1111111111111211111 * 59159* METHOD FOR THRUSTER W THDRAWAL FOR MAI NTENANCE
CR VESSEL TRANSI T W THOUT THE NEED OF AN EXTERNAL CRANE, REMOTE OPERATED
VEHI CLE, OR DI VER 5SPECI FI CATI ON FI ELD [ 0001] The present ﬂmmmmmmm
generally relate to a method for thruster

mai nt enance or for vessel transit w thout the need of an 10extesisel _ crane,
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5 SPECIFICATION

FIELD
[0001] The present embodiments generally relate to a method for thruster
withdrawal for maintenance or for vessel transit without the need of an

10 external crane, a remote operated vehicle (ROV), or a diver.

BACKGROUND

[0002] A need exists for easily performing major maintenance on thrusters of deep
draft vessels, such as drill ships, semi-submersibles, floating production
15 platforms (FPSO), and other vessels because the thrusters extend below the
bottom of the hull and are submerged in seawater at all times. Traditionally,

maintenance has been performed by one of three ways.
[0003] Conventionally, for maintenance, the thrusters have been transported,
attached to the vessel, to a dry dock, or to a graving dock. At the dry dock or
20 graving dock, the vessel with the thrusters is taken out of the water.
Problems exist with this conventional maintenance method and system
because the vessel owners and operators lose vessel operating time as the
vessel is out of service, and the use of the graving dock or dry dock 1is

expensive.
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[ 0003] Conventionally, for maintenance, the thrusters have been transported,
attached to the vessel, to a dry dock, or to a graving dock. At the dry
dock or 20 graving dock, the vessel with the thrusters is taken out of the
water. Problenms exist with this conventional maintenance nethod and system
because the vessel owners and operators | ose vessel operating tine as the
vessel is out of service, and the use of the graving dock or dry dock is

expensi ve . . : : .
P [00})4] 'hle }:|>r|esenlt Iemb0d1ments provide a lower cost solution to this conventional

maintenance system and method.
[0005] It has also been known to use divers or remote operated vehicles (ROV)
beneath the floating vessel, which can lead to problems, in that the divers or
5 the ROV’s drop tools, are clumsy, and parts can be lost overboard. Special
training is needed for the divers and for ROV operators.
[0006] The present embodiments no longer require the need for divers or ROV’s to
do underwater maintenance on thrusters.
[0007] The present embodiment reduce the risk of the occurrence of accidents that
10 often occur when divers perform underwater maintenance on thrusters by
eliminating or reducing the need for the divers.

[0008] The present embodiments meet these needs.

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0009] The detailed description will be better understood in conjunction with the
accompanying drawings as follows:
[00010] Figure 1A is a first step of a sequence for lifting a thruster from the hull of a
vessel using a thruster well.
[00011] Figure 1B is a second step of a sequence for lifting a thruster with an electric
20 motor hoisted out of the thruster well.
[00012] Figure 1C is a first alternative embodiment of a step of the method for lifting
at least a portion of the thruster using a deployed spreader bar in the thruster

well.



111111111

10

15

20

[00013]

[00014]

[00015]

[00016]

[00017]

[00018]
[00019]

[00020]

*@300007?*

Figure 1D is another step of the first alternative embodiment of the method,
showing a slightly raised thruster hoisted using the spreader bar, and with the
thruster well partially filled with water.

Figure 1E depicts a bridge crane and sling that can be used for removing the
thruster.

Figures 2A-2B is a detailed view of a clamp used to hold a thruster mounting
flange to the thruster well bottom flange in two positions.

Figure 3 is a top view of the thruster well with the clamps disposed around a
top portion of the thruster usable in an embodiment of the method.

Figure 4 is a view of three thrusters, one in a thruster well, a second thruster
suspended above the thruster well held by a hoist, and a third thruster
positioned on deck of a floating vessel for maintenance according to a step
of an embodiment of the method.

Figure 5 is a view of a thruster well with a reach rod.

Figures 6A-6B depict an embodiment of steps of the method.

The present embodiments are detailed below with reference to the listed

Figures.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[00021]

[00022]

Before explaining the present method in detail, it is to be understood that the
method is not limited to the particular embodiments and that it can be
practiced or carried out in various ways.

The present embodiments generally relate to a method to enable the lifting of

thrusters from a vessel hull while a vessel is floating, such as at sea, for

3



[ 0004] The present enbodi nents provide a | ower cost solution to this
conventional maintenance system and nethod. [0005]1t has also been known to
use divers or renote operated vehicles (ROV) beneath the floating
vessel, which can lead to problens, in that the divers or 5the ROV s drop
tools, are clunsy, and parts can be | ost overboard. Special training is
needed for the divers and for ROV operators. [0006] The present enbodi nents

no longer require th ed for dipvers.or s.to do underwate | Nt enance
on thrusters. [Odbafl]s’?fﬂgﬁﬁrvﬁseeﬁwf’r Oﬁﬂ?ﬁﬁlrr%fr{ﬁ%%%r@ “flﬁﬁé’u ri’esegmgfexgrﬁeeavy
occurrence of accidents that 10often occur when divers perfaorm underwater
mai nt enance on t HitiStaBess reote Pperaisd viehiglesy undsavten gV epeAnd wthoub peadg

di vers. [0008] The present enbodi nents neet these needs. BRI EF DESCRI PTI ON
OF THE DRAW NGS to return to shore.

[00023] One of the benefits of embodiments can be that the method can provide
5 significant safety protection compared to commercial techniques for
maintaining thrusters, such as diver dry suits and associated communication

apparatus.
[00024]  Another benefit of the method can be that no heavy lift crane is needed to
maintain the thrusters, which can be dangerous when tendered along side a

10 vessel in high seas, and can lead to accidently dropping the thruster into the
sea or on people on a deck of a vessel. The method can use simple onboard
cranes such as bridge cranes, or simple onboard monorails with connected
moveable transport devices, to prevent the hazards associated with heavy lift
cranes from tendered barge.

15 [00025] The method can be less expensive to implement than currently practiced
methods. The method can save a vessel owner a daily rate of between
$100,000 and $300,000 per day in 2010 US dollars, which is generally the
cost of renting a heavy lift crane barge.

[00026] The method can provide additional safety features, such as redundant sealing

20 of each thruster in a thruster well to the hull. The method can provide a level
of increased safety in that test ports can be used to verify that the seals
around each thruster are working.

[00027] The method can use a plurality of super strong holding clamps

simultaneously to prevent mishaps that can occur with use of only one
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15[ 0009] The detail ed description will be better understood in conjunction
wi th the acconpanying drawi ngs as follows: [00010] Figure 1A is a first step
of a sequence for lifting a thruster fromthe hull of a vessel using a
thruster well. [00011]Figure 1B is a second step of a sequence for lifting
a thruster with an electric 20notor hoisted out of the thruster well.
¥000%2] Figure 1Cis a first alternative enbodi nent of a step of the method
or lifting at least a oLt of .the thr sin | oyed ader
bar in the thrust% ‘?mP/\’eSI“Ph 8{] sfamy fifs & iﬁ%erC?HB?% A/tellgast%%&/\ r st
al ternative enbodi nent of the met hod, showi ng a slightly |sed t hrust er
hoi st ed usi ng t henQisrkddiag qhapps &0 DGiused f}}?ég%rﬁmgtsét‘ryvﬁélhoall%é}ﬁ? TIPS £ 11 ed
with water. [ 00014] Figure |E depicts a bridge crane and sling that can
be used for renovhogtingdlasghtathe drmustpi006LByttdm flangs 2A-2B is a detail ed
view of a clanp used to hold a thruster nounting flange to the thruster

vel | bot t p0oRBRNYEhd Method dap Petthasto infHIA&Tt thirgkiic@y B tdchnigués)in iaewhof t he
thruster well with the clanps di sposed around a top portion of the thruster

usabl esin an enmbog sERHF Hmd H@ed@@ttbciﬁitplement the method can be only a matter of

hours rather than a matter of days. Typical thruster repair methods can take
from three days to one week. if the floating vessel is at sea. Conventionally,
a ﬂoating vessel with positioning thrusters has to call for a heavy lift crane
barge to drive up to the vessel, and to tender the thruster to the barge. The
10 method can be implemented without the need to wait on performing
maintenance due to weather that is preventing movement of the thruster to
the barge.
[00029] The method can be more quickly implemented than traditional underwater
thruster dismount techniques, and can require no operator in-water training
15 on how to perform the method. All steps of the method can be performed on
a surface of the vessel rather than in the water or subsea. The method can
require less overall maintenance personnel training on underwater removal
systems, therefore no extra wetsuits or dry suits are needed to implement one
or more embodiments of the method. Extra equipment can be an added
20 expense, and typically includes custom fitted dry suits, regulators, fins,
gloves, and other diver communication equipment which can be expensive,
such expenses can be avoided using the method disclosed herein.
[00030] The method can be more environmentally friendly and safe than known

methods, as the method does not allow a thruster be lost overboard where the
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10 [00017] Figure 4 is a view of three thrusters, one in a thruster well, a
seconqd thruster suspended above the thruster well held by a hoist, and a
third thruster positioned on deck of a floating vessel for naintenance
according to a step of an enbodi nent of the nmethod. [00018] Figure 5is a
view of a thruster well with a reach rod. 15[00019] Figures 6A-6B depict an
enbodi nent of steps of the nethod. [00020] The present enbodi nents are

det ai | ed bel ow wi f e.to. t i [ : - | PTI ON
OF THE EMBODI NENfEé‘q‘i{S’fﬁ%g%%f Woss @%edfﬁg‘%gﬁf%gﬁgﬁ Sr@@#‘hﬁ?‘%ﬁgﬁﬁ
detail, it is to be undersﬁood hat the nmethod ig, not limted to the
particul ar enbodiSTRHAE Veae! ihusedite mays the thepster i i@ﬁt StELFF RegPTEYEnte,

vari ous ways. [00022] The present enbodi ments generally relate to a nmethod
to enabl e the |iffromdalbing thypugh ar epeningninty e ssbIwiheh Fandidppen ahoe sE8Es | s
floating, such as at sea, for transit of the vessel or for repair of the
t hrust ers wi t houtlifhaeahiusigr éohr &s fleatyg Vesse]l, ovengen dceamtand apwr atvedting
vehi cl es, underwater divers, and wi thout needing to return to shore.

[00023§ One of tharhenethisonfito pHaGEl FBRLSs can be that the nethod can
provide 5 significant safety protection conpared to commercial techni ques

for maint ﬁ@%@gptm&ﬁ%ﬁgé [CS‘fb%g{ﬁ‘@i‘ﬁ g%)%rgﬁor%rﬂhesﬂ!)&t séd3& gﬁi(i)xz&eg)g%degg t hat

comuni ca par at us. benefit of the net

no heavy 110 crape | 8. ugeded, L0, 8l nLal 0 L0 L LRSUTSHS o h L SRS

can perform needed maintenance without additional assistance.
[00032] The method can be implemented on thrusters that are configured for removal
10 and re-installation while the vessel is at maintenance draft, which can be ten
meters lower than normal transit drafts. The method can therefore provide
stability compared to removal at the shallower transit drafts, and can reduce
the hoisting distance from the vessel bottom to the deck for maintenance.
[00033] The method can include installing a vertical well, also called “the thruster
15 well” around each thruster from the bottom of the floating vessel.
[00034] The thruster well can extend upward away from the floating vessel bottom.
The thruster well can be welded around the thrusters or the thruster can be
installed with the well surrounding the thruster after the thruster well is
connected to the vessel hull bottom on the inside of the vessel. The thruster
20 well can have a single thruster well wall, such as if the well is round, but can
also have a plurality of connected well walls, such as if the well has another
shape, such as square or rectangular.
[00035] The method can include installing a thruster well with a thruster well bottom

flange and a thruster mounting flange. The thruster mounting flange can
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10 vessel in high seas, and can |ead to accidently dropping the thruster
into the sea or on people on a deck of a vessel. The nethod can use sinple
onboard cranes such as bridge cranes, or sinple onboard nonorails with
connected noveabl e transport devices, to prevent the hazards associ ated
with heavy lift cranes fromtendered barge. 15[00025] The nethod can be

l ess expensive to inplenent than currently practiced nethods. The net hod
can save a vessel_owner. ai.l v rat f t ] per
day in 2010 US do‘i“ﬂ%%%?“tﬁﬁﬁ% ﬁh%%te‘ggﬁlelf"é’l“{gﬁl pﬁ@%c%ﬁgdogqg%‘%{%?ﬁg%%? %%3% i ft
crane barge. [00026] The nethod can provide additiopa fety features,
such as redundantPagialy sxdensly 1m8f‘”§8’bﬁ“?‘?ﬁhu%?%‘ftlopr?féﬂ? hp@g]?aércawmnﬁsr t he
hul | . The method can provide a | evel of increased safety in that test ports
can be used to ver¥dtfly that the seals around each thruster are working.

[ 00027] The nethod can use a plurality of super strong hol ding cl anps

si mul t ane@o®BY] t OTHY Medod foh Bfiaps thhater cam imbwderusivig H hoiseorodnoter Y fidme
clanp, such that if one clanp fails the other clanps will hold. At |east

20% nog e hol di ng GLAARS ehHeRAitELEyd PRA (RSP BEESS AdiYoviaBleRrordshsT thér ust er
mounting flange to the thruster melr bottom fl ange. 1000281 The nethod can

be faster to i””'tﬁfﬁ%{%’g@n@?ﬁ@% %@%Q%ﬁ%}@iﬁhaﬂ' &ntb*é%tgpﬁﬁgif%@ Ningef tine

needed to inplene can be on matt er urs rather than a

matter' of days. Typical thruster. repair.nmethods can take f.romthree days

[o one week- 17 t#8 | Biamioq sobierRE Hammun e OB oral TP S | oat | ng

vessel wth positioning thrusters has to call for a heavy lift crane barge
to drive (§0033] t hEhe d caminalede Btdling Bepluralitis OF raliganeple 2WEE RlatesThe 10
met hod can be inplenented without the need to wait on performng

mai nt enance due toneestitdly drhatd te threstenhithe throstenell. Bhe insallahousaer to

the barge. 1000291 The nethod can be nore quickly inplenented than

tradi gponal underinglugé ifdtdlliss e &liEmunniguidecilares ue sxteAd Grogd Prox@fistic itRe NO
operator in-water training 15 on howto performthe nethod. Al steps of

the method can be@ﬂ%‘iéﬂﬂ%ﬁo@&n%ﬁgé ft@%echﬁfstetrW@ell"%ﬁlﬁt%pjﬁh@foﬁiﬂg%ﬂ£1 the

wat er or subsea. d can redquire | ess overal mai Nt enance per sonne

trai ni ng on underwater..renpval te therefore no.extr j r dry
suits are needed ¥Bg$ﬁBP@H@Hfﬁéﬁ%ﬁg?gﬁngmg%ﬁ% fﬁ%ﬁ?g“%%n%ﬁﬁghif%%§m9Extra
equi pnment can be an added ) i

flange using the alignment guide plates.

[00038] The method include positioning at least one seal adjacent the thruster
15 mounting flange for providing a water tight connection between the thruster
well bottom flange and the thruster mounting flange. The seal can be one or
possibly two concentric o-flanges that can be compressible by the clamps
forming a water tight seal.
[00039] In embodiments, the at least one seal can engage one of a plurality of
20 concentric seals concentric to the first seal, thereby allowing for a plurality
of sealing engagements around the thruster mounting flange. Such an
arrangement can be used to redundantly provide a water tight connection

between the thrusters well bottom flange and the thruster mounting flange.



20 expense, and typically includes customfitted dry suits, regul ators,
fins, .gloves, and other diver communication equipnent which can be
expensi ve, such expenses can be avoi ded using the nmethod discl osed herein.

[ 00030] The nethod can be nore environnentally friendly and safe than known
met hods, as the nethod does not allow a thruster be | ost overboard where
the thruster can leak oil into the ocean, such as when a heavy lift crane

froma se vessel .is used to mve, the thruster,. .The thru r be
br ovent ealHO3RE &S Ristiod, S5 IeoRERIgs L ARRESE ek o ke FBS oon
when cranes |ift g thruster fromits fl atiﬂg%vesseg, over 8Pen ocg?n, and
onto a waiting SHAFYETT Bouptinhshee e fsnd T WEdj Potigmpoaeage THRISet hod
can enabl e an operator of the floating vessel to be independent fromthe
out si de assi st ancempevssimgathe ahéeabiuentr sedl. mlhe $astanerseeant brebalfsethalt & ceetn
perform needed nai ntenance w thout additional assistance. [00032] The

nmet hod can be i npleenmblesatipnntthr usters that are configured for renoval 10
and re-installation while the vessel is at maintenance draft, which can be

ten meser $odoaypr Tﬁ@:ﬂemeaminfcmesﬁ&alﬂﬁ%a& E)ﬁlfaﬂ 8f BRI REbLCRBidE RetRko b
provi de stability conpared to renoval a he shallower transit drafts, and

can reduce the hojsti [ far S 0, or
mai nt enance. [000@%?%gteﬂewt%ﬂ§pdﬁgaﬁ @%P&ggﬁ%n@glﬁﬁ %éx%gﬂ,bsgcr:}% ?{gﬁ% % al so
called "the thruster 15wel|" around each thruyster fromthe bottom of . the
floating vessel . [H6E3A7eMbeE "L“h‘?fuug'ﬁé’iur\?ﬁﬁyl Of(r:‘gﬁ"‘é'xt é‘r‘?acq]ﬁvﬁmr‘iﬂm%{;r?‘%m t he
floating vessel bottom The thruster well can be wel ded around the
thrusters or the fromuttchstaidpssiseeel. 95 epethergngleril- t he wel | surrounding t he

thruster after the thruster well is connected to the vessel hull bottom on
t he i nsi d¢0@42] heFioas siedut tHiee té hborgtforty 20amyes tanclanusedvarowndsa tighsget hr aist er
well wall, such as if the well is round, but can also have a plurality of

connegped wel | wadhinSsterSwdh Behiclanifi€anigive ahastuae biigitedidadxtendsind Rettit squar e
or rectangul ar. [00035] The nethod can include installing a thruster well

With a thruster "‘ﬁ++ hot éy&mrﬁlé,aar}%rﬁm@ Fihd¥r US bRGunt R ARG 4 8386 -jackhe
t hruster nounting %nge ca
or an electrical clamp. Each clamp can have a linkage connected to the
actuator for engagement with one of the clevis.
[00043] The method can include holding the clamps in an open or de-actuated
15 position during normal thruster operation, and during removal of the
thrusters, each clamp can be closed or actuated for securing the thruster
mounting flange to the thruster well bottom flange while compressing the at
least one seal. The seal can be an o-flange of elastomeric material. With the
clamps closed, the fasteners can be removed.
20 [00044] A lifting means, which can have a connector secured to a flexible lift line,
can be used to engage the lifting eye of the thruster or other portions of the

thruster. The connector can be a hook or shackle. In one or more

embodiments, the flexible lift line can be a cable, rope, or chain.



engage with the thruster well bottom flange around a thruster that at |east
partially extends into water through a portion of the hull that can be
under water. The nethod for lifting a thruster can include using a hoist or
another lifting means to engage a |lifting eye on a thruster and on
renmovabl e portions of the thruster, such as portions of the thruster that
can be harned if disposed under water. The nethod can include lifting up
the thrus [ alifting eye. The ne i_nc e._installl a
plurali tyi@p“gfi gn en?nga%?ddgwp @lfl%smecagﬁc%ﬁ{tagicgrgigff%ari%%nccriér{%hé%to klrt’tr]ogtaer in
the thruster well. The installation can include jnstallinpg the alignnment

gui de plates to demenebls G MeRNTeeR benetyated, Llft Qp|af tE%tﬂ?rB?FF’i‘ Wﬁﬁg"e to a
thruster well wall top, and allowing for a rough alignnment of the thruster
mount i ng fl ange trertidreof Hreudruster\ibat] capdhe afiﬁefﬂeghg%eqm by wakes, sudhgasnant

gui de plates. The method include positioning at | east one seal adjacent the
t hruster nounti nglédaggetdror providing a water tight connection between the
thruster well bottom flange and the thruster nounting flange. The seal can

be onesor (RI§] P! hd WRHFRNESNHIEdL 1hh$RAGS ath6ad BE tkOPBRRNSHPR: by the
clanps formng a water tight seal. In enbodi nents, the at [east one seal

can engage one of | i J: | E he
first seal, theretgflhsgellrﬂ%%gnégx}og%aﬁgéﬁ%ﬁgr}%w{l{yl%f &g@g Fﬁg@glﬁé;ggié‘ I]ir}tgasntsaround
the thruster nounting fl e. Such an.arrangenent can be used .to .
redundantly pr ovin'[;*ée %"W&a@ TSR YifEC E3b R bR LTREES frﬂﬁeyt H’Yeil‘]%h[ &% el |
bottom fl ange and the thruster nounting flange. The nethod can include
installing a pl urgarengeopick ypaadderositgo aedegk of thectleating yeese! thesmpPeHENS | ange
to the thruster well bottomflange while conpressing the at | east one seal.
The fasteners canofbeachahtustet hizdt caneeeabierssbrafifadddebyivtatera Inuéne dhmonet hod
can include installing a plurality of clevises on inside surfaces of the

thrusger well walémbdlimeREPpsiabnd6ef €12 aBRStet R ean igdveasslyt Mfaughby
| i nkage nmenber on of the plurality of clevis. The devises can be forned

fromsteel , stai negsslaglae fe AMORDIIBRE HeAom AT ARORE tidgRRId0 about

forty clanps can be used aroun ruster 1n a thruster we Each cl anmp

can have u r adapted.tp extend,and, retract using, for. exanple, a
hydr aul i C?nghdgh?e é’?%%lété’n%]; CEMRS| $403 8 1actéla§e r Owcf)ggf(ffsgoa} ISHt IS Fcal

cl anp. Each clanp can have a |inkage connected to the actuyator fqr
engagenent with obwesn theethrysgyimounting flangs sad ths thusteugsll ottamnfangse
clanps in an open or de-actuated position during normal thruster operation,
and during renpvaPnes thelseal iheampresssd andithie pduralty af dasténsrsciro segoved, wateuat ed
for securing the thruster nounting flange to the thruster well bottom

fl angaswhi | e conpegsbé figwe @n@t the ahsiktep peellswad malitensheallevehwhieh ean be f | ange
of elastomeric material. Wth the clanps closed, the fasteners can be

removed. A |iftingpRans opt db 1ealehR¥R. an GRRABOLRMNend ARY KifdsttOwall thexi bl e
lift line, can be used to engage the lifting eye of the thruster or other

port one ot Lne RE BT3P AAREEI A B BalRRlpnsliack e, 1 ere or
[00048] The thruster can be connected to the connector of the lifting means and the
thruster can be raised with the hoist or other lifting means from the thruster
20 well. For transit of the vessel, the lifting means can hold the thruster up and
out of the water, and the hole in which the thruster came through can be

capped with a bottom cover. Also, the thruster can be lifted and then

lowered to a maintenance deck for transit, running, or for being towed.



[ 00045] Once engaged, the lifting nmeans, which can be a bridge crane, a
hoi st, or a renovable |ifting nmeans, can be actuated to lift out of the
thruster well a portion of the thruster that can be adversely affected by
wat er, such as an electric notor. 5[00046] The nethod can incl ude
transporting the thruster or the portion of the thruster using a noveable
transport device connected to the lifting nmeans. The noveabl e transport

devi ce ca rol || ol i C i C eposi t
to a deok WSRAPRe Rirshlfchie st PhS s 8 pldnRRay 05, Bl A nE P20
be adversely affected by water.. In one or re 10enbodi nents, portiaqns of
each thruster whilCWergioshe %?fifé?%’é‘?vteé‘fi?‘?c%&h 5 &%\i“g ACOS e thpusteg & eﬁhe
electric notor and the connecting shaft for the thruster. [00047] The
plurality of clanpeerean themaintenpneeideck, teiustsscanbd ssadeedqrnd Paeacabee ween
the thruster nmounting flange and the thruster well bottom flange. Once the
seal is conpresse@phoed.the plurality of fasteners are renoved, water 15
can be flowed into the thruster well to a maintenance | evel which can be

bel ow she [dguBopf TREtHHM&SERe 8Rlided, bih BOliREDRIMNMBBUecK BE tHNiftifE @featel | can
be filled about 50% full to equalize pressure around the thruster. [00048]

The thruster can fg GOPRRESel ok EUGENAER! Alighheld1Riddshh BY HEARS @nd the

thruster can be raise oi st or ot her g nmeans fromt
thruster 20 well. For transit qf the vessel he liftin ans can, hol d
the thruster up aW@dSJ@gS?Ofﬂg’&HP%leﬁﬁ&mgﬁgeaéPéxFﬁm 1%8ﬁﬁ?ﬁ§rfﬂghgter
cane through can be capped with a bottom cover. Al so, the thruster_can be
lifted and then | Gst@avelbima PEPRFr dRaiHER etbr thiypter pgHdiattony flapgengTher 1 or

being towed. [00049] For mmintenance of the thruster, once the thruster is
lifted, the thrustheustarananibe postienatioff-@enthefrdmckedntnal ais of resthostenwetlh can

be adjacent the thruster well. There, on the mai ntenance deck, the thruster
can begoservi ced apdgpatitHisadinR vsePloaittide HindQBEthent BE tHelthtisteg bntoahe e
serviced, can be litted fromthe deck by the lifting neans

thruster mounting flange. An index guide can be used to provide fine
alignment of the thruster in the thruster well and over the thruster well
bottom flange.
[00051] Once the thrust is aligned, the plurality of clamps can be actuated to
15 compress at least one seal, or two concentric seals, to secure the thruster
mounting flange against the thruster well bottom flange. After compressing
the seal, the water can be pumped out of the thruster well. The water can be
ballast water held in a reservoir of the vessel, or can be sea water pumped in
through a thru hull fitting or conduit that extends into the water surrounding
20 the floating vessel.
[00052] When the thruster well has been drained of water, a maintenance person can
enter the thruster well, or a robot can extend into the thruster well, and the

plurality of fasteners can be re-installed to hold the thruster mount flange to
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and then lowered into the thruster well. Alignnent guides can be attached
to inside edges of the thruster well and used to position the thruster in

the thruster well in a proper position on the thruster well bottom flange.
The thruster can be positioned off-center froma central axis of the
thruster well. 10 Alignnment pins can be used to provide fine alignnent of

the thruster onto the thruster nounting flange. An index guide can be used

to provide fine t st r I er the
thruster well bot o %nvéég (ftgjglbg%? m@%cettﬁe%a{gﬁpéﬁgta}?%% %%rtlﬁedﬂ thgy
plurality of cla can be actuated to 15 co | east one seal, or
two concentric sg‘;gscéamlfsocagé&ﬂiﬂsénﬁarg@dtoﬁfiﬁgfte‘?tnﬁﬁﬁ‘iquw@ 3 OPFRBOUYN nst t he
thruster well bottom flange. After conpressi n% the seal, the water can be
punped ouf00953t heThenmgthod canéndludeTysing\a sprieadeiban ¥ ithad SRIAASHARELFOIMERET i n a
reservoir of the vessel, or can be sea water punped in through a thru hull

fitting or conduidr atéiialtg veifi £8lilss comhectbhie enghgs the wonmeetudiofitheAdtihg nfdaoat i ng
vessel . [00052] Wien the thruster well has been drained of water, a

nmai Nt egance per soffaCan ifAiRentdlR thOhUSIL bndBiing 9t oBtheqh@ktee.an extend into
the thruster well, and the plurality of fasteners can be re-installed to

hol d the aers erlqu{nkgﬁ%ﬂﬂé} MR JSH 3 Rt vaﬁlum@&g@mé pae-monce

the faste re t he pluralit arrps can~be di engaged or

de-actuated and left in an o 0Si 00 53 he thod can, i ngl ude
usi ng a spreader SRR the @'ﬂl’sg fﬁﬁr"f n‘ﬂ ‘E"t%ﬁ‘ 8Srca3 o%e%qug sling
connector to engage the connector of the |ifti means 5t hat can in-turn
engage the at | eadsidggerf: ?qequltbfgthéiﬁéﬁrd\‘ellt‘ﬁ%mtaﬁ@G%I% B¢ use[d(f@(ﬁgﬁl]erlﬁhoéﬁlﬁ(%]ﬂl ment s
of the method using at | east one index guide to guide the thruster into the

thruster well, altheshrusterintondenrget demtatian dpethe drmstet wdll hottomeflangsi de
surface of the thruster well wall, and can be used to further fit or clock

the thouster intoog 60MORLEMBSdifIRh&! hiOlRad onkhitighfheis fite o be ieéd asmaii | ange.
In 10one or nore enbodi ments, at |east one alignnent guide can be used as

an index guide. jpqex guide.

[00055] In one or more embodiments, the alignment pins can be tapered. The
method can include the use of more clamps than are needed, and each clamp
can be selected to sustain the load of two clamps in the event of failure of an

15 adjacent clamp. In one or more embodiments, clamp style nuts can be used
to facilitate rapid fastening and un-fastening of the thruster to the thruster
well bottom flange and to minimize the time that humans have to be in the
thruster well. A hydraulic tool can be used with the clamp style nuts for
super fast removal and reinstall, such as in less than twenty seconds per nut.

20  [00056] In one or more embodiments, the method can include using a manipulator to
transport the thruster along the inside surface of the thruster well wall. The
manipulator can be used to clamp onto the thruster and to support the
thruster as the manipulator moves from a bottom position to a thruster well

wall top. The manipulator can be used along the inside surface of the
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[ 00055] In one or nore enbodi nents, the alignnent pins can be tapered. The
met hod can include the use of nore clanps than are needed, and each clanp
can be selected to sustain the load of two clamps in the event of failure
of an 15 adjacent clanp. In one or nore enbodinents, clanp style nuts can
be used to facilitate rapid fastening and un-fastening of the thruster to
the thruster well bottontflange and to nininize the tinme that humans have

to be in the thr an be_usedw

style nuts for st}ﬁw{%ﬁ VryaéﬁB{; s?‘éﬁ 4 QU ‘5§f.“%t Irgé%rﬁ?ﬁ

twenty seconds per nut. 20 [0Q0056 In one or_ nore enbodrnent t he ﬂethod
can incl ude usrndmauﬁﬁhﬁﬁﬁlafdheﬂ §Wan§%brﬂntW@3Pﬁﬂﬂ§¥éFmQP§H§thé § nsi de
surface of the thruster well wall. The mani pulator can be used to clanp
onto the thrustermarpulaior sapper & Hyideaulier eastiage astht leed nappgrtingtlongadooes from
a bottomposition to a thruster well wall top. The mani pul ator can be used
al ong the inside psiusthileelabingh@mst hinusiecor wiiré emdbblingdntd, hrembler soatreliedwel |,
such as on a pair of rails nounted to an inner side of the thruster wall.

I'n onesor nore enEghidEitsSoan HREndBAMINH Rk HartitlaBLafd &ylotreattgleﬂ Go pdifibrge
wi th | oad supportrng hrnged or pivotable clasping arns. In one or nore

O e e e o FRNEL Rl Gy RARGIE: LR oD BEof 13l 3 Ablig:

mani pul at or and can be used |on easy mal nt enance
access. The robot_arns c n be coﬁfrolled froma mnrekﬁss renot e device
connected to a né@%%@%“r FesSRBOteise SOMMRSHY H@MERYOTlhen the actuator is a
hydraulic cylinder or a pneumatic cylinder, a rod can be used that can be
slid in af0sd on qq@eormpa@mhoélmntwétmﬁbr ectegiior ifde hydpdirgedindener al
axis, thereby powering the Iinkage to conpress the seal, sealing the
thruster nmount fI@ﬁgﬁmﬁoc@hﬁdmhausdemndmumkdﬂhangntbanﬂddeamﬂknmkﬁngethe

| i nkage conpression. The nethod can include using from about three to about

one hypdred al i gnigRAulRWrdsieuindti€ ¢ inddh laltsiped cotall axid, BREDYpdwekinizthe NeaNS
can be used with the first |ifting nmeans, thereby enablrng both I'i1fting

means to rotate mﬂ(nthoDQat eegsehttarttégt@ﬁttm (P mr}gt?@a%q agfess.

The second liftin ans ca reana Installe vesse I'n one
or nore enbodrnents m t thre &%lagout fort cIanB can be used, and
from about three 8" @H%ﬂ?’ﬁ@ a%?@Q?% E‘ﬁg%%“W@8 9% each thruster well .
The net hod 5§ i nclude placing a cover over the thruster mell for

al | owi ng $0M58he Bhe msaed sap tW%iH@e dtﬁlntghﬁomhﬁwteﬁhf%t%ﬁ Qi notse hapdred sel y

affected by water, or any other part of the thruster, such as tools,
mai nt enance equi parfegumnent)guitiai imt edoh tilstnetsr W8IlNiA sgdopd lifingmntars cobsrusedn be

15 with the first lifting means, thereby enabling both lifting means to rotate and
to position the thruster for easy maintenance access. The second lifting
means can be removably installed on the vessel.

[00059] In one or more embodiments, from about three to about forty clams can be
used, and from about three to about forty clevises can be used in each

20 thruster well.

[00060] The method may include placing a top cover over the thruster well for
allowing storage of those portions of the thruster which can be adversely
affected by water, or any other part of the thruster, such as tools,

maintenance equipment, or paint brushes. Similarly, a bottom cover can be
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installed over an opening fornmed in the thruster well bottom flange while
the thruster is renoved fromthe thruster well. [00061] The nethod can

i ncl ude connecting the manipulator to a power supply for lifting and
turning the thruster, and slidingly attaching the manipulator to at 5 | east
one rail, wherein the at least one rail is affixed to the inside surface of
the a thruster well wall and extends fromthe thruster well bottom fl ange

to the thruster well |1 top. [00062] ,Th t had ¢ nclude usi-ng. an
actuator inel udi A taisYes BB“%R}% R i fre thrystet we ot flange Whilehe® L o)
connected thereto through a hydraulic 10feed line to power the hydraulic
cyl i nder. [00063]thmsiss sdepperedHerdhe fupstgevelbnnected to a conduit for
providing water froma water reservoir, which can be used to allow for wash
down of af0006klst Ehepmethodreanfindide cdmmgeting the[a@dpdhtor o ermewsr supple for

enbodi nents, a power tool can be used to quickly install and 15 renove the

plurality of fastigfiggand tligmghie dirhaw, agd slidlhylydiwathihgsieembmgulammoyat i n
| ess than one m nute. The power tool can be a hydraulic, pneumatic, or

el ectric tool. FOpa@YARPAE wHRrdlY MPat!1bgst Shaichil BNFHAREH (R&thsRR usce 86 the
power tool. [00065] In one or nore enbodi nents the thrusters can be

posi i oni ng thr uShet SR LAAOHA e ABRIALOATREE0RIRAL OPBbRh AhnbO U NG

si mul t aneously actuating o ac e plurali anps d the

t hruster nounting fl ange aq@i nﬁt the thruster well bottom flange. [00067]
In one or nore en‘B‘BH}rﬁgFﬁ‘ge ¥R | ude renoving humans fromthe thruster
well prior to flooding the thruster well with water. In one or nore

enbodi men{®063f t eFheymegiodgeanhinclyde asinguen getuater ingipding @ hygspylic pylides can
be allowed to enter the thruster well to install the plurality of
fast eners. [ 00068V}itHhehydrivl@dpdwrrustiefludin cirmetedahadtot threaugiex hydronlic
mai nt enance. During lowering of the thruster back into the thruster well,
al i gnpgnt gui des fadlik@to power the hydraulic cylinder.
[00063] A pressure washer can be connected to a conduit for providing water from a
water reservoir, which can be used to allow for wash down of at least a
portion of the thruster.
[00064] In one or more embodiments, a power tool can be used to quickly install and
15 remove the plurality of fasteners, thereby allowing individual fastening
removal in less than one minute. The power tool can be a hydraulic,
pneumatic, or electric tool. For exarhple, a hydraulic stud tensioner can be
used as the power tool.
[00065] In one or more embodiments the thrusters can be positioning thrusters.
20  [00066] In one or more embodiments can including simultaneously actuating of each
of the plﬁrality of clamps to hold the thruster mounting flange against the
thruster well bottom flange.

[00067] In one or more embodiments can include removing humans from the thruster

well prior to flooding the thruster well with water. In one or more
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5used to position the thruster in the thruster well, wherein the thruster
can be offset fromand not in alignment with a central axis of the thruster
wel | . '100069] The method can include cladding the thruster well bottom
flange with stainless steel or another corrosion resistant material. The

cl adding can be 1/16 to 1/4 inch in thickness. The cladding can be of the
mati ng surface, that 10 is, cladding on the surface that mates with the

thruster mountin ents -Iz_l % i;ngrrnESt Ghe watmt ) ngt}{eatﬂgl% e?%vrtrllb%ur% & Qe{ °SS

f
steel, a stiff nA rla resi’s erl a or’conbi nati ons

t hereof. The thruyst flan can cl on the
surfaces that mati\? aﬁpt’v\éﬁf%%“t?‘h'ﬁ‘ﬁgptré?terﬁggmqlﬁ ﬁlt}éf‘nfg@ra?\%‘i\’,gﬁﬂﬁ S-al so be

cl ad. 15[ 00070] The method can i ncl ude using at | east one test port forned
in the thi09968F nihentifted) thiusteyean deplayvarett ta ardegks fgromaingeniapgs. ndPuning  a

wat er tight connection exists between the thruster well bottom flange and
the thruster nounbiveg@nd bfimhgehrubetibadkeidito perthmister wiell] slignnidny gdidspemetee ar ound
the thruster can be used in an enbodi nent. The test port can be used to

test the inner 2Qagako &GRSR Bruster tmelennﬁg@ﬂ%uotvh@;reld e khruler eaf bof
mul tiple seals. [00071] An exanple of how the net hod descri bed herein night

be i npl ement ed usisng, ﬁ‘orﬁyaﬁh%lmgtal%ﬁﬂl\é]f'npfﬁha%?tfﬂtakg%f  hARIFYRIIEM t 0

i npl enent the net can 1nc owing step: forma thruster well

in the botto floatin ves ni n the hottom.qf the
hul | thr oiRjW 'cﬂ’eame?tﬂdug%ﬁn? A%{?ﬁa %p@?‘bﬂfﬁil %ﬁhcqroé‘&“h aP%%sYt‘ﬂh
portion of the thruster well bottomflange i nstall uraljty of

al i gnment gui de pitainksss ggelaer awghedecogre?lpaééﬂmmtrnétetlhlrtpf & gfadguig can be
optionally, clad the thruster nounting flange on the portions where it
mates with the thrustei/4iedH intthickoessf Tlangaddippsant beoof the nftihg astfacsnthas eal
adj acent the thruster nounting flange; install a plurality of fasteners to

secur got he thrustigfclamiiy b hef usfagethhOmhiRe withrths tgistwyahbultogtinpé.| ahge,
forma plurality of devises on an inside surface of the thruster well wall;

use clanp style tt?sérqn&ﬂt Maa%@ca@latqtamégsegﬂeetga @t@ﬁ*ntméﬁaitgebﬂam&t the

thruster to the t ruster vve tom fl ange fasten a plurality of clanps

10 around the thruster 10 devi h her wel | y, use
a rod for engagi ngSTHE tnia%fi‘gfg)é’r R H‘tagf”?ts ﬁreot g}rfr% hmsﬁerawnelz)b%nor%g@?%% on;

use a lifting neans to engage c’fl thruste portion,. ﬁf a thruster
optionally, use acaélp?%ﬁtﬁérasb‘éﬁ? 8 BRGH écetshtéatt matssEh; the |ﬂi‘rt“5tﬁbfrt°iu8H’§g of the

thruster that may be adversely affected by water; transport the lifted
thruster or portiBagepwhichead Blso begkder whil e lifted to a deck for repair;
actuate the plurality of clanps to hold the thruster nounting fl ange

agai ngs t heoa7o] usTks mudldd dot inolndé luainget tieast onPress pott Hernselain; the ehmseer t he
fasteners while the clanps are actuated; renove humans, if any are in the

thruster vell; flgedhdde ﬁahéé’stt)e%rowﬁie aWnEEhs"‘%ﬁ"venﬂh@ﬁHﬁgg wher Rigneal ity
of cl anps; lift the thruster with the lifti ng
connection exists between the thruster well bottom flange and the thruster
mounting flange. Four test ports equidistantly disposed around the thruster
can be used in an embodiment. The test port can be used to test the inner
20 seal regardless of the presence of or lack thereof of multiple seals.
[00071] An example of how the method described herein might be implemented
using a system is provided. Operation of the system to implement the

method can include the following step: form a thruster well in the bottom of

a floating vessel around an opening in the bottom of the hull through which a
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20 means when the thruster well is flooded wth water; nove the lifted
thruster while lifted to a deck; after maintenance, position the lifted
thruster over the thruster well; lower the thruster into the thruster well
using the alignnment guides; optionally, further guide the thruster onto the
thruster nmounting flange using at |east one index guide; actuate the
plurality of clanps to conpress the seal; use alignnent pins to provide
fine alignnment of,the thruster, onto the r r i fl X t he
water fromthe t HPWSS{%EHS \Wé’luflgdaﬁga% altu V\?I%({t]fargirslésa&oar g&g E)ltés]fgﬁhﬁttgﬂgﬁ% V?ﬁlmjst er
well; reinstall the fasteners on the thruster nounting flange to.hold it to
the thruster wel |boH8m Z‘ﬁ?gq; dHﬁ%lTE? Rhufﬂlth ﬁlﬁ‘?ﬁ’ﬁgt gPlragdﬂ?)t%;%nu%’b Y99 east
one test port to verify the water tight connection; if the seal is tight,

di sengage the cl awplace ofbthedshrabtey wellseptionglini ghas e dhruster meusdngflangs @y t he
thruster while the manipulator is connected to a power supply; optionally
use robot arns t ahe por@namhetcoivaratésheith kreuthtuester vogdlt bastoal Flyngey pesitios econd
lifting means to position a thruster while holding the 10 thruster with the
first bifting meaps: Rkacs AjhQRt SRVt hbBEntdy ASIR! inedll atpumrigvbee
storage; place a bottom cover over the hole in the thruster well bottom

during floating Vﬁg&gégs i st thfeqhigﬁép nfifthGhe fﬂ;:;‘flgé){o RN NERP Slell bt he

cl anps as connecte power unit; optiona , use a pressure washer to
wash down the thryster; and optjonal]y, use a.power ool .to jinstall .and
15renove the fast Féfor@uacﬂlugé”?’ ﬁ?F{%?eT ﬂ%ﬁndﬁ% errf‘ﬁ%i’t“‘é Ogﬁ%e @gusieﬁo‘?“fl?at
five seconds. [00072] Turning now to the figures, Figure | A depicts a first
view of the syst efpllisisa clammstylensts otfaglipte mpligsieniag apd unfastepingpf ghe
thruster 6 with a human 96 in the thruster well 18. The thruster 6 is shown
proxi mate a vessethrustdr| tobthiet thms82, wad dwtthma fasgeh fhdterbat plomlivy o dlémps i ng
vessel in the thruster well 18. [00073] A lifting neans 14 is shown

di sposed opposi t earbii@d thierthiikRF afd toMleiBesCianh thrasterel €l toptionaly dsaukod, or
pneumati c hoist. Al so depicted are a lifting eye 7, an electric notor 25 of

the thruster 6, ' [ dintZ8; | ] '
e thruster o?tyeﬂg%g%wpwgeymatmtzlﬁ_ the Rt A gﬁgpgrﬁngoélhaﬁ & an

communi cation wt raul 1 c ‘power unit 78, ‘an 24a in

conmmuni cation with.the hydraulic feed lLine 80. F . c 24a
can include a hydV BE RS 1§ Ut PRt Potiont o %W%gp%é‘%ﬁé{ui‘%gp f eed
line 80. Simlarly, a clanp 24b is shown. The cla 24a and 24b are shown
in actuat ed posit%ﬁﬁ%@r?ﬁg%HW#ﬁﬁi§Gth%“?ﬁdﬁgpﬁﬁpﬁggiﬁw‘gﬁﬁﬁ?t PN | n
one or nore enbodinents, the lifting eye 7 can be welded to the thruster 6
in an L-shaped coadvicpehvatfifented by taterh grangpprti thg lifisd ribrusier 9e eartiong af sheone
side of the lifting eye 7 for lifting the thruster 6 or portions of the
thrustigr 6. thruster while lifted to a deck for repair; actuate the plurality of clamps to

hold the thruster mounting flange against the thruster well bottom flange to
compress the seal; remove the fasteners while the clamps are actuated;
remove humans, if any are in the thruster well; flood the thruster well with
water; disengage the plurality of clamps; lift the thruster with the lifting
20 means when the thruster well is flooded with water; move the lifted thruster
while lifted to a deck; after maintenance, position the lifted thruster over the
thruster well; lower the thruster into the thruster well using the alignment
guides; optionally, further guide the thruster onto the thruster mounting

flange using at least one index guide; actuate the plurality of clamps to
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[ 00074] Figure 1B depicts another view of the system show ng a second step
in the 10sequence for lifting a portion of the thruster 6 with the electric
notor 25 that powers the thruster 6 hoisted out of the thruster well 18.
[00075] The |ifting means 14 can be connected to a flexible lift |ine 16,

whi ch can be a cable. A connector 17, which can be a hook, can be connected
to the flexible lift line 16 opposite the lifting neans 14. The connect or
17 can also 15 be egte i I ect 3 L Ch: nect ed
to a sling 56. TH%mgﬁgﬁg&%ég%%ﬁm éﬁg%”nggggg ﬁbgﬁﬁgﬁgpg%{€¥§§%%$§fqg for
lifting the electric notor_ 25. Al so depicted are the clanps 24a and 24b in
non- act uat ed posﬂ%ﬂ@ﬁgpnﬁupFHg“?ﬁ%mng: ?“5bBWHP$5hWW€gBBW€a?ﬂFHgm'
thruster well 18 can be devoid of water. 20[00076] Figure 1C shows anot her
enbodi nent of t hewel,smdallowe piugrenner wbdisphioyeelthsysteaardl rejngtalb thefpstenegs
plurality of flexible menbers 53a and 53b in the thruster well 18. Each

fl exi bl e menber S&athenbruSb neantihe flangeatol leldiitdo clanthimaster welt boteu tflange such
as connections 55a and 55b, which can be shackl es for engaging with the

thruster 6 or W tRiRMd s Vr rbbifs; WRE UbleBit feitést PBR to WBRHSthevar®ltighl 8. The
spreader bar 52 can have a spreader bar connector 54 for engaging the

connector 17 of t Lf Ll 14 and i [ N SO
depicted are vesse nhﬂﬂ%’ggg?ﬁﬁggf%qggﬁ gﬁgﬁ%%gﬁggqgﬁ%#%ﬁﬁnégﬂg?ﬁggcftated
positions. 5[00077] Figure 1D depicts,the thruster. well. 18 containing water
B0 The ol anps. 2asaini o B GaprEr by SHIRONTAE AT EPHar & SREC e
lifting means 14 with the flexible |lift line 16 has_slightly rai sed the
thruster 6 from t9e? POWESUBRlYnertionaly yss mpot panssigraise end fnyyersbe thaystersyi ng
the thruster well 18 at least partially filled with water 39, the pressure
on the thruster 6omamalg useaatdonddifing metrsgo posivian ethipsteswhilehaldingithe of
the floating vessel. The thruster 6 can be raised and placed on a deck of
the fhoating vessglusteheitlt tvelfbtdiftifg nfeafls piladeatioprundrath it throast eelled a
central axis 94 of the thruster well 18.

provide storage; place a bottom cover over the hole in the thruster well

bottom during floating vessel transit to keep water out of the vessel; use the
clamps as connected to a power unit; optionally, use a pressure washer to
wash down the thruster; and optionally, use a power tool to install and
15 remove the fasteners, such as in less than one minute and as short at five
seconds.
[00072] Turning now to the figures, Figure 1 A depicts a first view of the system used
in a first step of a sequence for lifting a thruster 6 with a human 96 in the
thruster well 18. The thruster 6 is shown proximéte a vessel hull bottom 82,
20 such as a hull bottom of a floating vessel in the thruster well 18.
[00073] A lifting means 14 is shown disposed opposite the thruster 6, which can be
an electric, hydraulic, or pneumatic hoist. Also depicted are a lifting eye 7,
an electric motor 25 of the thruster 6, a hydraulic power unit 78, a hydraulic

feed line 80 in communication with the hydraulic power unit 78, and a clamp
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[ 00078] Figure 1E depicts the systemw th a bridge crane 57 and sling 56
that can be used for renoving the thruster 6. Also shown are the flexible
lift line 16, the 15connector 17, the sling connector 58, the water 39, and
the lifting eye 7 engaged with the sling 56. [00079] Figures 2A and 2B
depict a detailed view of a clanp 24 used to hold a thruster nounting
flange 34 to a thruster well bottomflange 20 near the vessel hull bottom

82. The clamp 24 4,5 .shown in a. de-actuate Sict 100 i B,2QF gur A, and in
an actuated posi t2%48nmiWW'&H?%%BW%@%%%?M Cefeceidgprlrrf)e 891 %g)ﬁ%xﬁrglpﬁedéhean
actuator 26, which can be a hydraulic cylinder, a pneumatic cylinder, a
screw j ack, or arflanecipi e mefudspa Wﬁ@“&ﬁt‘i}’i@éﬁ’r i CRmmURifgHeR (With iy 28
that can slidingly engage the actuator 26. The rod 28 can connect to a

pi voting |inkage 18@rauiadbedabnevB0.h Samilarigta plamp3Bh. is shewnpiThet ¢largps Pékage 30
can connect to a first clevis 32a, which can be connected to the thruster
wel | wal |l 19. Theandi 248t areé|sByiva i3 2@tuasedSpuitonbaviteghwinfod§ goshahapathvwd t h a
hol e for supporting a second pin 33b, which can be a clevis pin that

engages the |inkaggye3Qoo130d IRbhOYEmbREerhbdtiAdRs e N Od Rt BemlRULeltifie

5second pin 33b. The actuator 26 can be connected to t%ie thruster well wall

19 at @ second clgvig Balieliel b fn I HBePlcBnBolliais) il BRI mELRY]A PI D

[ 00081] The actua an be a cy a piston 't noves toward

t he vessel hull bottom 82 causi the |inkagge 30 tq secure the thruster
mounting flange ﬁc?%“&tﬁémfsﬁldlsﬁ#g?e g eﬁ%??‘lfrﬂ%f‘%ﬂ&éﬁ%@erf@f 50083} ?fgure 3
is atop viewof the thruster well 18 with the clanps, including clanp 24,
di sposed around ahedpuger@i on of the thruster 6.

[00074] Figure 1B depicts another view of the system showing a second step in the

10 sequence for lifting a portion of the thruster 6 with the electric motor 25 that
powers the thruster 6 hoisted out of the thruster well 18.

[00075] The lifting means 14 can be connected to a flexible lift line 16, which can be
a cable. A connector 17, which can be a hook, can be connected to the
flexible lift line 16 opposite the lifting means 14. The connector 17 can also

15 be connected to a sling connector 58 which can be connected to a sling 56.
The sling 56 can be connected to the electric motor 25 for lifting the electric
motor 25. Also depicted are the clamps 24a and 24b in non-actuated
positions. During the stage of operation depicted, the thruster well 18 can be
devoid of water.

20 [00076] Figure 1C shows another embodiment of the system depicting a deployed
spreader bar 52 with a plurality of flexible members 53a and 53b in the
thruster well 18. Each flexible member 53a and 53b can be a cable and can
have a connection, such as connections 55a and 55b, which can be shackles

for engaging with the thruster 6 or with portions of the thruster 6 in the
17



[ 00083] The thruster well 18 can be di sposed about the thruster 6. The
thruster well 18 can have a thruster well wall 19 with a thruster well wall
top 45 and a thruster well bottomflange 20. The thruster well wall 19 can
have an inside 15surface 31 to which can be attached a plurality of

al i gnnment gui de plates, such as alignnent guide plate 44. [00084] A thru
hull fitting 48 can be used to allow sea water to enter through the vessel

hul | bottomto t t hr ust.er, |1 18. 00 The system c i e
plurality of tes?ﬁ%‘(ﬁe{ §V,eh§lt§ch essﬂr%asdtel; g‘%{rf-’s ,ha\X/ﬁiacSr?r?g]ercg% Clggﬁ %ﬁ?%pso@ed in
the thruster mounting flange 34. A first seal 42 can be positjoned.adjacent
the thruster nmoury ﬁtﬁaﬂ“&ﬁg"ec‘@l‘,‘”tﬁﬁ@ﬂ 8?@@3‘%?%‘5 eaps llﬂ?“@éﬁe E’é’“li‘]ﬁﬂlfhld‘ﬁerll cally
di sposed around the first seal 42. [00086] A plurality of alignnment pins,
such as al i gnmentl6pi Alsg@epicted ape wesselehlopotignt Bheand|theplamps 248 anchd4d kit ust er
6 in the thruster nounting flange 34. The alignnment pins can be cylinders
of steel with di ameiagdpositions.about 1/2 inch and 3 inches. In enbodinents,
the alignnment pins can be tapered on the end opposite the thruster nounting

flanges 34{00077] [ Q998211 FasHi S8 B Sthrte wedS1 § AShARRE Wiler BANTIROLAMPE 24aSt en
the thruster nmountrng flange 534 to the thruster well bottom flange 20.

[00088] I ndex gu!aqlgzzx%aztf? g@i%tédqq%n%%ugﬁeéé&osjllﬁog@i ];]T ic lqﬂhgg%&ﬁ%qa szih‘ge

thruster 6. The indes | can be no X gu can
A S0 shown i's an PRTFRGI IKbHts 5 her bt ipes e iho BRI bat o SRsEoTH gut e 4
depicts three thrusters, thruster 6a, thruster 6b, and thruster 6c.
8 using the spreader bar 52. By having the thruster well 18 at least partially
filled with water 39, the pressure on the thruster 6 can be equalized with the
10 water pressure outside of the floating vessel. The thruster 6 can be raised
and placed on a deck of the floating vessel. The thruster 6 is depicted
mounted off-center of a central axis 94 of the thruster well 18.

[00078] Figure 1E depicts the system with a bridge crane 57 and sling 56 that can be

used for removing the thruster 6. Also shown are the flexible lift line 16, the
15 connector 17, the sling connector 58, the water 39, and the lifting eye 7
engaged with the sling 56.

[00079] Figures 2A and 2B depict a detailed view of a clamp 24 used to hold a
thruster mounting flange 34 to a thruster well bottom flange 20 near the
vessel hull bottom 82. The clamp 24 is shown in a de-actuated position in

20 Figure 2A, and in an actuated position in Figure 2B.

[00080] The clamp 24 can include an actuator 26, which can be a hydraulic cylinder,

a pneumatic cylinder, a screw jack, or an electrical clamp. The actuator 26

can support a rod 28 that can slidingly engage the actuator 26. The rod 28

can connect to a pivoting linkage 30, such as with a first pin 33a. The

18



Thruster 6a is disposed in a thruster well 18a. The thruster 6b is
suspended above the thruster wells 18a and 18b, and is held by the lifting
means 14a. The thruster 6¢ is shown on deck 51 of the floating vessel 21
and engaged with a second lifting neans 14b. The deck 51 can be a nachine
deck of the 15fl oating vessel 21. [00091] The first lifting neans 14a is
shown connected to a noveabl e transport device 22 that can roll along a

bri dge crane 57. The.second Liftin ns «l4b.i s so.depicted connected to
the bridge crane %‘?O.Eim?ﬁg&lag? %Q “H ?&f’g‘%%?r&#{%t 4GS 4h “ﬁlécxelflgcaél % Cé’)%?%ﬁteedcl it
line 16, a connector 17, a first _lifting eye 7a,_a 20 first. sling connector
58a, and a firstt§ﬂh%ﬁ“%@%ﬁ”@L@agégoﬂawﬁﬁ?Eéﬁ Sﬁ%%ﬁ§gfﬂﬁl@¥ﬁ@ﬁh Y& econd
lifting eye 7b, a second sling connector 58b, and a second sling 56b.
[00092] A first rshapmwgba lioke onowrpcatinga senond pir &b, ahidhorandiges elevingina punp
38 connected to a conduit 36. The punp 38 can punp water 39 from a water
reservoir 41 thr obghergagésntht lpikageaBoeantRallowothiemkiape 38tterrotaed dtsoul 8l and
18b. An "in-flow' controller and an "out-flow' controller can be used, or a

bi di regti onal conftgld @5 18N 1R H488thri S ERVR dRBedBd & thd Irudfee wRHWalB8 can
be in communication with a renote actuated controller 76 for renote contro

Do oo, PUP. 3o &' ohdUibis 338 LA iRy b CRRicREaPREREHL Ripif) 05,

such as with a v OW Séa wat er enter ruster ‘wells. The
thru hull fitting 48 can be in fluid comunication with the 38..1n
oper at i on]04#81by IEP%ﬂt?aé%%gc%é’rcg@gFrn‘FB fRSThgEPay e jer ,tq‘gé@iffsle can
be evacuated fromthe thruster wells. The people can renove the fasteners
from the 10t hr ustlefl bastom 8 gavsingnge liakeger3Oorsqantre e thtstesmeuating ylapge

cl anps. [00093] A top cover 60 is shown nounted above the thruster well 18a
ont o whi ch equi pn¥hto thathristernmoelnbe@tbni Ganges?®.in repair of other thrusters
6a-6¢, such as a second electric notor 25b and a second connecting shaft

23b fnem §oE8ECoRiduichs Usheabp Glew bF[tROGRASted el GiththE Rl@THBP RIS, a
renote control device or renpte actuated controller can be used to renotely

e 20,0, AR RREbAIRE e BB AR cosure hesher 0
[00083] The thruster well 18 can be disposed about the thruster 6. The thruster well
18 can have a thruster well wall 19 with a thruster well wall top 45 and a
thruster well bottom flange 20. The thruster well wall 19 can have an inside
15 surface 31 to which can be attached a plurality of alignment guide plates,
such as alignment guide plate 44.
[00084] A thru hull fitting 48 can be used to allow sea water to enter through the
vessel hull bottom to the thruster well 18.
[00085] The system can include a plurality of test ports, such as test port 89, which
20 ‘can be disposed in the thruster mounting flange 34. A first seal 42 can be
positioned adjacent the thruster mounting flange 34, and a second seal 43
can be concentrically disposed around the first seal 42.

[00086] A plurality of alignment pins, such as alignment pin 86, can provide for a

fine alignment of the thruster 6 in the thruster mounting flange 34. The
19



20[ 00096] Al so depicted is a second human 96b, a first connecting shaft
23a, a central axis 94 of the thruster well 18b, a maintenance draught 95,
and an operating draught 97. The mai ntenance draught 95 can be a |evel at
whi ch water is kept during maintenance of the thrusters, and the operating
draught 97 can be a |level at which water is kept during operations of the
thrusters. [00097] Also depicted is a thruster nmounting flange 34, a

thruster well bottom f I gpggecgﬁke Cf/ﬁﬁ%% f&t%ll wRRél&nergr%Sfro t?ig%)&tq/ O%%)nver 62,

and an al i gnnment gﬁlnﬂn ure

thruster well 18 with cIa s 24a and 24b and a 5thruster 6. A human, 96 is
shown operating aanﬁo’&/\}é‘Fh%sodpt?élb?é‘mf[%@@Qﬁ 1ZRAEOE PG Spebe (RRFTed P8 t‘:‘] et own
with a mani pul ator 66 di sposed on a rail 68 that enables the nanipul ator 66
to slide up and deppesitdide thrister mpentgtgyflange Sttng and | owering the thruster 6.
The mani pul ator 66 can have a robot arm 98 for engaging the thruster 6.

10[ 000100]J00883p deRtcdtBdsihas fisecnede& ahh ok bafisarthe thewtaendidting flangd f t i ng
nmeans 14, the flexible lift line 16, the connector 17, the sling connector

58, the sling 56,34 fanehesdisd welBtIm Agnecldte central axis 94, the water 39,
the thruster well bottom fl ange 20, and%he vessel hull bottom 82. [000101]

Fi gures OfyRRafenial aerad] 1Pl Oku st 39Sl NeutRiiafk wlak0WIR

Fi gure 6A can ormng a thruster wel
sttt by oo 100, L 900105) The b cor, o) ey o sl Sy oot o
inside surface 31 of the thruster well wall 19.

[00089] Also shown is an in-flow controller 37 and an opening 64.

10  [00090] Figure 4 depicts three thrusters, thruster 6a, thruster 6b, and thruster 6c.
Thruster 6a is disposed in a thruster well 18a. The thruster 6b is suspended
above the thruster wells 18a and 18b, and is held by the lifting means 14a.
The thruster 6¢ is shown on deck 51 of the floating vessel 21 and engaged
with a second lifting means 14b. The deck 51 can be a machine deck of the

15 floating vessel 21.

[00091] The first lifting means 14a is shown connected to a moveable transport
device 22 that can roll along a bridge crane 57. The second lifting means
14b is also depicted connected to the bridge crane 57. The first lifting means
14a can have a flexible lift line 16, a connector 17, a first lifting eye 7a, a

20 first sling connector 58a, and a first sling 56a. The second lifting means 14b
can have a second lifting eye 7b, a second sling connector 58b, and a second
sling 56b.

[00092] A first human 96a is shown at a controller 40 for operating a pump 38

connected to a conduit 36. The pump 38 can pump water 39 from a water

20



[ 000104] The nethod can include installing a plurality of alignment guide
plates, as 20illustrated by box 104. [000105] The nethod can i nclude
cladding the thruster nmounting flange, as illustrated by box 106. [000106]
The net hod can include positioning at | east one seal adjacent the thruster
nmounting flange, as illustrated by box 108. [000107] The nethod can
include installing a plurality of fasteners to secure the thruster nounting

flange to the tNueloli WRuloRAt LOMALRYIRe Bnlo hi/BLALEIRY1 DB EE:
nc ertormng a plurality o

[ 000108] The net hod can i devises on ‘an inside

surface 5of the thruster | | |1, as i)lusirated by box 112. [.000109] The
met hod can i ncl ud@nuéP%@W%?%ﬂ?ﬁ\g@F&IaEgﬁBt oYty %CF?Iitf‘ﬁ]teé N edu?‘Ié‘stoén‘? n]g and

unfastening of the thruster to the thruster well bottom fl ange, as
illustrated by boxdirdetional contrplieoepn b urektonmohotheseaien | Ttepumar B&/ithg a
plurality of clanps around the thruster 10and to clevises in the thruster
wel |, as illustrabegh doynmacaliba. . wifl0Ohict¢ adthatedreddtoddlee 36 fomemovtecansiohg a
rod for engaging the linkage, as illustrated by box 118. [000112] The

met hodscan incl Ud@ftﬁ@gﬂﬁq?i%i. ng thhehdl RRRE 48NhAtaR BEBpBRS drichised a%ich as
illustrated by box 120. 15[ 000113] The nmethod can include using a lifting

nmeans to engage r.u I bk | b
122. [000114] SV B PR (GBS %@ftﬁg‘?‘%é}iﬂé?te‘a steP el E‘%EHEB“S@“‘? he

thruster, as ill 24, . . :
uﬁ%t{ngt&dca%ybeb&Xﬂl}%dfcommumcatlon with the pump 38. In operation,

prior to allowing water 39 into the thruster wells, people can be evacuated
from the thruster wells. The people can remove the fasteners from the

10 thruster mounting flange after actuating the plurality of clamps.

[00093] A top cover 60 is shown mounted above the thruster well 18a onto which
equipment can be mounted for use in repair of other thrusters 6a-6¢, such as
a second electric motor 25b and a second connecting shaft 23b from the
second thruster 6b.

15 [00094] In one or more embodiments, a remote control device or remote actuated
controller can be used to remotely activate and de-activate the clamps 24a-
24d.

[00095] A pressure washer 90 can be used in the thruster wells to clean salt water off
the thrusters.

20 [00096] Also depicted is a second human 96b, a first connecting shaft 23a, a central
axis 94 of the thruster well 18b, a maintenance draught 95, and an operating
draught 97. The maintenance draught 95 can be a level at which water is
kept during maintenance of the thrusters, and the operating draught 97 can

be a level at which water is kept during operations of the thrusters.
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[ 000115] The nethod can include lifting portions of the thruster that may
be adversely 20affected by water, as illustrated by box 126. [000116] The
met hod can include transporting the lifted thruster or portions of the
thruster while lifted to a deck for repair, as illustrated by box 128.

[ 000117] The nethod can include actuating a plurality of clanps to hold the
thruster nounting flange against the thruster well bottom flange to

COMDT €SS L@@g?ﬁal %lso u}')llc l 5 ﬁ}mgelb 01?18 ]‘f\%%lgfé {hQQﬁQér]\gill gg't‘?onmﬁtag can

i nclude r ener s are act ated,
as illustrated by box 13 0011 nethod nclude r humans
from the thruster? OWéIVFsseﬁ}%u hg gg’c"eﬁ"tfﬂ}n 8‘6‘55” d[@b@igélﬁ]en %ﬁeod can
i nclude flooding the thruster well with water, as illustrated by box 136.

10[ 000121] The nethod can include di sengaging the plurality of clanps, as
illustrated by box 138. [000122] Figure 6B is a continuation of Figure 6A.
[000123] To0098Et HEidurednisiansidesdiewl dffat thngter lweellt H with elampst d4atand 24bf anidng means
when the thruster well is flooded with water, as illustrated by box 140.
5 thruster 6. A human 96 is shown operating a power source 70.
[00099] The thruster well 18 is shown with a manipulator 66 disposed on a rail 68

that enables the manipulator 66 to slide up and down the rail, thereby raising

and lowering the thruster 6. The manipulator 66 can have a robot arm 98 for

engaging the thruster 6.

10  [000100] Also depicted are the moveable transport device 22, the lifting means 14, the
flexible lift line 16, the connector 17, the sling connector 58, the sling 56, the
electric motor 25, the central axis 94, the water 39, the thruster well bottom
flange 20, and the vessel hull bottom 82.

[000101] Figures 6A-6B depict an embodiment of steps of the method.

15 [000102] Figure 6A shows that the method can include forming a thruster well, as
illustrated by box 100.

[000103] The method can include cladding at least a portion of the thruster well
bottom flange, as illustrated by box 102.
[000104] The method can include installing a plurality of alignment guide plates, as

20 illustrated by box 104.

[000105] The method can include cladding the thruster mounting flange, as illustrated
by box 106.

[000106] The method can include positioning at least one seal adjacent the thruster

mounting flange, as illustrated by box 108.
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15[ 000124] The nmet hod can include transporting the lifted thruster, as

i Llustrated by box 142. [000125] The method can include positioning the
lifted thruster over the thruster well, as illustrated by box 144.

[ 000126] The nethod can include |lowering the thruster into the thruster
wel | using the 20alignment guides, as illustrated by box 146. [000127] The
et hod can include guiding the thruster using at |east one index guide, as

illustrat b 148 000128] .The t ho Ny tya

ol ur ai | £y OPRE e ety e Bl R ofelRnaC8 SARTIORL SEerR K St

[ 000129] The nethpd can include usin | i gnme ins to provj,de fine

al i gnnment of the tﬁﬂ‘ﬁ?éf‘é’runfi% apgssto E?}limgﬁrswnﬁ Ibgg?rpzﬁagagtﬂ? 1BB§raieggpy

[ 000130] The nethod can include punping the water fromthe thruster well,
as illustrated byosdd0154. 5[000131] The nethod can include reinstalling
the fasteners on the thruster nounting flange to hold it to the

t hrust er yeol0gjot Tienmeéthadgen irmbudel formingat pldrddyy bbHaletisé. orf &OQERER]suffaee met hod
can include using at |east one test port to verify the water tight

conneckion, as ildysd mated vl ROX a5 3TusthRA@LI3k 1The met hod can incl ude
di sengaging the clanps, as illustrated by box 158. 10[000134] The net hod

can incl uﬁﬁlﬂﬁﬁ&]ngT}?e HRMbLE Li:'aﬂtil%lu&é)ugiﬁé hanfy st&lgvi‘ﬁﬁs {ohﬁcfli%té'%ﬁﬁ fasféhing
and unfastening of the thruster to the thruster well bottom flange, as
illustrated by box 114.
[000110] The method can include fastening a plurality of clamps around the thruster
10 and to clevises in the thruster well, as illustrated by box 116.
[000111] The method can include using a rod for engaging the linkage, as illustrated
by box 118.
[000112] The method can include maintaining the clamps in an open position, as
illustrated by box 120.
15 [000113] The method can include using a lifting means to engage a thruster or portion
of a thruster, as illustrated by box 122.
[000114] The method can include using a spreader bar to engage the thruster, as
illustrated by box 124.
[000115] The method can include lifting portions of the thruster that may be adversely
20 affected by water, as illustrated by box 126.
[000116] The method can include transporting the lifted thruster or portions of the

thruster while lifted to a deck for repair, as illustrated by box 128.
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illustrated by box 160. [000135] The method can include connecting the
mani pyul ator to power, as illustrated by box 162. [ 000136] The net hod
can include using robot arns to raise and |ower the thruster, as

15il lustrated by box 164. [000137] The method can include using a second
lifting means to position a thruster while holding the thruster with the
first lifting neans as illustrated by box 166. [ 000138] The net hod

can i ncl uﬁ@g@h l%etthg i Yt ludRVaet attigg atpél{n%ﬁbg{)% X&g%xh tdaﬁol%q}ll: ItlH‘ﬁgtE:Iat ed by

box 168. hod can |n om cover over

hole in the thruster mel bottom as. illustrated by box 170. [00014 The
met hod can i ncl udBOY¥ingdlapge againgthe tg‘éusﬁeér’i‘fﬁi.@{oétﬂmt a%eﬁ%ﬁ%mp{?%%&’ ]
illustrated by box 172. [000141] The nethod can include using a pressure
washer to wash dosnlleswatediyboxe30. as il lustrated by box 174. [000142] The
met hod can include using a power tool to install and renove the fasteners,
as il ust [Gowed8]byTHxoxethdd .cab ididbARnoWiigl @ plueie of fisoaiersewhide Hevaarbpen
descri bed with enphasis on the enbodinents, it should be understood that

wi t hinsthe scopezgga&hgfgg@emg@&héyﬁ?aaﬁd3Qhe enbodi ments m ght be practiced

other than as specifically describ her ei n.
[000119] The method can include removing humans from the thruster well, as
illustrated by box 134.
[000120] The method can include flooding the thruster well with water, as illustrated
by box 136.
10  [000121] The method can include disengaging the plurality of clamps, as illustrated by
box 138.
[000122] Figure 6B is a continuation of Figure 6A.
[000123] The method can include lifting the thruster with the lifting means when the
thruster well is flooded with water, as illustrated by box 140.
15 [000124] The method can include transporting the lifted thruster, as illustrated by box
142.
[000125] The method can include positioning the lifted thruster over the thruster well,
as illustrated by box 144.
[000126] The method can include lowering the thruster into the thruster well using the
20 alignment guides, as illustrated by box 146.
[000127] The method can include guiding the thruster using at least one index guide,
as illustrated by box 148.
[000128] The method can include actuating the plurality of clamps to compress the

seal, as illustrated by box 150.
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CLAIM5 1. A nethod for lifting thrusters on floating vessels for floating
vessel transit, for floating vessel dry docking, for thruster

mai nt enance, or conbinations thereof, 5the nmethod conprising: a.formng a
thruster well with a thruster well wall and a thruster well bottom flange
for engagenent with a thruster nounting flange of a thruster, wherein the
thruster at least partially extends into water through a hull of a floating

vessel ; 10b-instal.ling.a,plurali of al.ignnment guide plates.concentyically
around t hg&ph?ﬁast © I?lgthf’ﬂeca? ﬁ?’ﬂ‘é‘ié’e?m% P]lll‘?rgnmﬁlgrpé?sntoetgghﬁgﬁnﬁ Enp %gtu%’%le

pl ate extends from proxi mate the thruqter LI boigon1flange to a thruster
wel | wall top of Hf r?ﬁ@U§F%FSW@PP@ﬁh1hB?ﬁ%% B9PH&E°4 rough alignnent of the
thruster nmounting flange to the thruster well bottom fl ange;

15c. posi t (9i13@] alliee amthasnearns dedludedjpumping thee water L&erthﬁvgmstqngwﬂﬂ,a&ﬁge to
provi de a water tight connection between the thruster well bottom flange
and the thruster iffastrdtedigy bdante; d.installing a plurality of fasteners to
secure the thruster nmounting flange to the thruster well bottom

f | anges whidg18 PPTIRS Rieh@dl g iﬁ‘éluélee?éﬁstﬂﬂﬁ% #RAfaster 98 ohahBiREster Rlohddd ty of
devi ses on an inside surface of the thruster well wall; f.fastening a

plurality of cl anﬁa%gte?o B&ﬂ if tlartﬂé{h%stw&l 1t‘f@‘!olm Hﬁé&gasaillggti‘gt@d 15)'; Yox 156.

[000132] The method can include using at least one test port to verify the water tight
connection, as illustrated by box 157.
[000133] The method can include disengaging the clamps, as illustrated by box 158.
10  [000134] The method can include using a manipulator to raise or lower the thruster, as
illustrated by box 160.
[000135] The method can include connecting the manipulator to power, as illustrated
by box 162.
[000136] The method can include using robot arms to raise and lower the thruster, as
15 illustrated by box 164.
[000137] The method can include using a second lifting means to position a thruster
while holding the thruster with the first lifting means, as illustrated by box
166.
[000138] The method can include placing a top cover over the thruster well, as
20 illustrated by box 168.
[000139] The method can include placing a bottom cover over the hole in the thruster
well bottom, as illustrated by box 170.
[000140] The method can include using the clamps as connected to a power unit, as

illustrated by box 172.
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of devi ses, wherein each clanp has an actuator adapted to extend and
retract and a |inkage connected to the actuator; g. maintaining each of
the clanps in an open position during normal thruster operation, and during
removal of the thruster: actuating each clanp to extend to a cl osed
position to secure the thruster nmounting flange to the thruster well bottom
flange while conpressing the at | east 5one seal; h. lowering a flexible
lift line n - i f1l ' and
engagi ng. 8 T4Dn R BFE B iRhldesih fERRRe bttty 10 ebiLlbEh e Witeter B0,
eye of a portion of_the tﬁ{ ster, 1. raising the thruster or the portion of
the thruster out Blpsetedhy T4l | 10using the lifting neans; |.
transporting the thruster or the portion of the thruster suing a noveable
transport [{¥1#Zle B methasd cao imq%@ijel using riy PAwandoQlotoa instadlc apd remeve (that i ng
vessel ; k. actuating each of the plurality of clanps to extend to hold the
t hrust er 15nount i fageidrangéllwgaieddly tolRd 76hr uster wel |l bottom fl ange and to
ensure that the at |east one seal renmins conpressed, and while the cl anps

are aci uagmﬂmsp NWi1B Othlekte cRbetiahdriy Hale feh e@ERbAdatittS @@iphesit hen the ust er
mounting flange to the thruster well bottomflange; |.flooding the thruster

wel | with water; 40m f8&R920 R0 b Gndritb&d tHaY wthirCth@Wspe e appended

claims, the embodiments might be practiced other than as specifically

described herein.
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n.lifting the thruster with the lifting neans. 2. The nethod of claim1,
furthgr conprising: a.positioning the lifted thruster over the thruster
well; b. lowering the lifted thruster into the thruster well using the
[ifting means and the plurality of alignment guide plates to position the
thruster in the thruster well on the thruster well bottom fl ange; c.
actuating the plurality of clanps to conpress the at |east one seal to
5secure t t ster nounting flange against the thruster well bottom

fl ange; d. 'ng the water out of the thruster well; e. installing the
plurality of fasteners that secure the thruster nounting flange to the
thruster well bottom flange; and 10f. di sengaging the plurality of clanps.
3. The nmethod of claim2, further conprising additionally guiding the
thruster ilnto #henethedfrdiftingthrusiers oy flnating assselsrfer flaetng rssddrapsihrfect ed to
the inside surface of the thruster well wall to fit the thruster into a
correct orient fibhtiy 0&sélhdrytdocking efor wetdukteb atadimenankcangecombinations thereof,

5 the method comprising:
a. forming a thruster well with a thruster well wall and a thruster well
bottom flange for engagement with a thruster mounting flange of a
thruster, wherein the thruster at least partially extends into water through
a hull of a floating vessel;

10 b. installing a plurality of alignment guide plates concentrically around the
thruster in the thruster well, wherein each alignment guide plate extends
from proximate the thruster well bottom flange to a thruster well wall top
of the thruster well wall to provide a rough alignment of the thrustér
mounting flange to the thruster well bottom flange;

15 c. positioning a least one seal adjacent the thruster mounting flange to
provide a water tight connection between the thruster well bottom flange
and the thruster mounting flange;

d. installing a plurality of fasteners to secure the thruster mounting flange to

the thruster well bottom flange while compressing the at least one seal;

20 e. forming a plurality of clevises on an inside surface of the thruster well
wall;
f. fastening a plurality of clamps to the thruster well wall using a plurality

of clevises, wherein each clamp has an actuator adapted to extend and

retract and a linkage connected to the actuator;
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154. The method of claim 1, further conprising using a spreader bar with a
spreader bar connector or using a sling with a sling connector to engage
the connector and to additionally engage the lifting eye of the thruster.
5. The nmethod of claim4, further conprising using alignnent pins in the
thruster well bottomflange to refine a position of the thruster as the
thruster is lowered 20to the thruster well bottomflange. 6. The nethod of
claim1l1, further conprising usin t |east one alignnent i de plate as an
index guide. B TnEAMERRE SRENCPETG LT Ihan WpPrLroG TR iR dhy
style nuts to facilitate rapid fastening and un-fastening of the thruster
to the thruster wel MTBYEL BpRratom godangoreaYRhPE he fhipsterh 2ctuRtingsacthave t o
be in the thruster well. 8. The nethod of claim1, further conprising using
a mani pul ator to trakspora exthed 50 fr cdosask positierr & veduhe thea Hirpsitramorniengnps
onto the thruster and noves toward the thruster well wall top along the

i nside surface of tfandgdouthtehiruvet weWddottowhlhrpeSWiRiROEdthfrgsdinethlehut dsdser . 9.
The nethod of claim8, further conprising: a.connecting the mani pulator to
a powet supply to Ipftsand turn the thruster; 10 b. slidingly attaching the
mani pul ator to at |east one rail, wherein the at |least one rail is affixed

he insid f f the t. |, I : i
the thruster whil portame Ssie T fs e Eine-GERs SILARE Tugshe Mt Tt €

thruster well, and engaging the connector with a lifting eye of the

thruster or with a lifting eye of a portion of the thruster;

1. raising the thruster or the portion of the thruster out of the thruster well
10 using the lifting means;
J- transporting the thruster or the portion of the thruster suing a moveable

transport device connected to the lifting means to a deck of the floating
vessel;
k. actuating each of the plurality of clamps to extend to hold the thruster
15 mounting flange against the thruster well bottom flange and to ensure
that the at least one seal remains compressed, and while the clamps are
actuated, removing the plurality of fasteners that secure the thruster

mounting flange to the thruster well bottom flange;

1. flooding the thruster well with water;
20 m. disengaging the plurality of clamps; and
n. lifting the thruster with the lifting means.
2. The method of claim 1, further comprising:
a. positioning the lifted thruster over the thruster well;
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c.using robot arnms with the mani pulator to position the thruster for easy
~access. 10. The nmethod of claim1, further using a rod to
engage each |inkage, wherein each actuator is a hydraulic cylinder or a

15mai Rt enance

pneumatic cyli
a second lifti

nder. 11. The nethod of claim11, further conprising: a.
ng nmeans to position the thruster for easy maintenance

usi ng

20access; b. using fromthree to one hundred alignnent guide plates in the

Pﬁr eg?civsgegpg:tﬁgh Q(ﬁ AfultSr {08 Tk ¢ %{EB gx{eilelpus\?ﬁ{ﬂ?tlﬁﬁ? kel 1

thruster well;
d. using from

évises in each

e. conbi nations thereof. 12.The hod of claim11, further c rising:
pl acing a top cover aB‘i/g}e R%w&nwhﬁét%m%ﬁl?ea S'to position the thruster in e

5
10
3.
15 4.
3.
20
6.

thruster well on the thruster well bottom flange;
c. actuating the plurality of clamps to compress the at least one seal to

secure the thruster mounting flange against the thruster well bottom

flange;
d. pumping the water out of the thruster well;
e. installing the plurality of fasteners that secure the thruster mounting

flange to the thruster well bottom flange; and
f. disengaging the plurality of clamps.
The method of claim 2, further comprising additionally guiding the thruster into
the thruster well using at least one index guide connected to the inside surface of
the thruster well wall to fit the thruster into a correct orientation on the thruster
well bottom flange.
The method of claim 1, further comprising using a spreader bar with a spreader
bar connector or using a sling with a sling connector to engage the connector and
to additionally engage the lifting eye of the thruster.
The method of claim 4, further comprising using alignment pins in the thruster
well bottom flange to refine a position of the thruster as the thruster is lowered
to the thruster well bottom flange.
The method of claim 1, further comprising using at least one alignment guide

plate as an index guide.
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b. installing a bottomcover over an opening fornmed in the thruster well
Sbottem flange while the thruster is renoved fromthe thruster well. 13.
The nethod of claim 1, wherein each actuator conprises a hydraulic
cylinder, the method further conprising: powering and actuating the
hydraulic cylinder using a hydraulic power unit fluidly connected to the
hydraulic cylinder through a hydraulic feed |line. 1014. The nethod of claim

1, further sup ing the.water to.the thruster.well froma J.£5ervoir
and there%y quh¥P¥gﬁﬁpgfagW%ﬂ’bﬁg?@ﬁP@PPﬁn§H€“¥H?ﬁ§ 5BA%3F$q§ﬁ%%L§ﬁVater
pressure outside the f|loating vessel. 15. The nethod of clajm 14, further
conpri si ng usi FPiGiastcadgand upcfasierng 85?"@6}9@@3{ 9 'iie HHeIEH ‘f’el? L?fit(ml flaggfhnect ed
to the water reservoir to wash down of at |east a 15portion of the
thruster. 16. Tiktominsotzesimethai immiansthave todye indhgpthirestargvelldur i ng t he

| owering of the thruster into the thruster well, using the lifting neans
and t he aRi gnnent ngithaleopilaines, fupthposdrhpriving heng Armatigriatontd trenspbut ulst er

well offset to a central axis of the thruster well. 2017. The nethod of

claimg, furthef, GeMiieiifnhe RanipliXAHLRMps Bt AE UFhQEr MRl hoRQkSWaRIfthange

with stainless steel or another corrosion resistant material; and b.

29010 ChE ST P e U L B B8 B h

conpri sing using at,le%§t one test port to test the at | east one seal to

verify the wat SWPROFME the Srmeet i on.
9. The method of claim 8, further comprising:
a. connecting the manipulator to a power supply to lift and turn the thruster;
10 b. slidingly attaching the manipulator to at least one rail, wherein the at

least one rail is affixed to the inside surface of the thruster well wall and
extends from proximate the thruster well bottom flange to the thruster

well wall top; and

c. using robot arms with the manipulator to position the thruster for easy
15 . maintenance access.
10. The method of claim 1, further using a rod to engage each linkage, wherein each

actuator 1s a hydraulic cylinder or a pneumatic cylinder.

11.  The method of claim 1, further comprising:

a. using a second lifting means to position the thruster for easy maintenance
20 access;
b. using from three to one hundred alignment guide plates in the thruster
well;
c. using from three to forty clamps in each thruster well;
d. using from three to forty clevises in each thruster well; or
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19. A method for lifting thrusters on floating vessels for floating vessel
tvansit, for floating vessel dry docking, for thruster naintenance, or
conbi nati ons thereof, 5the nethod conprising: a. engaging a thruster
mounting flange of a thruster with a thruster well bottom flange of a
thruster well; b. installing a plurality of alignment guide plates
concentrically around the thruster in the thruster well to provide a rough
al i gnnent of the thrus%er .10 unt%'ng flange to the thruster well bottom
flange: c. posftionfHgRaft rsq%er(??\e seal adjacent the thruster mounting
flange to _provide a connection between the thruster well bottomflange and
the thrusdér ndbameRpdofgy®. 1 furthensoPISRg a plurality of fasteners to
secure the thruster nmounting flange to 15the thruster well bottom fl ange
whi | e conpressiang t placalg 4 topsovaneestbathruger well;rindi ning a plurality of

cl anps attached to the thruster well in an open position during nornal

t hrust er operabi on, inalligk&ibugtore s®xedlovel af lpetihg Usingsd inatheuthtustey veek h
clanp to extend to a closed position to secure the thruster nounting flange

to the%thruster vel boRohtRRkE WaNe thethidser AAeRBPELESINEe ihest@twdigast one
seal ; using a lifting neans to raise the thruster or a portion of the

t hrust er t o (P a | t ar he
por L1 on ot ho PRATEPET Ul S ey SAAPRERALS Ml 8 MR ERTT, g
means to a deck of the floating vessel, h. actuating each of the plurality
of clanps to edtemsthod ‘%'}Eﬁ?‘éff AR ROBERY FH iar‘iﬁla’r‘lpgﬁ}geegécbﬁ‘iﬂ%‘?ﬁl‘ﬁgr
thruster well bottom flange and to ensure that the at |east one seal

renmai ns conpr edisiag:a hydraulic power unit fluidly connected to the hydraulic cylinder through

a hydraulic feed line.

10 14.  The method of claim 1, further supplying the water to the thruster well from a
water reservoir, and thereby equalizing a water pressure in the thruster well with
a water pressure outside the floating vessel.

15. The method of claim 14, further comprising using a pressure washer connected
to a conduit fluidly connected to the water reservoir to wash down of at least a

15 portion of the thruster.

16. The method of claim 1, further comprising, during the lowering of the thruster
into the thruster well, using the lifting means and the alignment guide plates to
position the thruster in the thruster well offset to a central axis of the thruster
well.

20 17.  The method of claim 1, further comprising:
a. cladding the thruster well bottom flange with stainless steel or another
corrosion resistant material; and
b. cladding the thruster mounting flange with stainless steel or another

corrosion resistant material.

31



i. while the clanps are actuated, renoving the plurality of fasteners that
5secur.e the thruster mounting flange to the thruster well bottom flange; j.
flowing water into the thruster well; k. disengaging the plurality of
clanps; and 1.lifting the thruster with the lifting nmeans. 20. The met hod of
claim 19, further conprising: 10a.positioning the lifted thruster over the
thruster well; b. Iomerlng the lifted thruster into the thruster well using

t he I|ft|n nme ' tion
t he thrustgr ﬁﬂFﬁé (10 18 &g##ﬁ%ﬁ:gﬂ)sr% r'us etQ&kpﬁnﬁ%géo %ﬁ%ﬁg@é C.
actuating the plu aI|ty ? cl s to conpress the at |east one seal to
15secure the t Btigatione peliin YHEY frenfer GgLicRRReHIAR t hruster wel | bottom
flange; d. flow ng the mater out of the thruster well; e. installin the
plurality18f fdstresthed fardifies threstersontfinatisg eessels it flaging wosed tragsit,
thruster well bottom fl ange; and

floating vessel dry docking, for thruster maintenance, or combinations thereof,
5 the method comprising:

a. engaging a thruster mounting flange of a thruster with a thruster well
bottom flange of a thruster well;

b. installing a plurality of alignment guide plates concentrically around the
thruster in the thruster well to provide a rough alignment of the thruster

10 mounting flange to the thruster well bottom flange;

c. positioning a least one seal adjacent the thruster mounting flange to

provide a connection between the thruster well bottom flange and the

thruster mounting flange;

d. installing a plurality of fasteners to secure the thruster mounting flange to
15 the thruster well bottom flange while compressing the at least one seal;
€. maintaining a plurality of clamps attached to the thruster well in an open

position during normal thruster operation, and during removal of the
thruster: actuating each clamp to extend to a closed position to secure the

thruster mounting flange to the thruster well bottom flange while

20 compressing the at least one seal;
f. using a lifting means to raise the thruster or a portion of the thruster out
of the thruster well,
g. transporting the thruster or the portion of the thruster using a transport

device connected to the lifting means to a deck of the floating vessel;
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15

20

20.

20f . di sengaging the plurality of clanps.

h. actuating each of the plurality of clamps to extend to hold the thruster
mounting flange against the thruster well bottom flange and to ensure
that the at least one seal remains compressed;

1. while the clamps are actuated, removing the plurality of fasteners that
secure the thruster mounting flange to the thruster well bottom flange;

] flowing water into the thruster well;

k. disengaging the plurality of clamps; and

1. lifting the thruster with the lifting means.

The method of claim 19, further comprising:

a. positioning the lifted thruster over the thruster well;

b. lowering the lifted thruster into the thruster well using the lifting means
and the plurality of alignment guide plates to position the thruster in the
thruster well on the thruster well bottom flange;

c. actuating the plurality of clamps to compress the at least one seal to

secure the thruster mounting flange against the thruster well bottom

flange;
d. flowing the water out of the thruster well;
€. installing the plurality of fasteners to secure the thruster mounting flange

to the thruster well bottom flange; and

f. disengaging the plurality of clamps.
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