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WD 2004/ 011326 PCT/ NZ2003/ 000167 -1 MOORI NG SYSTEM
W TH ACTI VE CONTROL Technical Field The present

w0 poogfotizon rel ates to a vessel nooring system BET/NZ2003/000167

active control and nore specifically to a systemfor
nmoni tori ng nooring | oads apprﬂed to 5 and

Sor o1y tna QORI GT S EM IVPEH AEHIYR BoRGigLr

TRPhAM] FYelgem enpl oyi ng nooring robots having an
attractive attachnment elenent for engagenent with a

sur f agRe fresémkinvenfias treldies tehi pesstd Backgg ayRtbnfrWwith active
The nmooring of a ship at a term nal such as a dock

cbntrolsimigmomospecifical kyltotassyistenk ficmonitortingatasdinglondsapplied to
such as these are described for exanﬁl ein W %{162585 .
andl displacemenindlen wisseldv imarea ey altheugly apt selely the mvention

g%‘gg gé ﬂg{') ﬁpgggﬁbﬁg rﬁﬂ@r'h?% :Sg%qﬁ&o grﬁig&%’,lrl}% lq”focsggg}%ggro pgsnhgving an
AR R REDGL ehitop SRRt wilh b SplEE o BARET fast the

§$@pificant dynam c forces in order to reduce novenent
of "the ship and thereby bring it under precise

control into a desired position relative to the

termnal. However, a problem which any nooring system
Baskgrownd Arti s the effect of 20 water currents and

w nd which tend to apply forces to a ship jn a . . )
di r ectfhermepriag ofngphtindbartggainahsushiss dstocksutilisipg cmooring

S ¥ B Ber 00t s sudl b O B R 3 e n
| Qyi t [ ‘ :
B2 B RRGG mSFaBbbr S Mt F R B CpotERBRa mephods of
' j : [ hi gh | | of fety whil
o L o and excessive.
redunghéya sk is Wpprédthidiethenermingl afootingasbets ate tableto secure
vacuum cup styl e nooring robot occurs when the forces

aphip end sobjactvit ¢s édrge forved iwitin iaoreasanabiiyn shard tine wagminter any

the _vessel fromthe vacuum cups exceed the suctjon
significastt dymemije doiess dupsdesorneducs, arpyementgf $he, shigy gyl thereby

N NI L Ly
R o R e e
CPReEREELY 3hd wind which tend to apply forces to a ship in a direction which
may encourage the ship out of contact with the mooring robots. This introduces
important safety consideration in the design of robotic systems employing
attractive attachment elements such as vacuum cups. In considering
environmental aspects, it is desirable to provide a high level of safety while also
avoiding over-design and excessive redundancy.

Failure in the mooring of a vessel with a vacuum cup style mooring robot
occurs when the forces applied to a vessel in a direction tending to release the
vessel from the vacuum cups exceed the suction force of the vacuum cups on the
vessel. This holding force can vary according to the degree of suction that is
applied by the pneumatic suction system. The size of the holding force and hence

the holding capacity applied by the mooring robots to the vessel can hence vary.
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WD 2004/ 011326 PCT/ NZ2003/ 000167 -2 In nore
traditional forns of nooring using nooring lines, the

whedodiong2€ apacity provided by the nooring |i nBGT/NZ2003/000167

determi ned by the break strength of the nooring I|ines
or the strength of the fixtures- holding the nooring
| i nes between the vessel and the shore. 5 In ) )
donmers tredéionab ferimgofsrdesidls eHpg ayooringrbines.rige ioldiag capacity
vari ous t hods . haye bee rqposed fo nitorin he )
R5eYidsg HYoREdNeRHRE BRes B qt%vﬁ@qi Eyﬁ%%h«% Sés%ls%gﬁ ¢ mooring
voi d catastrophic.failure.. For a e; 1t nit

sytra B Sl oms At neTbgt R Ry it MsU BN bl 1 vessel

A t hods been nonitored to control automatic

%?rt?lgéﬁf/)\n&ﬁches. For exanpl e US4055137 descri bes the
use 1Qnofcohedifional %b@ﬁhgrﬁleﬂﬁ)déebﬁ{pld}dﬂﬁgt hdrigigsil@es, various
force within a nooring ITne connected between a wharf
anethady dmyelheeBymrhposedoforanonitotisg dke ddaringp liadslantdheontrolling
wi nches to nmake adjustnents to the tension of the .
b megying setcrado gaeid eatastmphic fibrembor exmpphs thy magpitude of
however. qnly be,relied on .to ensure that certain .
| Prtesilsrlonds iBdhamantng Res e APIFYIARS M5 heen monitored to
e i m i .
RS SRR e St R KR SPS51 8T dbfibes the use
WBEFAPOh deRdI6R 88tk | fieS iR FoldeMvtithiAOa N@boring line
vary over time and cannot vary over tinme the
| s orti tetwean aechdrf end ahesdedr Saehvihfdiimatiohds meet tongontrol the
lines relate only to the determ nation of the )
uwiticiras €0 makieradustmentsi taghe tensiqn bf tfe mheringdinengs desired. The
Fur t her nor. ince there is no surenent of angl es of )
£ Dt IRt VSATS T By WIS AUy (er rHReg 19 f tthat certain

DS ORR BBt B b8 LS AT aCedtY SR Tl re finea
S eﬁﬁe@f@ffﬂh@.t&ﬁb@le_ abdnpa oehhe 1ﬂb6ﬁﬁ%'l sad}dﬁ%(tut‘r%s in question.

| ongi tudi nal direction. "Furthernore | Ight o ere

bgingde sich angile sfre@sthdiraitt 46 AL RAryIRAS WinedBId SaliRit REry over time
provi ded by the system described in US4055137 the

i theenfaroratioh gaBaabGoRi7thdfescen ovitlahlthevnianringclinasackt@only to the
position information to be provided as part of the )
syejeminatipe ol dhenlgmategnasisnan preaking, stisasthe of othe mooring.

PR aticR a8 P B RS S e HERYAe vesse
desi . , f.ul i 7

CERLARE Rt RS, SR: PSR Usa035137 10
adetdni@s $I8d -totall KRk B3RS 1adpliedo td ahieURe&eNNac FooRxhmple the

provi ded. Wilst a nooring

athwartship direction and longitudinal direction. Furthermore in light of there
being no angular or displacement measurements being provided by the system
described in US4055137 the invention of US4055137 does not allow for accurate
position information to be provided as part of the system. The system of
US4055137 is also unable to provide mooring load data while the vessel is
moving relative to the terminal, since the system is not designed to purposefully
move a ship.

US4532879 describes a mooring robot which is directly coupled to a

vessel. Like US 4055137, no vacuum connection is provided. Whilst a mooring
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WD 2004/ 011326 PCT/ NZ2003/ 000167 -3 force is measured
in one direction only by the nooring robot of

w338 PB870 t he purposes for such is to restorBCT/NE2003/000167

positioning of the vessel relative to the nooring
robot. The force is nmeasured - control a hydraulic
pressure systemto provide such restorative force,
Joreeeisttheasured impae dukediiony oobphy |thq/rrmortﬂger0®0tmé 8] Sf’g532879 the
robot is_determ ned fromthe strength o the f
sl%WD‘éﬁeér@rt ﬁé]helﬁ 4o 158oKe efRQSI%OIEBEt‘P I f‘ofVeF relative to the

f.or.c endent_on a varl a uI tinate
e ralfite i BERE 2h inud o bl aovdriuite Rress‘érﬁqsystem to
&;}8}1{}?&05&&9 rEQBRkivE Riite. t REE& Fﬁ%gﬁggl%g# \6?&1&1@2% of the

ernore t € nooring Tobot o

QRbriRg roBGSiHdetdmiiféd Sonh thORaehisthest ihenplsisitae strh@ture there is
robot is free rotating 10 about a pivot point. Since

trivenewaofor ageondiwd tof pheuicoemgriordeadgreaklentoors anyavatiatidmin ultimate

the ship this sgstem IS anal ogous to the neasurenent
dioldingcerangthy ofdbe icaypling detkeety the shin deﬂ@w@mrmﬁ robot since

055137 ri ubl i ca |on of W02/ 090
R Fobe Sihouaish ohr e e R Fai s i%4532879 is

T Oy RIS B g i
tzlb%ufrﬁ%g“ ng)diﬁ’tb OSmbé‘ﬂﬁ:tmobﬁﬁé trolS(!?[ V18 'hbflﬁ‘ﬂeﬁil%ﬁstramts to the

| ongi t directi ons. further issue in respect of

tdhep 1SS ?@tenng afaldgrusen mednéa@pélﬁammfc&ce fin ad@mooring line as
nmooring line nooring systemis the fact that such

nfivo ek ayple shosvmimeUSHAOEM 3. astic in nature.

Accordingly no absol ute, det I nation of forces and

posi t i@ ﬁgmcaﬁowub CHHQY efe\g?qtﬁ/%%lt? aﬁewéﬁ.%moormg robot
VWi | st measur,enent s Moor.i

@a%‘?%veerﬁaone%ﬁ%m@olsm 0B, BeBfighp ST pei <t the variable

f
B e LR B
OkadthBe RitbvirtsAlp asd Brgadar dasetiotked above utilise
the force neasurenent provisions for ensuring the

mai nt ehdnrthenisstdin respedtrng the mayerieag dfoforedsiand dispiatements in
of self destruction. This is_so because of the direct
e BlegRing dinecpopring gysemtip the/fast Hhat gpethmoagsingdiies age often elastic

B A5 3 i LSS AL R M bl s cn
f
T G SO Al g o

gglggﬂ regn anpoBhRyed &bl pedvddhibzbluiatAfmiion3ther8siik Yis not an

instantaneous reflection of the loading and position of the vessel.

Accordingly some of the prior art systems as described above utilise the
force measurement provisions for ensuring the maintenance of the mooring
system to within limits of self destruction. This is so because of the direct
mechanical coupling of the vessel with the mooring robots to the wharf.

Moreover the accuracy achievable with the mooring line prior art systems
is limited by the properties of the mooring lines, which may interfere with one
another or with bollards etc to produce anomalous effects which cannot be

readily measured.
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WD 2004/ 011326 PCT/ NZ2003/ 000167 -4 It is accordingly
an object of the present invention to provide a

wore@riong26 system with active control which addPerNZ2d08/000167

foregoi ng needs and problens or at [|east to provide
the public wwth a useful choicg. Further aspects and
advant ages of the present invention will becone 5

appar dhis acenrdingly enbijens afcthermrpsans Anvigntiom 10s PEIvidH 2 mooring

by way of exanple only. . Discl f ol [

AP ot Gontiol tiich SUGEST FI PHESHE HRUS ARG groblems or at
onsi, st in. a.methqed of, 10 rolli I

60T 6 5 of aRT R St eaRefttbicng "o 1 east one

moor | 'Tglrtlfet?bt ebRM a @'a%ﬂr%?ﬁgké%‘;%;ﬁ?@ ifpEket MRoeRton will become

floating a e surface o of 'water to a
tappatatiifronh fige sMRiANGescBPeibn vitethiH %ﬁ'eﬁl’ﬂ)yaﬁéy attxatdple only.
force attachnment elenent  displaceably engaged to a
base structure of said nooring robot said base
structure affixed to said tenninal, said attractive
force attachnent el enent being rel easably 15 engagabl e
i.th a vessel suyrface for making fast the vessel with
!SHIQSBFWﬁEH‘Ye'E moor i ng robot providing active
tr ans'/—‘i‘éé({?ﬂ@g&@%?%f gﬁe&g lﬂ?eoﬁﬁgéﬁtgﬁfv%ﬁti R'cofisist in %method of

at t achnen ase structure

A @1 iR el st N oBEME 9 stem Sdiday¥Res Bhcliding #1648k tdreNmooring
sel ected from any one of both of "(i) an athwartship

diobet forasleagalbly f@flerfing Ja wesbelrfipatingi aidhe sunfamt obmbodpofiwater to
met hod, after the associating of the vessel with the

n terinigals yee anodning sobasvinakpding: aperlactien f9rae cttaghment element

engaged by the attractive force_attachnent elene
AP IPREIE casts r?gab%ﬁ SEHCHIE Of SeidTROBBIBaRhptEIdibase structure

ERSEH ROt R im0 R BYE o BBt Ebaing peasably
! ia@hbleafith YvestAl PRl IBCHAR Ry AR ossdiWithRid terminal, the
pu e hol di

ses of determning t ng capacity in at
| @@stingnebet prbvidaar attivd tiaasiatienalt inovetiene ofotheeattractive force
direction, (ii) nornal to the attractive force
dittashnient etement3elativei tedhe dabg stractiran® 200w/ therebgehe movement

PCT/ NZ2003/ 000167 -
of a vessel in a direction se?ected from any one or both of

1) an athwartship direction, and
(i)  alongitudinal direction,

said method, after the associating of the vessel with the mooring system by
allowing the vessel surface to be engaged by the attractive force attachment
element and the establishing of an attraction between said vessel and said
mooring robot, comprises;

(a) measuring the attractive force between the surface and the attractive
force attachment element, for the purposes of determining the holding capacity in
at least one of

(i)  parallel to the attractive force direction,
(i) normal to the attractive force direction and

horizontally, and



(iii) normal to the attractive force direction and
vertical, (b) neasuring the force between the

watimacBkeoe force attachnment el enent and t he PEENZ2003/000167
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structure of the nooring robot at least in a direction
sel ected from anyone or nore®f 5 (i) parallel to the
attractive force direction, (ii

| h .
attractive for 8i)di meemablp @(ﬁldlltt)r?fgl%ezr%meta ' g}ﬁtleoélr?dld vertical,
i |t t t ti f di.
T By Bk B ] A Bo comen
al iy AEHAE hAkhge %?dgfehfﬁooﬂiﬂgfrmk%éél)eaé{elﬁsij&ﬁgcﬂdﬁ s(é?%oted from
riggere en any one or nore o

wherern an alarmis one 0

tdiohebs aforeRAsured in (b), in a direction to tend

toward allowi ng relative novenent between the

attractive forgp at tpaciitetn tled @ttractivafutce deecston]

vessel, approaches an attractive force dependent

hol di ng capaci t(i) i n nommalii rtect then @fracéivé {@ear ddirection and
allowi ng relative nmygvepent .of the attractive force
attachnent el enent zoptallysandi vessel . Preferably

At ractive T otk arostRRr Rt ndhE Bt (Redigfiiidea,

furth [ f FOr,
roasurGl aofffting MENANoRRG BeoTRGE (O laiAN SRS and the
t @06d(6) Rlchoieddn (PEvtidr¥ia ADYRMRNG tHepsved WhidiEany one or more of
variable force attractive el enent an e sai

ble f tt t | t g th d 20

vihssfircén measireglc in qib),pan & Ididection stoc kenfdo tawedisl) allowing relative

nmeasured, the controlling to increase the attractive,
foprempat hewrpenribe\aiaelives e célaghmenheloment apddhe said vessel,

?E%’Igls%q i ‘é’?ag‘;a%ﬁé%g@? t &(F: gf%qeﬁgﬁglﬁgtt}%g{mrcﬁgfoﬁg dirction to tend

8¢ B 030 A TR g koot cemc

fwithReid végkudes, when any one or nore 25 of the

forces nmeasured in (b) reach a predefined limt

t endi nBreferablydsaad ladvaotiyerfoked atveechmmare reberheitels vieearidhiie attractive
variable force attractive elenent and the said vessel

i foree ditachunensrelgaent ang theanethed figherinsludesagberany ppe or more

R T
LA, B IRE e, 850 O by e s

%%ﬁ?%@%é@%%%%%@ osggfi '(ngik%'eﬁ‘sg FhidsBrdd, Yige ¥trolling to increase

the attractive force between the vessel surface and the variable attractive force

attachment element in response to the force(s) measured in (b).

Preferably said attractive force attachment element is a variable attractive
force attachment element and the method further includes, when any one or more
of the forces measured in (b) reach a predefined limit tending toward allowing
relative movement between the variable force attractive element and the said
vessel in a direction parallel to such force(s) measured, the controlling to increase
the attractive force between the vessel surface and the variable attractive force
attachment element proportional to the force(s) measured in (b).

Preferably said attractive force attachment element is a variable attractive
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force attachnment el enent and the nethod further
i ncl udes, when any one or nore of the forces neasured

WO pooglo)13eeach a predefined limt tendi ng towarBCT/NZ2003/000167

allowing relative novenent between the variable force
attractive el enent and the sai@- vessel in a direction
parallel to such force(s) neasured, the controlling by

Jorgecetiaghmeyt sleniend andthaeethed fusthes iBeluges Wieneany one or more
TGS ineire Brenin ABh Bk Y bidsfop lEbis Puerpgyd atlowing
SSBFE Pyt Bl il G SRS BARR1 and e sai
hesygem bhairddtdphidlR]l HOsRH FbiceR)MBAsRbEMMHe 886trolling by

the base structure is continuously fonitored and 10

detrensinpedf theoatteacsivgnfalrce st viee wossal tsusfaselwndr the variable
wherein said signal responsive to said transducer is
ditepttiseetbron atthchmentselement whichythe tfordefm)i meassredhén (b) reaches a
force (s)l, b,etgeen a/esse,l nd said fixed structure of
JHPHIHEB LWL P B PrCdaeEIBRE F8Cs ai d syst em i ncl uded a

bt esert ity RRERIR ARG Lo E: MR Wi (e PEfithep. (s attractive
?f'g?%%g%tstécﬁnﬁerﬁ%léﬁgﬁt 2hd ﬂ%%)bﬁ%éegtrﬁ@tﬁ?@ ﬁ]s 2o MRER) honf¥ered and

as nmeasured In tween the attractirve

ftaeinbd afBAEN sed@ilerdspaidivé N RasLnsdudes! Uvigerein said signal
each nooring robot is continuously nonitored and

desponsiveetb faidrransdiigerais digspyads buehe vessel vasisdlye o jndicate the
wherein said signal responsive to said transducer is

dioggst () batvrene rrsselawdesaid fixedigrngturg of saidinanieg rohot.
sa d° Tosteraay g sitin teelaret Apiypably S sipced fpih Srdhiing robors,
ol dlhacin, SRASAT: 0% A RRELPL ORI S enfq g surtuce of

CRURY8sdeP aBdSWhEREE tR forésggﬁ a¥ 8ASRuredier @) fbe‘i@?éi% I!:]I(lae attractive

met hod further includes, en any one or nore o

f fokcee sittaehmisne dlémerftb hndf thenbawf stacwireroaf ieach rmbotisg robot is

tends toward allowi ng 25 rel ati ve novenent between the

aeontiaspiisly tonisered tandaletermined diosme sgril rpposgivg to a transducer,
direction parall e]

kY, ére@ilubég@ signah eSS EEh it gad tﬂi%&?@lfq%fig Qﬁgigﬁfa%@ g the vessel

il SN B TR SHGBFR W e of s

i1§108 Irogb{'ed for novement of its_ at_tractive f_orce
attachnent el enent relative to said fixed base in a

ot s e Dol ygcgpiaismn bt
RGAThNM2OABINQ001 6ifractive force attachment element to engage to a surface of
said vessel, wherein said method further includes, when any one or more of the
forces measured in (b) of one of said mooring robots tends toward allowing
relative movement between the attractive force attachment element and the said
vessel in a direction parallel to such force(s) measured by such approaching a
holding capacity of the attractive force attachment element in any such direction,
at least one of the other mooring robots is controlled for movement of its

attractive force attachment element relative to said fixed base in a direction to

vary the force between its attractive force attachment element and its base
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structure in a direction opposite to such said
direction to thereby reduce the force in such said

wa@lzooemii3en bet ween the attracti ve force attachP@niNz2003/000167

elenent and its said base structure of said one
mooring robot. Preferably sai-d system i ncluded a
t obot s

HECIER S R R

TSN et ERABH Rboch R AR lrud byl fRaR et gpnd s said

'Hé%@st?ﬁct{xﬂgof %5&%5%65%?%15& (b) of one of said

moori ng robots tends towa all owing rel ative

novempatfdpsilveeid dykeny aidledddea phlrektyad it spaced uparehmmg robots,
and the said vessel in a direction parallel to such

feach girejentimgsaneadiable atirdetiap pioves hitachmentacleotati ig engage to a
capaC| ty of the attractive force attachnent elenent in

anyfase i sail vessel.owhersin jsaidsmeghnd Gurthereinglusies, wheniany one or
RBPRE! BRcErapipetien dn{Of RE SDe e TRotBie et s toward
eﬂﬁ)%ﬁé trélﬁfl% YI?oJe%e%‘? beﬂ% g% iable equ'@é aftilil 8 @%?ment and the

vessel~surrace 1S correspon

Laid GedsBRINE @ﬁ‘ééﬁ@n %fa'll%? td B’@CH %r@@(s) Pncak@RANBY Hivd fipifroachmg

the purpose of its display on the Vvessel. Préferably

whéiobdingt bgparityr af tthe eathrattiee bfvrye entashindnatdiemett ve any such
force attachment elenent and the vessel surface is. )
reieestiond atleish oat gfathecathee spamtignpbats i3 kentreled f@ dncrease its
attracti force is transmtted for the purpose of
Wes%h'ic% t h 20 the measured force(s) of (b),

t”ﬁ? F g By etin; el Byt B8 Bt Fost aftragilve force
fa% Enfeﬁﬂé!'efrféﬂt&x? ﬂ%w&sgev Sy ilce li@ eaguﬁa\aﬁagr&%ﬁ)agtc\@ﬁ%gpmdmg

attractive torce atta rrent el enent an

Vc@&ﬁ@ ineadlivcdtiadtilienfdréeois Qfaﬂsﬁnﬁ@@ endbethueposatdfrigcdispay on the
force neasured. Preferably wherein the attractive

fyesed. bet ween said attractive force 25 attachnent

el enent and the vessel surface is neasured and a
si gnalPretrallypanereiy theo attctirgadeiiced baftacac soide afteactiye force

an ttedfo t he r e of conparis
r@%ﬁv@&m st a0 ghe Vol BRERe iR at A Al o Eabonding
C
r;té ggg% (éggxlg ér%é)géqir nﬁﬁ%@ rfé)lfe tgltegﬁlgi)gge @isc%om%arlson with
(the |n‘i’éd§ﬁré‘d°ﬂo?@(s)r @ﬂ@b) I fllefctn bR AWrin isrtn@gb&*d' WhBen any one or more
novement between said attractive 30 force attachnent
edfethe rforces dncmsiickdvims@@ Ireachies alpriopbrtiongof afereeirsquired to result in
endent on WD 2004/011326 PCT/ NZ2003/ 000167 - 8- )
ative movement between said attractive force attachment element and said
vessel, which holding force is dependent on attractive force measured.

Preferably wherein the attractive force between said atiractive force
attachment element and the vessel surface is measured and a signal corresponding
to the measured attractive force is transmitted for the purpose of comparison with
the measured force(s) of (b), wherein the attractive force is increased when any
one or more of the forces measured in (b) reaches a limit corresponding a force
(holding force) required to result in relative movement between said attractive

force attachment element and said vessel, which holding force is dependent on
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attractive force neasured. Preferably wherein the
attractive force attachnent elenent is of a kind to

wheongogaged with a planar surface of said vessePCT/WZ2d03/000167

its attractive force acting normal only to said

pl anar surface, wherein the at§+active force between

each 5 attractive force attachnent nenber and the

pitaasiivedorqeameascireasur ed and a signal correspondi ng

to th asyred attractive forge is transmtted for .

the | Dariaady orhbing e Aot fitenathRBET ahblpLE oha kind to
| . . ‘

08 etdeoba WER 2 Plo SR oF splf k6T SAUPIFAGHER e force acting

Akl Yaly P\EREPlandf seFhéb, akiicR6in e 4tah6eva féiRe iBWEen each
menber arid said vessel in the 10 direction parallel to

talpgadtiviec oroe astachoheht nidmbdn and theplasehasfickeishoakaluregd and a
capacity of said attractive force attachnent menber
wigial seirdespendinlg & thelemensrirpd cattraetiive Herageifs Graagmitted for the

fﬁnfr%&%%%’ S oMo b e fartsmeasirafin &) [ Bigiean alam is
L ' . of sai d. L with | o .

feRaaPy RO spRl GRET G GREIGHRE B b\t Briipe g relacive
;1#?{; 4 &nt2Bf sllaﬁi Aftr RtV R eratimhant hysnhr said vessel in the

ment el enent, ereln the attractive force

hiteEien paGlichitbr del foreel Measurad tiac e (li), aproechadnthe holding
t he planar surface is neasured and a signal

wapaeisp ookli sagl t attrhbiive nioaser athchtitena cmientbef owath isgid vessel as
transmtted for the purpose of conparison with the

fdsteanined Sipne tha meppyred pitjachiefeics- when such force in
F owar GiFLSRb TGS B dtBeRvE i amaringnt SRR i of a kind to

¢ ti . . . .
. RNk Sl SRR RTS8k P R AHESA e acting
(ddrinal BRBF RAEHE PlaMe shEheld RAd PERS vhdiable at@h@ive force attachment
attractive forcé attachnent nmenmber with said vessel,

tdlement, nabéreire tHo ntiectisei focce bswrtenPeatheatttalctiveiforcei attachment
when the force between the noori ng robot and the 25
vassber paddheaplanar swréacsi iscmerpnedfanton signnd Loicsponding to the

(b) (i),tends. toward,.resultin in a separatdion of. .
SHE R AHEACHYE 0B HRRSRIHSEAOT dPE RBRROS Qi aparison with the

| g on S
555 g B SESHE ) b A0S 8 P R s
gﬁeac d ﬁﬁﬁﬁéﬁ%grﬁrgiﬁt BWat@e&uititth fherdhiivesioh¥ehPbLeid attractive

ment changes t0 a nmaxinum attractive
f r&e attdéhrAesofididt@r Yanidnsid sessel dinatheediredtiom paratento the force

invention consists in a vessel W) 2004/011326
ROTANTFEDAB/ Q0D 7 appsraches the holding capacity of said attractive force
attachment member with said vessel, the attractive force is increased.

Preferably wherein when the force between the mooring robot and the
vessel parallel to the direction of force measured in (b) (i) tends toward resulting
in a separation of said attractive force attachment element from said vessel,
exceeds a first threshold the mooring robot adopts a safe mode wherein the
attractive force between the vessel surface and the attractive force attachment

element changes to a maximum attractive force.

Accordingly in a second aspect the present invention consists in a vessel
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noori ng system which includes at |east two nooring
robots secured to a termnal, the term nal being

werdohmr132@ fixed or floating structure each noPCT/NG2003/000167

robot including an attractive force attachnent

el enent di spl aceably engaged t®-a base structure of
said nooring 5 rohot said base structure fixed
ﬂ@P@@n&§Y$@ﬁ%Wﬂ@Chéﬁﬂﬂ @, said attractive force
attac

h |
o L ST 0] SRSl Y SRHRH el g cither
\S/degig(gﬁ (?Ig ?@gﬁggteﬁﬁl%hr@ ULcAC 80%%1?%0? Qné §[ hE attractive force
ermnal , sal ractive

%ﬁa@ﬁﬂféﬁf‘telﬁh&ﬁe&fs Ha%@aﬂﬂgleer@a e§@%8r 4 itade ab‘ﬂru@hhéaéﬁ 538 mooring
force normal to sald vessel surface at which it is to

hebofl Gat bash ethuctean8xdd rekatiabl fos khd hernahal, amid \agtractive force
force between said vessel and said attractive force )
attagbmenhtelementrio bhaelsasatdsicengagedi withr ebstbstantialiye yertically
nmeans_to actuate ve of the, attractive forc
aq&tm%morémnﬁtﬁf mﬂecﬁ%@&p&sﬁ&%%&%ﬁ%&%@a@g fast the

T
f ur o $% Qﬂlﬁ%& ngrfﬁh‘;é hOFm A s4i80Pdssels St %&y &t §/Mich it is to be

I'nc a neans to neasure
adttdchedj ve force between the attractive force
attachment el enent and the vessel in a direction
par al |mkanso te aesdablizh tor ratiiradtivep forcedbetwrechasaidavessek and said
force ca acit% readi ng" and (b) neans to neasure the
fatraetivotaree attaghraenitalotaent ve force attachment

el ement. and the base. str f said nooring robot
in at VASIS SAGH mppLing r(ﬂp} glflgfbs meags 1Q actygle movement of the

PALALGEd g‘éﬂ:et Qt?acﬁ]ﬁjl&t ga%ec t t8a é)\ﬂ) %? atfasgosr(ijﬂﬁlturezlﬁ at least a

force're I ng I on OFIZOH

PRI GeleRted Fradl me‘ 05 ort Bothr GV iadle athwArehiiF Odiir&itlon and
shear force reading”, and iii. a direction vertical

dlodgitadipahdirecticr to the nor nal to pr ovi de a
"vertical shear force readi nl% means to nonitor
t he reinit Wherstin foreachaebots a2 sarsﬂerraﬁtrthﬁé ingdudimgno

2004/ 011326 PCT/ NZ2003/ 000167
(%1} a means fo measure the attractl%e force between the attractive force

attachment element and the vessel in a direction parallel to said
normal to provide an “attractive force capacity reading” and '

(b)  means to measure the force between said attractive force attachment
element and the base structure of said mooring robot in at least any
one or more of:

i.  a direction parallel to the said normal to provide a “normal
force reading”

ii. a direction horizontal and perpendicular to said normal to
provide a “horizontal shear force reading”, and

iii. a direction vertical and perpendicular to the normal to
provide a “vertical shear force reading”

(c) means to monitor the relationship between said attractive force
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capacity reading and any one or nore of said nornal
force reading, horizontal shear force reading, and

wa@ eootiocksk6 shear force reading to provide a orPGENERE@B/000167

"mooring status reading(s)" (d) neans to control each

nmoori ng robot responsive to sd0d nooring 5 status

reading (s) in a manner such that when any, one or, nore )
of normal RBREE readthsd Ay PRe At HIors RE sRid; gpraal force reading,

Chear o cOERamRER S feedingnend SREHGHT shpf force reading to

allowing a (Y :?ﬁlﬁg j sel and

sai d_ attr a(érﬁil/@%fao&c@éﬁfgg#ﬁgn V%%gﬁz%ﬂnc#@):\ s_ai d

moor i ng) r 0Akansofo dbntkdieedH HoMinEeRMot trksptinsBdl € said mooring
attractive force attachnent elenment in such

di rection, ssaus remting (boircanhamierisachithitewhet ahgaste or more of
one or nore selected fromthe following: i. said,
means to establal sforemirdading dotizontal owhear ifarce reasieg reaches a

to increase said tractiye forge, 15 ji. an alarm ) )
and iii. a mﬁéﬁtﬁ%@i}wﬁ and yeeticals sheat fpEcer srading n a direction
attachnent el enent at le ..one ot her Qr.i .

Fobot el atiEUG B, flowRiees SERHE P i BRRceSpid,yessel and
opposi t e t%a‘i(hﬁttlda'cg%tfb&% attﬁﬁgﬂéﬂt ERmek ey sﬁgi fhooring robot, of
rel ati ve novenent between sai vesseP[1 ang sal d 20

attractive theneediabtaphsRyiof shRIBMiactlc Fotcd AMRRhinREt element in
robot, to increase the loading force on said at | east

one ot her swbrdirggtionpeaidandansetucomipltindidtesati legst one or more
force on the said_ nooring robot in said direction
t endi ng to lgcked Hgmuthefoflaming novenent bet ween said

vessel and said attractiv 25. f.arce .attachnmept .

el ement of sdtd nS&H[ Megue Z‘Bgﬁabi-"%é%lfla%{r cLg Eorce n a manner to

attractive force . [.S a vacuum pad or
AMIEO TR AT

cup and said neans e attractive force

bet ween said jyessglalanfd i d attractive force

attachnment el'enent is a vacuum systemin fluid

communi cat i oniii. Wi d disphicemeatofithecatiractinet foned attredhngent element of
vacuum generator (preferably a vacuum 30 purrp{.. W

2004/ 011326 PCT/ Nt2bst owel @ther- mmooring robot relative to its base

structure, in a direction opposite to the direction tending to
allowing a relative movement between said vessel and said
attractive force attachment element of said mooring robot,
to increase the loading force on said at least one other
mooring robot and reducing the loading force on the said
mooring robot in said direction tending to allowing a
relative movement between said vessel and said attractive
force attachment element of said mooring robot. |
Preferably said attractive force attachment element is a vacuum pad or cup
and said means to establish the attractive force between said vessel and said
attractive force attachment element is a vacuum system in fluid communication

with said vacuum cup and includes a vacuum generator (preferably a vacuum

pump).
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Preferably wherein at | east two nooring robots ("bow
set") are provided to be engaged proximate nore to

wo b@4poms2of a said vessel and at | east two nDOPCTIYZ2003/000167

robots ("stern set"”) are provided to be engaged
proximate more to the stern efl- sal d vessel wherein

sai d neans to control can cont rol ractive force
of  eabRoRSTahly FEROFGIRAL Aot BV o HGRTIAGIND éh@m Sekricare ravided to

PRencagtd prtimeliaios 1S, Bt b o! %éaléi‘%r&g? nﬁ&@#fﬁ%ﬁ tw8 mooring
8!5’(9(5 rfgteﬁ?g@t” Safé gf&ﬂﬁgcﬁo bef ér{%?igea ﬁirS)?‘n"x?&lt fBeﬁféSstem of

3" T3 in a mann

h{d R&GEElY “évlfe?élﬁ%aﬂf mRastd &iftfol YaneRmbros &o attractlve force of each
Accordingly in a farther aspect the present invention
aansdtiBiesforce attadssalt eldfiemard iiga syatnemwiterein when tobesttractive
at | east two nooring robots secured to term nal, the

tferaes apblibd ite ghevessel surdadei yeat lonstronsot : srgd aeeaeingorobet of each

aet ?ggqhvegiff bt Zl?r%?h@méor' \PaE e ORI BRA LS aitbaswanmer to
t .

AORBEE faatide FREE pEhe A0t B RURRET 2t Vet or ce

15 at t@(ﬁ%ﬁ’&ﬁ L B0HhER abifect ?1'1@ g?%@h‘b’ iRREAEE S onkisty ﬁ‘l a vessel

vertically eXtendi ng port “or oard side disposed

\fﬁ&ﬁ@ﬂl Wé@qﬂnﬁnﬁnmgeg}g f ast the vessel to said

term naI said attractive force attachnent el enent

capabla¢ ledst exe mooringarobats seaoréd/® 4 targenalntherteiminal being either
sai d vessel surface at where it is to be attach

wefined oy Beatitg deek (oo aatecrad voselr srett MMOTINETP qbg»&.lacludmg an

| apd sajd . 20 f h
GO RiTes altRelnBrniceen pbkos Lo DS BNl pEpeid mooring

L B66L RO pEE) FulfRADSAAS TEARVE ot f1f Mrbfifl e bR&dive force

ween Ive rce attachnen

LARCNERAE %1&1%& rt@"dedl%lé’d%ab 13t digagkd @it @rxﬁe@tlcﬂﬁpéﬁbh&mg port or
readi ng" and means to nmeasure the force between

saarboaid side ﬂnsp@sé(bwe&sehsmﬁadmﬁmhnalahg Hesitthawedssehto said terminal,
fixed structure of said nooring robot at least in a |
dilatds attramﬁwpaﬁoam attaghonenteclemiedt qapabde of oxsridng @a affractive force

RV dmati ool ABACal WEbert o P FEPES. 30
‘5323."Eég@wﬁjé%%f?{%%l@%e%%%ﬁ%oﬁ%ﬁ%?ﬂ' g Pessel and said

attractive force attachment element

wherein for each robot, said system further including

(&) ameans to measure the attractive force between the attractive force
attachment element and the vessel to provide an “attractive force
capacity reading” and

(b)  means to measure the force between said attractive force attachment
element and the fixed structure of said mooring robot at least in a
direction parallel to the said normal to provide a “normal force
reading”

(c) means to monitor the relationship between said attractive force

capacity reading and said normal force reading to provide a
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"nmooring status reading” (d) neans to control the
nmoori ng robot responsive to said nooring status

wo e@diong2é n a manner such that when the nor mal PEDNZ2003/000167

reading in a direction tending to separate the

attractive force attachnent 51i2Fenment from sai d vessel

reaches an attractive force reading threshold, said

means to cORQOBING sttt sgaskingt | east any one or both of

selected fromthe foll ow,ng: i..sai ans to . .

cot ablih SHES ot P U Basingnrebfegeisfye to said mooring

I Nncrease saj r iV . :
4 Qusafetadﬁ’igal&z? A aucglgglat% g\lzﬂrc]egl] thg hoPhnal fr%rce reading

Preferably erein noori n 0 udés nea

to actuat ety gieb@én ABadinBsesByAkate  the httradtivertdicy attachment
force attachnent elenent relative to the base

structure icheraént! €agh sdaidat/byset t shachesdiane attractiveandorce reading
wherein said neans to control may in addition

initiate athiesholdcsardneats tat iinigiates ras deast aay: e wr both of
15 el ement of an ot her robot .of said systemin the

at hwar t shi geksrtesdirorn th #d0gt s said fixed

h by i ' > | i L cqi
Sther of Csard it REERS D Sttt SR PR R 5P hanner to
ot her nooring robpt..RaviNg GARAGE ¥rcedgigr M ned from

said attractive ?orce capacity reading, to do so.

Preferably saj d syusdlgmfurther includes 20 a. neans to
deternmi ne shear force hol ding capacity between said

at t r a@referabhlyr eehertinactank nimadrarge mobaehdinshidds vesses to actuate
resultant from said attractjve force capacity )
reanslatipnal mayenwnt o6 the attmctizetfoste aitashnyat slementyelgtive to the
to said normal to provi a "sheagr force holdin .

98 TR A e 3, aUFBBRED D HESat anlungidy said means to
directi f.orce....pei.ng. a fo I e
o gRRe Bt B e PR I ifach® foRR°fiachment

%1&&6!1{*8%% FRh&RBbt 8P g%iagd;y@teﬁ% X€ theS htheirtshi @frecﬁﬁigﬂtowards its

noori ng robot to provi "shear force reading" c.
nedd Sided sE@Iith thdieby ehatasingthe lbading eforsmiod sateather of said

force capacity 30 reading and said shear force . )
rmadiing tobopy depeiedent " erecsoeh a artheig nworign 4pbat1 Bewng capacity
P%é:rNrr%i%g 31,40%(1) (s)e:tli%?attréct%vge force capacity reading, to do so.
Preferably said system further includes
a. means to determine shear force holding capacity between said
attractive force attachment element and said vessel resultant from
said attractive force capacity reading, in a horizontal direction and
perpendicular to said normal, to provide a “shear force holding
capacity reading”
b. means to measure the shear direction force, being a force parallel to
said shear holding force, between said attractive force attachment
element and said fixed structure of said mooring robot to provide a
“shear force reading”

c. means to monitor the relationship between said shear force capacity

reading and said shear force reading to provide a “second mooring
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status readi ng" wherein said nmeans to control the
nmooring robot is also responsive to said second

wor@riong26t at us readi ng in a manner such that PMENZ2008/000167

shear force reading in a direction tending to

allowi ng rel ative novenent of13%aid vessel and said 5
attractive force attachnent el enent, reaches a

pr edet er ni AUy fegding”sai d means to control initiates

at least ane or nore selected fromthe . fol.lomng: i.. .
sai d GnsgIGEIeans fQ HO%%?IQ‘ESPP?%‘%E (R?O? ol Egoifﬁspé’ns“’e to said
mannes _to . ingr, ' [ I :
PG mgarl}gé 3 é‘rsg%ie“{}?%?l aa?ﬁnléta%ﬁéll %u\éﬁ tfl?tL \gﬁeén fktchr fBe reading

0 ac
tiﬁadqﬂhlééﬁ&'i‘ QFndl‘iﬁ%efE?QHo@fngt RSafld AGHdNEnt dPK4E vessel and said

attachnent elenent is a |linear actuator I;[aw ng an

QRE{cRivie dar@xatachindt @leraédtyedachés ® ptkdetaiiiaad limit, said means to
Preferably said nmeans to actuate trans|ati onal

woutokimitiates ahkeastt aneaart note seflented from dbé fellewisigenent

is a hydraulic Iinear actuator, having an operation

axis in 15 fhe AtiviREaRhioeHRb! $aé‘% ?tt%tweréFWn a manner to
force nmeasurenment derived,from.a ans q’éo sense the

hydraul i ¢ pr essuF%CIS?Seéﬂ%anbgﬁ?ﬁ?rgq?f ar actuator.
Accordi ngly iiin stahlahalﬁlfurther aspect the present

i nvention consists in a vessel nooring systemfor

cont r Plrbfeipghly Qi d BRah Go Ylenity Basglhtivhilnmavemant of the attractive
facility said system conprising: 20 at |east one

fomel Agachehatt dlementlivaskhear fctuatenihayin® anaoperedes elxis in the
said nooring robot including i. a fixed structure
fatlswargdptditestipn. wharf facility, ii. an attractive

Rt AR —
i ve f . ol i ..

5 S5 N R BT 98 o

NRY SRRAr e}ﬁ? _cﬁfﬁicﬁofl?%ihido‘hﬂal‘ fecfthoReAIAENtIddrRe! R6% a means

berng a vertica direction, a first horizontal

dbrsesdd 1he alliceprebsure b€ saidriyalrauliaf lindae aerratorcal
surface and a second horizontal direction 30 parallel
t o t heAgdomdingly éntstidah Rwthien@spsad thequresant 3pgention consists 1n a

PCT/ NZ2003/ 000167 -14 : :
vessel mooring system for controlling the mooring of a vessel with a wharf

facility said system comprising:
at least one mooring robot for releasably fastening to said vessel said
mooring robot including

i.  afixed structure fastened to said wharf facility,

ii. an attractive force attachment element for releasable
engagement with a planar vertical surface of vessel, said
attractive force attachment element moveably disposed
from said fixed structure to allow its relative movement to
said facility in 3 orthogonal directions being a vertical
direction, a first horizontal direction parallel to the normal
of the vertical surface and a second horizontal direction

parallel to the planar vertical surface
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iii. means to actuate novenent of the attractive force
attachnent elenment in at |least said first and second

wheowporse@l directi on means to generate a for CRCENgRAB/000167

representative of the force between the 5 fixed

structure and said attractivelderce attachnment el enent

in adirection parallel to said first horjzontal )
direction, adid nEee8st & gapEate dNgVeHEBE of gihgl attractive force
representative of t

e force between the fixed
structure and sa?)ﬁa‘gf‘f‘?lgctef%emoﬂ]&ea%p?ﬁ%h fgsto gk second
in a direction p?lrgﬁ%&%al dfrgctf&{ d second hori zont al

direction 10 mean 0 generate a force signal

repr ee0At Ve lat REFdBESidil hohdbstfalips ©F thd ThrRSetween the
said attractive force attachment el enent and said

B trichureaind dJaiid sttractioe ifaestasfachineattlenent ireadirettion parallel
determ ne the shear holding force between said

4o tsaiadcfiisy bofinontel din¢atmahardit el enent and sai d vessel

in said second horizontal direction 15 . neans

r espo/fa¢ans toozeuTerd farce stgnal depfisscAtve w?rﬂae force between the

B4 SR R R bR RuEHBRg 8 ffrion paratel
fats JRBhA ABAdo PR Rugenerate a  force signal
reaches a pre éfi Red val te approaching the tensile

hol di RgedRIieecABHhtel TRk difital ropeSertBiG b€ thed¢nsidd Holding force
second nentioned neans to generate a force signal

eewbas saidoatrietivoefdremlatiaclapentoelechiony anidessfieassel in said first
hol ding force initiates any one or nore selected from
thogizoofdl shiteation, (a) an al arm and 25 (b) an increase in

the attract] force of said attracti force . .

at t ac FRgHS tlo\éq?%tﬁgﬂltne : hs%géﬁ B&glé@gs gqfc\éﬁqftwgﬁn s#id attractive force
actuat i , i J . . .

St Pl ISRRAT abff Vo1 if shidShegond porizontgldirection

at t achyies Fés@@ﬁﬁ% k& lsatd st tahdSRicEnWhadf thiddeaiehtibied feans to

a direction to reduce that force which is over said
Senpfaeafforatsiyediywhivti wiewose or nfvge lofof . WO

2004/ 011326 PCT/ Nz2003/000167 - 15

(a) the force measured by said first mentioned means to generate a
force signal reaches a predefined value approaching the tensile
holding force and

(b)  the force measured by said second mentioned means to generate a
force signal reaches a predefined value approaching the shear
holding force

initiates any one or more selected from the following;

(a) analarm and

(b)  an increase in the attractive force of said attractive force attachment
element with said vessel and

(c)  the actuation means to change in the acceleration/deceleration of
said attractive force attachment element relative to said wharf

facility in a direction to reduce that force which is over said

predefined value being one or both of:
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i. the force between the fixed structure and said
attractive attachnment elenent in a direction paralle

wo eoogaid26e6econd horizontal direction and/ or iPCT/NEAZ003/000167

force between the fixed structure and said attractive
5 attachnment elenment in a diféftion parallel to said

further aspbot i e BPEScRRIvERD | BHEEHUPBES A sd atractive
Mot o v o Slindiingfo A < ufiesfon B4fle) to said second
term nal which iﬁoﬁg&%ﬁ%é&&{l&mwm of said body

of water 10 wherein said vessel 1s subjected to

| oadi ng foriges rgslfbBt béthveshahy AREd QtrubRir€ andf said attractive
wi nd, tides, water currents, waves, vessel | oading

| evel s, and novestathmenit sktssht bin saidiresticn epgraleli do said first
systemincluding_ at |east one nooring robot which

i ncl udes a) a baberigentatdieiar.fi xed to one of said

t er m nal or. sg,ld vegsel 5 bg andﬁttractivefc%rce st i
att 3Cat ; rﬁ{ Cltglg nihsteng (,fgg e gSpegt %éggs.engtmﬁ@i {fffl; consists m a
SRR SRR o Ra o RRPEE o E PR A AERISRs of 2 body

AR 8f 2 tBEnindl RAticRfis SRb&e@N® Bfc Boit&mt 6F Fhidabo® of water

t
vessgfe,? tsal é attachnment being of an attractive kin
eplicrbin shd Rgsh inhibjeatd ve ldwlish fgcéorasaltannfram aROoti@or more
the surface at which it is to attach, a nmeans to
aeft wimd, nded)ewaterr aorénts, Malvds,nyedset deadingskevels, and movement
attractive force attachnment, el epent when said
actyaied by saidgwstent $24d ARERD IBFWAEME is in an  attached

relationshijp with said, surface a ans to determ ne

t he sﬁggﬁﬂSbgP%E}qogﬁlgHBPafwb@&Ps@%g? said attractive

25 forge at ' ' r

said &ftr ace{ ?%SE %trcggla g%ﬁ#&n@ é@%agdne%&rﬁﬁésﬁ)lr‘r’%ﬁgﬁvessel,
attachgd rejatdi@agahiad fokde asrathimsnf fal&@ent aingagb®ato said base
direction holding force (herein after "horizontal ‘
shear dir ecttiueturbplsdichg dtvactve) fiwekengttachnaentheleineoht adapted to
di rection and perpendicular to said normal, a neans to

det er mi ne drecpawsafiizad toandwsiablish anasigchment WHA agyutase of the

30 conpri SIontgerOfOf \s{g%dzgrgedfép éla%gzcgrrglgg{ 'c\)lrz%%gs% ,05%9 %Ztacﬁl%gnt being

of an attractive kind establishing an attractive holding force normal
to the surface at which it is to attach,

a means to determine the attractive holding force of said attractive force
attachment element when said attractive force attachment element is in an
attached relationship with said surface

a means to determine the shear direction holding force of said attractive
force attachment element with said surface when said attractive force attachment
element is in an attached relationship with said surface, said shear direction
holding force (herein after “horizontal shear direction holding force”) being in a
horizontal direction and perpendicular to said normal,

a means to determine at least one or more selected from the group

comprising of
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a. the force (herein after "tensile force") applied by
said surface to said attractive force attachnent

web@aont32é n a direction parallel to said nor nBCT/NZz®3/000167

b. the force (herein after "horizontal shear force")
applied by said 5 surface telaid attractive force
attachnent element in .a hori‘;tont ecti

Al di on, and .
per perdi culthe forsesdicaeinaiigl tean ﬁ@?&ﬁb ppplicy I%Bvﬁ% surface to
comparison b en..i aid the attractive.hal ding.
force and §ﬁﬁg\£§@?§‘i‘% ef%f(ifr alta nti?al 1 gfantahglre&mn parallel to

hori zont al Eﬁ% ir ion holding force and said 10
hori zont al Sé earm?dcl)’r%gf. Preferably said nmeans for
lked by said

al | owiglg CaRPFoI&O (hetkednl aftei thatiSonteh8Ren €oree”) b{ap _
of i. said tensile force reaches a predetermned Timt
bei ng a |isaifackeadaaid htraative dotdevattdvhingim glémenteirbathorizontal
approaching 15 said attractive holding force in a

direction tdirectind andwerprndicudar to) seid nognals and

attractive forge attachnent elenment with said
sur f adBCARAQT A Pwélﬁ%omﬁﬂl%ﬁl?we§ﬂear force reaches a

d S . g - .
e o e |1 B T T S o v
approachi ng i d hoy H@H&ﬁﬁ%ﬁgﬁgﬁeégi AiB&HoRh ORirtE Békce and said

force in a direction to tend towards a rel ative

nmovenent i n a horborohsll sBeédrdetdeon bet ween sai d
surface and said attractive force attachnment el enent,

one orPrefereblyedaéd nezhnk formallewing aomparison evilsiniisite,swhen one or
and vary said attractive force, in a nmanner to
ibpth@dse said attractive hol di ng force, and ii. an

I Pr ef er.abl id r d ' he . I .
acractive h di mpreisiea es Aol Mighgfinined limit being o
S achment of onenimitflod it YRHAFREAYIHA I Oboaching

a_ttachment el enen _ 'S I'n an at _atl ons
with said surfaceaidalttdése %&&ﬁ%%ﬂoré@ﬁpﬁﬁﬁtééﬁoh%\&&d towards

2004/ 011326 PCT/ Nz2003/ 000167 -

the release of said attractive force attachment element with
said surface, and

il.  said horizontal shear force reaches a predetermined limit
being a limit below the horizontal shear direction holding
force but approaching said horizontal shear direction
holding force in a direction to tend towards a relative
movement in a horizontal direction between said surface
and said attractive force attachment element, |

one or more selected from

i.  a means to establish and vary said attractive force, in a
manner to increase said attractive holding force, and

ii. an alarm.

Preferably said means to determine the attractive holding of said attractive

force attachment element when said variable attractive force attachment element

is in an attached relationship with said surface includes a sensor responsive to
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force between said attractive force attachment el enent
and said surface in a direction nornal to said

waeokacs2and a neans responsive to the signal PCDONZ3®B/000167

sensor to determ ne the effective attractive hol di ng

force. Preferably said attraectli7ve force attachnent

el enment is rmv,ab!ﬂé enga%ed to 5 said base structure
19

Hpree betikesge ssdcHiiartye datrer Abshment peleticat dnfetd susface in 2
fitoctiSn naial T dald Rulirend s afeardie iyt fieosigaglyfrom said
&%ﬁ?orstbgdné?%rﬁgﬁ% ;h?éhgﬁféeﬁlveta‘hr&@ﬁ@et H&thggfb#@é. shear force

recti to sard tensi orce

di r ectpperablyehfd alattivaiishcatatthahbN e bRIEEis2 i RabRESigaged to
el enent 1s vably engaged to 10 said base structure

i Paseksgeturechan Sinkage méshaeisns apdotheteds npranileiomeans to
actively actuate the novenent of said variable
atctivabyt iactiatortbe arovestentref seidevenableelatiraofivet foreai attachment

base structure parallel to said horizontal shear force
filement selative thestd Base a?ffl}c\f/‘élleyp%féhﬁétt‘é ik Toegeniah shear force

T T
i e <
when JRSIR A S o s Lephat e pisalFensaged o

ald sk Venftehdi BY 4 dimkegd the@RRIAR NN thers dk dprovided means to
attractive holding force in a direction to tend

tantivelis actime rhlee aswenfens adfil said vacinblee attoacteve force attachment
attachnent element with 20 said surface, and ii. said

redemenhrelatizn dar said kaser wataters pastlebide aeid hegizpnig] shear force
being.a limt below.the horizontal shear direction .
HBFE oG SKORER G A BV R o A SRR DELIG] (o jensile force
di. 0 i i dir i o

S oL DA B ofifl FOERARNLA B e niiae, when
ALt hen Jret ween said surface and said attractive

force attachnment elenent, a change in velocity

(accel erati on. or wétatesilet fong ehclssi d @etdetenhined limit being a

force attachment el enment by one or both of said neans .
to actively act udimitt belowntheatiractive belding fforceshutdapproaching

30 bel ow thel r r SFbaNIAGEVFINISR FEbbA BEEges 0 end towerds
PCT/ NZ2003/ 00016 7,6 1éRase of said attractive force attachment element with
said surface, and
ii. said horizontal shear force reaches a predetermined limit
being a limit below the horizontal shear direction holding
force but approaching said horizontal shear direction
holding force in a direction to tend towards a relative
movement in a horizontal direction between said surface
and said attractive force attachment element,
a change in velocity (acceleration or deceleration) of said attractive force
attachment element by one or both of said means to actively actuate the

movement in order for said tensile force and/or horizontal shear force to remain

below their respective limits.
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Preferably said attractive force attachnment elenent is
a variable attractive force attachnment el enent

wob@aei1rs2é ts attractive force may be varied byPEI/NE2003/000167

to control the attractive force. Preferably said

attractive force attachnent el&nrent is a vacuumcup 5

defining a pressure controllable cavi when engag
geattractwe

w. th ?M@r@qufsatdea%ﬁa@ﬁvméﬂﬁtaﬁmn&n AT 35 @ 0fREia
et dachiiont gty %ﬁ#ﬁ#ﬁ&%ﬁc T HHE, PSR T cans to
%gﬂ{r{)PJ[h t%ﬁft@t‘i@éﬁﬂ& sai d cavi ty Preferably said

nmeans ermmne the shear di rection hol ding force

of  1@rsrishigt sdiachitivetiltorfoecathehment cfdmemnis W HBAcuum cup
said surface”when said attractive force attachnent

ele€iminy o préssumn cehtraltitde caviityt ivbieahémgagethwithi shid surface and
surface also determ nes the shear direction hol ding
fvolnarein( smdemnamsf tce r:onwelr ﬁnec@tnagh&pfor@ﬁn@@lud@ﬁ a M@ﬂm dgnducing

force") | cal di rectl on, er end| cul a
48PS |IS;§1?~1 111 %mgmipl%a 108 tyrte qqqgoi g}fdgessure in

(ssh e| n_after "vertical shear force ) appl ied 15 by
asﬂl‘f’yface to said attractive force attachnent

el erre'}frefe‘i’?lﬁ?/"s%& &l sdtbrcsegc e hBHRES @%‘é@hﬁﬂllﬁ)‘ldlhg force of

said nornmal Ts prOV| e purposes of

Gaft atthwpive oforce attachiérdti éléineﬁh edth dhidenirfae wabdisagl attractive
force with said vertical shear force. Preferably said

rferaes aftachna¢ntoelemgnt esriarains attackied| reddtiomship witht egidwheface also
sal d vertical shear force reaches a predeterm ne

|detgrmipes ﬂ)@ sawm frectins eldingstorop(hesein attar “yaetgal shear direction
di f ut hi d t
ﬂwé&n et 8?'1'5%8?13{0%5 Bt L SRPRURRST 3 shidh Gormal and
LiSa ﬂléagg h}/e%sﬁ%vtﬁg‘f&tce O{ﬂ irf ﬁﬁ%:f “@érpeﬂ' Jhe&f £628e”) applied
ween sai d surface and sal LT Acti ve Force

31531 S68r8acs 6 B attraPeve Ford® hftaslghestt @dmlehPth b vetical direction
méans to establish and vary said attractive force, in

and2ferpemdienlar do isaick easenl dsipdovtied afor ithe phopases @f comparison of
force, and 11. an alarm Preferably said neans to
deidverticel shear doertonheldingBuee rofcwid wertsal shess doics.

for o (S TeiRR aSHAAHEAS, 1 BLavEE QORBAHER OVHeaaigtate, when
S0 ISR ot O TR BB SRR 1 vt i
RicHidA208a 82848h holdfhg force but approaching said vertical shear direction
holding force in a direction to tend towards a relative movement in a vertical
direction between said surface and said attractive force attachment element,
one or more selected from
i. a means to establish and vary said attractive force, in a
manner to increase said attractive holding force, and
ii. analarm.
Preferably said means to determine the horizontal shear force and/or
tensile force includes a means to measure responsive to such force(s) and a means
to read said means to measure said means to read providing a signal useable by

said means allowing comparison



Preferably said nmeans to determne the attractive
hol ding force includes a neans to neasure responsive

w0 o0030ct326 orce and a neans to read sai d neans PGI/NZ2003/000167

10

15

20

25

30

nmeasure said nmeans to read providing a signal useable

by said nmeans allowi ng conpail9®son. 5 Preferably said
attractive force attachnent elenent is a vacuum gup .

def i niPrefesally saislmearsin d@ﬂenamegﬁlé M%Vl%ﬁwﬁgrﬁgf;a% includes a
with said surface and whereipn said.neans tq contr ol

PR PrHEAITE TPOTRe 1Y 108 AL At OP G Bl eans to
which is.:i ' Leatl BT, [ Vi :
550t Sl AL, FOTRRAAARL L DBt 9 ks atlowing
BasARohESPONSi ve to said attractive force being a 10
pressure transducer engaged with said nooring robot in

man nefPréfkrﬁﬁ?S seid afteactipe efoscr eatdichfnentrdlémbntoet vieeracuum cup
the cavity of said vacuum cup and anbient _atnospheric
nplefisking @ pRessfieer sbhiyodabld ervatys whenneagaged wilh saifdgsurface and

hori zontal shear directiqgon holding force ans is a . .
elagrein BGANERIC CONEN 5r AFGRUEF TOFERICHIE it P gnducing

g WieBrig i T BB S tp Sl AP Bifressure in
fasaicf"%la@i f seﬁ&ﬂhé%fsa{d &eggﬁ’llel ﬁé’s?@ﬂsi@é ttP aGhd Wardteivel fdce being a
OTc€ var’yi ng and dependent hotizontal shear

direQeiré dRNERHr thghgsd wittebdidahbyinguober i frehhanto arasure the
whi ch said horizontal shear direction holding force

qassuee ddifferentivd dbeieeRr dicercabity ofii shidrewamsupo cup and ambient
actively actuate includes at |east one hydraulic ram
Rrtafospldsie/PIRNSH8i n a means to neasure the di spl acenent

of sai ttractive force attachnent el nt relagive .. .
to sai]%eg%%@ysfs"f‘@cmﬁags i 19 B}%ngheprsaé ?%HIZ?H%L éﬁfhg% direction
n r ' t - ]t . .
SRAGRLRGE APHRCSS AFR015, NPTRLE Gy iAok e direion

%&gﬁgfgﬁ‘é AbhY &l 8 dagsctiv Koldidy foré& reached.
Preferably wherein the displacenent of said attractive

f or ce Rref@abientherehenenhs el edlenlatet inclades batable of empirically
structure is visually represented. Preferably said

atallestad ventfractivess hioddiag| orce warytshtand) idepensient hggizontal shear

input, 30 Preferably said displacenent is. able to be
cdreqtiom keldme {ﬂyﬁ%ﬁ:ﬁ/qqﬁﬁp _numeﬂ)@ea;agi %Z%ﬁlcﬁ Safd 1rizontal shear

P O%29% éh%ogo b2de car’e determined.

Preferably said means to actively actuate includes at least one hydraulic
ram.

Preferably wherein a means to measure the displacement of said attractive
force attachment element relative to said base structure is provided

Preferably wherein an alarm is sounded when one of more of the limit of
movement of said attractive force attachment element relative to said base
structure is reached.

Preferably wherein the displacement of said attractive force attachment
element relative to said base structure is visually represented.

Preferably said attractive forces is able to be controlled by human input.

Preferably said displacement is able to be controlled by human input.
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Preferably the vacuum cups are |ikew se displ aceabl e
relative to the base structure in a horizontal and

w@espondeeul ar direction to the normal and a cPEI/N&2003/000167

over the horizontal shear force can be had by the
accel eration/ decel eration of -2Be vacuumcup in the

hori zontal direction by a neans to acgtively actuate
gt O e o TGRS to the e

fbF S £ Bitredttondra i el et Ao, Th Bofuhlii g control
t et HeOh RSt SHAGE HiBe 'cﬁla RfeCal By ik %&Yeﬁéﬁéﬂ/ﬂ@cél@ﬁﬁon of the
WhE B PR g Ot ed from Said Tixed structure

Ricgudhl 2ng! il i dorBiRIeditectdnl By #dneamestamivelyl Actuate the
Preferably said nmeans to nmeasure said tensile and/or

shewmdnirofehe oupsihethedorizontd directiomnsducer directly
responsive to a respective hydraulic ram gﬁer,ati ng .. .
the cditer ahoasss wtecgomatyi 8atively s apmateadbemheiigantah dirpstion of

E%%%ﬁéﬁﬁﬁﬁ&ﬁ@sféﬁ%%ﬂ posh el iteter 15 @ R rautic ram
¥ i, i -
A 0 811 a5 SRR o858 LEBLAANGHA movemcn
‘miod%’h%%oﬁﬁéd'tﬁ&m al and transverse to the direction of
nor mal .

sal Preferably said neans to neasure said

shear HrefegsbliynaldiaRanatqmeasire 8aid ensiteiand/orl shieas force includes a
responsive to the hydraulic pressure of said hydraulic )
rpessurddransdider ndjractly wepporsivoto ¢f respadiord hydieplie gpn operating
according to the nethaod of 20 the present..inventi.on

rthi icanireb of fle pesitign Aireid VASHIR CIPE AR r@if dirg QML spsurement

nd i nproves safety. By, providi n al ar . C [ .
T st okenies ooty ERRY rounleh il Be FURTIE HERLL of said
%Hlﬁ:f%?ni tude and direction of the applied | oads,
it altows the master of the vessel to take the nost
appr oFFefdrebgCdai P Bedodd Mestidiedt lﬁfthé@lﬁ@fam bbs bhepeesidahl axis of
in extrene conditions. 25 Where reference herein is
nmadeehentawhithrie hibriantitap and kiaasverse tohthediirestion ofi said normal.

endi ngth 0 cause relative novenent or separatiqn, it is
to be Rysferpblyr saidameney e measeensatd shearetce diglpden@ pressure

3&%@8{;%‘5‘_1‘? | yg%éc%ﬁ%é{o&h%&%%{c%%%ﬁg §£s y %%a}a{u%c ram.
the. pried BRI AERERSHR(G Ot rosr ik I RboRRR R method of
the present invention maximizes its performance, reduces energy consumption
and improves safety. By providing an alarm as capacity is approached, together
with feedback of the capacity and the magnitude and direction of the applied
loads, it allows the master of the vessel to take the most appropriate action to
ensure the safety of the vessel in extreme conditions.
Where reference herein is made to a “direction” parallel to the direction
ending to cause relative movement or separation, it is to be considered as being
movement or measurement as appropriate in either the same direction or opposite

direction.

Brief Description of Drawings
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foll ow ng description which is given by way of exanple
only and with reference to the acconpanying draw ngs

WO pooatoiské Figure 1 is a plan view illustrati nBCENZ2003/000167
plurality of nporing robots holding a 5 vessel in an
engaged condition to a wharf;2Figure 2 is a
perspective view of a nooring robot enﬂ ged to a whar

i |1 usErethehgsnasss 08 dhe Arpids TRYEHI B0 At { FSRMC 3RRATF S from the
Rl oS dbatioR arrE s oty wiv S ERREE ofbf LR Rrerence
R e iR BT A AR 0 10 T Vi e o a

pr ef e adeanodhmBRtieRiillastmang Bepliakig of idorinBaobots holding a
systemand perform ng the nmethod of the present

iveysehin am engagpd @ndition ® sivdbarfel evati on of the nooring

robot of Figure3; Figure 5 is an exploded view of the

noor i Fggurebdtis ¢f pelispectiveaview @fira ngoarignsohndrengaged e a wharf
nmporing robot of Figure 5 froma rat&teﬁ.lS . . hull
vilestpséing: the maguyne pads i gLopditian ready farbeing geceiyqd against a hu
perspective, of the force ' I ’

e aciRiel 20 whtrelso By Sl Bl HphelBY s n 288 g Glof b vement of

gﬁ@%&mﬁ gggé %Iét‘?veatoi':tlﬁe IhEPSrevillg¥reari gure 7; Figure

IS a si vi ew of gure 7, 20 Figure 10 is a plan

Vi ew @figlrie®!{sfa Pictdriglriewldf 4 prefefred sadwidimentvofanmiorimg robot
force diagram showi ng three orthogonal axes in which
ﬁbrﬂﬁﬁsymwmabmdquﬁunﬂngihmlacﬂnmﬁaﬁﬁgemoh@ntEQEﬁbon;

exanpl e shown in Figure 2; Figure 12 is an _end vi ew of

Fi gur &igure 4 s siflg glevatign of the moeémgire‘apfo?f Hgyipde 11;

LR A AR
? heagg}é%@%r és%}%%m@aar?g m;'tl?éé %%(fri ‘ilg)/ﬁ(gcebg 52%51{225 tefg(t)tlrflig% rotated

Rﬁ%gﬁta direct neasurenment of force in the desired

axis; 30 Figure 16 is an end view of Figure 15; WO

2004/ Figee7 PR 0R0O0hETam 12 Pefipgaties, bT the farces which may
view of Figure 15; . . .

be applied and measured to the mooring robot of a kind as shown in Figure 2;

Figure 8 is an end view of Figure 7,

Figure 9 is a side view of Figure 7;

Figure 10 is a plan view of Figure 7;

Figure 11 is a perspective view of a force diagram showing three
orthogonal axes in which forces may be measured in a mooring robot as for
example shown in Figure 2;

Figure 12 is an end view of Figure 11;

Figure 13 is a side view of Figure 11;

Figure 14 is a plan view of Figure 11;

Figure 15 is a perspective view of a force diagram of a mooring robot of a
kind as shown in Figure 2 and to illustrate that the geometry of the arrangement

may be such as to not provide a direct measurement of force in the desired axis;

Figure 16 is an end view of Figure 15;
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Figure 18 is a plan view of Figure 15; Figure 19 is a
front view of an alternative configuration of nooring

WO elwai13emgaged to a wharf or pylon or dol phi nPCT/NE2003/000167

pile; 5 Figure 20 is a side view of Figure 19; Figure
21 is a plan view of Figure 4% -Figure 22 illustrates
a nooring rohot Q(I Fi gur es. 19-%% and wherein an
addi t Fegvae 17 dnastds GeprhA1g8EE 1 gure 23 is a front

view of Fiqure 22: 10 Figure .1s a side view of
i apfinuth oL PR i3

Fi gur e183° Y% nadtic of the
Lescel R 19,8 a HERPORGTLE aaldchfuifioRiubitidh of¥Booring robot

%ol d WHEToRpyIeh bheolbRircgpasledi spl acenent
rgrfégééglfrraerrent whi ch"may be %rovﬁgegﬂat a nooring robot
of t hE&igure26rit aisideevieivoof Fighbe FPgure 27 is a plan view
of a vessel adjacent a wharf illustrating the
coor dFigure lvihaglamsievbel Kigased8d by a nooring robot

to determ ng the osi tioni.ng o he .vessel ative .
Lo a2 IR 2mPOriad Jabeh Ot bR Kb ind Whercin an
rin obQt . | rating the directions axes of
gﬁ@@r?@%l fe&’?ie{ﬁeélj\(?gﬁ?gm pads relative to the wharf; 20
Fi gur ?i%@re:Z% igafﬂr&’ﬂ’x%@%fq"fgiﬂe'wt rating aspects of
rol; H

t he con gure 30 is a flow'diagramillustrating

aspecFsgiat Hhie acadé viehw of Figuee 28ystem Figure 31 is a
plan view of a ship nore adjacent a wharf with a

pl ur alFigyredt5 isnmecharatiobbtle evlghership of chaponentsgif the system
the vessel and wherein there is also 25 illustrated
tigh thesyaspelaidgnoeing §0RAs:appl i ed by each noori ng

robot _between.the ,vessel, and t oL | r tS:q 4
T e —
. : : ti tion:
DA 5 ) 5, A 1 PG 0SS rogn cions
has afffipx@d27We A9in Reew OBOhSyausth g_drj%b@ﬁt yewhef iBust@ating the
30 becone engaged; WO 2004/ 011326 PCT/ NZ2003/000167 .
c23rdingtes ewhfch snay [Heameasenedobyaa mmopiing mpst et determine the
wherein the forces which are
positioning of the vessel relative to the wharf;

Figure 28 is a perspective view of a mooring robot illustrating the
directions axes of movement of the vacuum pads relative to the wharf;

Figure 29 is a flow diagram illustrating aspects of the control;

Figure 30 is a flow diagram illustrating aspects of the control of the
system,;

Figure 31 is a plan view of a ship more adjacent a wharf with a plurality of
mooring robots engaged to the hull of the vessel and wherein there is also
illustrated the distribution of force applied by each mooring robot between the
vessel and the mooring robots;

Figures 32 to 34 show some screen shots as part of the system;

Figure 35 is a plan view of two vessels positioned adjacent each other and

wherein vessel A has affixed two mooring robots with which vessel B can

become engaged;
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measured at a nooring robot may not be parallel to the
forces which are applied by the ship to the vacuum

w@aw4or13pads of the nooring robot. Figure 37 i BCENZ2008/000167

diagramto illustrate the shear force/tensile force 5

rel ati onship the mathematics-2d-which will hereinafter

be described;; Figure 38 is an_end vi ew of ,tva X

adj acBigurgd6denlan vigst phemRQPHNE systeap yeigrei the forces which are

oL St B 9,5 RS B 505 M s
PR S S R

Fi gur Fio%%r@? 3FGW €orte aiag@an;sitaeﬂm:sﬁmeofhea_smrfd@@e/tensﬂe force

r obot the present invéntion illustrating the

gedgriesshdp tHy wathemaics v weieh witithetdiaaftacha desoaitied;;
relative to the fixed structure of the nooring robot

about Figuze 838 is ani enscvicvnof ®veadiacant vessels illesérajing gnoglternative

a nmporing ropot qQf the present invention, 15 .
CORDEWRHON R THARIEE (R BVo N Fess IRBFISE Hotheri ofcr moging robot

vacuum pads relative to the fixed structure of the
0P e preS 5
GHGSTUIBYCH Mt a v axis direction; and Figure 42

S O SR b o B b il

AP Y& BAImSIE shbemMaTigiters8is relative to the fixed

structure of the nooring robot about a X axis

di r ecFigure 20 iDet aidecdicDe T & phoaring froboie of rthe resemt invention
Referring to Figures 1, 2 and 3 of the draw ngs, the .
pilesteating the degresof fieadenm ebmoyemsst Phihesyasugm pads relative to the

EETHIN N

i nd. d i in. . anal : .
ropt i CTsRFRIS B JisSy ioR 80Tihe jBBEF bEAR pregent invention
@M&dﬂﬂlrg’ 188 %grée%mém &f QRRRAN® of BeePdcyum pads relative to the

i ncorporated by reference. Other preferred

dfieddtnenirs of thamvoeiigngbotdtsdut fAdY akiselisgcsioaranmd t he
present invention may also be utilised and reference, X
wil | fégaiend? tisra sédensiitv tof armapring mabpt ©1ibe rpresgnt ninvention

i ouseod vl B L GR ve  ve
¢ . _ .

5504 % S5 5y R et BBt AP 0% ARLRRRLIot o

\t/):aggielng \p/)\lhlalt gt fixed to the dock 110 or to another

Detailed Description of the Invention

Referring to Figures 1, 2 and 3 of the drawings, the present invention
comprises a mooring system incorporating at least one and in a more preferred
form, a plurality of mooring robots 100, which may be of a kind described in our
PCT International Application No. PCT/NZ(02/00062. The description of the
mooring robots in PCT/NZ02/00062 is hereby incorporated by reference. Other
preferred embodiments of a mooring robot for the system of the preseﬁt invention
may also be utilised and reference will hereinafter be made to an alternative form
with reference to Figures 19 to 21. The mooring system may alternatively

include mooring robots 100 fixed to the vessel allowing the vessel to be readily



reference in the nost preferred formof the invention
is made to a configuration where a nooring robots is

wo 2ooatiioee a wharf, it will be appreciated thatPENE2003/000167
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nooring robots may alternatively be engaged to fixed
pyl ons or for the purposes 52&f ship to ship nooring.

N

derrnsg inghecnet e ot of OB Rytbl s BRlgS do s Biguration

fndr@ aéj'nﬂg)rﬁ% r(?l%t? 39'@96(9 n £WERE, AQvilD e’ PPl FatiBYthat such
npl e I Xe 0 a g 12

for exa t ront nodrin ace

NGHrg rélRAK nialy Aferhfievel B enbagedBe fixed pyddint orlP thé purposes

Figure 3 preferably includes at |east one or one pair

@f sifctowhip upsoring. pads 1, 1' which are mai nt ai ned
substantially parallel to the plane of the front

moor | Withaeterence fooFiguned gepbmalitypfimopriag sobgts ¢P0are mounted
vesse]. In th st..conyeni en orm ,the cu are to ... .. .
45 gaBRaTiOR s 1B { TR P szt dords 1Y poranast O pePe Gl hich it is
a, shi p.such as or r ' . .
7Se8 5P 80 D o 5aPl B5E0E a8 bl 06 oacing of

ictive force between the fixed structure of the
robot and the surface with which it is to engage (eg

the hufde ffbotd emashiop)exattipte edfiteiyto @ Fadnt kB6orisg face 112 and/or
capabl e of positioning the vacuumcups 1, 1' in 20

tdeckel ldofréesdocls, Thefraoorng robdtel®) af Higure r preferhbly includes at
"l ongitudinal" and "athwartship", also c§,rre}]slpondi nl% ..
tleasixere I one Yajle & YAGUIE) UPS | O Gy di- nhi Whish ke shaintained

s epbay gariel % SFEPIG ﬁ;ﬁg@@@@%&hg Hhe 715 S0 Bkagement
VERRRle B SFR ALuTRA0 agenbicnoh, HeodRsls epgoec vit

aaghcallyetcAllifg FBhACGuRRICes oPY shiiesudhvand pos oRehrboard side hull
accordi'ngly where such (but |ess desirable) non

peeirfaendi Thkar cupsnaendre sneafs dior selectovelprppovisleban attractive force
neasured, the system of the 8r esent invention can be

thatweerthe fxed sionetstmektheuehovand theisurtace with whighhié is to engage
orjn ohot used for the nporing system nmay
g@gﬁié‘ﬁgﬂ{llosth%gmﬁgl d the vacuum cups in a fixed
positi ' e. pr I £ , -
Dooal oatsspbobo8h 5 EuIE 0s B8R AR 2Ryl cyps 1, 17 in
Liped | dﬁﬂmﬁﬁﬁéﬂgt Yeferied e BO¥%iR! h@WUBNRAET! “®indifd@inal” and
vessel en the cups are in an engaged condition. For
stughwattsiipseslso idogresperding to alxet Y, Z, X respectively. “Longitudinal”
refers to a direction perpendicular to the vertical axis and parallel to the

longitudinal axis of the moored vessel or the front mooring face 112 of the dock.

Variations from axes X, Y and Z being perpendicular to each other are
anticipated by the inventors and accordingly where such (but less desirable) non
perpendicular components of direction are to be measured, the system of the
present invention can be tailored to accommodate such deviations.

Whilst the mooring robot used for the mooring system may permanently

hold the vacuum cups in a fixed position, in the preferred form the cups can be
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of Figure 3 includes a parallel armlinkage for
movenent of the vacuumcups 1, 1' in the athwartship

walcooaotizen. |t includes parallel upper and | oweCT/AZ2®3/000167

2, 2' 5 connected between a pair of columms 114 of the
framework 113 and a vertical - 2@u|de 10 The arns 2, 2
are fixed to the franework 113 to for plvotln

sl e dped sy etha g ahavement of the vessel
s Rp o e it ehdiiret SRBGR" i Ef BT Jhe frooihe robot

[
'o#iﬁgﬁn%ej kt‘?clgﬂié’soﬁ ggfﬁnfé?'é gﬁﬂl%ge afgrs R r%/%hﬂ%g o?ﬁ%ét"’ggc{hlugrrl] cups 1,
9P iAQKe raﬁwvaﬁimfg hﬁreé%ﬁu my qﬁaﬁdeﬁpmgeahb par dshidwer arms 2, 2’
direction is pr ded by a hydraulic ram4 or rans,
\wohaécted batweerp lanﬁnabf yolunmnét4 ed thetfrenewotkel13 and a vertical
framework 113 and the guide 10. A carriage 11 engage
uide 1 Be Tt niroal, doiae fixedtto the dransewos 1134 allow for pivoting

%{?«%{q aho aég&%g%%ﬁg? N gEeIGToLN hackuding 2 paIf, e
U BITLS 5 00 R AR 8 14
CLQEQ?FSE)EQ iothh é}&&?{%cﬁgnci??gjh&éh dhak n§id 8RAS2, 2’ and the guide

para o ea e gu 5, 5" and is

00t oAthrtiear 6f adfediknt @f thewaicuast s@ieth the athwartship
ra| sing and |l owering thereof. As an alternative to

hiirkctiohi 5 prtvides] blyyartedrawic aam 4eyr sy swllichTise alspopivotably
rans are each connected to a | oop of chain for

x@am?wd@etm@emﬂlfhﬁra;ﬁ@weﬂi Hi‘h@,ﬂa@ gHeedBpriately. A
- 12 t th
rmt "Futizes gubepeoain ulh U HRD i A0, sopep! verial

n tq
DR b R PSSO b g v
1d@ ﬁ%dmbbtemﬁy Bityss eneiEp&e 6 Pand'S. aPiked to the top
Iongltudlnally extendi ng track 22 in which the
sitbss nemEbel 16 iase $Wo diyalghylic aneorsed]. 9°L whight ati erh connected to a
di recti on novenent of the vacuumcups 1, 1' is ,
doop af shainy2hydieluextendsiparaliel foi sesh afithe ﬁélderIaélklb@;_S 5,5 and is

th 23 b bl
CMOPHEEE T SEBREF 43 1R DRYEEATAG I ROIE Ht Rvissing preof

e, AL A AR DRt Rk 8hegpay be usa. The
004/ DL 130 f§ ég&g /o §/19(2é) 8P éhain46r H&Hﬁ]ﬁﬁéj thékﬁbﬂﬁcérﬁ@nt thereof

framewor k ssocl ated controls. A vacuum punp
Pippropesteneans for drawing a vacuumin the vacuum

A sub-frame 12 to which the vacuum cups 1, 1’ are mounted is slidably
engaged with the carriage 11 for longitudinal direction movement of the vacuum
cups 1, 1°. The carriage 11 includes vertical channels 21, 21° for engagement
with the guide members 5, 5’ and a longitudinally extending track 22 in which
the sub-frame 11 is slidingly received. Longitudinal direction movement of the
vacuum cups 1, 1’ is actuated by hydraulic ram 23 fixed in the track 22, the ram
23 being a double-acting type with a continuous piston rod 24 extending from
both ends of the cylinder 23.

Each mooring robot 100 also includes a hydraulic power source preferably
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cups 1, 1'. Wilst reference is herein nmade to a
vacuum and vacuum punp, such is to be considered as

wheinngiots a ki nd where perhaps not a full vacueR@T/Ng2003/000167

being 5 provided but wherein a pressure differential
bet ween normal atnospheric €dmditions and the

RS RcS HEIPYOTIol b A5 FRORIAd SPIBED | sh o
blish a
hol di f b . d |
't o 3echie ey movids HER R Mg bRy the vacuum
EIH?% 10§ b?\g}pﬁ;‘c r@fe%ilc@%j hBkin hfd@fto S uBnPaRE$aRm pump, such

et ent to anbi ent atnospheric pressure, 10
s¢td beiconbidersd & beingdi 6fta kiztdowhere perhess abl 4 Shkdrabyum is being
suction of the vacuum cups against the vessel. )
Peovided bt twkerejd rawriessuan ddifferemtili betweasnumosyel estmospheric
and its related control wll hereinafter be
¢onditions andthe presserenyithisbibe eaelashin definedpetyizen i hull and the

soReBIq Thot A e BB s HolERR e ChtSieen fae vacuum cups
?atéxlﬁn E:t(}%lﬁﬁ' g{tﬁﬂgé}? %{%éoqﬂﬁl(%ly ?@f H@tsh?cﬂ%}p §%eta§§ﬁh¥ J584h Ghat is being

ans uati on eve such
gﬁébitd!eerﬂlﬂ% 'df sh@ﬁ%egfgs&ﬁ‘étdi%ﬁeﬂﬁaﬂ ko abdaunt! AmdspReric pressure,
ositioning of the vacuumpads to be adjusted to the
desiiciet Besh tHoddingRekes té be dstabfished dylsuctionnefk thef vatuum cups
a ship, the vacuumcups 1, 1' are 20 extended from
tdgairfst thet vesselr i ng face 112 when a vessel 200

approaches. Th cups are pre-positioned to engage , .
with Pppdnat %@cby%ﬁuﬁﬁ %%P%%PB@“‘P rYaPWémn%SéSEeq“ and its related
preferred.fonn th l,anar _portion is part of the hull
oCPﬂFHl“Q ihﬁ_rmp?%tﬁ:rgbeﬁgwyépg. antici pated that the
vacuu : r i

L‘TI‘E&JH&) b3 o %gﬁ%ﬁ .%ﬁo()v‘é ﬁ?? %@?@@ﬁﬁnﬂ ofitl(lje vacuum

non anar section of a Furthernore whil st an

| fupks 8 besontidliel &otieth fivwertibsl, Bngradiisinaad pshvedrtshih directions.
to'a hull section of the vessel, it is envisaged that,
alAotuatatn uf thd hydiautin rpoisnfos atbgr viess bé aptuetiodpto fAgkieve such
attachment of the vacuumcups with the  vessel. Part
afositiening ja ikeseudirestiongayillaliny far thespesieng g the vacuum pads
CUUﬁ'l cups of a nooring robot.

\%ﬁ]’i qg%fﬁ%ﬂ%ﬁ%@@%ﬁ&% ¥ formthe invention has
been dlgé‘ﬁgﬁ?ﬁgo?ﬁgﬁ?e 13 otlﬂgkmggt'z{‘%hféggﬁésva%ﬁﬁm cups 1, 1° are

af fixe re an € vacuump econe

af ftbx A MOn? BRALOBL 3xSoriieT fAé20034:8eR k6vessePZ00 @ppivaches. The
vessel, a vice versa arrangenent may be provi ded where

t igpsrare rpregositivmeti o femgagpavith afpladue seetsorebf dmishihe In the most
vacuum(i)ads engage agai nst a surface . )

preferred form the planar portion is part of the hull of the ship. It is however

anticipated that the vacuum cups may also be adapted for engagement to a non
planar section of a hull. Furthermore whilst and in the most preferred form the
vacuum cups attach to a hull section of the vessel, it is envisaged that alternative
location points may also be provided for attachment of the vacuum cups with the
vessel. Part of the superstructure may provide a surface for engagement by the
vacuum cups of a mooring robot.

Whilst in the most preferred form the invention has been described where

the mooring robots are affixed to the shore and the vacuum pads become affixed
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affixed to the wharf. As a further alternative within
the scope of the present invention, a nooring robot

worago4loer3emgaged to a vessel and be adapted forPGI/NZ2003/000167

engagi ng to an adj acent vessel to establish a ship to

ship nmooring relationship. &A%k is for exanple shown

in figures 38 and 39. Figures 38 an% 39 illustrate .
sodhe vssel) @eVies: VeIEa AEFABEZSTICAE DB DEF PLYY Lénzj/h%@oé}tl% moorng

150, R S, A Bt st

t onl

SFARULES e, G SAE 50 SRR HRUSHINE sRoNEG R presen
RGN, LR ordid r¥bbiC thayeBali dizagéd itsesl viegsel esikibeladadted for
hydraulic ram 283 may provi de the source of force
PRgagingnein adjachet wesselata sftaplistda rship imshipTimeoring relationship.
structure/ hydraulics and geonetry allows for the

Varchds fomexanple/showatia figires 3% and39e Higures b angd 394!lpstrate such
direftion,s and withi.n the range of th tem

e /th .. .
8 afternaiiveo cenfigyrations % MReRE FAPOYD oy b "uttised. in

St Reforish afCs ApR REhE Bt orhESuSE BB espds together.
FhelmooRhE rEYGCHR] 1‘?1‘3% ipﬁ’es%gfj g ab@urh I%%E)% 11 RofanefiRéd Brudure side |

pneumatic systemis ovi ded and ncl udes a vacuum

R8P0 M CthomRnghbae LRV ay R huriidinpaffifddetoensssel A. A hydraulic
pressure of a certain threshold (e.g. of 80% to the )
anhi @88 atayoppinade cther smsue eof Soxsist micasutreinenpOint the athwartship
vacuum cups. An appropriate |level of vac '

uym i s
abiraceipad bl rsbrugiirgdydralios hangroRomiry @i’@WSlé@r ithe vessel to
nmove the ship.200 to.the desired.nogred Si.ti.on
oS Bi Fofet B R HE SRR RS g ranee of e
e [ . js h I . .
SO0 L AR AT BT, AR B ARt fon 2
ylEPEaterd@e a venturi system 25 After or before the
desired noored position is reached the vacuum punp :
may beDstopmeactan dnalevaith dine awpsuagalizdt ohe §hips thehaanym cups 1, 1
may be cut into the systemincluding the vacuum cups
1are Evagentediimoader toHasteadadhe sloped pReumtic simteadp provided and

are engaged with the hull of the.ship 200, .the .
Vlélp}qd@gp VasSHEgpuIgp W}Hgﬂ mayhg, ﬁqtbvga%ﬁf Hla@l zbglt?erentlal pressure of a

J R A e -
E%%f",@fggfor% ?%%sto A8 iab_ﬁrdéﬁﬁaté U] T RcRuMO S28AMERHL BePre actuating

affixed to the ship. Changes in

tihe hbdfingrrobot t10e icoavegthef shipe200ess ¢he tdesirebymoored position.
allow for the vacuumcups to free travel in a vertical |
dWihelst 2 vacuahgninyeis thetrhest preferred form of establishing a vacuum in the

vacuum cups, alternative means of establishing a vacuum may be utilised such as
a for example a venturi system.

After or before the desired moored position is reached the vacuum pump
may be stopped and a vacuum accumulator (not shown) may be cut into the
system including the vacuum cups 1, 1° to maintain the vacuum. Once the
vacuum cups are engaged with the hull of the ship 200, the vertical control of the
vacuum pads may be inactivated such that the mooring robot becomes passive in

the vertical positioning of the vacuum cups, at least while the cups remain
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wharf and to the fixed structure of the nooring robot.
The forces to which the vessel is subjected to as a

wo eauiot13eé | oadi ng and the state of the tide aPer/82003/000167

such a 5 large quantity that the nooring robots of the
present i nvention could not b28-expected to react
ai nst such in the verti Caltgf“ rection, Accordingly

pfeeed tq B shig. cohangasdn tha tideey 1 El%ﬂ logdmgopt i wHssel thereby

aﬂeweﬁg HEF B8 BRI S B LB B o
H& ek é?@a&%ﬁﬁﬁfﬁr@%@ éeﬂn%hii rI)Botfb hend g e g é&gvhlch the

ure 0 noorin I'so provi

R/@ﬁs%'i OB 8830 &@raazlelsﬁﬂt of qudlﬁg aiid tife afage Zf the tide are of such a
directions. Differential |oading between the port and

$arge bqedity sthete thef neoorirgs edbotmyofctes presetatrivention ¢dwdd not be
hul'l surface about the Z axis. Simlarly differenti al
feapecteddtoateact ageingg sualy ivathse vewicat idirgctipnt hdcegrdingly a free

bout the X ke lik
Jooting cPadiinn BhaaRicH QTP AN (GG T esfabligaed once
or i n r obot Fi 40 sh t hat
dhe vaciium SR %&?gs@'i%ﬂq Bl refative to the fixed
Struclqge 8‘%%11169 Of ?3&5 ﬁ&ht benRl \}a‘% ads%?ah'v@ ‘ﬂo the fixed

of the vacu pad e Z axis. Such 1s to al

fs@fuctt@é oRith® ﬁlddihﬂgfh%bbt ﬁiay&il@b beprovitled hersthiipnal Fclx@SJ Iparallel to
41 shows that the vacuum pads may be nounted relative

tthe 0heY &0 ¥i diesttonsudDifferentialtihadimgdratwgen divo porteand starboard
allow for rotation of the vacuumlfads about the Y
idesof @u@ﬁsql mayc-agse selafion of dhe bell swripee %b@lt}hwzams Similarly

{Hé%a & n%{fl %ftéqﬂ%;ﬁﬂfg glaa);r: zﬂgp 1ot pixh(? ¢! Lglaouet the X axis.
45#6&3191@2% 0&@%&5@9%@%58 Bt Ré Q/ﬁ@ﬁﬁlﬁﬁﬁadg 1%1%1?& 84 structure

um pads out t

Y RV R inaddbat kil HeprobRle@hanges in the ship trim
I ndi vidual "pad rotations may be affected through the

use ofFighei A0 shbersi that thdeaciugspdOmaytbenmaamted relative to the
uni versal joints at the back of each vacuum cu The

ditad stmctpmj@f sha raeeim obatetocaltow donnettion @ thengacuum pads
SOUEIDE 2 8 S Shis e 0o H IPRGRHGM s Tisf Apf Gecia the ship.
o R R AR R GRS ORA e e o
ng}gat Pony ng o? %?1 gﬁ ?/ac r%%g@n%d%&b ﬁgﬁgfa:u%gl (r)]gtheaxr/]%cuum pads
about the Y axis. Such is to allow for variation in the yaw and misalignment of
the ship.

Figure 42 shows that the vacuum pads may be mounted relative to the
fixed structure of the mooring robot to allow for rotation of the vacuum pads
about the X axis. Such is to allow for variation in the changes in the ship trim.

Individual pad rotations may be affected through the use of plain spherical
bearings 540 acting as universal joints at the back of each vacuum cup. The pair
of pads 541 and 542 are each connected to the swing beam 543 which is

connected via a swing beam pin 544 to the carriage arrangement 545 of the

mooring robot.
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athwart direction relative to the fixed structure of
the nooring robot such is preferably nmaintai ned by

wo b@4loyde@ul i c rans to thereby control the posPCT/NA2008/000167

the 5 ship in these directions. The system preferably
operates such that each noor+29-robot 100 nmaintains

the ship, within certain limts of displacenent, in a .
moor e@nseretizaged 1o ihe shipp saBEOL of Eearriiol PCrBEdi Hech may in one
condit{jons regulta t fromwnd, tidal flow and/cir ‘tudinal and
Soert bosoRIPLPKF oS HNRE Of TSP SUPT iR pRgitudinal an

h [ §. . i ' .
R T
SR A R 1R S pfion o e

dhiPinakesediredtioad) t he desired predefined noored

position by |longitudinally or athwartship external

f or ceThec system tprefeashlynopeatates such pthasi eaghy mooring robot 100
pressurised increasing the hydrauylic pressure and e
Hositains HHesshiR, v B GT@in HBUSIRS ﬁ%cq?e@aﬂk LHPORR! eepdition in

sESHorse i DR Rl AR AT PRt AT inaidal, fpw andlor
V@\F\Fe?l‘?” @ﬁ.re{tta?r;i{lg :’[ﬁ%;&%?ﬂé Eﬁoor}é‘@l?%gitfoﬂrﬂl'%%y(frﬁlﬁf 5211;91‘1’9 powering

herein a nmade. Active pressuri‘sation
tHhe r&REEndye bO sRipPealind A ARuARNALE MBOLE it @6 Beskgdraulic lines
of repositioning and/or |oad distribution. Reference
vibl thebearmmde dnd 2d¢ ihu Proeidaigaf resistivdhidsslieritnpassive mode of
preferred forin the vacuum or hydraulic punps, are cut
aperatfon of thessasnse m When dispdacepednifrem dhe dgsteed predpned moored

:tﬁfs%ff?i% %@Z&%retgdl%{iﬁf ah Sy, kel %@%&%@%Sr t ﬁdccumlflafor
datRasHy© upr?sﬁgﬁg%@rlgéﬁ{l% cl.)ﬁg (}{L}@Q@#e B?%%Mfeg gﬁg gléence resistive
'Rré&e toT@lg HARR, O3 {eharly HhaksBse HR WMip @@tﬁé"@e_s%ﬂéﬁﬁrﬁbéred position.

subj ected are those caused by current or w nd that

heseti Gnifig raaa e detétininbé fadrh pasitohi inditataraheans, parttiofighe robot to
to separate or cause relative sliding novenents
behichenrtheereferenet willdefeinmltenbe masigot s 100. 30 The

forces to which the ship maybe, subj.ected.as a resu
of curfeliye amwﬂsamnzé%w 3 SFEDISEFA ﬁ%?%@@%’fi for purposes

-30 wind.which act qn the ship in t '
A0 sl "5 3040 D bRl GRS B mace 1o such
vﬁ@éifnagt%f‘di ng towards separation of the cups with the
ship. Such a
Whilst in one preferred form the vacuum or hydraulic pumps are cut out of

the system when the accumulators are cut in, it is envisaged that the pumps may
remain connected to the system simultaneously to the system being cut in with the
accumulators. One reason however for cutting out the pumps is to reduce the
leakage rate.

The most critical forces to which the ship is subjected are those caused by
current or wind that have a component in the athwartship direction acting to
separate or cause relative sliding movements between the vessel 200 from the
robots 100.

The forces to which the ship may be subjected as a result of current and/or
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tensil e | oading between the ship and the wharf is
taken up by the nooring robot. Such tensile |oading

w@edag/o1B26rove the ship in a direction which mapCT/NZ2003/000167

ultimately 5 lead to a popping off of the ship from
the vacuum cups. Simlarly th& -1 ongitudi nal novenent

may result in a slipping of the cups |ong the hull of i
wriad véhich actrpe therpliptiathe aitwarishin diraetiey Bap; ags o move the ship

e o ! e St AR bR Sucha
Ln . i.cul L s, f :
RGBS AR BEHIRE et BB §RSmoorins rovo
%;u?ﬁ GEhANS 1AL hels thAnbie s §ﬁi’;pom § @ieetibR FwikieRhaA ultimately
0 reasons an per pendi cul ar thereto for slippage

&R aoSa ﬂ)(g)ﬁihg offs bf phef stip efrohrorthe t ecuunaceupsn ¢ Wimilarly the

are engaged to a vertical surface of the ship. This
lesgittdinalnmaveimeni maytrgbult ire @i dipping of the cppntinguthgrhull of the

to the | ongitudinal direction d vert| ca{34 gi rection.

Rbifer B émpertanee OEABHOLRAEL) 2 gfméc&eﬁ%mﬁ Ry ﬁ'avqeay@’@ vacuum
FOPE1 iat dt VGes<hlde herErsaitutat roctER 4 GAHERR g high. Tn
i BRI O RbRE ke M6, e BB i by sch

tl@acﬁﬁgoi!ﬂ_r agsctidift paantl ® e ﬁfdtidhnf(ﬁe@&bﬁﬁ)bﬁpiﬂgf offheeasons and
vessel” with the nporing robot. The athwartship force

ipetparicuat ehsicte fhorstippbge weasonshe In abeumosupsefeped form the
and the vessel. In order to allow for the aﬁi‘%go riate .
[vagelimotups et engagageto apyartieal Byrfaogeol s -u%én& gesults in a

To 0 s B R REShp gt TR veria
B IR R 55 LM Boh O g s oo

fti&sgig)tsy% 3y Plerils Nobed HvAF ABkeifa fdiabd mideaR cFerdes ividl firstly be

may present the 25 vacuum cups 601 where

- tlheds us theonthixarship wadialg fhat tikevessell mag apply be theemweting robot,

where the vacuum cup 601 is engaged, is not parallel .
tinepaatibnlar tis tthe ditiecideon toencenagerdlye teasile disctipa separation of the
parallel to the force measured Fm between the.vacuum
c‘(?ﬁseléﬁﬁth&hﬁjnloﬁémgir%%t-structure 602 of the nooring

f or oo ThE WEFhiD F6rse! o, SROBHR forbe PSBgH B yagpm cups
Szier{c? tid QBsRP &l Bladr oteg’@%i}ofo'imﬂhe Jfgg%ﬁﬁ&epl‘é{@loéﬁ%a@ﬁum to be
P

erm ni ng whet her t 2004/ 01
$p1RNdAROHEARREEM cups to Redude fige ﬁﬁ? la@ ithey miorinkirebot it is important

direction is being reached, it w be necessary to
ctoricdiont thef lontl$h érat aed beihgapplhied by thwoship te themobring gobot.
measured Fin to the actual pull force Fp ) C .
Firstly it is important to recognise, with reference to Figure 36 which is a
plan view of a ship adjacent a wharf, that a mooring robot 600 may present the
vacuum cups 601 where the suction force normal to the surface of the vessel
where the vacuum cup 601 is engaged, is not parallel the athwartship direction
and may hence not be parallel to the force measured Fm between the vacuum cup
601 and the fixed structure 602 of the mooring robot. However since it is
important to know the force between the mooring robot and the vessel in a

direction parallel to the normal, for the purposes of determining whether the
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to which the vacuum cup 601 is being subjected to by
the ship. The angle 0 may need to be neasured for the

w@eopossss of converting the force Fmto the foPCENERO3/H00167

Figure 36 illustrates a non alignnent of the force Fp
with the force Fmin a plan -%1 ew however

alternatively or in addit. av t|o f angl e,
ﬂﬂ@ldl}lﬁ Sepambln thifedirection; is %éuzg xqaéa,%%ﬁ 1P nggesatsoio conduct
Z
%ﬁﬁﬁw@r SHFEAS patvedt {2 BRE g ee s 3 ffgﬁéﬁtgmu Sorce Fp
39 SAEh VB EnhbE s 8 6BL it Bfing PR 1Ey PPl S709Gc 0 may

%E&‘ltd) 8k héshh&l t&"cﬁé gﬂgitd@@é of ggﬁvéﬁmg tMé‘%lfce FTH@O the force Fp.

vacuum cups may be opéerated over a |arge range of

\[EEEemd Ihbdes a hen anﬁmhanmoﬁtlmoﬂ’mwFp awithvittien farbe Fm in a plan
vessel . Indeed where the wind or tidal force applied

agew Nstwedviee altimatiivalyaomior ashifiom a varatidnaofl a@esmtpustsabout the
pushed agai nst the _vacuum cups t heoretically,

Vaayisnbaastead or pe agdiipnghout Iqéﬁ/v@\ﬂéﬁls IHyetisq Qe?‘éﬁ%bf’ daken into
oBsdehetoBe " SisiiF satticdThn s Tc kY S0 oaﬂh %?fé%cf‘ec‘?ﬁfp which the
%H‘lﬁ&l a?e %8”91%4gre0§re' ﬁo 5§eﬁ't&? ‘§u LRRical C}y and/or

shi P an e noor | wever Ssuc vac um nee

Bﬁalt@t@ﬂ%’l %ﬁuéfnal@@%e@ﬁ%wmﬂf vacuum possi bl e to
rovi de the maxi mum hol ding force between the vacuum

cups &g vdwuvesapd maBybenoperatedi amg:rtalﬁlarga)ra:getdfa\tacuum in order
applied by the vessel 20 to the nooring robot the
dpgnaimtainia ccvnrmaoasmh theyessel.s dndeasowhers theywind e tidal force

ST TR D Sl el B R g e
t | b

VRRD P ﬁﬁ“%ﬁ?%lﬁ? iegééd‘ﬁ’fxlc%%g% L %Zﬁ%dmed Hdever under

tt@ﬁﬁ@ﬂaﬁmﬁf (*b\i‘?gléﬁ?@ SIFRY | RRIRD8FRUREL Akkds to be applied

i ncrease t cuum | provi ded t©0 the vacuum

GidREe vacdin tchps @byrden @di emf: tie ahwindieoigors isr i@agitdined between the
the vacuum cups with the vessel. For exanple in a

rehiprahd dipe natoring oot t Howevétesuchciagnumagedsknot be provided at the

mai nt ai ned at somewhere between 60 to 8
rl@g@mulafva@ﬁunhwé&él@ tp progidsi tﬁ@ m@&&l%gmﬁ@&g fg*{ﬁet hetween the

R N T -
Stl(‘)cﬁllef ﬁBSﬁné %BHF Elea?%&ﬂ% i R dds:p%tt exdrBRe %Ocontrol over the

vacuum tuate In or to Increase th

VU (rﬁtﬁﬁﬁbﬁnt 65”1V P02 0 hO0tbl B26bmaintained to a sultable level
PCT/ I\IZZOO /000167 -32 tensile force holding capacity.

Guiffieienie ty nwdiatagn ahmobteng icoan¢aisuh. apyhdre dhé yertshle loadhng applied

to the nmooring robot falls below a certain_ threshold
(bntheheassélttojthe meerimgrebot exceeds a certain threshold, the Vacuum system
may be operated to increase the vacuum that is provided to the vacuum cups to
thereby increase the holding strength of the vacuum cups with the vessel. For
example in a normal operating condition the vacuum may be maintained at
somewhere between 60 to 80%. As a result of an increase in tensile load applied
by the vessel to the cups as measured between the cups and the fixed structure of
the mooring robot, as soon as such force reaches a predetermined limit, the

vacuum pumps may be actuated in order to increase the vacuum and thereby the
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threshold as the threshold to activate the vacuum
punps or other) the vacuum nmay be reduced or the

wWoaodom3punp nay be stopped. The vacuum | i mi t SPOBENZ®3/600167

different to thereby provide a hysteresis effect in
t he nooring system configuras2en of the pneumatic

EnstlegbigeholtinE PaRscitie. GomIErSl R SHErh 814 ORI Qi gptied by the

STipethe TopSTibb gt H8 feRon, et SRS (Tt Pifhe same

Hegshal 4 U@?e@%ﬂ 05 a£%emm! fie LA cHHM Buﬁgs r' SREH! the vacuum
y the sy m

a nonitoring stem of the vacu ressure
@ﬂﬁgﬁ e FedubBE of RS Pictiugn feipnasy by stdppedUdheandulmdimits may be
vessel ) the vacuum punp can be started so as to
differree tohethegsbyurprboide far doeteresis neffecipenattheagmooring  system
condition (such as for exanple between 60 and 80%
vaofigmjatiogofithe pggumpdnsyssemhe control of the degree
of vacuumin res]g,ogse to th

|

bl M, Seheiaiahi Bt soTSPHRE UBERGR P EBE Sthek s Ao the fact
b [ |l

RhAES SeeliB SRR el e DB 1O ERE Mhenfutbh may drop as

i%‘;retspﬁ JTORAkS S Rf‘bg%w‘@ QBRI MAEMUE tRERBORN tsubh &isStdk Rxample

al'so inportant during any I nstances where the
GOES| Ak QieRdlt &f ot Menibling %F?Cthé system oStheecraanr pressire (within
noor’i ng robots are preferably capabl e of repositioning
tthe e@dlosireplefimed byethe lcopsand the Vessel) tonygacuwai pamp can be started
and/ or athwartship displacenent)., The hydraulic.rans
&0 asHe arbence the v & Adsedstemingd OpsEAing canddtion (such as for

SN ety KIPEISAGIET, o SERARAEI e Epbgl of e

o r‘ .
P OP PR SR RETRABIE S b0 e i o
Whahhoorfifs Yoidt, PEcLRPR HRSSS raseShial) biPmdhitdred and controlled by
significantly large size and of a significant mass '
viht bydtameofshib piresent alventient i al  mass which has to be
consi dered during the novement of the ship by the )
moor i nhe mebgerance the gpneeatiogrbesween thevagivip guphagsl the ship

. mooring, robots for the

by th . di splaci ng.
Y e LRl horpLte B Rases, Sho SR AR Wi occurs

inertia rtigul ar i ' ' e

e BB AP A BIERLEP SN o Dosicioning he
Alid | ' C héi RERRAAHAS dapadniant). Th

S 10 B AIORACHE UL G hnd By DRAPRIES RPIREnich). The

exalFmhlec thas afpihiecabobtng abbat kapositionr the bacuuine copsathwartship

in a direction to nove the vessel towards the wharf

varld/or bnglitudimalbncimbeeacseated fohdhe eusposes fafi meving the vacuum

bet .
ceupv(vg)evrs]/hﬂst they are engaged with the ship. Such movement will thereby result

in the movement of the ship relative to the wharf. As will be appreciated a ship
of a significantly large size and of a significant mass will have substantial inertial
mass which has to be considered during the movement of the ship by the mooring
robots. The application of force to the ship by the mooring robots for the
purposes of displacing the ship will need to take into consideration such inertia
particularly with a view to ensuring that during displacement the vacuum cups

remain in a condition with vacuum sufficient to remain attached to the vessel.
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the vessel and the nooring robot particularly until
such a stage that the velocity of the vessel in the

wa@lzooemii3en towards the wharf is i ncreased. ThePCT/NZ2003/000167

accel eration or 5 deceleration of the ship and hence
the increase in |oading force33my require an increase
in the vacuum at the vacuum cups to thereby. en

ontexample thesapIisafoaioh laesmfisee by iharem 4 i asiigstion to move
@%@%sgﬁ toventdte BhaR e i s SR anthfdrdllg force between
. _ _ f .
B ARS ry A REE L  Sh it
?;E%é @gsseFih ;H@di?&\ﬂ'oh%%?&s e WHAIRY idd?EasdBY eRMcceferation or

e vesse orces between the vessel and the cups in
idaecleanivnt ol tHeashigiandchidnes the lihcrehsoimbradingfdree may require an
consideration in a like nmanner and for |ike purposes.
Ancreasti my the weeneny ef dhenmeutiar euprmfto dhereby ensyiee tthat the cups
the athwartship forces, it is to appreci at ed at
JuaiRtaidr esoRagCti 1Withs the r shipy tRitien@q{B@B/ aPhpl ?“i‘gtl?%au% the
t he vessel by tidal or w.nd |oading or as tesuylt of .
g IRt deselerion badide variehle dstity R fimis of holid capacity

' ' the robots. The nonitoring of the | oading
%ﬁég{}f‘)%gcsﬂ?é/ "he athwartship direction is inportant

for thghiw RES8ECOTs FHS ML bE MA®S fiethetdiltwh@stpferces applied
| oadi ng between the ship and the vacuum cups i s going

thy thecesdrenmenti ondurihg thafmevenait! off theofeszel, thoeces between the
connection may occur. The nonjtoring of such forces to )
deessal minddhojeups @ thedewrgitudinalrditectioniwillglyo pecd waleheepsideration
may then allow far alarmto, be sounded before such .
oA like magnee g dor B PHEROSEire AGERRIMEY VRS IS frpRce fcteinafter
t.aken, suc f . l.e..t L

S SE eB lp i 047 BEREr ALY 10 ors may e
whay fesﬁﬁq{fcthoééqg%ﬁ%go(%he rRgkies byithial iopRviall 1¥aRHE Br 384 result of

| oadi ng forces. has been hentioned, reference is

fthe stdwenian @if theraeigel id the donglridénatidiriction byfthe bebots.
athwartship direction (or as with reference to figure = |
36 a T ceoptoridg of tho loadinguint iabdepstethsuntvairtship direction is

pressure applied normal, to the directio of th .
sovosteat fpk e PHEPASE Of sletsiguniag) ngﬁﬁ% fhe t%%ﬂleﬁomg between

5 TR HELEL R bR SHS e S GRS YRS iur o
AU L QURH il o7 AR RRAbRC when

E&Eﬂé‘@ﬁﬁﬁﬁdo@&iﬁiay PArehcii@l mag thew aldwanfremnnalaih abée sounded
y

a pressure sensing of the hydraulic pressure in
t eforeasnch. a Vihiib iy efachedse that dBiggercy?8ctien parebs taleen such as for
transducer 60 is connected to )
example to secure additional fastening means to keep the ship fastened to the
wharf and/or increase or redistribution of vacuum and loading forces.

As has been mentioned, reference is firstly herein made to the
determination of the athwartship direction (or as with reference to figure 36 a
force parallel to the suction pressure or pressure applied normal to the direction
of the surface where the cup is engaged) of force which may be monitored by the
system of the present invention. In the most preferred form and with reference to

Figure 3, the athwartship direction force between the vessel and the mooring



the pressure Iine of the hydraulic cylinder or
cylinders 4 which control the positioning of the

wo agyiom3eaps in the athwartship direction. By PEENZ2003/000167
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measurenent 5 of the hydraulic pressure by way of the
pressure transducer 60 in the3dydraulic ranms 4, the
force that is applied to the hydraulic raf ilé,can be )
deloetrisifer exampisanenitered ot RIASFE erRNHNGQ (1R bydralig pressure in

e Tare 4 oGt TelPivace i Fete O aBopES SaREMREL DAY pRBnceted to
d li¢ | to t g i ; )
GBS ot e LA ElihGons St Mot W {bictt control the

?B@itl‘b%i%bf {He JAR8uAPQIdsNE the Bwandhifh dfreé 5B th®measurement

ilgure 7“to Figure 1071t can be seen that a hydraulic
lofrthd I8kl peeséute thieway hufatht ghessute mantdwoer edsin the hydraulic
actuation forces acting parallel to the athwartship )
damecd, the Foraedhaictorpplicsd yo tthe hyidyairlaykams g 688 (heedetgrmined.

5t St WS A o
SRR -
WBCH\}\I%: gxgdfzﬂﬁg gﬁfnd%f gfufvﬁ? be &If'}gg?ﬁiion%[ td 'tli’é‘ﬁt%h\x?a@tshﬁ) force applied

Kno ge o e angul a acenent of the axi's of

QREMhAteREE1 96 thdmiobiRlz4ob6l. aWitterdferehbe tFiges Vb iRigure 10 it can
di‘'rection X may al sggnged tolbe determ ned i n order

flay sédre thut o dytitamlipress W extemdiy ire dhd ythwartshiprdithetion has its
60 to be converted to a force in the athwartship 20 .
dichesgionoferoes anting pagdltal dp dhe atbwarighindiragianoX and accerdingly the

ﬁfsgéﬁtﬁgeﬁ%ﬁkhf%r s Faik o RSy Anehipifgd e force Fx
! ! , k oy .
AV e GS i PR fiote 0B SOHGE IR pBiIbHBE the hydraulic
g(%f@, Pééﬁﬁg& &fe tdﬁﬁ&z&&ﬂﬁg GidetRm Xesply 6yt 8s is the case in the

etermn force Fx provided by the ship on the

nMe6HAg robbplofiFightss Atdndadf ohifipuderita dmow2Edgsl bfi the angular
reference to Figure 4 upon the displacement of the .
vdisplanements ofl they axiseof aperstionsefi thedrane 4 relatiye sadhe athwartship
W ll result in_a varjation in the_an

ay>also geed fR be detarmipgd éngalrgq:ft Fq?tethte ti1eydraulic pressure

h i p . di ' . 1he f J .
S0 LSRR, 1% ARG, 1 TR st
d&if@tfbgleﬁ? 'With"i‘ﬁgér?ﬁ% té)"lgigrﬁf’e%rl PRCPL R J2hthst 1B ram 4 may

pivot between t I Xe ucture 113 and 30 the

B iph@vidled Ut bk eanbRlaT dispricement 79 toofhet Xadirektiemn, Wath simple
measur enent of the WO 2004/011326 PCT/ NZ2003/ 000167

- Bthagtes sheoremf cal idubyttie uoindedgmofhiel hyarawie pressurp@f the ram
angle that the operational ~direction of the hydra

rhiandathgerseltans foree ealearodsthepelEnmean; bhrogolsidyg gétgﬁnine the
force Fx provided by the ship on the mooring robot in the athwartship direction.
With reference to Figure 4 upon the displacement of the vacuum cups 1 in the
athwartship direction X such will result in a variation in the angle that the
operational axis of the ram 4 makes with the athwartship direction X. The further
the vacuum cups extend away from the wharf, the larger the angular displacement
will be. However because the points of pivot between the fixed structure 113 and

the moving structure 10 of the mooring robot are known, a measurement of the
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calculations will allow for the hydraulic pressure 4
determ ned by the transducer 60 to be resolved for an

waelmarshi p direction force X. Simlarly the PEENZ2003/000167

the 5 conponents 100 swung about the pivot such as
pivot 3 fromthe fixed structde can also be factored
into the equation for resol

i the pressure of .
rkenaion; ef rthen hyalrawlico ram wikvallvgHiop ther agle thet fhe pperational
T8 3 e B ke P i B5EERSE , Smpl
USSR T s pratat b e anscucr

&N eRbIvel o hin tabtwavgdip deret AR Force X FiSimilasly 1Be hass of the
23, where the rans to displace the vacuum pads in the

abhpanesi HMsweng iabout grepimopsuct hepivtod 3 fioen the fixed structure
at hwart ship direction, no anqul ar displacenment of the
canalsecle factened inte thersiatigaifes msalving dspressungf hydraulic ram

S0 s 5 B S b g 4 0

t t | cctron ' ,
SR s O RO DA B bhihévgmpligm 4 v
Ib%'(.; %ﬁefnaﬁﬁél'ﬁ/%sl}ghﬁ? rfeREIANRER nhdis TRAF bPrdvadad. and

vessel . orces can trend towards inducing a

shear Thehyeehfifinativas vthe siopsing rabdtstdfeFigassel9 ROIB, where the
It is inportant that the shear direction force is

ramis o atisplbye thesvaduug phds imthet atbwgrtshipudinedtion remain parallel to
mai nt ai ned between the vacuyum cuEs and the. 20 vessel

ithe atlenartship isscdion, MRean@yakdisp i gthenragas occurs and no
| ongi tydi nal direction., relative to the :

R oLy PRI L s acuum cups.

cups gl ﬁahjl\f%nt? tt:ﬂ@ }1@@ alfoh! el bnMMrEdhip Sdirection forces
likelyto u]t|maey ea o aglsconnectlon et ween

tRewkES IBE BHCHAS foGC IS BRip, 3t 18 ladvait@g@ds to also know the
novenent of the vessel in an athwartship direction by

tibagit@dinabdirectipn Gt in tdifestiah <6 bietypeant thet mowringotebot and the
the forces between the vessel and_ the nporing robot

wesselt hSuele dersies jcantisensh toiwaids  pyduaies woshaas Potwest the, vacuum
the Jlongitudingl,direction. It js inmpprtant t.o sure_ .
Lavie o HED sl R 0o etedlipn it thE R e St resisted
t.Q result in il j

JRe G sk fORE vahlh Y el R WKL ATRAKKTER: (IR and the
R ud1e; ] em@¥Hoded WpudBal directi
2%%%%?%%%%% %Z@%%%%gg%gl?qr@gG%%ﬁerggof %shg%hm in al ciection
Hetithe B théeacaiir Olhdps:)f If hichosiovemehh @cofirredea \shipping  of the

cups in the longitudinal direction is achieved by the
reavuBsh c@peratetivie tofthe vessedwillsresult which is likely to ultimately lead to
a disconnection between the vessel and the vacuum cups.

Similar to any movement of the vessel in an athwartship direction by the
mooring robot, it is also important to know the forces between the vessel and the
mooring robot when the vessel is being moved by the mooring robot in the
longitudinal direction. It is important to ensure that the forces do not exceed a
limit which is known to result in a shear failure of connection between the

vacuum cups and the ship.

In the mooring robot of Figure 3 but with reference to the exploded view
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engaged to the fixed structure of the nooring robot
and the other is engaged to the structure novable

WOwRaoh/011326 vacuum cups in the | ongitudi nal direrCT/AA2005000167

Actuation of the ram 23 results in the displacenent of
the vacuum cups in the |ongil@dinal direction. In a

manner simlar.to the neasur t of force in.the .
therenfr shonyipIn Figuwed, dhe canﬁaﬁgg ﬂ%ltlemntgh%p fhgragupp cups in

A B S B H s e o

r o r .
AL REPETS il OPER SorkiGopUERRAIR: ot s pgased to
e SHUERIrS OmbRgbley drigulthe vaRWuAS dupst fiertkdYloakitedinhbrdirection.
the determnation of the force in the |ongitudinal
dictetionoof The tam tA3erasali iiguhatdisplacdmensoofi thg vasioum esps in the
shown in Figure 3, the ram23 remains in all
tangiiudinpl liregdonng in a direction parallel to the

essure

B
S 1 R B O S5 BRBA ey

gl?&ﬁ@feﬁn% Eof AR h@ahili\é:%ﬂegsurértﬁ‘ THReNEHnt wdi N&Vith reﬁerence to

rection need to be tak Into consideration in the

Pigirer26; tthe gsradsupel taindicer 62 npyebe witdisdé tfec tdetbrimyndtiom of the
pressure transducer 62 is preferably fed to a 20
pressessston theshidrafitic rahe2puopbsmbyoilleval fonithe idstermiaation of the
eval uation and nonjtoring and corrpgr' son., Mo

r .

Jorcsi inethorlongitadisal iEFIo: Jei FafbePoBEEWRLENof Baerng robot as
nitori and contro The. hydrayl i cs,.to ac the. ..
dhepnabelime o (ERdaiars 75ARY 1 A cridhy” iR fu g Girection

. . o a)

PhriI1 §tnd BhEiGHAF BUING Shee il e Br KSR IMUBAAG! by the

sare transRREABE Will Renikif Pryportidagl td thesleaBitadipal foree applied
node the hydraulic ramw |l operate akin to a spring
thy theghipoteetie thoordhg rdéteoty Aaunom aligemient favtors of the ram relative to
| ongi tudinal direction Z. A lineal transducer 63.is
phefengibidingdrdivaction £ aeadterhe faken Aatoggansidgsaiienin ghe preferred
t he .vacuum cups in the |ongitudinal direction
COPEEIALN, t he fixed structure of the rooring robot.

e R B RTE B e 1
i%ﬁ(?élsgi}}#gﬁﬁt P&%ﬁ%ﬁg{&é@ 8P &M éulatidh dﬁﬂifévaM&ti!bh Adym6sitoring and

dto co the actuation of the ram 23
Woaiparison. Muengbteilédreleieapt adkt ierdinaftertbeemade tusnabupenitoring
is close to specified [imts. In such
and control.

The hydraulics to actuate the displacement of the ram 23 may (likewise to
the ram 4) be cut into an accumulator loop of the system where it is desired
and/or appropriate for the hydraulic ram 23 to operate in a passive mode. In such
a passive mode the hydraulic ram will operate akin to a spring to any movement
of the vacuum cups in the longitudinal direction Z. A lineal transducer 63 is
preferably provided to determine the displacement of the vacuum cups in the
longitudinal direction relative to the fixed structure of the mooring robot. The

linear transducer will feed back the displacement information to the processing
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a situation the hydraulics to the ram 23 may be cut
out of the accunulator loop and into a punp loop to

w0 p@mases t he hydraulic pressure to the rain 2BCHNZ2003/000167

appropriately to ensure the mai ntenance of the
di spl acenent of the vacuum cup%- in the |ongitudi naI
direction to wthin desired limts. Wth ref ence

tglg Where for

mnguwaichemay beygonagured foreairoh the aetuationyadr

be made of {he

Rtils iy RO REDERH: Tor e R 40s MIOE%%SH%I@%IIMS In such
Vel G @E rgfa&%tﬁ{hs%vmg% o5 %&éﬁﬁg U EBROE bR btg:%znulator loop

consequen Sl nce as ore descri

i g2 dO ﬁ’l%ata ég%&?ofd ﬁﬁc&@@tthé\" dlﬁhh@V\plfe%ure Stththe ram 23
verti cal nt be substantially free from

fe%)@f@riate rﬁrrsafe the mbinteraans of4he Aidplavearent od ke vaarum cups
IS pre Lﬁr/[@al so provi ded between those fixed

anrtb@kmglmdufal ctionto withindetireddémithe conponent s

T i —
5

IR T R TR R —

fc‘hg)g Elpie%et 1¥ﬁlr Hh‘?& forf hf)%%xgﬁ‘ud'lpi‘n g&t%?éﬁlt 59 188 consequent1a1

erence to Figures 10 1t can

SRt AOMad héen Befors déscrided, zopaason €t AvoAngadbbt wﬂl allow for
hydraul i ¢ pressures on the rans 4 and 23, nag be

wichi wertical2hovemede te rbe subsgalmalkyvﬁfcalﬂom adic tomrtrol by the
nmoor i nLg robot Fxz. Likewi se where in addition to t

rr@mm ménkinegr trans ﬁy%rr@’ins Breﬁ‘?féblé’uﬁﬂé‘) PEOYVieRt batveges "Fose fixed
is also dete for the purposes.of
et o the Tpavaes 15b5 Bl ihe (QnalepRARRHE i the vertical
t
fcgﬁecczlgﬁé%zpw%rszh%?%@gc% PEEnRe SHARL Al determine

sﬂtﬂ)mﬁ'%%\fﬁé vhdifing QUPS PElBii Ge Rf theBxéPbhctdke f)@ﬂfeemoonng
e and preferably but less inportantly Fy)

axrobod eSkean (hﬁﬁttma rfercel inpibe vartiday directidihmay liepes elso die measured.
ensuring that the known limts of the vacuum cups in
each of the conponent di rect| ons |s not exceeded. The

hol di ,fo e of t evac u t he |ret|
and z Wath msderenee ch, é@]? es,een rces)l(*‘x and Fz

TG D A ST R A e i
;gegeﬁrgg% g&%ﬁé /oﬁ%fza'cl)fc‘)‘gc;rg% '(c))'il(';'!%fesm@f)nﬁg ¢Bb&oFLH. N iy ise where in

- 38 orce are not
r &fihed 1o Tiemeasiuement 6f sy Bydraulid erassatelin ratsst hsd 23, pressure

preferably also determined b pressure transducers 66

ais dlsir detramipled foh dwpurpoﬁsglfy aaladatmgitheuiohcepappdisdriyy the ram 64,
the force Fxyz may be determined as a vector sum of the forces Fx, Fy and Fz as
for example shown in Figures 11 to 14. However the components of the total
force in the Fx, Fz (and preferably but less importantly Fy) are determined more
importantly for the purposes of ensuring that the known limits of the vacuum
cups in each of the component directions is not exceeded. The holding force of
the vacuum cups in the directions X and Z can be easily determined (whether

mathematically or empirically) and the forces acting in such component

directions need to be known to ensure that the ultimate limits of such holding
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information is fed back to a processing unit for the
appropriate processing. 5 Wth reference to Figure 37

wWo b@n®1i336 shown a force diagramto illustrate PEENZ2003/000167

rel ati onship between the shear force and the vacuum
couple force. The vacuum pad3880 is engaged to the
ship hull 381. In Figure 37 the nonencl ature defines
fW@eﬁmn@Weﬁ@hed:p = pull of force between ship and

IO S e —
%{Sﬁﬁrﬁééﬁén%@eﬁ%@ &@‘g’ﬁ)’rl tlﬁ RGatm! 2 Ff:%.ﬁé‘@%c 4 such pressure

erence to Figure € vacuum pI e force F

Tnfo atli_%ﬂs) fed baée]g t? Qffre6ddsey wiif Fdrafe appropeiate/ pR¢USBIng.

cup) . e pull orce Fp = the force as neasured as

a f actWith eéfetdireito/Rigiire IWithepaisi shopmes farce diagramitatillustrate the
determ ned from strain gauges or other). Accordingl
tréletiohship bicoween the shepadoncy and the Maguemosoupleroree-nd he vacuum

coupl e/ normal En force an fficient friction jn
md@@&m&magg@@mmepﬂapinﬂl 585 iﬂ%ﬂ%ﬁﬂ  thenampglatute defines
ccordi ngly be expressed as: Fn=Fv-Fp and Fs=n¥n.
%ﬁ%g%g’é\“ﬁgci ent of friction in can be deternined

exper iger hﬁh'o\f f?f?;@ Bl ber 'S BhYRE GRTcRIEI TRt fbot;

comm Ssiohing of the nooring system A data 25 table

may bevesiahlhikkedpledorddie shear force hol ding
capacity over a range of Fv. Sone variation wl|l

occur Pdepemiespherio préssushar act eri stics of the surface
which the vacuum pad will engage. In addition to the
noni td%v‘mga@iumméea‘sur%@ndppl ied by the ship to the
NDOr | roba n the .athwartship direction X, the

posi ti n=gya1{qlpe§tma5f9ré:pé:@p@g oa 30 fixed structure

of th oLl tes / ' rid ne

v o TR GEAEEA T A0 RLAESSERLR o FRELR petha - P
@%&i{)@é@&ioﬁ%&@ofbm@eﬂpﬁtructure of the mooring

robot beyond certain limts, the accunul ator may be

cut outheopull hef forde dtp Ectheyfireenasf meharedims 4a daator of the in/out
punps may be actuated appropriately to nove and
raidnawliopressire feuthet detemningd from strain gauges or other).

Accordingly the shear force Fs capacity is a function remaining
couple/normal Fn force and coefficient of friction m between the vacuum pad and
ship hull. This may accordingly be expressed as:

Fn=Fv-Fpand

Fs =mFn.

The coefficient of friction m can be determined experimentally and will
normally be determined during commissioning of the mooring system. A data
table may be established for the shear force holding capacity over a range of Fv.
Some variation will occur dependent on the characteristics of the surface which
the vacuum pad will engage.

In addition to the monitoring of the force applied by the ship to the
mooring robot in the athwartship direction X, the position of the ship relative to a

fixed structure of the mooring robot and/or wharf is also determined. Where the
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hence the ship in the athwartship direction to a
specified or wwthin a range of 5 limts of

wale@plasesrent . Such di spl acenent may for exanpPE&I/NE2003/000167

nmeasured by the neasurenent of the extension of the
hydraulic ram 4 |ikew se | ongB?udi nal positional
control may, be exercigse

ghipi weyesaglagye (o the < Srodi, giﬁs %wgt «ghen Hgond certain
a5 SR8 S SRRt e o 4
%lﬁ’ﬂﬁﬁﬁ%}e ‘gg gﬁﬁﬁ%ﬁ%ﬁé}gpﬂéﬁﬁﬁﬁ) mORE KR Miinfhif YEE #dun pads and

I'n nuch the sanme way as an

BbRES HRNkRipV R e hthwhitdhipreassiieesta gecifiedloacgifiEinta range of
(e.g. by linear transducer 61) in the athwartship

diniecdf displddementie Soeh stisptacemerns fmayh forhgrainzple ibe measured by the
pressure by the pressure transducer 60 are fed to a . .
cagasveementoob dbe rextension of the dydrantisvrangd bkewkse lpmgitudinal
di spl acgrrent of the vessel, in the athwartship
dopisionabeontEpldpay Be e3e1Cieds j xed structure of the

noor i r obqt i t he. . fi. tha:far

o B Pt P 0 B0 18R RIS S prroses.
N Sotikial | irfaf iear transducers.
S5t BRSSPl BBl ofWcar o

MEHeRé Ak NeArdylyt Hiso dailable arHBtem ahat keadpr @aarks” on a hydraulic
i nvention 20 Furthernore and with reference Figure 26,
rylihder sheiftithat werksoinsnsizhahe sapreowagers ahielgetnonic pernier. The
utilised during the prelim narﬁ stages of e

ane%ﬂlfﬁmﬂgt %Bdtsa?&qcemdéﬂ- e qur%sdpg%giﬁ,%i %ié%artship
y S%E‘BBS 8‘5}? ﬂltj’ ?ﬁga%gg%ﬁ%@g?’&gﬁleoﬁl%f?gﬂ{?g@ﬁ%ﬁy%gggb?l&e pressure

t sgh . kot [ Vi

bR AT ek TSR0, B W B e of e
RGESShaS BPithe tvesbéle e ibe GAMNvBALhiphaire@in irelaiing tof the fixed
the vacuum cups by the actuation of the hydraulic

rsanstute afdhe m@Rimnrbbot afid veitlp thepknawkeidge of dhe forces between the
establishing a gentle contact between the vacuum cups

direed stenoperesei the wioaring rabet pndthevessel, psignjbeantidegree of control

punp/ hydraul i c. accunul ators and val ves 68 have been .
Coninoganana) o 1 Hatsont sther Tsach it fe pitaiped 85 the mooring
hydr hCS I h in an 30 appropriate form

é'l\()grﬁag#ﬂj% Hrﬁée%xg%ﬁeﬁl?ﬁ%%unp/ hydraul i ¢ accunul ators and

val ve 2R Qhd34hn R H&@@%ﬁ@@%% 11 -AB8x B9t 8¥®sors 67 are
been 31%9%1 generally inr Firgure 6. thureq}e)r(eng;'e1 to
Phrovided WRidhonmdy beatiliséd datiagrthampreliénamatsiages of establishing a
configuration of nooring robot 100. The noori nt% r obot

i mooting cortacpbetwasndhe nooring robot and the vessel so that sudden or large

shock forces can be avoided during the application of the vacuum pads to the
vessel. Proximity information provided by the hull proximity sensors 67 can be
fed to the central processing unit to thereby control the positioning of the vacuum
cups by the actuation of the hydraulic rams 4 and/or 23 and/or 64 appropriately
for establishing a gentle contact between the vacuum cups and the vessel. Whilst
in Figure 26 the hydraulic pump/hydraulic accumulators and valves 68 have been
shown generally a person skilled in the art of hydraulics provide such in an

appropriate form. Similarly the vacuum pump/hydraulic accumulators and valves
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of four vacuum pads 1 supported by a structure engaged
to a wharf such as the 5 front face 112 of the wharf

wara4nhs2¢leck 113 of the wharf. A verti cal PCT/NZ2003/000167

di spl acenent carriage 81 is provided to nount the
vacuum cups 1 fromvertical ly40extending rails 82 to
all ow the vacuum cups to_travel in a vertical

a9 hewe been shows genetatlyiindasws 26s provi ded fromthe

vacuul Eupaenge | Bafited 197 Bt { dfefills IRBEF, i atermative

COBES R el EOU A2 TR R80T, 80 cfunpl consie
BF lroy¥ {/Q%ulﬁﬁ afs IPdRpRFRAYOA strien@éRAgdgddtodd wharf such as the
athwartship direction fromboth the carriage 81 and

$tdat CRcE ApE @B thdiwhidcembrthe ofledkhd 13aofiuire cwpharfl A vertical
relative to the fixed structure of the nooring robot |
3l aensmd warriagers lgisrrovidedito mauntghe yaegamaypy 1 from vertically
provided in the athwartship directjon by hydrayliec. .
eaionding raibvih i aHawite G BHENE U (o HavHid ¢ BRiAG firection. A

T A
g&)@/ﬁ(?ec’a 21%5 hnBf Rpsy 96 Qfé!vb}: in %aﬁﬁg?cﬁginﬁlaﬂiﬂeeﬁéﬁ afldRtween the

and prnion or simlar arrangenent to allow for

teiigs 82 s plyegiRfaned adde supportimgGRetire Sdhere peeferatdl provided to
direction. The hydraulic ranms to actuate the novenent

iatlotvhorahé displadenyent of dut ¢ups laban athwraetshipndirectibinnpm both the
20 direction are preferably engaged to pressure .
cemirgeusk asd whbwariags 83 hDipplagement ofihg YasuaseyRs Lyelative to

ﬁﬁ%fl} 2 r?t%%q%ﬁqeagf tﬂ%a t&&&gsﬁ% ir(g.?eqqom(# g§ rsﬁﬁgzﬁleﬂlcﬁigtu?eg 18 to 21 is

d I i i f. . i | OT: .
SRR Rl ot RRE RN B sl O koot
FhERILERNR thE | HiRRlimd dirRctisd iShowvided By eydrhadethms. Movement
region 180 the degree of freedom of novenment that can

2h the varivat dédctiyn i ¢chiswonfiggrationahayphot hesessarily be by hydraulic
configuration to position the vacuum_ cups within the

anme | andemagonstEady Bc dyzmck|andspinianeer siglargeranggmenbts allow for

he G qaReing b Ogs Vst BpBeote P RRG Yl gy hydraulic
F58 S ol IR ALFREMOED e EPRESTR et 50Pe i
SR G SRS b St e i (0 e puroses
hatdi #0 At @hmiReEondiciRdtionoad et sdustebed 2Gth oéfetdiee viesthel mooring
B agai nst which the vacuum cups 251 are to engage. In
tiobotros Figure By aHew fovithe tberminativnrnfdhp forpes appliehbngee ship to
thte rinct’;lorsil.}ljgb srégg]tt iinaghleyloﬁgirtltl(ili%gll Lr)lld gﬁ{m%]r(tjslh?lg d?rlég:{igr?s? %{gures 22 to
24 show by the shaded region 180 the degree of freedom of movement that can
be achieved by the mooring robot of this configuration to position the vacuum
cups within the envelope 180.

Figure 35 illustrates two mooring robots 250 engaged to vessel A in a
permanent manner and wherein vacuum cups 251 are disposed from the side of
vessel A to be presented for engagement with vessel B. In the most preferred

form the vacuum pads extend in a condition such that the suction force N is
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vessel B. 5 Wth reference to Figure 31, in certain
situations the |load distribution between the

w@bamalizey of nooring robots may not be equal . PCTNEZW3/000167

it may be that one nooring robot is at or approaching
its maximumtensile force hotdl ng capacity. The

system can  be opeyated or y erate o] ically. i .
SubsinaahoTapgal angmedab 1§ JRE Suriags 2P Bitorcrel B against
i ndi.vi dual | oads a st_the pluralijty,10_of '
iR 4 eI FRPL e o5 1 SOetisy Ty tsopse BghRd form the
[ foi St [ ' '
R g0 gy B8 RIS 80 c60RE At of
gegat & than those towards the stern. This may be as a
result of differential wwnd or tidal flow |loading and
i s quiWigh qefirensaid &Fignrea3di wercentair isitgatiens the yoadl distribution
may be that part of an offshore breeze is_blocked by
heiveeayetheulility of maaregmehors med 1t bgrreual nindesd goway be that

of the vessel, is. subjected tq.high w nd | oadi ng,t .
OB CBOOHBEb GOt afagl Of AL AREHREL S SHPUREh eI, faicgpholding

of _moni t ofxi N t r I i .
AR A Syl 5 LG50, T paTORAD Aty in such
%ﬁ&@ﬂﬁﬁ 16 @%ﬁide thea Yt ibuMbh R iEdiOIRAL Bdde afigsethd blurality
a redistribution of |oading on individual robots can

lRE rachigYy Rsbddy, With eefarakce tb Fegeasilnig chb deatbnvdrat siié magnitude
direction force 20 towards the wharf by nooring robots
Dfatloiw Brtshiptdieectiby fosuade those tabets towards thabewenfithpivgssel are

direction fromnooring robot_1, Such redistrjbutj. of. .

reseaiesthsp thage tovprdmmbi Stsrm. aﬂ?hlsnlaw g3 FRSBILIoHh élﬁn@mlal wind
R VS LSS LRy BPhEABUS . 1emay
ﬁﬂ%betg?f’ w %?}a]\é%f‘)f(szlr?g% gf%f%e ??BHM&% g?% lﬁ\flélet lli‘tﬁlc{lﬁ 'ohtHe wharf and

I gure ere

RPRSTEROthSYSIWR B the b eskeBisadubljéied td Mighnoiid lgdinghotferce the bow
for engagenent proximate nore to the bow of a vessel

awhyafroneake¢ wharfio oWithg theopoindsiborof syogitgeimgnof the forces on all
proxi mate nore to the stern of the vessel, and

wh
treoring viebats lai lpadigrefilo pan be cstablipheces @ faghe of distance along
TR sundrSHih s fsdh  RoBRE A B i n iniviual

L ———
qg)gﬁaﬂfs el whSEf by miBref20A sl 3261dPET6 %@Qﬁ/r@@&ik&_he load in the

I ncreased by actuation of the robot to evenly
dithivaitbhipalitdvtionebaaahbvengirbbvair t.sBuch réddistcibation ef tfextes by the
by each robot Simlarly a |oad profile in the |
lmoygémenti nflandindévidiiah nforinge botstt inhthengtbmvarighip direction as for

example towards the wharf, may also be accompanied by an increase in the

vacuum force of the vacuum cups of the mooring robot. In the example of figure
1, where the mooring system includes at least two mooring robots for engagement
proximate more to the bow of a vessel and at least to mooring robots for
engagement proximate more to the stern of the vessel, and where the athwartship
direction force applied to one mooring robot in the aft set of mooring robots
exceeds a threshold, and both robots in the aft set have the same holding capacity,

then the athwartship force measured on the other mooring robot of the aft set is
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robots can be determned. It may be that one nporing
robot is reading a force in 5 the |ongitudinal

walreoemiizon bet ween the vessel and the noori ng PODEZ2003/000167

whi ch i s approaching the shear force hol ding capacity

of the vacuum cup of such a rébet. \Where adjacent

robots of the nooring systemare in qperation wthin .
fierensed hysagipatigmer &k?efé%of tn @\éevgv ﬁ&ﬂﬁ%‘ﬁ th% Fefpggtive athwartship
apacity of. their respective vacuum cups, such other

& §X‘%‘§9‘§B¥eﬁ%g&°$n a direction to reduce the | oad

£ S R 5 8 0

appro ar force on hol di

GEPES Ichi - he UGB AREE M ae thet bife ARAABCIObENiWehinga force in

i ncrease 1 n vacuum presSure to also increase the

sheasndiaidigalhalrditivh dateednt the Kesyel mgdathk mberingpebst which is
fromthe data collected by the system a PLCis able
tappownchig thershiear fatics tholding saparitysabthe Yaswym cep edsuch a robot.

R S et o A s o
(% 5 t% ﬁurrﬁ@lﬁ&élhﬂ_gﬁéi% ﬂ'f)m&{ gg]ll)%C?fy[)?etg@{eglgregsﬁ%cqyggﬁchﬁﬂq cups, such
NRhdl RBOLOHES, benidiRa4nd] BEELAGD1PYRICR the UBAd In tRKhgitudinal

I'n conjunction w hol di ng of the

VBRBbA bNiRe th6ofigsdebst afpiachiagt fte sheapdoideydirection holding
allows. 20 As shown in Figure 1, a nooring systemin
tdapatity. uStetatnesy eendi dinaprife in cohjweton wuithednr snagease in vacuum
moori ng robots 100 each havi ng an, i ndependent

Hyreissane tccalsanmcr@mtbm%wpﬁomeghql §1tY.00 bei ng

i nstal |l ed between ener gy:absor bi ender 0. pl aced .
at i nt=pQ¥MS gﬁ&ﬂﬁ IPH%tg%/ﬁr%Wt &Fa‘i‘gg &Pﬁl{sﬁtg‘ao}%{: alelgys?errﬂea PLC is
system . J .
AL B PR T DRSO it s
r . 1 1 H &h‘ﬁ . .
ot 994 ok il SOl comB T Sttt heoptnices
thesdu@d ah thd Aonginalingindiredtiond(Z dipces) of te hydraubé cylinders to
the vessel 200 to engage the fenders 50. In_other

vianoride the best hofidiag fores be thsedi diseation ewermalt aipiei tSuch can also
and there js enoug ol.ding c city in. th

2Q96HE 1] SANKINGHPR &ﬁbﬁ}e Roidigrtiae P{ﬁgﬁe:l%,mtt% the fapders 50 where the
vessel Ept the fenders to give a 30 greater friction
hePACHY 5%%5%Y%y in the |ongitudinal direction and

hence ) i Rigfe4 0 i MELORBHRO ARG frated* 8mbodiment

t he sh}ég?}%gﬁglnyn\gl%’ggafc’i %éﬁ%?lt%?gglsyst em As thias wi | |

haeude i gdits 6f moteigambonrgl0heact hawingdn mdependent hydraulic

capacity, the use of this process may be fairly )

| and tveduumSsupplypthe nepotadioDi béing imsialled| hetweguiansrgyrabsorbing

use of one nooring robot at
fenders 50 placed at intervals along the front face of the dock 12. The system
may be operated or may automatically operate in a manner such that if the force
applied to the robots 100 has a longitudinal component exceeding the limits
towards holding capacity in the Z direction, the robots 100 are controlled to press
the hull of the vessel 200 to engage the fenders 50. In other words, as the shear
force begins to reach capacity and there is enough holding capacity in the
athwartship direction, the units may retract the vessel into the fenders to give a

greater friction holding capacity in the longitudinal direction and hence increase
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or towards the bow or stemof a vessel and wherein the
other end of the vessel is 5 retained relative to a

wobk@nloees facility by other nmeans. For exanpl eP€DNE2008/000167

roll off ships may often be noored in respect of a
facility where the stem of th43-vessel where the roII

on/roll off bridge js 1y provided,.
theyishear h@idlﬂ%dcwcktﬁ eof(/)\ﬁg"rnfsys@FrhceAtsh p‘éﬂ’lfl IE?W eo?n effect of

R G B D EIS0 B Pt
t he SEO eafﬂgﬁhhg HciliR¥s %a; &lﬁfrc?tﬂ#e%e 5P¥RE ﬁfootrﬁr% robot at

bow o NOOr i n pr esent

oRY&PAIRRhE Hor &Vétéﬁﬁof §%§‘561 §n@ hdferéiarthe vana eadsdtane vessel is
in Figure 36. In terns of the nonitoring and control

oétainied relsivenio eadiarOdr favdlitydoy dthgr mednst s drO@&ample roll on roll
connected by a link (e.g. wireless) to a renpt
ofih ships maYtofmmch gyoorghoiar tespae gl gskacil chwhmﬁethe stern of the

; e %ilgﬁ%gifi}gl %/Ef('}i:] csz 3}551 nal nt 2 ﬁggg}:%{olg%(:l'nﬁaﬁ&lot region
IS5 SORE S N ER O ESi

géglohrl‘?nﬁ?p%dt'}gl ? vl r hﬁ)%%itn theueh *ﬁ%@i&hbpﬁle ship and it

ection ngt I nformation at the

brdyiBe Bt ﬂ’{tﬁbﬁﬁﬁﬁﬁkow&ﬁisnﬂiétlﬁfwlﬁ ! shipoatmbering robot of the
actions to reduce or redistribute the | oads and al so

Ipeeseny as/entioh anpravedstb aStchuigadsa for expfaple shayyn irpBigure 36.

these actions. Under npst conditi t he oper ation, of
t he ndBietes %thﬁ BORPOring anéc?@alafpﬁﬁ? e systrmegaghnle t(l?le mooring

50 e S BT 4 R Br b r e souahpat mownted
3% 096 fld 98%610 oy TIQ«?’”P ?t‘é YEHER ﬂﬁgnsﬁﬁfseg% gg%afl tg each mooring

i'ncorporaté erence. nitorin
hyE6@UH0 Go ROARDY 'it§9pds[hdrh gnd @gera«%mnz 3nandceiaed eeedbuck of actual
the vacuum cups 1, 1' al t he perfornance of the

Position forceglpnd tedutio p’(teSS-ul‘BS Ot i chaungg uhsema)gmamhand direction of
mooring robot 100. Under normal conditions when t

rtb@ rmagrm@ bl@ads_tom aép}@ﬂsia&tﬁegthwshm direciden.i ¢ BY dlsplaymg this

t B ‘é’ané ‘?1 rltggg Hﬂlg%) Sﬂhﬁl at aiag%&g a{@raﬁg{né? tp reduce
%d%ﬂ%ﬁ@%@%ﬁ@%&%%ﬁ%ﬁ%ﬁ 2 Z‘é%fﬂaifk@on the effects of

@égp% Q)WS prevented to ensure security of the
vesse reference to Figure 29, there is shown a

basi ¢ addr @dost Oegnditibhs rthagopdreatipn ook she fooring robots 100 is
repositioning a unit in the vertical, if the system
hawrdinated, nfov eckasaple o fwhesn geooring and unmooring the ship, or when

performing vertical or horizontal stepping movements, as described in WO
0162584 which is hereby incorporated by way of reference. Monitoring of
hydraulic pressures in the rams 4, 23 and vacuum in the vacuum cups 1, 1” allows
the performance of the system to adjusted to attain optimum use of each mooring
robot 100.

Under normal conditions when the mooring robot 100 approaches the
extent of its vertical travel the system initiates a stepping sequence moving each

mooring robot 100 alternately in a stepwise manner, however in this highly
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inthe Y direction (i.e. vertical stepping). It wll
be observed that if the load is too 5 great to allow

wo cro4@11300r i ng robot to detach, then no det achP€INZ26oBH00167

occur. Instead an alarmw |l be sent to the
shi p/ shore personnel who w | l44khen take the

appropriate action, The total nooring force applied t X
fonsledesiots, Stopping iadECvesiRst tQoBNSHFR PECHRE Pfhe; gessel.  With

bR Bl 30 P s
{ . . .

N T -
gﬁe Ty Sdit Qi (g.ggférﬁ@alf s%ﬁﬁng}. hg viBsSesbsepvadthat #fahe load is too

term ne the response to any situation.
Rireftetoabllywt forea \masoringg réiedtaso detachyf tHeneny afetacinient twidl occur.
vacuum cups and the nooring |oads and directions_ as
desteadrianedarion ovillt b sentde she shipgstue pesionacl whonwikthen take the
the rams 4 and 23 are nonitored and recorded. O her
@RPECNTAIQPSIEORDNi t or ed and recorded, including the

205 L0 o NEET SRR AR 200 by o 100 when
3Rd nflli'is Tl?g&%lgﬁ}ie FL5ders BO iS B dA 'E)?IQ%'@ E%M&Mrg{éﬁg longitudinal

and recor OW Nng vessel - speci ata to

edfseds féasufad thioagh cthe afansdfcdib efisyd t@thofraiRed and 23
present invention provides conplete autonmation of the

mespechigely: ddg knowingd thet magujide agyl dizectin efithisstota moemng force
be made invol vi nc%:ée human i nput. The system al ] ows the
rtha mastaras ablsrtotdeteraning theclenb Hespense teanshsiflatighen

D05, SRSk o B2k T AL ups and
- f . - .
B4E 50 T 5 R0 BT A e A rmcns

tRh& ARGRE ratlies SuRE 7 ReoModadred @hd arebBideE. ODther data is also
counteracting the longitudinal and athwartship forces

byiohiteredsendofecotded; andlidingche positonvdil thie eeoubecups. Optionally,
actuated in response to information provided by the

| énvézammengalsmgasrementst ofewany andearent gpeeshppd Wdireptien may also
original position or to wthin @&&ﬁedefi ned

dhes m%lg?@ﬁvslanm@mia@d reqarg QWG Bessakepecific gdata to be
ti | y. i di th hi i

&%éﬂﬁ}tﬁaféﬁpﬁ adggrdicBii0; 'S | enosit 1 oning the WO

2004 . o i i

2001 S A8 BETUNE LB St fiton of

aheBEng prekass withduel Rbi@ing tauahedfustasnt tdWk made involving
| oadi ng/ di scharge devi ces or contai ner ﬁ&gnt ry cranes

churrhang inphei Thetsyyteimalpows theTineagurement of theatisplacement of the ship
axlyvlhgr\;vsenfggéedsgv(i:trl]l a mooring robot or robots to allow the determination of the
distances moved from a pre-programmed reference position and thereby allowing
such distances to be compared with user defined tolerances. The system provides
for a means of counteracting the longitudinal and athwartship forces by the use of
hydraulic actuators which can be actuated in response to information provided by
the linear transducers to thereby revert the ship to its original position or to within
a predefined displacement envelope. The system also provides for a means of

actively guiding the ship into a pre-programmed position or a repositioning the
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di spl acenent to occur and for full control over both
the positioning and the 5 degree of fastening of the

wa@ bdog/owizedr t he nooring robots to be determ nedPE@mNZ2003/000167

mai nt ai ned. Athwartship direction control of the
vessel by the system of the -4fesent invention is also
i nportant for the purposes of keeping the hul

shipniof @ daferens psisioner Thp ahipsspay @linele trm@rflide%um%{m along a
e
AP DU i Byl 3., Eh P PIRY v for such

gﬁpge[ﬁ% ik apescic! Akt LD cordldl tgveR BB ¥ SpRMidEMg and the

or the vertical forces to be determ ned and .
ﬂ@%ﬁehc@ﬂ fdst@neg dfothbeshiietveitinithe dnodzingiobaty ts dreedetermined and
alT of the values that nay be neasured by the system
afaintainad: e Sethwartskipndirestian cbntapl ofythe vesiad v dreapystem of the

Eﬁiéﬁ? ﬁ%@i@%ﬁ:é@éﬁ%&%@%’f’ SO RO PEPOSC D esift the huil away
i.ndi cat wh h ' hi-ng .i i i
AL AT B LSRR o se vicn
W@Pfesﬁi‘?@ﬁﬁﬁﬁllﬂ 'a’ﬂﬂisfdhearﬂpﬂn%bﬁ‘ﬁﬁffﬁ%&dﬂ ies of their

thus a

respectivervacuum cups, ow ng the ship's

capt aifhet §sterk AlloSEefdafe Yoroind heatiienmd dfyfokdes acting on the
master may set an "alert" at sone |level below 20 this

ghipsruleaeh reatr of tidalflowasdsvint leadingiingevérat planes directly. In
i ntegral connection between the wharf _and thi)évgssel,
iadditein tla rstens waly iaHpwr ek il Vericah Ecaseta der deteprgined and

statistica anal ysi s gn . be correl at.e or
e Rt A GRS B S SH15° 8 aH S 4h8 plugs the may be
swel | condi | ' i.n: i i f
3Gt PR g RERat sl PRACLP ishishHb sAf dliqy foFfe! Gerall forces
i hBigs ft8 B! dohti &he iRmesEakly falematedraddimonitored.
t gq%%gtg?écﬂl}le%? tgg):epd.oh'\t/@?%ﬁ’{l%e kI‘llOW| edge yof weat her ontore
candalhians aditabal whgn theldysteheds apptaashingaits holding capacity as
information on the nooring behaviour of a particul ar .
desaretined byahpdensiledads poeach xabet appraashingbediplding capacities
the present invention to be configured i

i U3 CeppRCtivg: GREBOFHRTy (06 PlovHELIty P Gaptain to take
ticul 30 i, ' ; :

SrBERe heriehh o PLBRRTE AR tnafieh TR SO0 Gt 2 e el below

e Q3/H00167 -46 subject to higher Ioading

forces as a result. of having hi gher w ndage

char aqtgths pugSosefopahiduring that A ditegi@l sysietiontetween the wharf
configured prior to receiving a ship from which
prelviheusesdel & mamthieed, swhl mdomagtiamcan ebsedbe useful for statistical
analysis and may be correlated for determining environmental conditions such as
wind and swell conditions which may in future be utilised for configuring the
particular mooring facility or other mooring facilities of the present invention for
the particular ship. With the knowledge of weather conditions and having
collected statistical information on the mooring behaviour of a particular vessel in
a particular port, the mooring system of the present invention to be configured in

a manner suitable for future mooring the particular ship in particular

environmental circumstances. It will be appreciated that some ships will be
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which is going to be suitable for maintaining an
integral nooring relationship 5 with the vessel

waoelependsné on the environnmental conditions in BPXI/SZ2106/000167

at the tinme of initial nooring. The system can
accordingly allow for the gerrati on of a database on
hi storical _environpental scenari os d

%qrc

Sehiselq UenduEhr hARRE f BTces Fard | EWlr O nhaving Bighesy Windage
in future be ysed f.or, the appropriate initial .

€ WFF@WH?ﬁ'on%afpﬁ%u%oﬁoﬂﬁﬁgy ¥S§%}1d Hav, be; genfignred, prior to

I: e I t 0 I e

PR 207 i B UFRAR b e Lo RATBp Dondiion
Laaci 'i‘élg]bﬁﬁé td bR SifiiaBleVfdd nithiehg e k& ralbaldofgg relationship
robot wll Tequire for the vacuum cups to operate at

90t Wy obssebylependunt sindtheobnvibenthental abnditimnsdndxistence at the

operating conditions of the vacuumcups. Wth the .

kinm Bidgaalonooting Ipeststem ean aeposdingbnallew ey thy geperation of a
the vessel .at .the mporing facility t vacuum cups can
atabaseom hi%@ﬁl%ag %ﬂpﬁw&g\taéﬁmﬁ%% @fﬂgﬁée GO IR JieTeof for a
system may. be conpfigured s a ' r n
AT ot wAGy O HEelyebe 0P B O prGfate  inita
k IHoH 5 i bRfitiASmMRking@shde of th
o T o A e RGO PAUA et heTPhade of the
%Eﬁel.olﬁﬂa?ffoﬂ\@idmﬂ% Herlasani teht g a0l loadtloffshyrd breeze the tensile
system of the present invention. An alarmsyste and
doatting Hoatshy shpnivilsubgeatdo shé srop0ingiroppaydd rem;imgfl

or other graphic illustratiaqns on,dg cggfut er. screen .
¢upptayinesate s g iviighenay teopeisideng esﬁma@eﬁtém?aréf operating

P PR PR b, P S P B, e i o
A R T 8 O MBI Pl cn o

Glohfi Gesmé@iatedy BFea e Bo! Thedysteheniaydief copyigated so that
| east two nooring robots at |east one preferably

phip/ petednadl @adimvenfidlloautbnuay dvee duhsystemofDisplacement and force
vessel. Data obtained fromthe relationship of t

{ he .
viefrgwiationt aleercheashringoiobet ap oueit as antasel \oBflingcand) disiacement
comhj ned where necessar o provided an .over al
sBitng sy teanotea g el g Bieatet e By e system of the
present ed gr.aphi cal | [ 3 il e :
T ERHEL SRR A) Yorf SHAER, T Ry BHORE caa s
I I 9 ., . t
SR s ™ S0 ISR o,  compter scxen
Rligsieving the enigrafuderdfiforee 32d idisptacemdnt if ahe sotalipporing facility
screen shot providing unit performance and

psrwélt as those ofiiediiduedrgbetsr een for each unit displ ays

the loads in the X Y .. . .
Ist to a large extent reference herein is being made to a mooring robot

op thresvacuum

it is to be appreciated that the vessel in all likely circumstances is to be secured to
the wharf by at least two mooring robots at least one preferably provided at each
end or towards each end of the vessel. Data obtained from the relationship of the
vessel between each mooring robot can be collected and combined where
necessary to provided an overall mooring status.

The collected data is preferably presented graphically. Figures 32 to 34

illustrate a screen shot which is indicative of the kind of information that may be
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and Z directions, the |load capacity, the position in
X, Y and Z, hull distance 5 sensing data and vacuum

wo ewelosi32ekegi ons 300 of the screen shot il ustPeEr/SZy@s/000167

graphs of the vacuumlevels in each pad of the nporing
robot, regions 301 illustratd7runerically the vacuum
|l evel s |n each_pad, region 302 is a bar graph of the
hsnla %W@gﬁwrﬁﬁﬁ%%‘(em’é\%i ns and adj acent t hat

1 us e, 2 B 4P ral bR Bk Ry T8 Rfe v Piformance

r K : \Y :
SR Lo, TR, S P SCRE Y oA PR in the X, ¥
R Y1 digedtidbsNehes Moddl BYpdcits, MO HioBitiohoROK, Refidod, 3oH distance
illustrates the extension of the noori ng robot in
peasing oddta gunidheacuaou lewepsd Ragnonst B@0 aifHtha rscsdeinpshot illustrate bar
direction and region 306 illustrates the up and down
@rephsaoéntbat vacgim heveladogacbupad ofdegmaphing fbot regions 301

SRRt e e Ty -

I R A ——

Ritni QI NANE dR'@igfynQ BoReallhQadwy o?ﬂieﬁaj%d"gfﬂxiﬂty%éﬁgbr status
' QS 1, @2, 53 and 4

vari abl es. n gure 32,

nehakh theré e fws prodiatiiyn@nsolaied valdiia pAl. eRpgiovis 364 illustrate
along the wharf for the purposes of nooring the vessel

vhe Hotdeeuald thatis apBlying e ithe ghipn by Hbe buooung frobot, h&egion 305
respective unit, data for that particular unit wll .
dllypirates the guteasion qfsthg meprag rabejins RESIPRIPE 10¢ ygcuum pads in

S5 B PR 255 e Sl 6 cincemens
( UBLAGL 0 e, ARSNGBy D0sBlackbent an o
HagiPbaYslour Sodewd hndschdhs®! AYdigfidat ErédOfd @rhge to red as they
i ndi vidual unit, a summary screen as for exanple

sipproadhnpreidgfined 3dnitsa yorbthap pasticidal parameterwi Tge shstem may have

noori ng capacity as a summary of all _units allow ng .
paichdifnis prerpregremmed ppd/er tgse plownor adiustygeatheksuch variables.

Further e {he eepn,shat .af Fjgure 34.illustrates .

T FIEBES o, 9n0s Qs i QR4 il s 1 fur B8gfililbots which
t 3 ' i | t far i ,

G PR AFE AT A TP L HAOALAE WALt

Rﬂ[éﬂﬁzwg 3iLRRECn thetButtie fit thearelsebiR e dini€ dak Por that particular

regi on 902 may show the units 1 and 2 athwartship

past wiilddisplagi on 903 may show units 1 and 2

athwartship loading in nmetric tonnes. )

Figure 33 is a screen shot for displaying recorded data of a mooring robot
for the entire mooring system, over time. Force and pressure variation of one or
more mooring robots or of the entire vessel relative to the wharf may be
displayed. As well as displaying data from each individual unit, a summary
screen as for example shown in Figure 34 may be provided for showing the
mooring capacity as a summary of all units allowing personnel to make informed
decisions at a glance. Furthermore the screen shot of Figure 34 illustrates in
region 310, buttons which may perform a sequence of tasks.

Region 901 may illustrate the force units 1 and 2 applying to the ship in
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Regi on 904 may show the units 1 and 2 percentage of
at hwartship holding 5 capacity used, regions 905 may

WO kdustrzas e the same informati on as regi ons 90RCT/NZ2@6/400167

but for units 3 and 4. Region 906 is a graphic of the
berth, region 907 illustrate48units 3 and 4
percentage_ of fore/aft holding c used,

. . apacity region .
Uwsathwarishin direstion tegia 983 May Ghepatiec Py Ingnd A athwartship

met.r.i ¢ tonnes eqi on, 909 illustrates units, 3 and.4 . .
PBfIHes, trﬁ%}f’na?@é‘%@f R Bmttﬁgls fﬁ’lﬁpii %tﬂw%tsme?oa%mg m metric
g%%/aft direction, region 910 illustrates unites 3

4 fore and aft position. Region 911 illustrates
i nf or mRb{RNY( furify 2andcents®s bEaMMRRIsAE holdin
to  t ROBLINA SRR LRIl | Bnd 2ARGe sl ppEeARGIsND holding
cepaigneRdl eediogup@s 2ty ilhistrhtesthewanse mdtrenetiorcasfegidrs 901 to
preferred arrangenment of congor]ents for the system of,
o0é prteformmiind emd dn, Regionaf0hds segraphis of Hhe hgstha region 907
coll ected fromthe nmooring robots_i.s grocessed b

dliusteatosaanits plaed 4rperoppiag 5c/a g capgeity, wbed, region 908
industrial. PC f t i t d/
bt Ghied $ad @l oA 8 R SRR HngfS 1 Bl or,

hi - o t t ip i
of P RREidF 90D HREs LARTS! R & 10fes WACHCAMRAE the ship in

Fhd EorRAIT WRecHHE fregidﬂ' k0 Mstieesauliessd3 whied forerdnd aft position.
Data col | ected 20 y the shore based PLC can in such a

Baygidue 91 aitisstratee dnfoomiatien shinespédvt rod undfsshlaayg bicotrpgponding to
i nformati on processed by the shore based system and or
ftloserramilap pbregienP0bto YH: data fromthe shore based

o) ovi R e RGrEe tORAPUR, TR i Sy &1 FrgasE of the proferred
. ( _ i .
SFERERERLOEL SPIBIRE SO AnO Sy LS by i Wi # @4 be scen
hANGT (dofidcted ﬂ’&l}ﬁ tﬁg%g% P6bdth Gs Hedcebitrl B¢ tal shdre based PLC.

control over both t sitioning and forces that are

arRl PEC mayebe kohnetityd doain miosiriag ROHot fartter pecassimg of data

at the vacuum cups to ensure a desirable connection is

rmpidfaracomol o thee spstene virodhe RE-G.obdt gdimdinknto & ghip may be

In the npst preferred formall feedback fr t he . .

5aYlag T 1B SRR COMIBETbOf HE SRR bl Brespe invention

and then 30 ropri at L | '

3005 53 ABRBREI A LA L B Dot cottcta
/ 0 < t .

?cggg'geg %%&ég%?s?g PEEOOH AOQLEH 4 \Xﬁaﬁ/l bé GRanSMated é@ {;dsle ship where

en commands each t to respon
rsplhy & the Haestbagion peicesked by tleashpesbisedrsyistent aadXor further

Y and Z directions fromthe. linear transducers or
girocé¢sainglef/ihe alagmftoor theshossbasedtsystex) meyaeduz A ship based PLC
directions fromthe L )

and/or PC may provide any additional processing and allow for relevant
information to be displayed. Any input from either the shore based or ship based
PC can be transmitted to the shore based PLC for the active control over both the
positioning and forces that are applied by each individual mooring robot and
vacuum at the vacuum cups to ensure a desirable connection is maintained
between the mooring robots and the ship. In the most preferred form all feedback
from the mooring units is communicated to the shore based PLC and then

appropriate data is transmitted for display on the PCs on shore and ship. The
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pressure transducers on each hydraulic cylinder. An
alternative is to use strain 5 gauges which may be

w@oaubiseed on the units in appropriate | ocatiPCENZ2003/000167

determine forces. For exanple, Figure 30 illustrates a
fl ow di agram of a basic contd4®9l |oop for keeping the
vessel in a defined npored range jn the X | ane.

, ., Z P .
PLGshevaluatecicedbank ard dhen spryaaigds qash wukdo tespondrms required.
e.noorjn nits are .reachi,ng li.mts of. hol.din .
Rk, g S g st Wi T AP FnclsePioBR o ghe linear
0 e 1.p/ e : r | PrrAf
Vaetlfely b SRR G A G, fork PRI S M 2 i ons from the
?g&@ﬁf@ frh&stidcrsdon eack IR cyTRidlek OTAM @ltefrAktiveRs @ use strain
e port authorities) for providing renote nonitoring
ghugdre wigichonagnde pbsitibacdoa ithg univbdh. afpepHate locations to
converts information to a force reflective nunber and .
fdeternliisg ferges. 1 5Fanexdmplectiguradluiiustrates o flawediggram of a basic
vacuum pad and proximty infor iop may . al so ,be
seatekknop fordesPmg tgserssldpra 3%5%{.1 mepigrbranggdn dhe X, Z plane.
P r shore PC.may ,be.used Lo caontrol th ori ng: .
Ihithe Gt B s BBEE R, SORL o i, HROho3Fing unies are
SHA: (TR BT g SaBia) HRP0) el 00 oM, dliins are sent
36 "thy isREp/sHore PeeIdngl. ofhd Btwaltiship €orcdevasing atteictivBeforce and
20 ship, d) detaching with a push to give the ship an
iatirti signaisneay be teavesynifted ife.gt he alwentrhl wioaitotiag\staipn e the port
to nove the vessel forward a defined distance, f) i
dutharitiesh doppraviding temate monitorig efBwnpersenante of the mooring
sygt em may al so provi de operational steps where there
"0 power I 0ss to the system In such a situation

th t i || i . L
e ST i RO - ARl iy
P ARBE O8GRI AITERANRI LR RLRSHUR] ﬂﬁﬁﬁfb}ﬁﬁ*ﬁtyhﬁfdij{hﬂ%ﬁion may

capacity decreases for exanple due to |eakage of they

S B@rﬁroﬂ&esdﬂmimﬂisptaya@ @rapidcalty. vBithesthe shiphBCarrshoid PC may
may then return to their off state which has_ been

desuspdetd somttoltthetmobring awifs with @paropsiate setwity gn ¢agh. Macro
the | ongest anmount of tine. . In their off state the .

R cgmm@mﬁmlaa/o%mwd@dff'ﬁs AAar, oty SR tipgy start up

HHERERENIONE H NS e Tt A
\ . . .
B0 e P B 808 St vy o

Ghe Wérth SRRl leadidg)e)swsheiet the vexkeél forintasd fd exfibed idistance, f)
and resilience inthe X-Y plane. In this node, the
rdesaatr ampark the units in a shutdown mode.

The system may also provide operational steps where there is a power loss
to the system. In such a situation the system will remain attached to the vessel
via the vacuum cups until the pressure inside the vacuum cups approachés
atmospheric pressure hence the holding capacity decreases for example due to
leakage of they system. The pneumatic and vacuum valves in the circuit may
then return to their off state which has been designed such that the vacuum
remains in the cup for the longest amount of time. In their off state the valves

remove components from the circuit which may contribute to the leakage of the
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force will be proportional to displacenent only and
not tinme. 5 The fact that the present invention

W@ R0Ki0sB36 | nconpressi ble fluids and from whi chCT/NZ2®3/000167

nmeasurenents nmay be taken, a faster reaction tinme in
ternms of comrunicating inforfi@tion to and fromthe

shi p based conputer can be provided for. Real tine Lg
spsemy partieilady thy PRl AR FAGHIRRWRPSC PRWRT fss mode

royi ded.by the tem.af. the, present inventipp
Bl Ve agrulRs b 0 RSB plfUF Rbufiug ds pystem to
%taﬁpfts RGN, 2h@RUifendd A HRMKIV MR, yIn'?‘?&iF ‘ﬁ?(%d@‘@ﬁ‘e restoring
Soie U1 me averaging responses to the control o t he
Fo#A Be gﬁip&ﬁolﬁlﬁ@ﬂﬁsp@m!m't balyeaddnee hecont rol  of
the noorin robots. In"such manner a continuously
act i vaheofatt that thvepreshet imvontio utitibest incompeebsitde flweds and from
provi ded and control may only be provided at such

stlgle sfontre meeapBragnenss avayram taken; He fasietuieactiopstimeoth serms of
Do euks RIS B 5o S BSGAL Lt Eonbe providd
3§§L? %a%%&@%ﬂg%%@w@%%Q' u%%%ﬁﬂé@gggﬁggg%%graggﬁpenmntcan‘be

: ' vessel nooring
g%é*%%?ég}ﬁegg%%%ﬂ?ﬁ%%?ﬁﬁ%ﬁgh%?ﬁﬂ?gast one nooring
robot Wailst elec8gabhy nfags bperated t@ coassdelthé lpeaitiong ofitthe mooring
the surface of ~a body of water to a termnal, the
mobofsnn aobmitirivooklyd activeamaede, rsacd viend averaghng responses to the
attachnent el enent di spl aceably engaged to a bas .
sontrel of thepactaaioeEs WY DRrgMOFLHRTOBERE tosetontiel of the mooring

affixed to said termnal, said attractive for .

Fobaféh nish uSE it PoSehiiEb Ba&bie) il b6 B mpporipe robots
v e r ' f Y ' [
BTt BRGSO ARl 5 b BENRA Sl where
LdigNatahé@Nat thdRMeaRAl c@ls ot al bfelietdrit@nddmeAn occurs for any
att'achnment element relati've to the base structure 10
tgpeaifledwimberesiod tidferenantarenmtiol oxey tesedcuim eups to restore these
direction selected fromany one or both of (i) an
awonaithighthe displacement rapgeiocquts.) a | ongi t udi nal

direction, said nethod, after the associating of the

vessel with the nooring systemby 15 allow ng the

vessel surface to be engaged by the attractive force
attachnment
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el enent and the establishing of an attraction between

said vessel and said nooring robot, conprises; (a)
wore@gori3ng the attractive force between the supdBEZ208/d00167

the attractive force attachnent el enent, for the

pur poses of determning the hblding 20 capacity in at

| east one of (i) parallel to the attractive force

G ABYSon, (ii) normal to the attractive force

ttr adk Moo gonfalbfiavessioatibbokr it s} fei fetuding at
g%tgg&é#ﬁe Hﬂ)totlﬁl% HoBbE for?%%éﬂ?ﬁ%lytfﬁﬁeﬁihgﬁés's&eﬂééﬁ ftar the surface of

enen base structure o

HORSdyNBF RR6E tdla lefdsdall thetmdot@etiobdt iselemigesh hitedtive force
anyone or nore of (i) parallel to the attractive force

ditacahéminelefidnt displavdably enhegat to acbasce sfroctoee of said mooring
direction and horizontally, 30 and WO 2004/011326
pehutaRbbayosousTre affixeditp ispidnisrminal s spid piragtive detce\astachment

LA ohrdRE el s Eengaie, ity b VEST) Bt paking fast the
T TR TR —
irngkfv(ementio? tRe HtREVE FBrdeuttfRfhchP¥RAENR LI O the base structure

ative novenent between the attractive force

ab bﬁ@ﬁfn@_ﬁefel?' tageRdvenichtiofe vakel ivesdiedctionaebsoted frem amy one or
attractive force dependent hol ding capacity in the

diotkeof i on to tend towards allow ng relative novenent
of the attractive force attachnent elenent wth said
vessel . 2. Albet BB@thwagship fegction.amsi m 1 wherein t he

tt ti for. ttach t .. 10. el t i i abl
Sttractive fofibe dPREEHHBNGEGen: and the method
furt h%ﬁiél I;HE g;jﬁﬁer ed%s@aé(téﬂeé‘ |S£ Ef{(f %E& With 'iﬁ@n{ogfiﬁg%ysteln by

nmeasure reacn a pre Imt tendin

aMOR/iHg ahb OVdsBEl E@ifadd Y& BED¥R betiheedttrhdieve) &brcabdttachment
force "attractive elenment and the said vessel in a

dilemerti and ptheakstablishing uch ahoattmCtEpn betszan eshidt vessel and said
controlling to increase the attractive force between
trheoneg salot1@Bpseste and the variable attractive

Force (a%t tac ngrlreea%{nirelllge%ematjcrgcé\?es RRrce t}e?wtegr? the surface and the
attractive force attachment element, for the purposes of determining the holding
capacity in at least one of
(i) parallel to the attractive force direction,
(ii) normal to the attractive force direction and horizontally,
and
(iii) normal to the attractive force direction and vertical,

(b) measuring the force between the attractive force attachment
element and the base structure of the mooring robot at least in a direction
selected from anyone or more of

(i) parallel to the attractive force direction,
(ii) normal to the attractive force direction and horizontally,

and
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force(s) neasured in (b). 3. Anethod as clained in
clains for 2 wherein the attractive force attachnent

webk@dmont32¢ s a variable attractive force attachP@€niNz2003/000167

el ement and the nethod further includes, when any one
or nore of the forces neasure@in (b) 20 reach a
predefined limt tendin relative

toward all ow .
movenent bet n npﬁgal t@ghf’ &H{aéuf" & lf.g]g;eéﬁr.[gchep japd vertical,
oo RSkl 86 B b G
Efﬁ%e@sgﬁlﬁgzgs{l%&g P{ E(gg %zh%?éiﬁgﬁnalﬁﬁ'ﬁ is od %ﬁfeﬁ%? % more of

trve Frce attac nt el enen

RROBEddsORRlastied fh€bY, ofnC a( Sire RS 46 ednd Ntowdrd AfowingArelative
method as clainmed in clains 1 or 2 wherein the

ahdvemadrtVisstivees ehe attrativeeiorce headmerntsclement amdb e said vessel,
attractive force attachment elenment and the, method
fapptdashes ae latitastiveioese dapendert hldingreapaeity fetheodieeesion to tend

measuyed_in, (b reach a predefined limt_.tendin

{OWA %\lﬂqnmghéel%‘feamqmﬂf?&? Shhe %@%V&qf%rﬁ% attachment clement
var. abl.e forlce attractive elenent and the said vessel

RSP YEsSlon parallel to such 30 force(s) neasured,

01 AT e SERBERL e M becklve st

\W@eheht B agsvlandradibrevivrtabitactanéntastémunt dat thee method further
attachnment el enent when the force(s) neasured in (b)

rirelodes, whemaiyrone lor mareaff the forege tagasireddinr (n geachs prdefined
nmet hod as clainmed in any one of claiml

! S to 4 erein
tlirgitf snding fowah allpwang relebye HEOYEBEI h@t"é@an% vguable force
RSO YR e 8k gouie] & i Auaerion bt fhepich foree®
MASRANS, Vihe! Qoﬁrélgiﬁgsg)u' reastNRIL bArRalE n?{e%een the vessel

responsi’ve to sa ransaucer 1S |splaye o)

Vessek MdcHR V¥riable dtieitbat fortdatthetient slenteat Weedsponse to the
vessel and said fixed structure of said nooing robot.

Gorde(sheinbastirad iw(B)L ned in any one of clains 1 to 5

wherein said system 10 included a plurality of spaced
apart Avoorithed rasbslaimedaih Prisderarng whersin the jayeactive force

S SBIER 47 TSRl RGNS P <aPHBIEET i nd
b) .. bet t. ' f .
b5 SRR BB 5L S5 962, A0C AR Rhred i

CRALH QUREGLAn PRI Ol i S w8 hHbWine E’elﬁﬁ@&hﬁ)gl%h%%@bemeen the

responsive to a transducer, wherein Said sig
reaRons fyeetabirsaivé dempsuaatthei saidlivspthinealdmectidieparallel to such

vessel visually, to indicate the

force(s) measured, the controlling to increase the attractive force between the
vessel surface and the variable attractive force attachment element proportional to
the force(s) measured in (b).

4, A method as claimed in claims lor 2 wherein the attractive force
attachment element is a variable attractive force attachment element and the
method further includes, when any one or more of the forces measured in (b)
reach a predefined limit tending toward allowing relative movement between the

variable force attractive element and the said vessel in a direction parallel to such

force(s) measured, the controlling by increasing of the attractive force between
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force (s) between vessel and said fixed structure of
said nooing robot. 7. A nethod as clained in any one

wotooglosizes 1 to 6 wherein said system incl udePCENZ2003/000167

plurality of spaced apart nooring robots, each
presenting an attractive for6&-attachment el enent to
engage to a surface of said vessel, wherein said 2

0

e Mewset avukfpes ang, ghe yadablarreciivg onee artaciment slemef when the
forc measured | b) of one of..sajd.nmoorj r.obpt s
860 emnte e (ashed p P BRLAE T BE G R e

t W id.
KL Lok SRR ATl heirtighid 1% Saiein the forees)
RARHFROIP 0P YehvaRP RGN0V BRledhtttheRRdGléte| addieéhe base
attractive Torce attachnment elenent in any such
direaire &0 comindoRdbt monétordd drfbdetehaineddosmragsi@hal refminsive to a

is controlled for novenent of its attractive force
atanadherenwhetansaid sigaalardspensive sasaidfiransduerisie displayed on the
direction to vary the force tween its attracti.ve
feoseel vaturdigh e rdicate r%@?ﬁ)@@%‘éﬁ%@%ﬁ i fixpd gtructure of
direction o site to such said direction to thereby
@@Hﬁ@@oyﬁ%ﬂﬁﬁgce in such said directi on between the

tracgi rce : I $+S '
3 UcreSEpl EEALhas TRy S TRUIAREN 1! i SPeIcRASAd system
2004064 h3AGrHRF NS AMboring¥8bot8; edshnmbatingsan attractive
claimed i'n any one of clains 1 to 7 wherein said
Spsdecattachmednt ddeimentptouemgdageytoad seiface df apidr vesselaaridhgherein the
robots, each presenting a variable _attractive force

doreethnsnmesswadie () hetyeee theoatirastive setsc sitaghment element and

a5 “Brie SRkBng of “takb Poraung obgtrisConti sy dfyied and

0 [ ' r ;S opar.d Wl e :

TSR BEHLS, B ppDy L Y5 1Phba0 RkEH Yad sigaa

ex‘e%?;@ﬁ'iveaﬁfj séia%r&@uqcéﬁeﬁ%bplhge@ ofli the Glek & Ratatly] € irdicate the

su force(s) nmeasured by such approaching a holding

clapeac(s) Yebiednheesatltanaicsaid fixed stroetusd d Bsdidremdoing soterts

in any such direction, at |east one of the other | i

mbor i gy methiodt a5 chimedtinoanyeane ofi ¢lginemd eta pswherein said system
rce.. 10 9, A nethod as, c| ai

T ti f . d i )
S e 5 PSR B e
h. att ti f . .
g e TR
g, RO UL L0 6 IO bt 0 of

agnCh PR tnddtimnobofetealls edvardtalbwiag elatiee aigventeat between the
attractive 15 force between said attractive force

adttractive fiorce | attashmenh dlenient wod sbe sgid vessel insa direction parallel to

such force(s) measured by such approaching a holding capacity of the attractive
force attachment element in any such direction, at least one of the other mooring
robots is controlled for movement of its attractive force attachment element
relative to said fixed base in a direction to vary the force between its attractive
force attachment element and its base structure in a direction opposite to such
said direction to thereby reduce the force in such said direction between the
attractive force attachment element and its said base structure of said one

mooring robot.
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nmeasured and a signal corresponding to the neasured

attractive force is transmtted for the purpose of
w@ormatizzon with the neasured force(s) of (b),PCINER@®BM00167

an alarmis triggered when any one or nore of the

forces neasured in (b) reach&k-a proportion of a :

50, S admbthoc 66 | Jainicsy sk aBY OReh B et AT, did system
Hichedect pRloRediey O pAcks SRS piSorifit BARAE tackpreseptin g variable
]%1%8?@1@% g?{CGCAt?aICHﬁlg}lg %%r 101 £ Y %ﬁ%gbcttohe? sRAdASt 41 @ vessel,twherein

Wween sal ive e attachnment el enen

and hb®ovgnaBkr fittiREewhen afifaad @ dnaredbfahe f@ras measured in (b)
corresponding to the neasured attractive force is 25

bF ans wftshktimooringhebptsrtpndetorard atfosring welatiie mavesnent between
measured force(s) of (b), wherein the attractjve,

flor varialdeifomeeattradtivh elemeny anddhe saidoyassels ing s direefiqeparallel to

measured in (b) reaches a limj,. corresponding.a force .
cheh éqnﬁg(Sf) dn@@}qucggﬁispga apgroapfég'@ 3 pﬁﬁp% pgm%“}@ o eCattractive
ve t, bet n sai.d attr | £ or .
EP el EEhyHfof ol SR MEEGP A To ) SREDTRAE other mooring

r-actdaVei ' ed. 30 12. A
RS Bln U o Eh kit AR B RN, e m 1 he
at t r agt in@hb@rasecNihetD Akt b3 6o PEIRInY 20037 Gikk6in theSaitractive
attachnment element is of a kind to be engaged with a )
Hbrraetsiech @ach aftradive foessaitachmant clagenitandathei wessel surface is
force acting normal only to said planar sur

! ; %fce . .
whenssradl tansl aarsigngdt FOERTIOREIE, dpwish TReasHIed (ARGt Ype force i
force.attachment nenber. and .t he anar .surface is
%W@%‘i g‘?fotﬂg PUFRI ‘ﬁf}ﬁr(ﬁ@% r(?Bipdr'\(@ V¥l he measur ed

tracfi farce i 3 )t f tih ti

hrack YRR T REnRL I TSGRl U1 DLRASA: e ot
BRIEHRwRRNAafd Bithaxtive fOERS Athchiitiht Sliferitaiiciethlernvedsel surface is
Irection to tend toward resulting in a relative .
raveneed afd saidgedlt cantspoading de did anbasemed najtrpetive force 1s
and said vessel in the direction parallel to the

fioansenitted fior ¢tieipurpage Of iopmpasisesawkhsthe: meapseditagre(s) of (b),
capacity of sajd.attractive force attachpgnt. nenher .
kel 8 et gV R R FPBnL e Rgsgrgtured in ()
attractive for.ce. 13 i '

SRS PSRBTt e TEMIBALFEFSLE, TERea08vElEnc bevween
aﬁta‘i@%ﬂf?c@itv %%?&adhﬁléi’ﬁ cherktéiid ah@ shRI Pag80Shivh hblding force is
pl'anar surtface of sald vessel wth its attractive

f @peadast dnartretiveforesnyeasareslai d pl anar surface and is

of © a variable attractive force attachnent el enent, .
whier ei A mbthodt as clairhed i ang @nesfhelaineseh tealdhwherein the attractive

attractive force attachpent nmenber and thealg)(iapar .
sioreebetween said attractive force attachment element e vessel surface is

measured and a signal corresponding to the measured attractive force is
transmitted for the purpose of comparison with the measured force(s) of (b),
wherein the attractive force is increased when any one or more of the forces
measured in (b) reaches a limit corresponding a force (holding force) required to
result in relative movement between said attractive force attachment element and
said vessel, which holding force is dependent on attractive force measured.

12. A method as claimed in claim 1 to 11 wherein the attractive force
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nmeasured and a signal corresponding to the neasured
attractive force is transmtted for the purpose of

w@ormatizzon with the force nmeasured in (b) (ii}CT/NZ2003/000167

wher ei n when such force in a direction reaches a
predefined limt tending towabfl- resulting in a
rel atlve nmovenent of said attractive for%ﬁ% att

chme
entelepent i of Akaddp herengaged wates p abamZme&P fai vessel

I%'iﬁb ﬁqrga(i‘g'ggtgxgqs gycgfacﬁg‘%d? ggﬂ? QB{Y \;gS?l ]@ %ugfem?e nherein the
TR et é)trae ﬁé’ﬂw%e\ﬁeqﬁﬁﬁ szttgaétﬂ% ke %&Bélﬁﬁeﬂt%&%bbls and the planar

i NCrease l'aimed 1 n an

QLA islmb@sukad Whe %%hgh%@ﬁeéﬁtﬁld‘iﬂ% t‘@the*&ﬁbm%d hft@ctive force is

noori ng robot and the vessel "paral to the direction
afankorited {85 tieparesd ofhcdinpatisgn t\xethj$ha dovae dneasured in (b) (ii)
resulting in a separation of said attractive force
avhexeimentalatne e ririgteves) whicd spehskirce en@eéemcfaom itp sfend toward

AFBBRE 8 Aot e o 816 SHRRHY & IS BBaiiment member and

ﬁng‘%@% £0° e Ao BRI ol O oot bREGER ip G LEL avproaches
'h'oﬁﬂn%%%{a&‘é&?"@f §ﬁd'dﬂﬁ’5¢’cﬁﬁ§‘f0§ﬁ ﬁ&a&lﬁﬁéﬂt ﬁl&ﬂbgp%ﬂhn&ld vessel
otsscu to a term nal e term nal being

%std&eénﬂfﬁb&ﬂ% fHelBgsubed Afa2008f8068167 -56 a fixed

or floating structure each nooring robot including an

atx r ach imethbdras eclaiatadahaesn bne lo rcgenmsdl §@I1ac‘erhme;n the attractive
engaged to a base structure _of said nooring

daree dtachmant glanend is o% adkipd tabpwagaged Wath %pfﬁnﬁéﬁurface of said
said.attractive for&r?eﬁattachmsnt el.e

st anih IS ain® fien SEERTRM U I S et spgfage and is of
R{éﬁ a@t?éétk ' f ?@ﬁ&eﬂt dgle 916 Pomr SAR attrE}ctwe force
ur makKl ng vesse tO sal term na

%t@e@ﬁtéa%ﬁt hit@ctios Cf%r@é aaabiReht hRABE af@RBB! Slafhr surface is
exerting an attractive force normal to said vessel

suedsaced aandvhi ofigndl terrespandingattbadie dpeassaet dttractive force is
establish the attractive force between said vessel and
srangmitted Hor rthe iuwposeopt éoama@wh dhe feree Wgaswed in (b) (iD)

g‘% Qrﬁgioo;@’@%& E elf”gr%L I ipggﬁ oaeli?r%hsﬁ? (}E-}qﬁf{ésamg toward
grgﬁlilglﬁlgalﬁs el’eﬂét@%&fﬁ%&/gn{eﬂt P%ﬁa?&raé'tw Jr&rg {a’gt%&unent member and

an a

dég?cf gg%s%[' rugglget dlrgg‘t?éﬁ ggfa'l‘l%l t&l tHLEdrt® @n@a@u&ﬂdm“@ﬁ [(8),Napproaches
ystem further including

the holding capacity of said attractive force attachment member with said vessel,
the attractive force is increased.

14. A method as claimed in any one of claims 1 to 13 wherein when the force
between the mooring robot and the vessel parallel to the direction of force
measured in (b) (i) tends toward resulting in a separation of said attractive force
attachment element from said vessel, exceeds a first threshold the mooring robot
adopts a safe mode wherein the attractive force between the vessel surface and
the attractive force attachment element changes to a maximum attractive force.

15. A vessel mooring system which includes

at least two mooring robots secured to a terminal, the terminal being either
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(a) a neans to neasure the attractive force between
the attractive force attachnment el enent and the

weemgoli3eer a direction parallel to said nor naPCT/NZ2003/000167

provi de an "attractive force capacity reading" and (b)
means to rreasure the force betSéeen said attractive
force attachnment 20 element and the base structure of

sehiﬁ_éieﬂfo%rr gIPB LRiche apachoroOT ARy 0bgh nlndrg: an giractive force
“chiient RlBET wisblashbiy; Snek e 0ck e 1R LB ol sl qmooring
RSHBE @gicf Pagl ¢ 'i:t‘ﬁcﬁﬁ'b dﬁf&{ 311‘*18 to? the? ”[éﬁ‘rhﬂgl as(§ud attractive force

hori zon shea orce ~ and

V&fafchﬁr%ht %l@rn@ﬁf RE "Bk Cr‘éle%%alﬂ? éﬂg%gﬁﬁr{wih h%u‘ti%'te@ﬁﬁaﬁ? fertically
"vertical shear force reading" (c) nmeans to nonit

texgenidihgtpert o gtathetane endes aluspoaed m@ssalvmfamecﬁ)r makmg fast the
capacity reading and any one or nore of said nornal
fased feasaichgermmel, hegid zatraetive rfeme ﬁﬁadenemaalengﬁnt agfpable of
vertical shear force reading to 004/ 011326
P DD 603A G061 1010 AL o S dovessdl BpICe RoBhidlyit is to be
s%% t{g readi ng(s)" (d) neans to control each nooring

5 ‘il’esponsive to said nooring status reading (s)

in a Wﬁ@ [ {8 Ué%gaﬁlmt tH@%'ﬁtr WreO c@eregnogaldn% and said

force adl ng, ori zont al ear orce readi ng reac

aat&a@mwiﬁfrb@adaémmﬁt,elaﬁémverti cal shear force readl ng
in adrection tending to allowng a relative

nov emewherpét ween neairthgy st linelodes swiads do tactuate weovement of the
force attachnent elenent of a _said nooring robot,

of
r#rasiivafarpecatipchimant Hlemantirelatiyade ithe ase séructure in at least a

CUHRTER PHICEIG 8t APl gl PO ft an” SERDR dlifection and
fl%ﬁg*gﬂ@ia H#rj:&%l{]g i. said means to establish said

orce in a manner to increase said

at t r acidwwhERIi€ for dach r8bot2batys@fdfurtter iftludin F
di spl acenent of the attractive force attachmen

el emenfa) of a fifzans té arsturerthe attheativedfordengetwebnthe attractive force
relative to its base
attachment element and the vessel in a direction parallel to said
normal to provide an “attractive force capacity reading” and
(b)  means to measure the force between said attractive force attachment
element and the base structure of said mooring robot in at least any
one or more of:
i.  a direction parallel to the said normal to provide a “normal
force reading”
ii. a direction horizontal and perpendicular to said normal to
provide a “horizontal shear force reading”, and
iit. a direction vertical and perpendicular to the normal to
provide a “vertical shear force reading”
(c) means to monitor the relationship between said attractive force

capacity reading and any one or more of said normal force reading,

horizontal shear force reading, and vertical shear force reading to
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structure, in a direction opposite to the direction
tending to allowng a relative novenent between said

waemsmlizand said attractive force attachnment PCENERN03/000167

of said nooring robot, to increase the |oading force
on said at |east one other 205hporing robot and

reducing the | oading force on.the said nootjng robot
in said di PEQH®A Of EARIAY THEOTANE Sﬂﬂf"r?gre%dmg& ative

e B TR T
vessel mo%taﬂgs Ise\égg&'r"’gsﬁsinci f}itaglzl StHCAk e %ﬁgﬁé ¥r more of

said attractive ce a nment el ement

vacuum pad ngfmglFoRBdréadith, "Baiforitsl ehéaabfdrsd feb@ing reaches a
attractive force between said vessel and said

attracti ve piatefmedt timit) mmd: vedtieakshear forae vieedimg in a direction
systemin fluid conmuni cation with said vacuum cup an

d
i ncl udes a tending denadlerdng taorelgtbremavement bepueanpgid vessel and
punp). 17. A vessel orin stem as cl

Lmed . in an
one of cl ais#yl atfraghive, Bree aftaciimeny slementy qu%noorﬂg robot, of

o o S RS B ot
to the bowggfy ﬂu%ef)lgn VESS PheatBdo Aonh@Ahitiake AQe4st e or more

robots ("stem set dare provided to be engaged

proxi mat e RelegtddaréMahs felldwiie: sai d vessel , wherein

said neans to control can control the attractive,

force of each. at saidahesms fooesteblisht saad atteavtivel forasnin &mpnner to
in a manner wherein when_ the attractive forces applied

to 5 the vessel dRGeasesalfatiactivaiercene of said

noori ng robot.. of each set .reaches a first threshold

the means to iton@PGi@Bhétes in a manner to normalise

0o 25 R T P T o

vessel nooring sys es at |eas

moori ng robots seguleast ded otifl Miibdkingt Rebétekdlatiae to its base
being either 10 a fixed or floating §ock (or a second
vessel ) each noorstmgturehiata diretticti oppesite tatthe alitectien tending to
force attachment el enent en%aged to a base structure .
of said nooring allopdng sartrtiyggeosemenibatween gald vessel and said
relative to the term nal ctive

sai ttr ofce .
attachnment el enerffTagvsefores I@%@‘gm‘?p eﬂﬁ@ﬁg{jot\ﬁlﬁ igooring robot,
ticall t ' b i de: di
vessel surface 1 op afiing B JpRiE EREd i PECHPREREDne other
termnal, 15 sai 4ygdhh@edbieadPidiicald AN BadIngREBMn the said
capabl e of exerting an attractive force

mooring robot in said direction tending to allowing a

relative movement between said vessel and said attractive
force attachment element of said mooring robot.
16. A vessel mooring system as claimed in claim 15 wherein said attractive
force attachment element is a vacuum pad or cup and said means to establish the
attractive force between said vessel and said attractive force attachment element
is a vacuum system in fluid communication with said vacuum cup and includes a
vacuum generator (preferably a vacuum pump).
17. A vessel mooring system as claimed in any one of claims 15 or 16 wherein

at least two mooring robots (“bow set”) are provided to be engaged proximate
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normal to said vessel surface at where it is to be
attached, neans to establish the attractive force

woheimoers2éai d vessel and said attractive for cRCT/NZ2003/000167

attachnent el ement wherein for each robot, said system
further including 20 (a) a med®s to nmeasure the
attractive force between the 3ttractive forc

Mmaradnnbatbosy eh stidaselmdzalosat tv TBOQHAZRObRIS (“stern set”) are

FEAERH HE A0 pERVBBI Y ERTLA0 e B R0 bt s

A RS " qugm%h eRMcoBRd tie Efi%%%g.vét fdied use e%f:]il S?L:txgctive force
n a [ lel to

foori ng robot a east | rection para

hgciaAbit dOMBB arlldPinPs Mander wher@h WeHenfths eftractisddbit@s applied to
(c) means to nonitor the rel ationship between said

¢ vesstl werfdcerioyeat leagtaniet of sasdhdicogingnobstofleandr seblreaches a first
force reading to provide a "nooring status readi ng" )
Fareglayldrtbarmseans toorantisll apseaten ol & ganssbto perpakss the attractive
to said ori ng WO 2004/011326 PCT/ Nz2003/ 000167 -59
§9’§Fd§qaggél?l?f§qfﬁaéﬁﬁ%tnner such that when the nornal

; i . . . ; H
18 7 2 FEe ooty ShrEh BB o oai 6 vessel
reaches a0t &td hifokingGobsisiRchfAdoBterhil2She |t91ﬁni§1§1r]9ei%1g either

nmeans to control initiates at | east any one or bot 0]

2 firb® o efbdtingniddie (6104 |sevbid) vessel)sédch mpdfisigt @bot including an
establish said attractive force in a manner to

iaticactiveefosed ditathmenttdlementengagedrid d baseastrutarenet sadd mooring
A vessel nooring systemas clainmed_ in claiml18 wherein

delbot Reidr bay stocthigbdtxeadniglaiies taelifstareing gaide attractive force
e PBeal B oot Detr LY e By pending port or
Aarb§A siGd dﬁ%% Y&H épsurgd&re%} h?ef‘kﬁ%‘ o MARS $d3eBR id terminal,
meEans to control may rn addition Initiate a

dhRPhafsRIRBtfoffe AtddhAtdnt \t@erhOR(CEaptibl el bt aiRMactive force
an other robot of said systemin the athwartship

dioreat toosnid eesseti suiface atavibrtitisdo berattathed t her eby 15
i ncreasing the | oading force of said other of said .
noor i maeanshin sstibpish atractive force between said vessel and said
attractive force attachment element
wherein for each robot, said system further including
(a) a means to measure the attractive force between the attractive force
attachment element and the vessel to provide an “atiractive force
capacity reading” and
(b)  means to measure the force between said attractive force attachment
element and the fixed structure of said mooring robot at least in a
direction parallel to the said normal to provide a “normal force
reading”
(c) means to monitor the relationship between said attractive force
capacity reading and said normal force reading to provide a

“mooring status reading”

(d) means to control the mooring robot responsive to said mooring
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such an other nooring robot having capacity determ ned
fromsaid attractive force capacity reading, to do

W@ 004A0132A vessel nooring system as cl ai ned i nPCT/aze03/800167

or 19 wherein said system further includes 20 a.

means to determ ne shear foreé9hol ding capacity

between said attractive force attach | ement

sai d vessebtatesigadmg 10f ¢ iannek pechthat g"(ileil\ﬁge ﬁ’@ﬂ@él rce reading

o ond! culiad Hgt’eg%wa?ﬁt&fﬁﬁ%ﬁ%n%%a& e et foroe attachment
force hol dig Fﬁgﬁht g 56@9 sap’ re%é%é% aﬂe%ﬂfacttﬁle force reading

measure the Shear “dlrectron orce

paral | el tQhre§ﬁ’<bl€ %ﬁ%ediﬂ't@'d&ufophﬁﬁateb%‘t %f‘ aﬁ}'tlbﬁe or both of
attractive force attachnment element and said fixed
structure (séleswdofr@motherfgllbmg to provide a "shear

force reading” c. neans to nonitor the relationship

bet ween sai dishearidfweaes wapuahlish sadd atteacdivegforerdinsaneanner to
shear force reading to provide .a "second nooring V\D

2004/ 011326 PCT/ NZCZ@@SS?/S(%%&WCUY%@QTC&%R%S readi ng"

wher ei n sai d.means aio control the nooring robot is

al so responsi’ve 8 Y second noori ng status reading

'1@ a %%%elsrﬂgi&aﬁg %"yst@ﬁleﬁf SR clhfh OB HARIA %a'c? mooring

direction te to allow ng rel ative novenent
Sfébgt HRIedds AREnS b Qicﬂia‘té aeinsMeohall flosem@ht @E e nittractive force
el enment, reaches a predeternmined Iimt, said neans to
cattathmlent ieﬁkbm'emﬁ eclative [toatlte base strunore isehiedeast dr athwartship
the following: i. said neans to establish said
adiraction] wadf gihescinn SadmaneR 10 CoMEPleAR®Y S dlddltlon initiate a
rce, .and.ii alarm. 10 1

iR egs o R ol e BRGRC Rt Gt ST tgbot of said
ngrs%@ﬂle ! ﬂ]{e %ﬁ{égaal?éffﬁgsqﬁ&tl%ﬁt Wﬁd% ranshat e "a] struct%lre thereby

venen I've Torce attachnent
ﬁ%c&alu g%& 186ding! Ricd8¥ 'sﬁh@l SthePBE rsﬁid AdofdizSrobBtst B&hendent on
at hwartship direction. . A vessel nooring systemas

GJughnmad otiteramyoing m‘bocllmlvmg t8pacity2 detehmireidn frosmisdid attractive
means to actuate transl ati onal novement of the

diorecaeapiagly readieg dotdactonrent 15 el enent is a hydraulic

pnear actuator having an operati.on. axi h L
aiq,war g}ﬁ;ﬁ%e moor?ng sys%em as chaimed in Clatm 158 l§ Wherein said system

further includes

a. means to determine shear force holding capacity between said
attractive force attachment element and said vessel resultant from
said attractive force capacity reading, in a horizontal direction and
perpendicular to said normal, to provide a “shear force holding
capacity reading”

b. means to measure the shear direction force, being a force parallel to
said shear holding force, between said attractive force attachment
element and said fixed structure of said mooring robot to provide a
“shear force reading”

C. means to monitor the relationship between said shear force capacity

reading and said shear force reading to provide a “second mooring
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direction, said normal force neasurenent derived from
a neans to sense the hydraulic pressure of said

whyadaulsee |inear actuator. 23. A vessel nooriQI/SZ3108000167

for controlling the nmooring of a vessel with a wharf
facility said system conprisifg- 20 at | east one
mooring robot for releasably fastening to said vessel
sal d rmorlsF?@-‘Hﬁi’éltng ncluding i. a fixed structure

AT 0 A DS  on
%{) Q{aﬂikafea\iﬁ{% rf E’%ﬁ]@% ot FRSE lthebgl‘?éaﬁj fofe® re gdmg ina

|ve force ment novea di spose

fdiﬁ'é‘n@ﬁ'téh(fmg @8 aflbivited %l@tﬂf@nﬁivbﬁi@;’nt bs szﬁﬁ'@hSél Qtnd said attractive
novenent to said facility in 3 orthogonal directions

Hetgegattachendnt cdémenti readthiesra peedbtarmindtblinnrsaad means to control
direction parallel to the nornmal of the vertical
Joitfateseatdenst ane ot orde iolectedirem terfotlovdng: 30 paral | el

to the planar, vertjcal surfac 2004/011326

PCT/ Nz2003/ 06016 #aid.- mgans fo esiablish 33 é&t{%%lt"s foRRRete fanver to

Ceast sai d rirst i ESalhARITE RecB B ool o

means to genegsategua1fpce signal represent ative of the
force between the 5 fixed structure and said

AL r acA ivéssel aicuringt dysones tlaghedwntny one oficlagmisilOror 20 wherein
parallel to said first horizontal direction, and

rsaith siea0s ge mehmte tanslationalsingmament pf g atteaciive fofcet attachment
force between the fixed structure and sajd attra tive
fedementyis pditnse Actualas heNing ¥ epepHar @K@ﬁnpda aihearishy R)dlrectlon

1 S ATl 0 TR A AP whern
fﬁ%fd: ?neaﬂ?ttéﬁ‘ea%ﬂiazé“u%nﬁtapﬁf}&lt le)%gltngﬁF 6f %Qﬁfﬁ%ﬁ% fPrce attachment

enment and sal vessel I n sal rst ori zont

H1&mehi R hﬁ@@ﬁﬁc liegei@ifMon Bal g HhEératioh dkizdinfthe @ehwartship
between said attractive force attachment el enent and

stitattions seid harmali fbrse aneabubememoderaved ifromcta oxeah$ to sense the
s dintonBahFooid hydraulic lindar adtuator, o o LM e
23. A vessel mooring system for controlling the mooring of-a vessel with a
wharf facility said system comprising:

at least one mooring robot for releasably fastening to said vessel said
mooring robot including

i.  afixed structure fastened to said wharf facility,

ii. an attractive force attachment element for releasable
engagement with a planar vertical surface of vessel, said
attractive force attachment element moveably disposed
from said fixed structure to allow its relative movement to
said facility in 3 orthogonal directions being a vertical
direction, a first horizontal direction parallel to the normal

of the vertical surface and a second horizontal direction

parallel to the planar vertical surface



10

15

20

25

30

generate a force signal, which when one or nore of (a)
the force neasured by said first nentioned neans to

w@emefoatses a force signal reaches a predefi nedP@ENEA2003/000167

approaching the tensile holding force and 20 (b) the
force neasured by said second6henti oned neans to

generate a force signal reaches a %redefi e@@val ue
appr oachi ng ilke 8K3BF 10 0PENAL HPYELRS t?gt Ayagive force

| d | [ qwi. ng:
25 (b) an 1 nor eadtaienl cidherdcin Vat (i 3" SRHE A second

attractive for Ceh@ﬁ%@l‘ftﬁﬂ&ﬁ‘éctioﬂ ement with said vessel
and (c) the actuation nmeans to change in the

accel efaink aB/ £8eedt6aFdred stinal $eprds@itative b ke ferce ebetween the
attachnent element relative to said wharf facility in

dixdidretaictis and saédlaitectiha force rattachwienthelement/ar a diedtion parallel
30 predefined val ue being one or both of: WO
200aiddirsBherirataNipgRMOBRd 67 -62 i. the force

between the fixed strkjcture and said attra

o
at t ac RS t6) SHASHAIS] mIQICR SN FeRfopiay s Pt (e dafeg Detween the

SER S 0 a5 LGl 05 BBgction parate
ftb%éﬁ%@gﬁdggﬁtgglﬁﬁl iiRe@ifi rection parallel to said

Irst  hori direction. 24. A nooring systemfor

rel easading tafdehuianga fonesi@lal irtmetdrmagtivd of e teusifeielding force
of a body of water to a termnal which is secured to
thetwoat said oftrastive fovety atthclwaensr clemiest eind ssad dvesssd siml said first

IS _subJ@ect, ed to |l oading forces resultant from any one
dorizeptal dgregtioni nd, tides, water currents, waves,

byst oo 0 SyralEethe PO Loref BSHECHOsP difihdtive force
AR nglﬂteﬂ‘f LS dBeséel .@%@ﬁd%%&?&fd g§ﬁz<ﬁ{t£1' Ko

one O sal erm nal or sal vessel , an attractive

f or ce A¢dnACREPHsiA eTBAld BRYAAEGEonE Aind thademedfoned means to

structure, said attractive force attachnment el enment
agbmptatel atforce signal, which when one or more of
(a) the force measured by said first mentioned means to generate a
force signal reaches a predefined value approaching the tensile
holding force and
(b)  the force measured by said second mentioned means to generate a
force signal reaches a predefined value approaching the shear
holding force
initiates any one or more selected from the following;
(a) analarmand
(b)  an increase in the attractive force of said attractive force attachment
element with said vessel and
(¢)  the actuation means to change in the acceleration/deceleration of
said attractive force attachment element relative to said wharf

facility in a direction to reduce that force which is over said

predefined value being one or both of:
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becone affixed to and establish an attachnent with a
surface of the other of said one of said term nal or

weemgml132gai d attachnent being of an attractiRET/NZemd3/000167

establishing an attractive holding force normal to
the surface at which it is te6attach, 20 a neans to

determ ne the attractive holdir][gf rccf\ﬁof sai d ) )
attractive fér cetheaf@rge Hhgtweer | ﬁe’fg’le E’H"%‘i’ qnd said attractive
Pol at i onshi pow ARG pmeat I dodiigeidh BaralflRcRE second
t he shear direct h8ﬁz&ﬁ5f&i?&‘tt{1091raciﬁ/&f said attractive

enent w

force attachnent e sal d surface when said

attractive forceypt faeBNBiHveer Ihe! BRENstiustur® A said attractive
attached relationship with said surface, said shear

di rection hol di ngtthcirment( bleneind af tedirebibon zgaralél to said first
shear direction holding force") being in a horizontal
direction and pehpgnaitelLidigectian. sai d nornal, a means to

i PRI B0 08 By BRI BSPODRTHINE Plagegurtace of
Sl Pl § Solpb Npichdt Sroliey 8 B doRiR S ody of water
‘é{/ﬁ%ﬁi@t lid v@saﬁ] fseﬂﬂr;&g?(@% Pda'r(]lgﬁ f&ceéf’ésﬁlt&ﬂtr 178 acxg{‘?ne or more

orce erel ter zontal shear for

Wit Hies alvlter Sogvérdtac &akves, Stesdentibadiagi evelsprazd movement
attachnent elenment in a horizontal direction and

petypeedby shidrsystens asaid systemlincladthgreans for al | owi ng
conparison between i) said the attractive hol di ng
f or ce afihenst anemosrig tebpbwhitchdngludes) sai d t he

nor 200 SRR e B 08 £ 3t v
2 T8 AP RN WL BB 89 i base

tensile forgmchRBCRER a aprRIRleC FoicBefttAdbihdnt DeleftEn® adapted to
limt below the attractive hol ding force but

appr oachi ngecomesaifictedttd nadtestablibio hdiatgchimentewith asurface of the
direction to tend towards the rel ease of said, X
attractive dtbecef saidaanenehsaid tempingl wr vessel, said attachment being

of an attractive kind establishing an attractive holding force normal
to the surface at which it is to attach,

a means to determine the attractive holding force of said attractive force
attachment element when said attractive force attachment element is in an
attached relationship with said surface

a means to determine the shear direction holding force of said attractive
force attachment element with said surface when said attractive force attachment
element is in an attached relationship with said surface, said shear direction
holding force (herein after “horizontal shear direction holding force”) being in a
horizontal direction and perpendicular to said normal,

a means to determine at least one or more selected from the group

comprising of



said surface, and ii. said horizontal shear force
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approachi ng sai d horizontal shear direction hol ding
force in a direction to tend-wBwards a rel ative

movenent in a horizontal dirgection betyeen saj .
surfade arbe dare dhoreincefiere”teasite f@‘@@ﬁfﬁmd g)yeq@‘yi]tsprface to

and vary. saPd Aface, et aneatimiy Gemah da PSS paralll t
i ncrease Sasig\fhﬁ%ﬁﬁﬁcéﬂd/e hol di ’ng force, and ii. an

alarm 26. noorinyg systemas clained in clains 24 or

25 whey ei N (RAi Jrde hSreliP afifPt AbR0ftal RBed! ForRET) uﬁft)lied by said
hol di ng of said attractive force attachnent el enen

when 30 saudfacartbahald® atttdctigetfove: ditachenattteleiernin a horizontal
element is in an attached rel ati onship WD 2004/ 011326

PCT/ Nz2003/digetien andgerpéndicwat o said haowal, asd udes a

sensor responsive . to force befween said attractive

f or ce BenclorRHOWING ARWPALSRN BEWECBurface in a

responsi ve t o theedl PRattrrtbs s RORnE IR SRigktenpils fogee and
the effectl V%i% atstafcf“fﬁé ‘lllsl‘ig&lltgl @Hea{ro('ii‘i‘?ctioq’l Bgl'dil% force and said
nooring systemas clainmed in any one of clains 24 to

26 V\,herg: n said lg;r%zro@gdlisg@ugfmf@t att?chrregt el enent

i s nmovably engage 0 sai ase structure by a

|251kaghk meohong ssysten ahelaimel pnoslaite24reshereim said means for
aclii vel y actuat evgﬁ]te. _m)verrﬁnt of sgi&(\éﬁari abl e

aallgvaiggj coEnpagtse8 B\t ivhen engat 09 ive to said

base structure parall el %o said h%[eilszont al, shear

. f .
direction and-par®i¢ fy £ogeq Teg eﬁ_sl?i’rﬁgetf’BfPB’eed A€ being a
direction. 28. A M5 08ws Yiod %g}mitvgl ﬁb%'fp%cggéutogﬁproaching

of clains 24 to wher ei n “Sai attrac

attachment el enentyid SuPRYILINOIGMYADREE 1P a B tiBASS tend towards
structure by a lIinkage nmechanismand there is

provi ded neans t ohactledsd yf saiturtrectiveeforo®utagnhenifelement with
said variable attractive force attachnent el enent
rel ative to sai d sebd bagecesendct ure parallel to said

hori zontal shear forge direction and nmeans to . ..
actively act bt ¢ St IRBAGRRh ShEah A9ice| Tpgicsat Predsigrmiped limit

force direction e%gianliﬁﬁti gelow the horizontal shear direction holding
force but approaching said horizontal shear direction
holding force in a direction to tend towards a relative
movement in a horizontal direction between said surface
and said attractive force attachment element,
one or more selected from
i.  a means to establish and vary said attractive force, in a
manner to increase said attractive holding force, and
ii. an alarm.
26. A mooring system as claimed in claims 24 or 25 wherein said means to
determine the attractive holding of said attractive force attachment element when

said variable attractive force attachment element is in an attached relationship
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attractive holding force but approaching 20 said
attractive holding force in a@fection to tend

towards the release of said attractive forc . .
atilic st s face HRRkIAGE @nsensar sespeppiyedo é%e Petwess; spid attractive

hari zontal shear force .reaches. a predetennined limt .
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t anRiclise doldhatfbnee. novement in a horizontal direction

bet ween said surface and said attractive force
alfachaentooeingrsystem as cleamgd inranyedracof ylajms dl ter24 wherein said
or deceleration) of said attractive force 30 .

agtteestive forcsl astashment elsmensis waevahly engagediioasaid base structure by

act j.vel actyate the 2004/ 011326 .PCT/ NZ2003/ 00Q167
G5 iEade, dnechantion (i Mhoreas PrORKed| Beaps 8 ARUYQY actuate the

T N R T S e

ARy s L8P @hreChallBl tl%AsaicP héAzYMEl Sdar $8¢d diftchibAHnldrallel to said

force attac nt elenent 1s a variable attractive

f pemtle dbfceclireenibn. 5 el enent wherein its attractive

force may be varied by a nmeans to control the

a8r act mwofimgesysted0 as Alaimediingnyysneof ekims 2dnedT wherein said
claim?29 wherein said attractive force attachrjgnt
eltrashiveiferce aftachment glemeart ihimgvably cagagrdsto said base structure by
cont.rpl | abl e .cavity engaged. wi.th sai d surface

o Ao s e Yal ool Sy dtHe R oo; AGBRIS, aguate the
10 dyasidties &hid %#é Bld gﬂfﬁ%‘ﬁ'{}g 3k ﬁtté(@rﬁél?t' ?ﬁfn@n{ kibve to said
comuni cat1on W th sai cavity to contro e

PIasS irictuile SicAlldlalg b¥id BdrizdhtAPQhéA10fG¥st @ifecdn and means to
clainmed in any one of clainms 24 to 30 wherein said

maatigely actlatethe mevérhentsperalleldbrsant tensilé 6brde nlyrettow evherein said
of said attractive force attachnent element with said

s tngang dontiow gl epraparisqungelurtics dnitiate, adwwesne ardoth of

| t is in, t. he, | ati hi it i.d . .
Curface arso fot ot BEoin douRc AchE: PoProdiied dfit being o
force (herein aftgf, s Yeldw Gt AhGaGvS 'hroﬁﬁhé RGOkl W proaching

force") in a

said attractive holding force in a direction to tend towards
the release of said attractive force attachment element with
said surface, and
ii. said horizontal shear force reaches a predetermined limit
being a limit below the horizontal shear direction holding
force but approaching said horizontal shear direction
holding force in a direction to tend towards a relative |
movement in a horizontal direction between said surface
and said attractive force attachment element,
a change in velocity (acceleration or deceleration) of said attractive force

attachment element by one or both of said means to actively actuate the
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to said attractive force attachnent elenent in a
vertical direction and perpendfZul ar 20 to said nonnal

BB o i HERER S s PRI Bl 10 remai
VeLi 'v&ﬂie' %g ctfv%rlﬁﬁjts 32. A nooring systemas cl ai ned
in 0(1 al mu§ ?\%erein said neans for allow ng

cogpar iAs gfbotngl sydted® ab Rldihidli6in Yo 8F Elands DUCRI 28 wherein said
shear force reaches a predetermned limt being a

| iattrdctivel fosce hetachntent adlembeiatis di varinblen attrdctive gfores cattachment
25 but approaching said vertical shear direction

helemneny Wgcr@en ity attrartiee tihne maytlehwaried gt dsmgans to control the
relative venent in a vertical direction between said
sOtFtNCdRtFesai d  attractive force attachnment el enent,

0 or (& o Ct1:ed fsr n ed dn"HA1R Steafbl ia%& a&pa%tive force
vary sat FUHRSIE o rednet o asy FRaRhgreit o
oosarERGasRelt R Giculif §TR Jenticg piess B toiollablg cavity when

Aenpasddwithysai® fludacechdd WBRrdin saftymeass &f cohBdlnthe 2rddive force
32 wherein said neans to determ ne the hori zont al

s mecndésoa cmcanal/ orducmgsieans ovlvehiindh Uilid eommeaitation with said
measure responsive to such force(s) and a neans to
r 6awity ko eonteelile peesswiedaSaikcayaiyd neans to read

pr,qvi di,ng a signal useabl.e by. said neaps. al | owi n . .
Capar Ao giosne Aotash s ndr Sy larithsoRs al pladrs Aaudiy G dorein said
0 [ 3 [ ' d i .

B = R S U, PERRRE SRsSRE Sl Mmctive fore
BaattAent’ SRAMHT WRht QaidUGH A ShcdNdaid FRAREIVE Ofdr&€athttachment
said nmeans to neasure said neans 10 to read providing

a ekergeretlis ws aakittachyd sclatonshimsvith $adsMsogfacoalardeseymines the shear

35. A nporing systemas clainmed in claim34 wherein .
sdigcton hakding dorcer(bereimaftar fivierticakshear directdom holding  force”) in a

C%Qg“gy‘ﬂ}qnqgiog g’g‘f ;s#]%e S %{j%\}q%? _eqpcav: gﬁwemg&agrqig a means to
e a |

" Rl RS (R Pl e SRR 2 SBPUN sy surtece to
Sl difraCRW Koo AUAOMMER elbARNPIPE Vektfed] UikR1ifn 4AM! de¥pendicular

sald nmeans to neasure responsive to sal attracti
f a6 cgidogdmgnl ds predded,efof tlenpdipoees ef gagpdrivon bf sailddvertical shear

noori ng robot

direction holding force with said vertical shear force.

32. A mooring system as claimed in claim 31 wherein said means for
allowing comparison will also initiate, when said vertical shear force reaches a
predetermined limit being a limit below the vertical shear direction holding force
but approaching said vertical shear direction holding force in a direction to tend
towards a relative movement in a vertical direction between said surface and said
attractive force attachment element,

one or more selected from

i. a means to establish and vary said attractive force, in a

manner to increase said attractive holding force, and



in manner to nmeasure the pressure differential between
the cavity of said vacuum cup and anbi ent atnospheric
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of clains 24 to 35 wherein said 20 neans to neasure
the said horizontal shear dir€®tion holding force
means is a neans tq cal cul ate such horizontal shear
di recti on hol'%i nganf%?% fromsaid neasured attractive

o SR s ent v BARLOR T YRL e GhBRTTH (b B2 wherein said
Ofne8APkb 'd‘e?éﬂnﬁn@ qht %r%n?élt SiRG} 'FéFcehQﬁ(@bf‘ GedHMeCorce includes a

varyl ng and 25 dependent horizontal shear direction

h@leghh hvasaereipesive® suchbforce(seindptmedns tohitadsaid means to
said horizontal shear direction holding force can be

deeesure rrettl nBBNS Ao moad ipngviding ersigml alseabledyi saidyeanseallowing
of clains 29 to 37 wherein said neans to actively
aeMPESAnc| udes at | east one hydraul ic ram 39. A

wher TIPS ED HEAAS THTHO4EY OO HPHRaCaan Bherein said
Y T ﬂic.h‘v(@% 3 Tgang to measure

bAsBoRdie&d Hheh FSrcP @Ml ABfadd 1o fedQfiH Mlesi¥ b etA%re said means
claimed in any one of clains 29 to 39 wherein an

atcaread previdingnal signaheseablechyfaidmieans falloéng compan§on.
nmovenent of said attractive force attachnent el enent

r éﬁ ative mccor'm systemeasseleinoed i clainy 34 oneareinssaid . attractive force

R RS oS S o By e

g SRR D15 e o

' ﬁlcﬂmés an %agl]fl HE&n%“mEQnﬁ %thé}? € ?.1[5‘ fRAH Q:onﬁhﬁﬁﬁ&ﬁbﬂ Svith said
eto by

forces is a ont r ol uman |nput
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41 wherein said displacenment is able to be controlled

bsaifl @ttsactivegiotce being a pressure transducer engaged with said mooring robot
in manner to measure the pressure differential between the cavity of said vacuum
cup and ambient atmospheric pressure.
36. A mooring system as claimed in any one of claims 24 to 35 wherein said
means to measure the said horizontal shear direction holding force means is a
means to calculate such horizontal shear direction holding force from said
measured attractive holding force.
37. A mooring system as claimed in claim 36 wherein means to calculate
includes a table of empirically collected attractive holding force varying and
dependent horizontal shear direction holding force reflective numbers reliant on
which said horizontal shear direction holding force can be determined.
38. A mooring system as claimed in any one of claims 29 to 37 wherein said
means to actively actuate includes at least one hydraulic ram.

39. A mooring system as claimed in any one of claims 29 to 38 wherein a

means to measure the displacement of said attractive force attachment element
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relative to said base structure is provided

40. A mooring system as claimed in any one of claims 29 to 39 wherein an
alarms is sounded when one of more of the limit of movement of said attractive
force attachment element relative to said base structure is reached.

41. A mooring system as claimed in any one of claims 29 to 40 wherein the
displacement of said attractive force attachment element relative to said base
structure is visually represented.

42. A mooring system as claimed in any one of claims 24 to 41 wherein said
attractive forces is able to be controlled by human input.

43. A mooring system as claimed in any one of claims 29 to 41 wherein said

displacement is able to be controlled by human input.



