r%]n%%t ©

system t haofémentgefcthelddigardntdiversittond deck 120, e.g. floating platform

and container vessel, may be disposed in proxinmty such that they are at an
approﬁlol ate distance fromeach other, e.g. approximately 12 netres apart.

The f 1| oat iﬂﬁg;&is%ﬁsmdf‘ fied c%?gjsts atké}?srfeﬁ/%?ﬁ%hq 0 Ray E6INRitidd aReSiding@ousi ng

fixed connectors, nooring systenms or o r appropriate anchor system After
the first réqukerhedtsmandn time embodiinedc koriexarple, appeight phthea jovrsimendirid,

the cargo ansfer syst 2 may then be mani pul at o) v :

st owed posé({‘?i &h B(H%%P&ﬁg?y 82 @eﬁgﬁi By 1RGN Sﬁel grﬁ%gﬁéﬁpg‘%&é{:gghﬁﬁl s

purpose, tdiproximately 27 metres, a height of the rotatable connector 210 is
15 approximately 4 metres, a length of the side member 206 is approximately 9

metres.

" A method of operating a cargo transfer system 200 is described in the following
paragraphs. It is to be appreciated that the method may be modified, and some
20 steps may be interchanged or omitted in certain embodiments of the invention.

To deploy the cargo transfer system, the first deck 110 and the second deck 120,
e.g. floating platform and container vessel, may be disposed in proximity such
that they are at an appropriate distance from each other, e.g. approximately 12
25 metres apart. The floating platform and container vessel may be secured in
position using fixed connectors, mooring systems or other appropriate anchor

system.

After the first deck 110 and the second deck 120 are appropriately positioned,
30 the cargo transfer system 200 may then be manipulated or moved from a stowed
position (Figure 4) to a deployment position (Figure 3). For this purpose, the
transverse member 204 may be manipulated to extend towards the second deck

12



transverse nenber 204 may be mani pul ated to extend towards the second
deck120 since the cargo transfer system 200 is installed on the first deck
110. Mor ewpantoissisarly, the transverse nmenber 204 may becirisiad/ obys4a
lifting cable 312 attached thereto and progressively swng away fromthe
first deck 110 towards the second deck 120, using a gear nechani sm or other
appr opr i at2heicharihs cargmtranstensysiame 2@@@@?8@@6?9@6%%&8@@& hi.eMagea

receivi b 220 h d. deck : [ .

rani pul at TG IERGA 0 ERTERE MEo: Al el S dfean Pl € gy caBle 12,
coupl e to At EpeaherdtBrEaRl prfesivéipewiseea wé?grdmslee 26, ddok 1 e dewardse
systemin a deploynment position. Mdre particu arl%/ér I f desjired, the novable

{rﬁnber 2_24hmgecpad?hr , atsingha gsrar rhrChasista of AiNer PBRIOPTIgIR MRcHANEEY by
e recgeivi . t o h [
st eps %n rlgﬁg#ggssi%eqﬁ%{@éé%gé%%%g??%p%\%}i% {ahié%tcgil@ﬁ’%%%rsé %o l@gltpgl ded

back for sdepomgeiecktids al so to be appreciated that the depl oynment, stowage
and contai ner transfer operations of the systemmy be fully autonated,
manual |y (by one or several persons) or sem -nmanually operated. Transfer of

car o Cont- i, 320ne! YBEmbDSGA 15t kAR RNEnbhge STROMG dEekvikgl 1S

performed using the carriage argo conne r device 330 to lift
a cargo cdrdss 220, raock $pecitieallyt hecoaplg do @aombeablermafber @2dhef theseceidingon

Fi 9) .M icularly, th i )
oner oo rabC B 6 ot bcf PSR TR AR o
cargo cont@idiRld IO ABVaE mBRINEPDIOdYehE JedretP B0 BHRY c6anécifbland

lifted fromthe'first deck 110. In one énbodi nent, the cargo container 370

may be di spasiizhsopraevidechbynidpepteseivingnbase 220 disist e beaarpyesiatedithalrthg7o | s

being lifted f the fi k 110 j
descri bed STaSRORd L siRs i i ae seoyelahmidr g s el Bnp R sPRb B oo
cont ai ner 37k fSlded BUER foLERARRIeY it S3valk@ tberappreutted| thaatis Heployment,

enbodi nent, depending on the current |ocation of the cargo connect [
330 rdl5at is/tgwgagetaﬂ@ ngmai@@éﬁrggsfer operations of the system may be fulﬂ/ autom%\r’teéll,evI ce

manually (by one or several persons) or semi-manually operated.

Transfer of cargo containers 320 between the first deck 110 and the second
deck 120 is performed using the carriage 320 and the cargo connector device
20 330 to lift a cargo container and to move the cargo container 370 to the
destination (see Figure 9). More particularly, the cargo connector device 330
may be lowered onto the top of a cargo container 370 for connecting thereto.
The cargo container 370 may be secured to the cargo connector device 330 and
lifted from the first deck 110. In one embodiment, the cargo container 370 may
25  be disposed on a damping platform 342 and as the cargo container 370 is being
lifted from the first deck 110, a movable guide 352 (such as that described in the
“catch-and-guide” system as above) may guide to the cargo container 370 to
prevent excessive swinging movement. In another embodiment, depending on
the current location of the cargo connector device 330 relative to the transverse
30 member 204, the cargo container 370 may be raised or lowered to meet the
cargo connector device 330, thus reducing or removing the need to lower the

cargo connector device 330.
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menber 204, the cargo container 370 may be raised or |owered to neet the
cargo connector device 330, thus reducing or renoving the need to | ower the
cargo conmevmvo3s®@si ce 330. After the cargo contai ner 37@crscaevwoedsto the
cargo connector device 330, the cargo container 370 is transported or noved
along the length of the transverse nenber 204 towards the second deck 120.
A suitable driving or actuation system may be enpl oyed for this purpose.

fostratn ARPChe a8 RantEe 378 ireru ks Ber O sirrrtr dsyird 450, mE™
transpor t eghrhWRIESinkh 87668 Q%s%%%d_l&%ogé;di %I%wgltﬁé [R5 f tRé eradlverse

sw ngi ng novenent of the cargo container 0. Upon reaching the second deck
120, the caegwetodd4itawardydhergeosad| degk dd@0ont’o suiiablee domitigdet lRCtuationr a

desi gnat ed I ng . platf & [.go ] - 370 ] '

I owereg, asy%g%brln%yghga%ﬂé@gamzvrgﬁlsdEGE‘% eCaF‘égm@%ﬂP@hW rﬂldgs Pg\?uceen

| ateral orseguuréditd xheDygigentonmidter detige Catagorexdrdimitnercargo addritaimded 70t he
cargo container 370 may be transported to a storage |ocation or othe

desired | oaile Bie cawio eontaBeaRdhes desepriied teupils thearaoad 49m 2D 1 gTFfsSt
deck 110 9o @q38GARS IAABEN ot AiniAG Il AGH Ftné Raldie cbRMfALr ection may
g™ ar manne % tabl e no I'C

be perforne n-a sim Sul ations. Enbodi nments
of the cargo transfer system 200 is capable of countering relative dynam c

notions of the first 110 and th e d, deck 120 ysjn e af orenenti gned
feat urds (WPSh BRVINSHNE SHRIHASIRBLD. Ko RITP FBIRT By ke HFIECpl e,
€.g. SIX, dﬁ}%ﬁé%%ﬁhd%kcmgk bi ddfignatbMdahiing MhtforhPBACLAX tellargo

al l owi ng rotational novenent of the ttansverse nenber 204 about the

| ongi t udi naintaines B0 tindainmdowetathea ROvableRyuitier 352 phayt gtitle henaaigoor
212 allow ng.relative pivotal novenent between th r verse r 204
and the t it EnieroaBe fdral T HEO b BRKaT Eot ar e PR BF SRR §1o).
(O rotatigflosded hBeStalgonsdmaner 37 0aRaytbd fankpndid dslianslorage sogftionhsr
transverse nenber 204, (D) second pivotable connector 214 allow ng rel ative
pi vot di5 movtbaedesised ieeation. While the above describes cargo transfer from™a first

deck 110 to a second deck 120, cargo transfer in the reverse direction may be

performed in a similar manner with suitable modifications.

Embodiments of the cargo transfer system 200 is capable of countering relative
20 dynamic motions of the first 110 and the second deck 120 using the
aforementioned features (i.e. pivotable and rotatable connectors) which provide
multiple, e.g. six, independent DOF capabilities: (A) rotatable connector 210
allowing rotational movement of the transverse member 204 about the
longitudinal axis of the tower member 202, (B) first pivotable connector 212
25 allowing relative pivotal movement between the transverse member 204 and the
tower member 202 (in a plane perpendicular to the first deck 110), (C) rotating of
the side member 206 about the longitudinal axis of the transverse member 204,
(D) second pivotable connector 214 allowing relative pivotal movement between
the side member 206 and the transverse member 204, (E) rotating of the
30 transverse member 204 about the longitudinal axis of the side member 206 and,
(F) third pivotal connector 216 allowing relative pivotal movement between the

side member 206 and the second deck 120. The above rotational and pivotal
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t he side nmenber 206 and the transverse nmenber 204, (E) rotating of the
transverse nenber 204 about the |ongitudinal axis of the side nenber 206
and, (F) wbi2oth/posst al connector 216 allowi ng rel ative pcrscabomwesasent

bet ween the side nmenber 206 and the second deck 120. The above rotati onal
and pivotal notions (see arrows Ato F in Figure 9) conbine in such a way as
t o acconmmudatiensn{peee haoiwee Ardeefeint 3-ige ncombintedRssuain anday 2as tehil e

at all tinmes nmaintajnin t abl e sys ' | C ar contaperns,.can be
transferr&?comogﬁhiﬁ' f%ﬂﬁ‘b%ﬂ?&ﬁﬁ?"@@?ﬁ*é&?m‘e%{}?@ﬁ gﬁ%laglap C[]l%\(':'ﬁlleaafl
moti ons arg) phes HaaIAGHIR] a SaMeObydtbm aovehieANBaRIPcongaiHER kanr aoved
or sinplified to provide a nore limted range of notion suitable for a

gi ven t askransfewadi riamesrtain mymbedimentt PoHe nwegtiop svhgrevrar§arlge motianst i ve
sway, and rel ative h r cld \ r y. FLuQULES ),
caused%by Hrivi'Pon ?%?(t?qlbasﬁ ,ggéeflngféal?t{loq%n\%/\%ﬁ\%&g”%h%d;dég {)ﬁ B%ﬁ%\t’éﬂ ot
transl ati ciigiplifiad t6 Prafiteramor@timited rangé lné nvatises stable femal givgnotask lad
type(s) of dynam c notions experienced, the system self-adjusts via at

| east one &IViEONMEonmbi nati on of the above-described notions and novabl e
connections (Ato F). The self-adjustnent of at |east one of the novable
connections (Ato F) or at |least one of the transverse nenber 204 and side
menber 20@Dyredratd waotionse a@g.otrblative s saigiey ataedativey swal andv eclativenbasave,

bet the first deck 110 t k 120. t ai di t,
Che calgo TESRRGIGY SoREBRMEBDONESWERH 4 1o bl srs WO OO BAGT up
to about bier%rm iSRoe) aaBMaﬁ%é &% o tidhspiiPnaMaad! fRafiorll rhbgohdvanthieon.

It is to appreciated that The ability of the systemto accommpbdate
rel ative mmssels. vRepanding (ij/hao’wpb(ﬁjrtﬁag@@nw neeitrsaaerigincadafs sytemt e

nodification to the carqgo transfer system _l.n additi 0 L . range
of dynam ARG vEpiraerLas P h 2 S Eaidagf Hig wBRve sk ngI fyidR
connect i nGadd et BRRRBELRRS (A Qo F) eThE Welldadjasena@lofoat Raseonadofdek 120
to allow operation of the systemover a range of relative
15 movable connections (A to F) or at least one of the transverse member 204 and
side member 206 relative to each other is actuated by a relative movement
between the first deck 110 and the second deck 120. [n certain embodiment,
the cargo transfer system 200 may permit a relative motion variation of up to
about + 2.5 metres in any direction in one embodiment of the invention. ltis to
20 be appreciated that the ability of the system to accommodate relative motion
variation may be increased or decreased with appropriate modification to the

cargo transfer system.

In addition to the above range of dynamic motions, operation of the system 200
25 may be extended by connecting the side member 206 to a receiving base 220 on
a second deck 120 to allow operation of the system over a range of relative
mean positions (static positions) between the first deck 110 and second deck
120. Examples of relative mean positions may be represented by Figures 11A
and 11B. A change in a relative mean position caused by vessel drafts for
30 example, generally involves a change in the relative height of the first deck 110
and second deck 120 while the spacing therebetween may remain substantiaily

unchanged. This change may occur slowly over a long time period and may be
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mean positions (static positions) between the first deck 110 and second
deck 120. Exanples of relative nean positions nay be represented by Figures
11A and MB.20M/mcbmage in a relative nean position causegchsczansedsssirafts
for exanple, generally involves a change in the relative height of the
first deck 110 and second deck 120 while the spacing therebetween nay

remai n substCEAMMaPdstednbliapgeedicail adiusiingeantogationuof sinowlfectivercaplingg

ermi n st geariepationuo souifectue f
an' o1 Foct | v Race JURET RS et Rk @i doet 420 R orechrinedign of20.

In one enbdkié ireventioh, trhsestﬂb%djh@@meﬁt@lo%&hbqr@éﬁdﬁar@ﬁhe%lré@@@cﬁ %0 to
freeboard of tE)e first _deck 110 to vary between 5 netres and 15 netres, and

the second Vg8t ei‘ﬂ@?f' o5vﬁ1€§/r9§e_ﬁﬁéeﬂ\5 gnetraet ABY thed secardrdsck Ti20s to esy t s
in a rapge pRiws& @.VYrﬂeﬂ%%kaH@'ég%étr . _ﬁ"llgmr%glglg%f"l? nag%aggé\; nfqlz#g/eg ngglg es

11A and 11B where a location of an effective C

menber 206 heights bé-Sewdres teekni?@si s adj usted (or a position of the
novabl e menber 224 of the receiving base 220 is adjusted), one or nore of
the connectors (Ato F) may al so be self-adjusted in order to accombdate a

Change 1o i PRt veIATRRE PASIAHGIS PRICEA 3 EirbBliyd 3Bphi LaRfed e

second deck 120. In one enbodinment, it I's estimte
have an av&idgg@enbers?ef ard dhefsed60d cirukal D@ris adjuédh@urs pdsition 8f the

procesgh ng il 0 [ OXl ly 4 m.nutes r..container). In the

enbodi ?r(?ant rﬁq\)lgﬁls ra ﬁ%ﬁ@%ﬁ}%r@elﬂn%&)ﬁa@% r'ﬁr?éil‘é?t%):r%}?o@rrm@@@wfﬂ?e

mani pul at edohgedto@ngAefo F)Caa30 adNbal §8f-28%% t | S d

t he second deck _120.$ In_arzotk?cey(r) enbodi manta %sﬁ Fﬁs‘%}rﬁgset %ﬁgﬁﬁé}?ryea?ﬁ?] t wo
t r ansver seCh@MRe i aafedativermeaampositioy beareguithe didst decl An6fand thecaegund
contai ner pgityees the decks 110, 120. This may be useful in very heavy or

| onger cargo. In the enbodi nent of Figure 15, the cargo connector device is

connected to the cargo contai ner and supported by two carriages running

al on . . .
915 In one embodiment, it is estimated that the system may- have an average

transfer rate of 360 containers in 24 hours (i.e. a processing time of

approximately 4 minutes per container).

In the embodiment illustrated in Figure 3, a single transverse member 204 is
20 manipulated to transfer a cargo container between the first deck 110 and the
second deck 120. In another embodiment as illustrated in Figure 15, two
transverse members are simultaneously manipulated to transfer a cargo
container between the decks 110, 120. This may be useful in very heavy or
longer cargo. In the embodiment of Figure 15, the cargo connector device is
25  connected to the cargo container and supported by two carriages running along
the two transverse members. A control system may be required to ensure that
the carriages on the two transverse members function in cooperation to facilitate
a stable transfer of cargo containers between the first deck 110 and the second
deck 120.
30
In the embodiment illustrated in Figures 2 to 15, a transfer system 200

comprises three primary members or arms: a tower member 202, a main transfer
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the two transverse nenbers. A control system nmay be required to ensure that
the carriages on the two transverse nenbers function in cooperation to
facilitatwoaosimbiss transfer of cargo containers betweemrctise26dorsdzssleck 110
and the second deck 120. In the enbodinment illustrated in Figures 2 to 15,
a transfer system 200 conprises three primary nmenbers or arns: a tower
menber 202 MeMAAr for patighevereeboember 2D4t)rmﬂ;\aes&'ie mesvhieer 204) TR tawetr de

t at ab] t
270 tr om amebe! AlEs TEROR Fehstern SIS sonaeglsh Dt fompadretsietkibi&a t o
the transverssebptinefotdbble BEhAdLR 19 My Iélﬂdlﬂ’f‘e ?rahQWs %R‘%ky%% or

an el evated portion nay be used in sone cas wher e genera cargo
's to be hiR#edimans fhat saluiecmtower MerkborT2e2 |me|agheleyratedwportmmemaayem@er

202 or ele p ! n.t Speci atlon
However§| nug%(??':atlgﬁHé er enh%@ ﬁéﬁ(ergﬁyg [li%,%r ‘?réﬁTE)P d)?ég 'h‘ﬁ) from
required. the deekerimdheiyht obfth@ tOREDMEMBESS 6 &)@é\%’fhé% n Wddi§

in Figure the trapsverse nenber 204 nmay be novably coup ed |rect

a first deéﬁpﬁﬂ@ngu% HepsReAfihpRPIGHtRBC thiWever intaestain chmumnleddlmerlmea
first de‘:kt"]"g@fmgﬁ%f@?ﬁﬁ@%%h Qpélcectors 214, 216 as descri bed above
odi nent.

may be used in this e recei vi ng base 220 may al so be used in
this enbodinment in simlar manner described above. In addition, it is to be
appr ecj may be made to the enbodlnent of

h i difi i on
s Ak A g e
nber 204
Cont ai ner ) Taorerse eber 208 THaF e bty KoupltY Bllebd I8 o BRI B0 3 r oo,
wi th appr opriigetébleoepnnector 82 wbichhie modetedeomethezﬁet deok fuiot heBothr #espor t

L e SOBRR Lo g0l SEMBIICL 208, el Ll e
transver seemeotizne 204TRe detdiding BEsdTRIDGRay A d §GWWMI§SWm6dﬂhém piive
novenent between the first deck 110 and t he second
15 similar manner described above. In addition, it is to be appreciated that certain
modifications may be made to the embodiment of Figure 16 if required. For
example, a carriage provided on the transverse member 204 to transport a
connecting device (which is to support a cargo container) along the transverse
member 204 may be appropriately configured, with appropriate modifications to
20  the side member 2086, to further transport the cargo connector device along the
side member 206. When the cargo transfer system 400 is in a deployment
position, at least one of the transverse member 204 and the side member 206 is
actuatable, by a relative movement between the first deck 110 and the second
deck 120, to self-adjust for accommodating the relative movement.
25
Embodiments of the cargo transfer system may be suitably designed and
modified to handle different load capacities. In one embodiment, the system
may be designed to handle tank containers for gas or liquid storage measuring
12.192 metres (length) by 2.438 metres (width) by 2.591 metres (height). The
30 tank containers comply with the 1SO size requirements for 40 foot containers
typically weighing up to 30 tonnes. Alternatively, the system may also handle
conventional 20, 40 or 45 foot ISO size compliant containers. Yet alternatively,
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deck 120, to self-adjust for accommodating the relative novenent.

Enbodi nents of the cargo transfer system nmay be suitably designed and

modi fi ed wo 2bandbmsdi f ferent | oad capacities. |n one enpodisceolooéne system
may be designed to handle tank containers for gas or |iquid storage
measuring 12.192 nmetres (length) by 2.438 netres (wdth) by 2.591 netres
(hei ght) . tiTae systern cowvayaiaies shaodipl pihert hynaese ofSoosiainerseqisaderfent earger 40

foot containers typicakl: i ghi t Q- t ernatjve

syt em ey Ares AR oS R shr! B s tghe ABEY sl B 18 “htahi e
cont ai ner rd¥eto RandeRAféreat Yizebeopidite@Witizh ahaPbd digke aftitRyaviarpes of
containers used for cargo transportation. Suitable structural nodifications
may be made to the systemin order to handle different sizes containers

whi ch gay I . Ler I ' il : :

those Sic 1PBer BHEUARA AL LS Bppdtdtio AIERUTR B e drt ABLEBORG 6% aybh
practice aff tihe spaeification dnd tgrectics eof dket aiventienm nbBldbgrrha, beertainsed

for the purposes of descriptive clarity, and_not to lint the e di.nents
as di scl odetminplRgyeas BeseEsddntitneckiiibees akdeseitive sty §H6m%3?<bl@“'t

consi der ec{h@’é?@%cﬁﬁﬁént%%@iéé?@ﬁéd?v?ﬂé leffb R BAtsdd REHURE ddriBRASNIGE
clainms.Cl ains 1. cargo transfer systemconprising: a transverse nemnber
nmovabl y celpluédl ke corfsideredl eramiptarypfwith fthe sinvdatitn beisgddefiradelry dheposed
bel ow_t{he transverse nenber, the side nmenber having a first end novably
coupl & t@ﬁpr?é‘dﬁga‘i%'mse nmenber, and a second end operable to novably
couple to the second deck; and a carriage novabl e al ong the transverse
menber for transferring a cargo fromthe first deck to the second deck, or
vi ce versa, wherein at |east one of the transverse nenber and the side
menber is actuatable, by a relative novenent between the first deck and the
second deck, to self-adjust for accommbdating the relative novenent. 2. The
systemof claim1l, wherein the first location is an el evated portion on
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the first deck. 3. The systemof claim2, wherein the elevated portion is a
tower nmenber. 4. The systemof claim2, further conprising: a first

pi vot abl ewoaonacB@s pi votal ly coupling the transverse meabsG200/00é23

el evated portion; a second pivotable connector pivotally coupling the side
menber to the transverse nenber; and a third pivotabl e connector operable
to pivot alClaimsupl e t he side rrenber to the second deck. 5. The system of
claim4, further conprising a rotatable connector rotatably coupling the
transverse menber to the elevated portion. 6. The system of claimb5,
wherein the Al @&ggoerdefer systahajoaiprisimbout a | ongi tudi nal axis of the

transverse nenber, and the transvers at a bqut
| ongi t udi nal ax@ FaHEVEIRe HEAPSHERBED ?WCO @dg‘}é‘tf&ﬁf B‘P'&Pﬁ?gmt qz)iﬂ?é(i ein the
transverse menbel; cﬁméfﬁﬁ alegog@&ps@ﬁfh% RARPRISS rﬁaneép%g%ld@ﬁ\e@\%ao

transfer systemw SI X reedom of notion. 8. The system of
claim1, flwxmh@a firetrpnd smmgabl;acoep:led\iofdge baseversarmeben, amdassecond eddck,

the receivin e prov ralit onnect abl e positions for
accomodat? qqd%&V?b@‘Egmﬁ%Eﬁ%@f@cﬂégﬁkﬁ%s?Fgons bet ween the first deck
and the Second Q%hlag@ﬁ{&)ébléaldh@qhqur@ve%é aidraiséi 168 teMeRdring deaneen

the second end of the side nenber "and the second deck is adjustabl e between

the pl uralfrem tbe firshdech tbthe preeand dek, 09 viceTversgy whereibratdeastrang ofiher ei n

bl ur 2ty ERBRGE codlba" patife SHE mnbNaS A DRABRL L b S A0S TonErHERE | N
the secon%aa@eﬂftﬁéﬂﬁrﬁld&kn@m@me sbesied @elcR, eo@etflawmarnbrmomnwdat&@ The

systemof claim9, wherein the receiving base further includes a |ock
the relative movement.

2. The system of claim 1, wherein the first location is an elevated portion on
15 the first deck.

3. The system of claim 2, wherein the elevated portion is a tower member.
4, The system of claim 2, further comprising:
20 a first pivotable connector pivotally coupling the transverse member to the

elevated portion;
a second pivotable connector pivotally coupling the side member to the

transverse member; and
a third pivotable connector operable to pivotally couple the side member

25 to the second deck.

5. The system of claim 4, further comprising a rotatable connector rotatably

coupling the transverse member to the elevated portion.

30 6. The system of claim 5, wherein the side member is rotatable about a
longitudinal axis of the transverse member, and the transverse member is

rotatable about a longitudinal axis of the side member.

19



mechani sm for securing the novabl e nenber at one of the plurality of
connectabl e positions. 11. The systemof claiml1l, wherein the second end of
t he si de woertbavoss@soperable to rel ease fromthe second eetlscabhwmodzhe

rel ati ve novenent between the first deck and the second deck exceeds a
predeterm ned | evel. 12. The systemof claim1, further conprising a pulley
syst em at tachedhe syrtemrefnsladnse, wherin ther rBNEYSTSg MeankerafsddhgeSiHnber
and the sid er I he

ot de. membdrerPen e A it bt PriTE TEE saflo st BYSKER WAUTER BeaiBEE 4T
13. The sydetombfedastion.l, further conprising a vertical danping system for
reduci ng i npact to the cargo, and a horizontal danping and gui di ng system
for restricting a |lateral novenent of the cargo during onl oadi ng and

of f | oadi ng, 14. clial .conprising a tag-line system
for reg)trig%ti ngﬁagfg%/%bgp?%@%E@%{c@wgrgﬁ%o during transfer of the
cargo. 15. A ned hededdng dvape tmamsttdr ont the sechod dedipr itsd mgceiingpdsiseg a

first deck and_a second.deck in prgoximt whegrein a transverse, neaber. i s

movabl'y cdUBVEiNG & Blufalityof| cRciablg Pasttions; 16X A GhoRRmol ARG, %P%alﬁrﬂfer i s

di sposed RQel Wetrh%ah{m&{ssﬁeﬂ@’é?ﬁfheaﬁ@t pRvRRING SRUS&thd Betilavhéritbyer se
y

menber; nova coupling the side nenber to the second deck; noving a
carri age dboatiprt bé ar afisstives couplitgebetvgen thinseeend wgdaot Hreysider Brembrs

B

relati ve novenent between the first deck and the second deck, wherein the

self-adjusting is actuatable by the relative novenent. 16. The nethod of
cl ai m 15, Sher el e EYsiRIBI o claimh BswhaseiR Hied recedvpgnbasre dwrther &R Py

further ingludss Ravidg dd)GsthbleshetnRed e pIBRIRAR of 'BHALERALROpbLABNS] thehe

first deck.
movable member for movably coupling the second end of the side member

15 thereto in a deployment position.

10.  The system of claim 9, wherein the receiving base further includes a lock
mechanism for securing the movable member at one of the plurality of
connectable positions.

20
11.  The system of claim 1, wherein the second end of the side member is

operable to release from the second deck when the relative movement between

the first deck and the second deck exceeds a predetermined Ievel.

25 12.  The system of claim 1, further comprising a pulley system attached to the
transverse member for lifting the transverse member and the side member to
allow a movement of the transverse member and the side member from a

stowed position to a deployment position, or vice versa.

30 13.  The system of claim 1, further comprising a vertical damping system for
reducing impact to the cargo, and a horizontal damping and guiding system for

restricting a lateral movement of the cargo during onloading and offloading.
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17. The method of claim 16, wherein having the first |ocation on an

el evated portion of the first deck further includes having the el evated
porti on omoaotomsssssnenber nmounted on the first deck. 18pcTise20mi0basd3 of
claim 16, wherein disposing a first deck and a second deck in proximty
further includes having a first pivotable connector pivotally coupling the
transver se Menbekha systae ef elain dd fpidher eomprisisg eotag-lne systetrefaraosticting

pivotally L j .the transyverse nenber, and a third
pi vot abl e gaglh\%rgp g]rOR'P g}eﬂé;a%ﬁ%@%%&mgiqﬁﬂﬁfﬁreogﬁ E“4HRber to the second
deck. 19. The nethod of claim 18, wherein disposing a first deck and a

second declél in proximty further includes having a rotatable connector
rotatably ddupl ihg'athed of sapdransiae iR mathod semairisinged portion. 20. The

met hod ¢f claim reif.di [ fdr d and a _second deck in
proximity furt hﬁoﬁmﬁsmﬁgvié%étﬂg ;%i eecrgré(rj‘r‘og%lF o@atpém('g“&bo‘ﬁ ergin a
| ongi t udi nétanaxéseomentiertis answedrs eouplaticn .a first [ddatiohr GNBLETSEISETRAH a
rot at abl e abput a | on 2 1. The nethod of

i tudinal axis of the side menber.
claim 15, GG QBRSSP asSagp eIy hRdra e S RO RTcATch E10sebbneD et (0
further inghaigarsvEréabhdmeeppl ing the side nmenber to a receiving base
mount ed on the second deck, 'the receiving base providing a plurality of

connect abl e posimovaly couplingcibersidemangber tpl the aleicopd afeckel at i ve mean

positi gns betwe . first deck and the second deck, wherein a |ocation of
an effg(gti ve coﬁgq\%"ﬂ% ab‘é?@@gﬁ %’Rgggﬁﬁéraﬁé‘fﬁ@e W?Wef%meiﬂ'@gka iCardthe of
the plural froyn the firendeck abihe SInd qtk. oPvice Rpsaredfypd of claim 2 1,
further conprisi ng: adjusting the location of the effective coupling to

anot her one of BRE-FsliuFtiAg atyeast anmeltbedmnsvpiss meonkerfand thecsidemiambey a
change in r i i:f.]_0 he first. deck and, the secopd
deck. 23. %}reﬁn%ﬁ]ﬁégdoﬁ @'ag.r% ?nété)el&o\?gﬁé@?ﬁeh%%ltv i'B%pff‘?QH(ga%g‘%?‘%‘éo mber
to a recei dedy Voesreimthensattladjostihg issectoathoie bl thelkélaRve hslonsias. movabl y
coupl i Psg

16.  The method of claim 15, wherein disposing a first deck and a second deck

in proximity further includes having the first location on an elevated portion of the
first deck. '

20 17.  The method of claim 16, wherein having the first location on an elevated
portion of the first deck further includes having the elevated portion on a tower
member mounted on the first deck.

18.  The method of claim 16, wherein disposing a first deck and a second deck
25  in proximity further includes having a first pivotable connector pivotally coupling
the transverse member to the elevated portion, a second pivotable connector
pivotally coupling the side member to the transverse member, and a third
pivotable connector for pivotally coupling the side member to the second deck.

30 19. The method of claim 18, wherein disposing a first deck and a second deck
in proximity further includes having a rotatable connector rotatably coupling the

transverse member to the elevated portion.
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the side nenber to a novabl e nenber of the receiving base, the novable
menber bei ng adj ustabl e between the plurality of connectable positions. 24.
The net hostoebiopdsaéssr 23, further conprising: securing thecrnycahlymosssber at
one of the plurality of connectable positions. 25. The nmethod of claim 15,
further conprising: releasing the side nenber fromthe second deck when the
rel ati ve 26vendite inethedbnf clhinm fi8r whedsio Idigpusinge fsstadeak alet i segond decly
predet erm ned | ev%l : . . .

in proximity " further includes having the side member rotatable about a
longitudinal axis of the transverse member, and the transverse member rotatable

about a longitudinal axis of the side member.

21.  The method of claim 15, wherein movably coupling the side member to
the second deck further includes movably coupling the side member to a
receiving base mounted on the second deck, the receiving base providing a
plurality of connectable positions for accommodating a plurality of relative mean
10 positions between the first deck and the second deck, wherein a location of an
effective coupling between the side member and the second deck is one of the

plurality of connectable positions.

22.  The method of claim 21, further comprising: adjusting the location of the
15 effective coupling to another one of the plurality of connectable positions for
accommodating a change in a relative mean position between the first deck and

the second deck.

23.  The method of claim 21, wherein movably coupling the side member to a
20 receiving base mounted on the second deck further includes movably coupling
the side member to a movable member of the receiving base, the movable

member being adjustable between the plurality of connectable positions.

24. The method of claim 23, further comprising: securing the movable

25 member at one of the plurality of connectable positions.

25.  The method of claim 15, further comprising: releasing the side member
from the second deck when the relative movement between the first deck and
the second deck exceeds a predetermined level.

30
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