Si de- by- Si de Moori ng Bay Background Technical Field Enbodi nents of the
invention relate generally to systens and nethods for side-by-side nooring
of vessels at an offshore location to mnimze relative notions between the
vessel s and reduce undesirable forces i nduced by weat her conditions.
Description of Related Art O fshore nooring systens have been used to
secure two vessels in a side-bgwdélbysiné Mosrig Bay | n a side-by-side
nooring configuration, the vessels respond to changes in environnental
conditions as a single vessel. One common problemis the dynam c
directional g S8anln environmental conditions, e.g. wnd, wave and/or
current, which will increase relative notions between the vessels and
moor i ng f or ckechudealifdeloh t he fenders and nooring |ines between the vessels.
In order to mninmse relative notions between the vessel s and noori n?

t

forces actirignepdimesty ohdee SnysrtionotaiataPenadly eevRiems: Aad vesiiers for'y
woul d be desyigap -%ioteorrﬁlio!rﬁ?’\%V $Gestets &t BnVERIHRE 19@ARNSHE hikitfe tOGHREadI Ng

of the nmoored configuration is aligned to the prevailing weather condition.
Thi s al i gnnenetianisnibefvween tthe vessels aadeseducpoyedesieblg rarcesainsiuged urrents

which, int 1 044 the load on the nmooring. U S. Patent Application

Publ i cati on%k%a.th%?séﬁf@gé)?%%%l? Al (Pol dervaart et al.) (hereinafter '517)

relates to a nooring systemwth a first vessel for containing hydrocarbons
havi ng at its_ bow.and/ em,a, transverse armand a fluid transfer

mechani sm ofaﬁscdlpél°%8ﬁ%8§t%@ﬁr5 a tank on the first vessel and a coupling

end for connefdhong ncbringsscds viases bben Ted e sotuteiedsalssels inrosidekby-

al ongside the, fi rs%gve sel and is attached via atcclerﬁast pne %abl e

ext endi ng f riif i SOTGURIPR: ¢ HE PeSiEHPYETAB cTOBHNY f CIHBURILL | they ¥essslRyor i ng

end of the aeBpontheo MIRANGEY iRNENBfonhiItalr BBridRichist Hat£ Gifdle OfesBERI Ghe
| ongi tudi nal centerline of the second vessel. The arm during use, is in a

fixed positiGWMBAY BIONRM iy her snamiseitectianalt ChBRERs 1 FireaBrRiar or
appl ying a pidhlitids Q5 irkd) Wil &%bfcm, whizghakill ifcrERye faBfvPinolibies second

vessel with respect arm The force elenent allows a predeterm ned
maxi mum di spieiwesnthe yessele anscmegrivgdeises aging v the fendesd Bindgnegdidem of

217 voul & ickE GO ERE Leloifr P LRI o Tty X8 TBlafye oo i o DT

*517 woul d no ow conpl e%te al i gnment he nbored confrguration to the
dom nant enwesselsemdainoodnglifbices.ackng tohethe fasderhearmbomoionigg dines dietWwedv i s

rigid and is,_subject to f es, i nduced vessel tio in six

degr ees- of - ?[P%é@%?ﬁqs’i '% &ou&ﬁa&esgaﬁ9?o ﬁlﬂ%;Wht,ﬁe rVSFfeTYg H\éea%r;@era%%"%/%l\'/&h Ak

nmoori ng ar mths Headmg bOiEarR@eedREnfiyeak@U® aligned to the prevailing weather
condition. This alignment minimises the vessel area exposed to wind, wave and

currents which, in turn, minimizes the load on the mooring.

U.S. Patent Application Publication No. US 2007/0289517 A1 (Poldervaart et
al.) (hereinafter ‘517) relates to a mooring system with a first vessel for
containing hydrocarbons having at its bow and/or stem a transverse arm and a
fluid transfer mechanism of a duct connected to a tank on the first vessel and a
coupling end for connecting to a second vessel. The second vessel is moored
alongside the first vessel and is attached via at least one cable, extending from
its bow in the length direction of the vessel, to a mooring end of the arm. The
mooring end of the arm is situated at or near a longitudinal centerline of the
second vessel. The arm, during use, is in a fixed position and a pulling force

element is attached to the cable for applying a pulling force on the cable upon
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Accordingly, a nooring systemthat elimnates the above and ot her problens
of existing nooring systens is highly desired. Sunmary Enbodi nents of the

i nvention provide systens and net hods for side-by-side nooring of two
vessel s whi ch woul d overcone the above and ot her probl ens. Enbodi nents of
the invention provide side-by-side nooring configurations which are capable
of aligni ngraiagle eovkivant f the M@dh@g/e@éelt Wwith mespéat gocthaf dargur'ﬁmé cﬁmrcw' th a

prevailing weather directi he, headi f the g
Cont | gur at i BIFHARL) AV EquPAEETT ToTaATHAH ISP REPDAN Y, DB SRR VFISH Led o,
changes in rel ative displacenment of the noored vessels and/or pr evai l'ing

weat her di r eel)Q8r, tﬁ@%&i‘h@%;&%rﬁ% SITOsHIE RonPh ruifbdrof PRshieRs, & droor i ng

system conprises a station keeping P_Farat us which, in turn, includes a
turnt abl e r examals, wmmont!emsyﬁ@me@fn5 wouldrmss eiley cosrietg @ighment ot the

station keeplide RRBR ecﬁfr%ﬁﬁorrft%m@%ﬁﬂé&gﬁ&ﬂ%ﬁﬁ%hb&%%&*ﬂ@ntCFu?‘thE‘; tyessel

and to a second VvEss rovi y-si de nooring confliguration.
Further, t hmdamngtaibi af ‘5$7 opegidEng issubjestto/foresaindueerd hy vassdlinagliongessel

and the second. vesse ut .the.statio KaRBRT ra. .t he
station keefl i aﬁ%rgﬁat LeRgoll I Y %e t%ﬁ%ﬁé@ecgﬁg @éeés{%eﬁﬁas); ng Behead
moori ng | i nendvRivig R@mas Ipedrds fo ddmade asd briakagabl e for al i gning a headi ng of
both the first vessel and the second vessel with a prevailing weather

direction. Yet further, the noorin ste ris oke novahl y

coupl i ng t hACeeidindhniaeMperingsyste t?\a(,élggl@ptqgg%eﬁgg% &‘Pﬁd’?}é jRISPIEAISO angul ar
di spl acemengyiggh nhB%y%ﬁfk} ghidS Rb&igecapparatus and a Iongl t udi nal
centre line of t first vessel provi di ng a weat her-vani ng noori ng

poi nt when the flrst vessel is S|ngle poi nt noored. According to one
enbodi nent Summenp wat er applications the station keepi ng apparatus

conprises a u I t S
attached toEger ?eégHgﬁ)tg (ﬁ’(‘t‘ngﬁg loIIh g%&ﬁ%uﬁﬁén%rar [I%glt éﬂg gfﬁgt%?dsebﬁgégbto
nmovabl y coupictz:)rmga)frtworvelsgelsy/srntehwmwmovwecmertbe ab@yeeﬂnd @ibeo pribiging.o
anot her enb for I ter t a
apparat us i %tsf Pigﬁe 'PY Br‘%‘@‘f’ﬁﬁi‘ﬁe %ﬁszjesea%oﬁé Ebﬁ’fg;ulfgtfo[?\'r nt abl e
rotatably ”th&rﬁ(ér@rbédwlef Ideﬁllgﬁ’ﬂﬁglcztndr ec-afgibdpes , heading tofy tee matringh
i ncl udes bal | g oi nt, unjver sa\ﬁy} oi nts a}{lnr%i P%bbﬁ?mr coug‘i?erh\/\/el ht s and
soft yoke affffiguatisneWithA provaling Weakes QRstioR o RhaIetey 89 9 r st
vessel . Furifieimodiiig Ebrﬁfﬁ;}uréﬂ%ﬁ“ﬁ%a)ﬁ% tdireachnditystione! indRying usmon@td at a
bow or a stern of each respective vessel.

limited to, changes in relative displacement of the moored vessels and/or

prevailing weather direction.

According to one embodiment of the invention, a mooring system comprises a
station keeping apparatus which, in turn, includes a turntable rotatably mounted
thereon. In a mooring configuration, the station keeping apparatus is operable
to movably couple to a first vessel and to a second vessel for providing a side-
by-side mooring configuration. Further, the turntable is operable to freely rotate
both the first vessel and the second vessel about the station keeping apparatus.
Further, the station keeping apparatus is securable to the second vessel using
a head mooring line having a length which is adjustable for aligning a heading
of both the first vessel and the second vessel with a prevailing weather
direction. Yet further, the mooring system may comprise a yoke movably
coupling the turntable to the first vessel for providing adjustable angular

2



Brief Description of the Drawi ngs Enbodi nents of the invention are

di scl osed hereinafter wiwth reference to the drawings, in which: FIGs. 1A
and 1B illustrate a nooring systemin a nooring configuration according to
one enbodi ment of the invention; FIGs. 2A and 2B illustrate a nooring
systemin a nooring configuration according to one enbodi nent of the

i nvention; displacdmért usiwedretheasthiitrs kesing eppartusdnd @ langitadinaircekeepi ng
appar at us; ﬁl 4 illustrates a p{ﬂigcess for nmooring a second,vessel to a

G ,
first vesselNOEMeifirRl Ve AR dRMBYEINGeh VESNrHANING, BRETIRe Poink MEensthe

i I'lustrat esﬁastr\w,gggémgsi@,?@tﬂ)(gwr%b,@a_ of two vessels according to one
enbodi nent of the invention; FIG 6A illustrates a nooring systemin a

nooring configuration according to one enbodi nent of the invention;
According to one embodiment for deep water applications, the station keeping

apparatus comprises a buoy upon which the turntable is mounted, and the
buoy is attached to a sea bed by anchor legs. Further, a rigid yoke is used to

movably couple the mooring system with the first vessel.

According to another embodiment for shallow water applications, the station
keeping apparatus includes a fixed structure founded on a sea bed, and a
turntable rotatably mounted on the fixed structure. Further, a soft yoke, which
includes ball joint, universal joints, hanging beams, counterweights and soft
yoke arm, is used to movably couple the mooring system to the first vessel.

Further, the first vessel and the second vessel may be moored at a bow or a

stern of each respective vessel.
Brief Description of the Drawings
Embodiments of the invention are disclosed hereinafter with reference to the

drawings, in which:

FIGs. 1A and 1B illustrate a mooring system in a mooring configuration

according to one embodiment of the invention;

FIGs. 2A and 2B illustrate a mooring system in a mooring configuration

according to one embodiment of the invention;
FIG. 3 illustrates a first vessel moored to a station keeping apparatus;

FIG. 4 illustrates a process for mooring a second vessel to a first vessel

according to one embodiment of the invention;



FIG 6B is a side view of FIG 6A. Detailed Description In the follow ng
description, nunerous specific details are set forth in order to provide a
t hor ough under standi ng of various illustrative enbodi nents of the
invention. It will be understood, however, to one skilled in the art, that
enbodi nents of the invention may be practiced w thout sone or all of these
speci fic defFpsl . illstr@tbbes moGinneaigurdtion khawo yssers acapdingt foonse have
not been described in detail in order not to unnecessarily obscure
pertinent aSPWeHENI ARRDHIVEBIATS bei ng described. In the drawings, |ike
reference nunerals refer to sane or simlar functionalities or featu-res

t hroughout the several views. FIGs. 1A and 1B show a nooring system 100 in
a nooring cBKPi ghrikustiatenecopating sysemnis @ mefingerenfiiguratins aeRAEHNIdA. I n

t he nooring i L Ok A .1on keepi ng apparatus 110 conprises a
single buoyoﬁgnggH@ﬁ%+§§Fg F@hggéﬁce whi ch provi des buoyancy, for deep

wat er applications. The single buoy 114 is secured at an offshore | ocation
usi ng ancho eqs. 112. connect | he single buoy 114 to a sea bed. A
turntabl e 1&-?'1@?50? 3@%81’?/%?%5&?@ ‘on the buoy 114 to allow free rotational
notion or one degree of freedom about a vertical centre line of the buoy
114 (see arromuéﬁLﬁ FIG ,1B). In a nooring configuration, the turntable 116
woul d al | owPek PREMPHLYe| s to weat her vane about the station keeping
appar at us 1PiheHflodinLassRiption dnurmérout whecHt degiishae searfonly ilepdrdoon t he
prevailing weat her direction and forces aqtinﬂ on the vessels. ﬁﬁ;%her, t he
turntabl e 1PEvide Aolh@pPYoh JOBESENOMdaOF VarouUS filysative pmbodinents €to

al | ow rel at j@nfiby Ot Al wWiPbbOn@brseB8, Melbons Hegskfedlin fhecgemighout 2
horizontal centre line through the turntabl'e 116 (see arrow B in FIG 1B).
For this puepbedimentpiafdhednvetitiogenay heceresticabwithayt sempravalbabtheae a
second di st : «the rigid. 2 t i Qi L vabl y
coupled to gﬁ?ﬁﬂ§98%Q§Sele%?pg¥¥ eF%ageg gmﬁ%gkgeéfgﬁﬁk%@n%ﬁbv “?gt

vessel 10. Been thswrihmaripaketail ia drddd ngt dd nhnd@Bsadlygbsaurg pastinentaspeets! y, nay

b i ded. . The ball joint 162 d al i | ' i
i roctt ons. B Chthetinens bfhe SESatfith o oh8r el (B8 IRbhL b Cee
FIG 1B). Mafer Ragdné ok aintiler flirdttionalitias iop fedtumsstthaughpuiihiedederay vielhs. bal |

joint 162 may be about a |ongitudinal or horizontal centre fine the first
vessel 10, a vertical line through the ball joint 162 and a horizontal |ine

through thepfad | 1AOhRd 1EPZhofy ¥embbfiRd syslewimobléh rRYhdaringi s@tigyrationp! ed to
a centre of the single buoy 114. This may be achieved by providing a hole

t hrough a ceagardingftotane ernbedigentofithe inugmtiaN sposi ng t he vertical col um 118
through the hole to be fixedly coupled to the buoy 114. The vertical colum
118 provides a supporting structure for a nooring ring 130 which is
rotatably mbuthednooring coefiguaitiamd stalionekesning appiiatds 1119, Camersrso@i ng

ring 130, when, fi r 1] : A i tional
notion i ndeﬁ'é'ﬁ!feéﬁééyg? 1%ﬁg%ﬁﬂ&aﬁ%@%ﬁg{”&%g@'%gt&%%% ﬁ?gﬁﬁggﬁgé%ﬁ%

provi ded at appkrationsi Mgersingle 1Byt 014ds sesusedhabramgffplodret locatianhiusingone end
of a head nooring |i 140 be attached The_ quj I k may
al 1 ow i nst anchaless dTaroRRES e e Y RGOY 3 LA AL p R anEREad)®
situations. ig potataBBOMdugtaPBhi B RidyoM4 o filowt fres dotatioralveationmooraneg | i ne
140 is secured to the nooring ring_ 30 and. a sg&gwﬁfe&fﬁg&;the he?ﬁ,nnoring
line 140 isdsgiegr ddresdom abpgl 4 ve ;_galzqentrteohr’é@ Eoler BN [ 2R thd second
vessel 20. Fhﬁ, P MURRY cBRAGREIBRIAS t3RtBRON 00 WodlEallRniefobiddt he
head nooring line 140 to diSpose the first vessel 10 and the second vessel

20 in a si duesselsitdewsather | eneaabanlgéhre ritatiop keepiRangaraaiis Ad0yvedde! s

and/ or weat i nd i 40K ik j i sald W th
the prevar| ANEcARCHIE magtitioB s deathil ImRs oo dhl 6% oo 19 {8, 30 ey
be adj ust eddirsctidn asdt forcerylactihg wotie olessglach Fagthet,othel fyntaklehdd@i isg of

bt e SRl SR S8 s BRI R 20010 SRR

motion or one additional degree of freedom about a horizontal centre line
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the head nooring |ine 140, an angul ar di spl acenent between the station
keepi ng apparatus 110 and a longitudinal centre line of the first vessel 10
is also adjusted at the sanme tine. An elastic line 150 may connect each bow
or stern side of the first vessel 10 to each correspondi ng side of the
turntable 116. The elastic line 150 is operable to prevent over-rotation of
the rigid ydkeudRthe tiratableet 16 (ddeearfow Btin V&GS seB). 1Por this purposs,iangivot or

fi tign, wh | ar  di spl. t bet the station keepi
appar atus. 1TSS PIRCEER ICE BRKF FRRYiRTS [ ASoGPd ARl arskoras B0 B cee
angl e a in AbG thbRiketyorREN 28 i eRdvadly ¢dipledf tof A Erdtivebselyk @ithdOad dod

| ongitudinal centre Iline of the first vessel 10) exceeds a predeterm ned
val ue such tnastemeofdhe dirstvepseld9. 1= thip dusrqss; armad o8l 464 -9t giMRali num

lengths, a %%Eémbiy,nﬁ'ta?el?&?gévjc?&ﬁU‘Thé‘%aﬁ?&n@?@é‘m%luﬁﬁbjl&v|r5t%ﬁoﬂaﬁ9n5ﬁbn%a(3h bow

side of the first vess i's operable’to gradually increase the tension
force in eadhtrseadlireetidrisne adsitiana! gres dagrees &f fieedam aedfrawscCrPEnd yoke

120 rel ati ves o bhael | ke ¥ARSIart UnclbiSion 3/inaAth AHIBRY . FBBE) ReyeY St om

200 in a nooring configuration ac 0 an er-e e
i nvention. 168 rmae beradraubg loogitudingl airitonizostas tantre fink degpfired vappa rdt as 210

[ [ b 1 | |e deyi , 202
Lo dl y. oxt dReCALT SRSt techeibiobE 187 e BB 18 blotah B ReF e
appl i cationgig2The single buoy 214 is secured at an offshore | ocation using

anchor | egs 212 connecting the single buoy 214 to a sea bed. The truss
structure 202 has a | arger dianeter than the buoy 214 to provide stability

to the statipprkefRolinRPehSe Aldily folipledtablcenid &fitife singatRIRYY 18DUNt ed
on the buoy 214 to allow free rotational notion or one degree of freedom

about a ver tlihisamay bst achigvesddproviging,a fgledtiroyahea capirg R fig mtpkle 148) . Two
side arms, Bnél 'd_il_s‘?o%fr@ #ad,cfichl Mo iR ??@th(;@tﬁéh fe<alb Yo BRUBLEH 6d|%:pté_l'ieto

turntable 2 e Y-arm 232 or first side armextends generally in the

di rection ofthebeoy 4d4vesBm vaicahtdlieme Hd 8\pravides Fosunposied Aiudiigefonem

ext ends gen Lot rect. : he Yo akm 232 and
the Marm 2 A é éﬁgtﬁ s'v %@gd%g@}fq%% a@?t&/@gtg O&fﬁ@t@? u%%tu gél @eﬂ%{'g}ﬂ]ch

that the cembluend il h@s Toke mberig aing1382waerd fitled dvbandnti28 Pefticahcaduwmaniyl e

t herebetween (see angle O0.in FIG 2B). The_angle 0, de dg on_several
factors i nclcﬁé?ﬁﬁ,c’?ﬁ‘gt?ﬁﬂ%?l 'P?";?f} @ge[)%ﬂd%'?é?gg]egéﬁr t@P%sﬁeé; %o%‘i 'i%?‘?sgnd
weat her congobk ay bepprogided, att the mbatity Pings13W teact bam hitdridgpadesto The
Y-arm 232 or first side armhas a fjrst e?r/lzg%ri igly g%%ggdi ng {}rom he
turntabl e ZM,'Cr’aﬁGeéer@e%_ﬁdh‘:c‘ﬁ%%or'éﬂd’_”ﬁn I"‘S‘F%’c Gt tQ: il al of a
rigid yoke 228asdVBb8k RAAY iafbvahstant Poibades bf RRARLER MRE6riFP iné SI4veddringal | Y

di sposed at the second end of the Y-arm 232, and is constructed and

arranged toemageney sihefieny a second beam nenber 262 of a universal joint
264. Coupling of the first beam nenber 260 and the second beam nenber 262
of the universal joint 264 allows rotational notion or one degree of

f reedom aboln aaneaing cerifigaxration, arfissiggndaofca head nudoringdine 141 istsesnrateivber 260

(see 2rrow fid PRl AR o B Bb T Bl SR AT ol
(see arrowsvid arfgirlead 2Mbite epeortral winch 22 drhther séaindovedsetr@0i dhs conwol ded by
Tt T D R
260 and a h@ydpasatiad fitivesb&Ir MIgRd the sseaINbd3ehn0 262 side-by-side parallel

arrangement. When changes in the vessels and/or weather induce a new

equilibrium position which is misaligned with the prevailing weather direction, a

length of the head mooring line 140 may be adjusted, such as through the

control winch 22, to align a heading of both the first vessel 10 and the second

vessel 20 with the prevailing weather direction. While adjusting the length of
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An anti-rotation stop nenber 250 may be suitably di sposed on the Y-arm 232
to prevent over-rotation of the rigid yoke 220 relative to the Y-arm 232 or
first side armin any rotation direction. Mre particularly, an
anti-rotation stop nenber 250 may be arranged on the Y-arm 232 such that
the anti-rotation stop nmenber 250 is operable to neet with the second beam
262 when an theghead lnjoeImhgad'meem&Obenv\eegulamehspianerrmmtktm;weeg thepatatibns 210

and a longit i t al ntr line of the first, vessel (see an
angle 1 in Fk%&%agé?%g %428 Ong'ﬁ'g gy cepive \Pnﬁr% 592” hiesee! 18 i

| ongi t udi nal alseridjustdd atethefsatrfeenrhegl d yoke 220 or the first vessel 10)
exceeds a predeterm ned value. The second distal end of the rigid yoke 220
is novably coupled to the first vessel 10 to allow pivotal notion or one

addi tional fngegsticoihe B0 MAY (:éﬁﬁecﬁreraew bbw & &é@ snaé)of trFéDﬁrsE DbssaPYBHROSE
hi nge or pivot connector 266 ma pr ovi ded. he Marm 230 or second S|de

arm has a fi@agh %‘?fﬁesfﬁogﬂtﬂllgys@@(f)\éﬁlﬁ fgnteblend laaeTh@ﬁiﬂSéiblhéeﬂﬁ@ iareesakdecond
distal free 0,
ot Cachiont - po eRetRL ket 6F el DURS 190 OBURSEORE AERARSePth. ia ori ng

| i ne 240 maymperiag teenfigdrationi whenden arcgtdmhdsotaceh@rﬂ;dmjwdememeeﬁaﬂmto t he

nooring syst hmedﬁ i t el eas ook for

i nstant rel e‘gésB l(é]g?‘l?lérgﬁlead n%%(??anléﬁ@% %ng{rgfnéggﬂq? ﬁ@t V33§ B‘Fee hose
268 may be panglé dedncBlghedBi bgtv‘tém taucahtad| ime2d6 the tidid i/d)l{est12®e§ﬁ@|a10 for
transferrin S fro the s e er..sources to e first vessel
10. In a mg‘PPWSUG@%%ﬁe& PalN% HF% grsfges%eqdl%fexgesﬁcgsda H’FSSP eﬁ@"rﬁd N0 s
secured to tdiwhMhat the2d8stinlihes $5C arsl seadhed bebend el ARG 1bhdtBs 240 i s
secured, via E%hf airlead 24, to a c%%rol wi nch 22 on the second vessel 20.

The control SATEIF SOPPRLSRCHIAG 18R iticding Wooneigaehi how Rt e fisbri ng
line 240 to @s%@pﬁ?lstcﬂ%réblé% YA H&eéé@th%hén§§ﬁ@&@e‘{ﬁ§§@l} oBtié Ind

si de- by-si de ara arran errent en changes in the vessels and/or

weat her indu me\f@ré@yier r%aﬁlqnwiafbeurmcbyplm? hrelativeitedhe frrbessel A0t he
prevailing weather direction, a length of the head nooring |line 240 may be
adj usted, such as through the control winch 22, to align a heading of both
the first vedSsl 200 aadd2Bhehavecombvringseystan A0 Hint @empotingicdonfiguratier her

angul ar i spaR BRI S B B uFLBr e TRRG " appar at us. 110 and a

| ongi t udi naI centre line of the f| rst vessel 10 is also adjusted at the

sanme tine. , tﬁOth enbodlngnts Iustr % EHGS 1@ 8@8 and. 2A to 2B,
a control wiRcf€2BogHY LopLgviation §4Stﬁ PERING cAPRATAMTZ LR CORPTSES sl 20.
A head FYDOFIsmglé lbraeyQqartﬁmdaﬂaolérdymde%oséaﬁuS@rstMeeﬁermzarn%awéﬁ%d.@]passed
through the fairlead 24 and secured to the control w nch

control wi ndiP®2 loyarsdgae obthe REOKHY: Foofeer th‘ﬁreaE@waB@“%ch*ﬂ%tSle/ml ch,
in turn, adjgiglo@ BerduRd of ab REshyR MESRR Ssi ’angﬁoﬁ% '219”0(1%%&15

prevailing weather direction when weather conditions an or relativ
di spl acenentth®stngiebuayed tbtasa sea bed. ihetr@aaﬁg@@ture PeAbes @ la@emiganm@er

arranged betjeen,d tl?j% fif ttopYr §@‘é'st&t9lltg'? Hd Gaf 5T da dﬁfa aﬁL?sDy el ative

mai nt ai ni ng separa ere et ween t0 preven
novenent of the vessels 10, 20. Si de-by-side nooring Ilnes 40 may al so be

arranged to ¢ kac hdes of he ve . ) n particul ar
breasti ng r’r&?q}ﬁ%%q 2@@ %2@5583’ ﬂ&%rﬁt vgbmgwg Sﬂfﬁﬁr EPS @?WQW% Qg sel S;
spring noor inngtidni aesmm!egaéesof ﬁeedlﬁﬁdatiwt wegsticdiecchte iresseihs. b&iy@ﬂﬁ
illustrates an over ‘: h@’ _I. S\}g‘grs and sjde-by-side mooring lines. In
the present (ﬁeeeSEFrPWt 5}1 ﬂ-fy ¥ibwe WS, FR9-of AP 41 AN dkaIM 2. BEe a

Fl oating Pr @nsly@lsndm reat@rmgetuﬁﬂébl@f:ﬂeoaﬁh@g/ éﬂﬁ?%@)z df%&%lde':a‘n‘ﬁaé)lt&gds
Production Unit Fl oating Storage and O fl oadi ng vessel, offshore

floati ng gagepe rl&l’fhe shirestioreof @ Bt Vagsed ti0uwhle ke Mememsadbat seeanskl 20
my be a shy §rnﬁ7%§<{eh8§ %ﬁﬁl |§][th€tdﬂ8&tldfp5f RSo¥57P GhssdrONe Vile Y'érgts to

be appreciated that enbo he Invention are eq uaII applicable to
ot her types 282 andstbell\é—amn mw&ﬁbbly\/dlﬂMl%dI rekdbive twrﬂd; fumtableozm such
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In the drawi ngs and present description, references are made to coupling
the bows of the first vessel 10 and the second vessel 20 to the station
keepi ng apparatus of the nooring system It is to be appreciated that the
sterns of the first vessel 10 and the second vessel 20 may be coupl ed, or
noored to the station keeping apparatus of the nooring system The nooring
system of FltGat tHe\ cantte liBiesaofdtid @sarn2232ndn@Bhasvyl-drm 230t fabhyantdigié ed f or

shal | ow wat applications. feren [ to FI Gs. ,6A and 6B

il lustrati ngtkﬁr%g?’?% (§?Fst38§fea§c'8r gﬁ?‘rgalﬁgﬂgﬁ’@ @H%I&c?é n‘B?P[er@P UhESYHFENL i on.
The noori ng fBy®remdidiig But Adt Ande§Bohasssdrgzeidillel 86ndificrs ahl wBSthEPOr i ng
systemof FIGs. |A and ver, sultable nodifications may include, but

.1B. Howe .
are not |imG¥WItan. hdiaiyithe anale %lﬁﬂﬁhéﬁthﬁﬁé@tdﬁgﬂ?ﬁ?-keepi ng apparat us
with a fixed structure or tower founded on a sea bed; rotatably nounting

the turntable on the fixed structure; and replacing the rigid yoke by a
soft yoke. e shaum 332 pr @est fde aith bBs a fissloench gigisks extanding dompthse a
station keenpi I i [ | t Uy d on a
ea bed 605 HHePBREE sH3 aeBa L S Rl RRupE 3L BR of ARRET °505
rot at abl y noyuokeet20onMohe péitireldrigt a Gictt lreanb@iembEn@68tiatveditake disppsedppar at us

i bl I le t i . | 10 t d. I
2 for provitiegeandishe Byt Tabnage: Al i RETTet B¢ aliRaBef 56 N <
607 i F (2)8er ahéeint ﬁ docenti heant ategniiurtde bﬁafdnmtrsérwﬁEQMO rﬁ:&m@lih@@f ﬂﬁlﬁ(ond_
vesse a t the statlo ee appar S. rther t statl on keepin
appar at us i 3$I§J%E%?'Hbm8 5" ?ﬁé gﬁ%sg&gﬁfzxgg@ WEFW&%?%Q theoHpivaga) | ng °
having a | enghh2ediarbws fotathnas hithiod dr@healdgdss BfrsedteRabia: Plefehibie

first vessel 10 and the second vessel 20 with a prevailing _weat her

di rection. ROFQUEBra cemee Rbbei fitet BSAM enemBgT 28R (3Rer 2t iBElG 2% tThdoke 601
movably COuRlnisaigink S6a'AbLiE BRer QW GoldtibRdl HEESEL it fud AfireBliss gt N9

adj ust abl e angul ar "di spl acenent between the station keeping apparatus and a
| ongi t udi naltweedditional degisestafaneiions {segearsers thandthe befre ppdicelayl theovabl y
coupl es the nt abl fdr V, 10.. t hi r i de
arns 610 nm/rHrélrtlglP@I ﬁ%@ggnéﬁvﬁ%ﬁ% tbh’e%@%r‘ﬁfg%%' g%%f'?g‘ln%b/@bl%y% %@éﬁ‘ east o the
soft yoke 60dngitviirel parorizomtal tentre liee $hrdaghrths fitd0/easel hhvabesticablind ed,
e.g. by a unjver ol nt 6 t o, a,hangi,ng beam 611, A | ower end t he
hangi g bearenan e i3 Bravaie AR A opBah @ B B el Bl B reSh0a, 1 o
a counter weight 606. A first end of a soft yoke arm 613 may be fixedly
coupled to the counter weight 606, while a second distgl end of the soft
yoke arm 613\ @”Wﬁﬁ?'ﬁ/s@ﬁdﬁ?@%@r 358.@%\9133 syEpblyjdisnpasegf fhep‘/@rmi +3%

vessel 10. Ao \rébdrtlverRitith BRiheDAgili yeRel 2pocrivBdottRe 18rmhiDgedoShirsict Ur e
607 to provide a supporting structure for a noori n%brl ng which is rotatably
nount ed or fSid& édMatodhy rekdiopediredion. c dMerenpartiselafyoanngnt-raigtionustar fitt ed
around the i Al )] td 100 nt of
he.tur nt abl e BBE 3 et e P R A
un- bert hi ng ngrobat 2ohés aperatiestor ineetiwithtthe setendheamt 262 Wmheardrodngdat  of

FI Gs. 1A and, [ ' . crib, | Qns are
appl i cabl o CisHsiss st Rectf sRERER5hREHab 2ipalatfe 2318 e g oraRHl 85"
sui t abl e nodicfizortal camstre lirdeot thenfigst vesseb $6 ¢éee aBahglee én BEG L 26 begtvogsar at i on,
a first vessel 10 |s singl e-poi moored to g station keeping apparatus 110
(see FIG 3 camre Bl Pt 252 R & variotydodlL BoeF nes B BmrGRERee ca 1o
a_turntabl e 200 drhe GiAlb&Ib! HOPEXABIBRPHEAbIIMINEY VlIua i gi d yoke. The

met hod proceeds to securing anti-over rotation lines or elastic |ines
between the first vessel 10 and the turntable to prevent over rotation of
the rigid yake s&qldl ¥itdl @nbihér {He! 8§idVFieeb2dds nMisyabiiP WBupiBd ibGhesirst he
~elastic lines are in a resting position in which theelastic I'ines are not
stretched. Wasselt He tg jallow piwgtabimatipn or Hper afditienad| fieadost @ff motiarhésast at i on
keepi ng app . i he f

sel f - adj ust %Q%g\lrj‘?\}\ia e%@ﬁaﬁggml@n99@%’8%?1%&%%%%%&8@@?#% e 6§P§‘€¥i% ng
weat her dir pogvided.by free rotation of the first vessel 10 around the
station keeping apparatus 110. FIG 3 illustrates a prevailing weather
direction denoted by arrows X and the heading of the first vessel 10
aligned to the prevailing weather direction.



Reference is nmade to FIG 4 to illustrate a berthing operation of two
vessel s. Berthing of the two vessels may proceed under beni gn weat her
conditions at field site. A head nooring line 140 may have a first end
secured to the station keeping apparatus 110, nore particularly to a quick
rel ease hook at a nooring ring of FIGs. 1A and 1B (or to a second side arm
of the enbodinent in FIGs. 2A and 2B, or to a nooring ring of the

enbodi nent in FIGs. 6A and 6 di st fr e end or sec end of the head
moor i ng | i néheAd-amay28 0@&?8@@ 5@eaarfrh agg M T’T‘r@ng GgiRne ﬁ%}?gﬁ‘é’ LARSPE |y
located at g, fghf dh8tANFa S6cOMUt dStal Frest ek gRErall) mmrmmtmby
oriented to receive an approachi ng second vessel 20. Wen the second vessel

20 appr oacheecanskvessel 20y eAgeattachmenh @oint gnan bagypyided € theeMs@dnrdOvessel
20 h
20 e T PRSI Do e o

securing the second vessel
20 to the s*samrcmve@eprzagommoarmg syatenus‘rln@atta@wme@fopqwdmrav.@rwlwea14o

ngine of 1 ALCKRRBARE Dok Bt BOAmREC KT, hend AERAMG IS 20, Begkisy "

push a st ar bowxbls indeed6d he\yslmpruwudeelsecernezt)ng mmrldBtataﬂme16|to§hedesisel 10
whil e a control nch 22 n.th essel O is, sinult per abl e
to pull theVBeRF! \gfp f S%HBQ \e}‘&éﬂ@erfo"z ?&ﬁé\bﬁé QrhRihgt Pg't'rcgggtgle{ﬁé%ﬁq The

angl e of appégﬁghoadopted by the second vessel 20 should not be excessive,
i.e. the second vessel 20 should not approach the first vessel 10 in a
substantial l'y transverse or head-on direction. One nethod of berthing

i nvol ves t hg, 56 @hra%naarmea&m &% hb&d frrido?ifng\/liﬁésﬁﬂo idQecwhidcld has a

constant headi ng, romt uarter on the side of berthing. On clgser
approach, t He Meaona3esde Se@@”d eodicd thrahead B100fing line @AQds secured ofia gessel

10 at a saf Fifbad 30°% LRBhbPWARRIEPLA A& SHBART Vo WoARETcoRRE) Birich

condi ti ons, or & positioning refative to first vessel . This
process is QQImamtaamedml apfFb@Biatd . tenslonliirs the bead snorsing hm%ZﬂQrtQtleel 10

and the sec ssel e pUs 0-0@f. t he l'i ng of
the head no |Nﬁ§sel4ébb§“‘fﬂ§g ?d)%%%gl %égeqvﬁ?é])c' Q tS{d:égq rg r%Hé‘come

into cont actarmganbhe sAaenchaagseelin 2he v'léhsselsmaryd/ot h\edﬁwdmduoeiengem ne 140
is tensioned f r di sposj ng A\%ﬁflrst ve tbo and he se g etiozﬁ 20 in
a si de- by- sPad QW‘WB w é?ﬁ“?‘%‘@”? 8§§EY3‘ ’l?‘é(ﬁa hETEEEEhE vessel
20 may be sré?@ftr@rbﬁrltﬁél%d@arr@ohﬁ@ line mma@t beradj@éttaersmmasemm@hvmsel 20
comes into contact with the fenders 30, _ si lines 40, e.g

breasting ngeRirelgvinERe?, é&hé“@rpﬁlh?@dl?@o?ﬂ kp@hﬁhe,égst v,e§§eqo100;%r?cggwea§e%@ed to -
connect  adj geell ) AR A &&%rlrm&%%ﬁldﬁectwnvmie &ﬂ@@hr@rﬂuesued uf si de

nooring |lines are secured ti'ghtened at a desired tension, eadi ng of
both the fi th heesrsmoomgaww 1240, Sec engulpe stsnlacemenis batvgeewgrﬂ&e ﬁ%tt%m may

not be alignedyt agbr‘lrjoorl FiPhid RIRERINGY AHRCHILBr P RIS 10 i

| ength of t 1”1 he ecured between the station keeping
appar at us 1k&o&nﬂuﬂhéeﬁﬁﬁnmﬂnaesﬁﬁl 20 may be adjusted for aligning a
headi ng of both the first vessel 10 and the second vessel 20 with the
prevailing weather direction. Mre particularly, the tug 50 may continue to
push the st @i lpoai @nﬂddamneﬁtstm@stﬁe&@@rw rvmeiAae 1ididne mnetoczmtaco:ronwbhch of

Egeaﬁgcond \\ﬁr?cshe|222£ndcgnftalrrlre%%32£ %r provr e t%e gé)c%rn'd”%ssel“io“ﬂ hea tug
mooring line connecting from the station keeping apparatus is passed through
the fairlead 24 and secured to the control winch 22. Using the control winch 22,
a length of the head mooring line can be adjusted which, in turn, adjusts a
heading of the two vessels 10, 20 to align with the prevailing weather direction
when weather conditions and/or relative displacement between vessels 10, 20

are changed.



control winch 22 are operable to adjust or rotate a centre line of the
rigid yoke or turntable to forman angle 6 with a | ongitudinal centre |ine
of the first vessel 10 such that the heading of the first vessel 10 and the
second vessel 20, as a single system is aligned to the prevailing weather
direction. FIG 5 illustrates a side-by-side nooring configuration in which
a heading of both the first vessel 10 and the second vessel 20 is aligned

with the prevailing weather direction. i,n tion After the first
vessel 10 ahendefe <oy Bpegdand Pvgeeé}& 3 %?Sgieé%d@ %ﬁ@?cﬁ@ °R8%ri ng
configurati Oélasepéf)'f&aﬁiaﬂﬁamﬂﬁ %ﬂ@%mré&m@érﬁ & peslenPdbimage Wauseadi ng
fromthe first vessel 10 to second vessel , displacenent of the first

vessel 10 iBy dﬁ@fﬂ\éa@@de@ﬁaﬂgahlewaﬁﬁ‘?lﬁéOd?@p&ﬂ@éﬁbﬁgefr'éﬁo‘"trlgé‘”%cf‘@d?iaiéessel
20 is incre Scbega Hgéci ch ch-!ﬁe&thdgéb%nFQ%@%? h8 t&v@'@s’s&% higi ;Sﬂﬁlcu!ar
di spl acerren of t ssel s, environnental uce forces in I'l's of
the first vbssetingneoigt inessmeyrie usadsisl bogs and sieas @hﬁﬁﬁg@\@ &%&?@r‘sdl ngly.

Thi s causes e Se 0 t S hat
both the fi ?é'n] @é"i‘ﬁg yﬁ g*znglsé)e%%n \%El%eleeé fhe ?ﬁig}%%%ut t he %entre
of the stat lllostritespnroyesgiplayatiusf fariders and akde- tomsxdemorafmjmesbrl um posi tion.
Wth the new equilibriumposition, a heading of both the first vessel 10
and the second vessel 20 is msaligned with the prevailing weat her

dihr ecti ond [ty :#ﬁiésérﬂ’ d%oﬁ tigH mehﬁil&div@gsélﬂtlgoirhntdﬂwﬁ vessel V\ﬁas,sble éOhan]Ei

t he second vessel 20 with t revailin ather direction, t th o
the head nobloRHRI | |Pﬁ%dLiQi@”se éaeb@f‘%gﬂ%ﬂé‘ngtég }3§ﬁﬁke"éa‘ﬁfsﬁl EB’&int us 110
and the SeCPFBHuY:§§§eUnQOEFlﬂJPdF%ﬁ@ $tefadec-amld WIbaihgevésadi slstafrebot h
the first vessel 10 and the second vessel 20 with the prevailing weat her

direction. fleatingpgas termirall or othes fleaing siruciurash 2be srcond Vesd l We¥sel 20
i's operabl eyt o, pylt ed i@ Bet O an
appropriate %/a l%lél‘ tlgé??{rfégﬁ?%%&gdh %?%ﬁféﬁg&@se{lhe%@??vgggel 18 and
t he second ameiat@othah enhbrglinvients Qfﬁbepn\seniiomafg @y appdeade to othaioul d

si gni ficant el irst vessel 10 and the
second vess eﬁgg\\ﬂfc‘u 391118 Oﬁa%]{rqﬁ?%g nﬁi’d‘gﬁﬁ\é\ﬁgg‘@%ﬁ? I Ci ency of side-byside

of f | oadi ng operatl ons between the tvvo vessels. Further, if the prevailing

weat her con on changes such t e he of th S S 10 and

t he second é‘@ frappngseapder ‘?ﬁeé’él aﬁr 108 ﬁﬁé\gﬁﬁl%? rﬁ%d§ ?10 E%V ﬁ'@ Png

\Aﬁat Eer ddi r B&vs Qﬂlthé HRstapeyse desgmﬁ@wmmg%mu vy andtha;s‘svati@w tkeepingngt h of

t he head noorin i ne 140 secure etween the statio in rat us 110
i et iR AERESE YR

and the secoPRETAkESE theeeing avsiemgt isdothreaprIsaR

vessel 10 apdity %gs%e’f:(?%ﬂdvt‘ﬁ%S@éco%@ WiskB| bbeanay %\éabcbup]@d \@@&hdﬁl@r@d%rm@tl on
may be perfornme n-berthing two vessels After an of fl oadi ng operati on,
the second stederkegoingappaeatye of the Meer#g S4Bl 10. To this purpose, a tug
50 may approach a starboard side of the second vessel 20. Atowng |ine may

connect the bow of tug 50 and a nooring point on the starboard of shuttle
carrier, fofThpntddring swséem@cfﬁﬂﬁsvbﬁsaed 1B anddryC$ r Dvant B ey toevassgbly 10.

The breastin rd.n nd. s cted in
sequence. - biPRE RESPIsBERRRE SR s R He i FagT I Erey BAFRIBEE LS
breasti ng anéﬂrélﬂwd armaoaml s?pfelnngc@mﬂnignt@ bh@ esnlaodiment ob tire gtvedtion.he
engine of the tu may be r r operati on control w nch of
t he second JB@éTé Orm fp'g'& Sg i THNE 7 ?‘?er-g éaqﬁ%m‘f"w% i ne
140, and rek@eas@SofSImR, q%ﬂéﬁ&HsofHé\b@éaeQﬂitawe afoditations ey melsge) b0. When
the second vessel 20 is pulled to a safe distance fromthe first Yessel 10,

the head roard hgt limiled taorepiasing fienguey AE e stalipR deepipdsarnaigtusevith
grsconnect efix TQﬁu@g&; SOCRY 1Blredish BB AR LBURY fiRtikdhosepRaglev ossel
20. After t nmoves to a safe distancé fromthe second vessel 20,
mai n engi neom‘the mctetcmtura/aggeeplac)ngéhﬁ taidyekeryd eeft ¥oltP-navi gat ed t owar ds
its next destination. Qther enbodinents will be apparent to those skilled
in the art fromconsideration of the specification and practice of the
invention. Furthernore, certain term nology has been used for the purposes
of descriptive clarity, and not to limt the disclosed enbodi nents of the
invention. The enbodi nents and featuresgdescri bed above should be

consi dered exenplary, with the invention being defined by the appended

cl ai nms. -



1. A nporing system conprising: a station keepi ng apparat us

whi ch includes a turntable rotatably 5 nounted thereon, wherein the
turntable I's operable to novably couple to a first vessel to provide the
first vessel with one rotational freedomabout a vertical axis relatively
to the turntable, and wherein the station keeping apparatus is operable to

di spose theakidrpivnlth VeSsebAaaRd QS%Qﬁlﬁbm@%ﬁtemnn@ySC@}ﬁpbse 3i giatiomwor i ng
configuration by nmovably coupling to the second vessel a head nooring

| i ne havi ngk%@ﬂ'%@?ﬁaﬁﬁﬁﬁcwh'qhdnﬁlé@ﬁ%ﬁsfgefjogtré‘CFHr@QWJHHB ? 8 35889 ng of
both the fipgg :}‘ﬁ%sﬁéﬁb ﬂeéﬂﬁ? %g%@?‘%ué’ afeRr iNdIhdesPa RORYAIL 1608 rRAGHIET
ust abl e a t

direction, IS a e heading of both the first vessel and
the second vws@ld ou the fixed grusharel 607g Tie &t@@@mé@emn@ EePAEUS ispPeTdde npor i ng

SV el v eldBldn MGRE' o fiSt R BTN o Dobld YEESkI B B Eroblniny 41210°

in relative di ween I'rSt™ vess he se ssel
and a changeldemyaslqw evadringnepnfigatatien, aoddhe tuntabR0607 is operable to freely

rotate both the first vessel 10 and the second vessel 20 about the station
keeping apparatus. Further, the station keeping apparatus is securable to the
second vessel 20 using a head mooring line having a length which is adjustable
for alighing a heading of both the first vessel 10 and the second vessel 20 with
a prevailing weather direction. Further, the mooring system may further
comprise a soft yoke 601 movably coupling the turntable 605 to the first vessel
10 for providing adjustable angular displacement between the station keeping
apparatus and a longitudinal centre line of the first vessel 10.

The soft yoke 601 movably couples the turntable 605 to the first vessel 10. For
this purpose, side arms 610 may rigidly extend from the turntable 605 to
movably couple to the soft yoke 601. More particularly, the side arms 610 are
movably coupled, e.g. by a universal joint 604, to a hanging beam 611. A lower
end of the hanging beam 611 may be movably coupled, e.g. by a universal joint
604, to a counter weight 606. A first end of a soft yoke arm 613 may be fixedly
coupled to the counter weight 606, while a second distal end of the soft yoke
arm 613 is movably coupled, e.g. by a ball joint 603, to a first vessel 10. A
vertical column may be fixedly coupled to the fixed structure 607 to provide a
supporting structure for a mooring ring which is rotatably mounted or fitted
around the vertical column. The mooring ring, when fitted around the vertical
column, is capable of rotational motion independent of the turntable 603.

In the following paragraphs, berthing, offloading and un-berthing operations are
described with reference to the embodiment of FIGs. 1A and 1B. It is to be
appreciated that the described operations are applicable to the embodiments of
FIGs. 2A and 2B, and FiGs. 6A and 6B with suitable modifications.
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3. The mooring systemof claim2, further conprising: one of a rigid yoke
and a soft yoke novably coupling the turntable to the first vessel for
provi di ng adj ustabl e angul ar di spl acenent between the station keeping
apparatus and a longitudinal centre |ine of the first vessel. 25 4. The
nmooring systemof claim1, wherein the station keeping apparatus ? further
i ncl udes: Berthing bwoywessels whi ch the turntable is rotatably nounted,

and 308 ri ng P DY ST Hb e atoBr Tt VBt CanNERAPY ALTDFS! 55 S5BPAbI & 1 o
rotate i ndepkostsing |a)bp9ifatltx§lG1DL(Es@éa:bGe 3andvisre seasuigny thelfibt esgkeptotige head
mooring I nemo%/gbly coupled to a turntable of the station keeping apparatus 110 by a rigid
yoke. The method proceeds to securing anti-over rotation lines or elastic lines
between the first vessel 10 and the turntable to prevent over rotation of the rigid
yoke relative to the first vessel 10. As shown in FIG. 3, the elastic lines are in a
resting position in which the elastic lines are not stretched. When the first
vessel 10 is appropriately moored to the station keeping apparatus 110, the
heading of the first vessel 10 may be self-adjusted or weather vaned in
response o changes in the prevailing weather direction by free rotation of the
first vessel 10 around the station keeping apparatus 110. FIG. 3 illustrates a
prevailing weather direction denoted by arrows X and the heading of the first

vessel 10 aligned to the prevailing weather direction.

Reference is made to FIG. 4 to illustrate a berthing operation of two vessels.
Berthing of the two vessels may proceed under benign weather conditions at
field site. A head mooring line 140 may have a first end secured to the station
keeping apparatus 110, more particularly to a quick release hook at a mooring
ring of FIGs. 1A and 1B (or to a second side arm of the embodiment in FIGs.
2A and 2B, or to a mooring ring of the embodiment in FIGs. 6A and 6B). A
distal free end or second end of the head mooring line 140 may be guided by a
tug 50. The tug 50 may be generally located at a safe distance from the first
vessel 10 and appropriately oriented to receive an approaching second vessel
20.

When the second vessel 20 approaches the first vessel 10, the tug 50
approaches the second vessel 20 to secure a free end of the head mooring line
140 to a control winch on the second vessel 20 through a fairlead, thereby
securing the second vessel 20 to the station keeping apparatus 110 using the
head mooring line 140. After the head mooring line 140 is secured to second
vessel 20, the main engine of the second vessel 20 may be powered down.
The tug 50 may then push a starboard side of the second vessel 20 towards

11



5. The mooring systemof claim4, further conprising a rigid yoke having a
first end novably coupled to the turntable and a second distal end operable
to novably couple to the first vessel. 5 6. The nooring system of claim 4,
wherein a second distal end of the head nooring line is securable to a
control winch on the second vessel, and the control winch is operable to
adj ust the | Begtiirstoressed 1rﬁ)ead|1|lﬂ0@r¢01r@“0l iwiach 122 dnTthe seoondyesyslt 2o ief

f t
veasel Usi ng- S BB BHSPERF s Bl thi BBl BPBCSaRk Rt of PR Bpper .
the pluralitfirstfreededd0ic lines and the plurality of |ine stoppers are

operable to prevent an angle between a centre line of the rigid yoke and a
| ongi tudinal centre line of the first vessel from exceeding a predeternined

val ue. 15 8Thdhgndi®osi appwshesddtted! B Mg scbbhd hﬁéfssép@@r bﬁéme not be = @
pi vot joint glvotaIIY %u pling the turntable to the first end of the rigid
yoke: and xcessive, 1.e. the second vessel 20 should not approach the first vessel 10 in
a substantially transverse or head-on direction. One method of berthing
involves the second vessel 20 approaching the first vessel 10, which has a
constant heading, from the quarter on the side of berthing. On closer approach,
the second vessel 20 should parallel the course of first vessel 10 at a safe
distance that is appropriate under the weather and site conditions, before

positioning itself relative to first vessel 10. This process is illustrated in FIG. 4.

A distance between the first vessel 10 and the second vessel 20 is reduced by
pushing of the tug 50 and pulling of the head mooring line 140 by the
controlling winch until fenders 30 come into contact with the second vessel 20.
This way, the head mooring line 140 is tensioned for disposing the first vessel
10 and the second vessel 20 in a side-by-side arrangement, where the first
vessel 10 and the second vessel 20 may be substantially parallel to each other.

After the second vessel 20 comes into contact with the fenders 30, side-by-side
mooring lines 40, e.g. breasting mooring lines and spring mooring lines, may
also be arranged to connect adjacent sides of the two vessels.

When all head and side-by-side mooring lines are secured and tightened at a
desired tension, a heading of both the first vessel 10 and the second vessel 20,
as a single system, may not be aligned with the prevailing weather direction.
Consequently, a length of the head mooring line 140 secured between the
station keeping apparatus 110 and the second vessel 20 may be adjusted for
aligning a heading of both the first vessel 10 and the second vessel 20 with the
prevailing weather direction. More particularly, the tug 50 may continue to push
the starboard side of the second vessel 20 while the control winch of the
second vessel 20 continues to pull the head mooring line 140. The tug 50 and
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a ball joint for novably coupling the second end of the rigid yoke to the
20 first vessel, wherein the pivot joint and the ball joint are operable to
provide four degrees of freedom 9. The mporing systemof claim1, wherein
the station keeping apparatus further includes a buoy upon which the
turntable is rotatably nounted, wherein 25 the buoy is secured to a sea bed
usi ng a pl ur 8Patigl vhchzenare apegable thadjusboi ragateys centré ling bétheoginniokeng: a

first side a Wl endi fromthe turntable: . a_second side

armri gidly éﬂ‘féh%ib%gy"f ?’)é't‘r% %}ﬂé'q@ﬁ LRI PQP”Q\M%‘% eaRedng AT dpe i pPasment

bet ween the fldmsith shatethartreasiing ditthe Siestorrdssli teand ihé Seddhdoydrrel bhass 480

degrees, and th% second. si de grm IS %E){er,abl e to secure a first end of the
€,

head noori ngS'PeSYSIAY iBe?lighed to the prayaying yyeathendirRetian. f FiG(5 dhstratesabl y
coupl ed to thside-bpbidel MeoAndcamMburtiocreih Wcl aXdiRner BRRRD kR L Rsd@mvabl y

le to the first vessel.
coup ?0 and the second vessel 20 is aligned with the prevailing weather direction.

Offloading operation

After the first vessel 10 and the second vessel 20 are arranged in a side-by-
side mooring configuration, offloading operations may be performed. During
offloading from the first vessel 10 to a second vessel 20, displacement of the
first vessel 10 is decreased gradually while displacement for the second vessel
20 is increased gradually. Due to the changes in relative height displacement
of the vessels, environmental induced forces in the hulls of the first vessel 10
and the second vessel 20 are also changed accordingly. This causes the
second vessel 20 to push the first vessel 10, such that both the first vessel 10
and the second vessel 20 rotate about the centre of the station keeping
apparatus 110 to take on a new equilibrium position. With the new equilibrium
position, a heading of both the first vessel 10 and the second vessel 20 is

misaligned with the prevailing weather direction.

In order to re-align a heading of both the first vessel 10 and the second vessel
20 with the prevailing weather direction, the length of the head mooring line 140
secured between the station keeping apparatus 110 and the second vessel 20
is adjusted for re-aligning the heading of both the first vessel 10 and the second
vessel 20 with the prevailing weather direction. More particularly, the control
winch 22 on the second vessel 20 is operable to pull the head mooring line 140
to reduce the angle & to an appropriate value. Positioning a heading of both the
first vessel 10 and the second vessel 20 in line with the prevailing weather
direction would significantly reduce relative motions between the first vessel 10
and the second vessel 20 which, in turn, would increase efficiency of side-by-

side offloading operations between the two vessels.
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10. The nooring systemof claim9, wherein a second di st al

end of the head

mooring line is securable to a control w nch on the second vessel, and the
control winch is operable to adjust the length of the head nmooring Iine.
11.. The nmooring systemof claim9, further conprising: a stop nenber

di sposed on

prevent 10an

| ongi t udi nal tr?eeﬂ%{\?eés'el‘% Qhdthé s %Mrﬁitve‘ég dﬁi bé %ﬁﬁ§n§ql§8%r ﬁnﬂér%gééﬁ: m ned

val ue. 12.

che first side arm wherein the stop nenber is operable to
HHBfe hEwwREYaling ateataen conglitism etngeisgsuthytiae thandieading of

The nooring systemo er conprisin

menber ext endiengferaibng th&rr(tttecgmdéhaabpv&ﬁasmrbedew;mbtnqmofrﬁdjmtlvugbthe

(i ver 581 | o ETnen nahesst Tl e 180 e Skt P eual BeSoida ces

of freedom

apiaratus 110 and the second vessel 20 for re~ahgmng the heading of both the
first vessel 10 and the second vessel 20 with the prevailing weather direction

may be performed.

Un-betthing two vessels

After an offloading operation, the second vessel 20 may leave the first vessel
10. To this purpose, a tug 50 may approach a starboard side of the second
vessel 20. A towing line may connect the bow of tug 50 and a mooring point on
the starboard of shuttle carrier, for pulling the second vessel 20 away from the
first vessel 10. The breasting mooring lines and spring mooring lines may be
disconnected in sequence, but the head mooring line 140 may remain
connected. After the breasting mooring lines and spring mooring lines are
disconnected, the engine of the tug 50 may be powered on for operation. The
control winch of the second vessel 20 gradually releases tension in the head
mooring line 140, and releases some control of the heading of the second
vessel 20. When the second vessel 20 is pulled to a safe distance from the
first vessel 10, the head mooring line 140 and towing line from the tug 50 may
be disconnected. The tug 50 may also be navigated away from the second
vessel 20. After the tug 50 moves to a safe distance from the second vessel 20,
main engine of the second vessel 20 can be powered on and navigated
towards its next destination.

Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and
not to limit the disclosed embodiments of the invention. The embodiments and
features described above should be considered exemplary, with the invention
being defined by the appended claims.
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a pivot joint for pivotally coupling the second end of the rigid yoke to
the first vessel. 20 13. The nooring systemof claiml, wherein the
station keeping apparatus is operable to novably couple to one of a bow and
a stern of the first vessel, and 40 one ofa bow and a stern of the second
vessel for providing the side-by-side nooring configuration. 25 14. The
nooring systemof claim1l, wherein the station keeping apparatus Includes a
fixed structure founded on a sea bed, the nmporing systemfurther

conpri si ng: Glamsa i ng rotatably nounted on the fixed structure, A
wherein the ring is 30 operable to rotate independently of the turntable
and to secure a first end of the head nooring line; and a soft yoke novably
coupling the turntablempoitgsysttmreetmpusegsel . 17 - '

a station keeping apparatus which includes a turntable rotatably

5 mounted thereon,

‘ wherein the turntable !s operable to movably couple to a first vessel to
provide the first vessel with one rotational freedom about a vertical axis
relatively to the turntable, and R

wherein the station keeping apparatus is operable to dispose ihe first

10  vessel and a second vessel in a side-by-side mooring configuration by movably
coupling to the second vessel using a head mooring line having a length which,

" in response to' a misalighment of a headmg of both the first vessel and the
second vessel with a prevalling weather direction, is adjustable to align the
headmg of both the first vessel and the second vessel with the prevailing

15 weather directién.

2. The mooring system of claim 1, wherein the iisalignment is induced by
one of a change in relative displacement between the first vessel and the
. second vessel, and a change in a prevailing weather condition.

20 ,
© 3. The modrfng system of claim 2, further comprising: one of a rigid yoke
and a soft yoke movably ‘coubling the turntable to the first vessel for providing
édjustaible angular displacement between the station keeping apparatus anda
longitudinal centre line of the first vessel.
25

-

4.  The mooring system of claim 1, wherein the station keeping apparatus

- further includes: » L
a buoy upon which the turntable is rotatably mounted, wherein the buoy

~ is secured td a sea bed using a plurality of anchor legs; and
30 a ring.rotatabl'y mounted on the buoy, wherein the ring is operable to
rotate independently of the turntable and to secure a first end of the head

mooring line, .
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' 15. The nooring systemof claim 14, wherein the station keepi ng apparatus
further includes a plurality of side arns extending fromthe turntable,
each of the plurality of side arns novably-coupled to a hangi ng beam which
is nmovably coupled to a counter weight which is fixedly coupled to the soft
yoke arm 5-wherein the soft yoke armis movabl y coupled to the first
vessel. 16. The nDorlng system of claim14, further conprising: a

plurality of universal.

joints novably coupling the each of the plurality of

side arnms to the hangi ng beam .and movably coupling the hanging beamto the

JO counter wei ghtg a”?'hé‘m%q'ﬂg %@iem ofrE%W?‘Ql Mnﬁé?g@ﬂnb%gt Qﬁgné%%e Né?/*ﬁﬁ armto

the first vessel.

e noorin he net
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. 15securing a seqam@bweﬁsméuimemhmv§$at|on keepi ng apparatus u3|ng a head

nooring Iine;
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8. The moormg system of claim 4, whereln a second distal end of the head
moonng line is securable to a control winch on the second vessel and the
control winch is Qperable to adjust the length of the head mooring line.

1. The maooring system of claim 4, wherein the turntable is further operable

to couple to the first vessel using a plurality of elastic lines and a plurality of fine
stoppers, the plurality of elastic lines and the plurality of line stoppers are
operable to prevent an angle between a centre line of the rigid yoke and a

longitudinal centre line of the first vessel from exceeding a predetermined value.

8. | The mooring system of claim 4, further comprising: »
a pivot joint pivotally coupling the turntable to the first end of the rigid

yoke; and

first vessel, wherein the pivot joint and the ball joint are operable to provude four

degrees of freedom.

9. The :ﬁooring system 6f daim 1, wherein the station keeping apparatus
further includes a buoy upon which the turntable is rotatably mounted, wherein

the buoy is secured to a sea bed using a plurality of anchor legs, the mooring

system further comprising:
afi rst side arm ngidty extendmg from the turntable
" a second side arm rigidly extending from the turntable, wherein an

-angular displacement between the first side arm and the second side arm is

other than 180 degrees, and the second side arm is operable to secure a ﬂ_rst

end of the head mooﬂng ling; and

16

a ball joint for movably coupling the second end of the rigid yoke to the



tensioning the head nooring line for disposing the first vessel and the
second vessel in a side-by-side arrangenent; and in response to a

m sal i gnment of a heading of both the first vessel and 20 the second vessel
with a prevailing weather direction, adjusting a | ength of the head nooring
|l i ne secured between the station keeplng appar atus and the second vessel

for aligning the heading of both the first vessel and the second vessel
with the prevailing weather direction. 25 18. The nethod of claim 17,

wherein the msali gn”@ﬂéld #&(el H%did§%dzr§)én@%v9t§ly @otﬁ;ﬁb@ﬂg%e‘ fitst SdePdrhVéng
di spl acenent bet ween t th vessel , and a change

in a prevailing \ﬁ@ﬁf"?‘ﬂé’r $PP%ﬂbe%ﬂWB‘Yﬁgfﬁ%§ﬁggpﬁ T¥6SRR117, . wherein

adjusting a |l ength of the head nooring 30 |ine further incl udes adj usting a

control wi nch whisgh Shlf @%Ogefszmqfa%mtmw@ﬁda ey Hsgtalél?Pofttth fdig second

vessel . 18 20 el n noorin vessel to a
station keepi ig APPEPRlites st spcvrRle fPrﬂ:PW@'sWWB'brOf‘rf@e 6ﬁ@”€fVeés%oWdaWG a stern

of the first vesselrd RinbhB cpbablead adjelegnqppanahes, medtag Wher ei n securing
a second vessel to the station keepi ng apparatus using a head nooring line

further includes :
: 1. The mooring system of claim 9, further comprising: a stop member

~ disposed on the first side arm, wherein the stop member Is operable to prevent
10 an angle between a centre line of the rigid yoke and a'longitudinal centre line of
the first vessel from exceeding a predetermined value,

| 12.  The mooring system of claim 9, further comprising:
, a beam member extending from the first side arm;

15 : a universal jomt movably coupling the beam member to the first end of
the rigid yoke, wherein universal joint and the beam member are operable to
provide three degrees of freedom; and ‘ ’ '

a pivot joint for pwotally couplmg the second end of the rigid yoke to the ‘
first vessel.

20 o
13.  The mooring system of claim 1, wherein the station keeping apparatus is

operable to movably couple to one of a bow and a stern of the first vessel, and

¢o one of.a bow and a stern of the second vessel for providing the SIde-by~sIde

mooring configuration. ’ '
14. The mooring system of claim 1, wherein the station keeping apparatus
fnc!udes a fixed structure founded on a sea bed, the mooring éystem further
comprising: ' ‘

a ring rotatably mounted on the fixed stiucture, wherein the ring Is

30 operable to rbtate indepéndently of the turntable and to secure a first end of the '

head mooring line; and
a soft yoke movably coup!mg the turntable to the first vessel.
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5 securing one of a bow and a stern of the second vessel to the . station

keepi ng apparatus. 21. A system conpri-sing: . . a station keeping
apparatus which includes a turntable rotatably 10 nounted thereon,; a
first vessel novably coupled to the turntable to provide the first vessel
with one rotational freedom about a.vertical axis; and a second

vessel di sposed In a side-by-side nooring configuration with the first
vessel, the second vessel being novably coupled to the station 15 keeplng

appar at us' using %ﬁea?h%%B?ﬁ%stﬂfﬂclafm 14 M‘A‘é?é%'n{]eét& nq% 2@3 atatds

m sal i gnment of headi n rst vesSse B vessel
with a prevaili nngMﬂﬂfé{deélar@téfﬁll%rﬁ’f sige Py exiensing em Resatirnteie.iqaghlof ne i s

adj ustable to al Itg@p:hmwfwgaé ragn@ifaommoh@@d {d d ®dngw@bR8M @G it hw%vécﬁfond
vessel with the prevalllng weat her dire C} 19 '
coupled to a”counter welgh whic xedly coupled fo the soft yoke arm,

5 wherein the soft yoke arm is movably coupled to the fi rst'vesse!.

16. * The mooring system of claim 14, further comprising: .
a plurality of universal Jomts movably coupling the each of the plurality of
side arms to the hanging beam and movab!y coup!.'ng the hanging beam {o the
10 counter weight; and
a ball ;omt movably coupling the soft yoke arm to the first vess'el.v

17. - A method for side-by-side mooring, the method comprising:
mooring afi rst vessel to a station keeping apparatus
15 securing a second vessel to the station keeping apparatus using a head

- maooring line; i _
~ tensioning the head mooring line for disposing the first vessel and the

- second vessel in a side-by-side arrangement; and '
in response to a misélignment of a heading of both the first vessel and

20 - the second vessel with a prevailing weather direction, adjusting a length ‘of the
head maaring line secured between the station keep!ng apparatus and the.
second vessel for aligning the heading of both the first vessel and the second

vessel with the prevailing weather dlrectloq.

25 18. . The method of claim 17, wherein the mis'a!lgnmeﬁt Is Induced by one of
a change in relative displacement between the first vessel and the second

veésel, and a change in a prevailing weather condition.

19. The method of claim 17, wherein adjusting a length of the head mooring
30 line further inq!udes adjusting a control winch which secures’one end of the

head maoring line to the second vessel.
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20. The method of claim=17, wherein mooring a first vessel to a station
keeping apparatus further includes mooring one of a bow and a stern of the first
vessel to the station keeping apparétus, and whetein securing a second vessel

" to the station keeping apparatus using a head mooring line further includes

securing one of a bow and a stern of the second vessel o the station keeping

apparatus.

21. A system comprising:

a station keeping apparatus which includes a turntable rotatably
mounted thereon; ’ ' . ,

a first vessel movably coupled to the turnfable to providé the first vessel
with one rotational freedom about a vertical axis; and |

a second vessel disposed In a side—by-side tﬁooring configuration with

the first vessel, the second vessel being movably coupled to the station -

keéping apparatus using a head mooring line,

wherein in response to a misalignment of a heading of both the first
vessel and the second vessel with a piévailing weather direction, a length of
the head mooring line is adjustable to align the heading of both the first vessel

and the second vessel with the prevailing weather direction. .
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