16 Novenber 2005 WO 02/084031 PCT/ S021 11439 JACK-UP MODU AND JACKI NG
METHOD AND APPARATUS FI ELD OF THE | NVENTI ON Thi s i n;sﬁoiv%nbgei@tses to
nobi |l e offshore dwelling units (MODUs), and nore p |cu1narliy to MODU
j acki ng systens, apparatus and net hods. BACKGROUND OF THE | NVENTI ON

O fshore r es are not unknown. In 1955 the U S rRps. of
Engi neers%é)gﬁfgs‘ﬁluct ed radar stations along the New Er?glgﬁné cé%st, whi ch

were commonly referred. to " T T " tr i ng these radar
stations, theJ#%WMQPPoﬁPMG?%@A@EﬁgM# egs, using
hydraulic cylinders. W the legs and the platformwere pinned together, a

plurality of hydraulic. cykg r@mwblw attached between the
supporting legs and the platform The pins holding the platformstationary

wi th respect,.t r r&qﬁi" L.G.CYl i nders were

t hen pressu@%ﬁ&énpon}&%%gﬁd Dﬁ%ﬁ({rﬂgﬁé o%ué an&§@§?§§?ﬁ elh‘?rgdar platform At
t he engargitulirlygo MGDU fsking tystekesapparates midmgethwils.di ng the platformin position
with respect to the supporting legs were nmanually replaced to hold the
platformin a stationar osition V\n’gm:emm} o the legs so the
plurality of cyli nder@%éﬁ@@mg@ ' m the platformand the

| egs, and t?ﬁéthﬁregtrﬁ&%ﬁrﬁ%ﬂﬂﬂcﬁ@wﬁ.%ﬁgﬁtﬁgm.mﬂyboﬂ;sf&@nﬁﬁg&ré he relative

positions o e platformand the |l egs. The plurality of draulic

cyl i ndesrstrostedaradan sfationsalong theyNeveBngland kheast, pdichawsre commoplyrefeaedioasd t he | egs,
and th i hal di.ng_t he .pl at f or st at i.onar, Lth re t.to the legs were
manual W‘P@ﬁ%’(ﬁéﬁ, %%’&W&R%g‘a?%‘ﬁf Ewté‘{"%’itﬁ%%g% PWP&“‘S‘B’ rgﬁg e again to

ext endgipbérting RS USAShyARALE eylisigers. "Whild thé fegy ad\thel phatfopa peed pifiredt he | egs. This
procedure waS repeated again and again until the platformwas lifted to its

desi r ci@spiben ¥ plurglity\Gf hydraudis gelinders wererranpally afipched besweandbe supportin® et hod of
t . bor L . ! . : g
oot HELRIBRTLR" i PRI s pRU PO, SHBSBRY BB 200115, 1o

for oi e exp on, requiringdrilling into
t he earetiovsd, sndthabwlrdulic cistiosweiedhengresuriz&ltorexignd their piytadpandaisons ar e
acconplished .from bi | fshore drilljn nit.s .. MODUs general ly
conpri 8f{35%-°§‘?’br“énﬂ‘°§8ﬁf)fﬁ’§aﬁ??§§ ey t‘éﬁ?g“ﬁq‘&@?%}éﬁ’%ﬁ‘,mwm whi ch t he
| nvent ddafioh with eapet edle subdbiing Regh/eldsmadily répifed tochotd the flatfsrasinwhi ch can
have platform surface areas as large as two_agres to E’E%FOH the drilling
equi prisstionan pesifianythyagnsrt tadhe lpasse eqpelite of cyhndgrs rguld sé‘?"é“?"tﬁje! i copt er

| audi %Iﬂﬂ{egﬁtfom?&ﬂi thpﬁ§§ Eﬂiﬁﬁir %ﬁﬁlm; &ﬁgl UetefacRldGrifhBGETRaMNS the MBI Ntain a

é the an Il

drilling crew and opera Its drilling equipnent hundreds of
f eet ablatie gobidonsrd ¢heydatiorm sod fhadegs. Thegiuralsy MIDdswlic edindatewerethenr al ity of
MODU su ti | eqgs,. NMost er al hree, le t.hat .ar veably engaged
v anEnR AR e s fid e e SRUMERR BB s R Cocs” et
t hei r_sifiohigy aith edspetPfdthe legs were manually removed, and the hydraulic cylinders were

operated again to extend their pistons and raise the platform with respect to the fegs. This

- procedure was repeated again and again until the platform was lifted to its desired position
- with respect to the plurality of legs.. This method of construction was labor-intensive, slow,
and expensive.
The increasing need for oil and gas has led to offshore exploration, requiring drilling
-~ into the earth's surface far below the water. Such drilling operations are accomplished from
~ mobile offshore drilling units (MODUSs). MODUs generally comprise submersible, semi-
submersible and jack-up types, with which the invention is concerned. Jack-up MODUs are
massive structures which can have platform surface areas as large as two acres to support the
 drilling equipment, drilling supplies, power sources, living quarters, helicopter laading ports,
- and the stores and fuel that are necessary to maintain a drilling crew and operate the MODU
‘and its drilling equipment hundreds of feet above the underwater surface. J ack-up MODUs
include a plurality of MODU supporting legs, most generally three legs, that are moveably
~engaged with the MODU platform. Following their construction, such MODUs, with their



WD 02/ 084031 PCT/ US02/ 11439 2 MODU platforns resting on footings at the
base of each supporting leg are towed to an offshor!ﬁ rl Iblar'%ogite, like a

| arge vessel with three 700 foot nasts. Once the I\?dc'svmlposmloned at a

drilling site offshore, the MODU supporting |l egs are | owered to engage the
earth's underwater surface and thereafter lift, or jack-up the MODU

pl atform‘é’ﬂf)?’?sé?séntly above the water | evel to reducev(gf}% U#8 of the MODU
platformto wave action during sevére storms. It is not uncomon for

) ack- uOWWPblitfbrens WaiaE o foolfl af the Bibe 0DExck aupporiiag leg aratpwed ti anh t he MODU

platformand its variable | oads conprising as ch as -thirds of the

wei ghtoffshpregilling isigh likg Qlwvﬁ%ﬁl-‘wﬁég})ﬁﬁm fP@rmquMeMErlﬁ ing legs to

have | f, 4 4 f ' b lesk iR their
@Agﬁoﬁﬁ%ée% al\c}&g%B s{t@oi?sﬁ&e, !ﬁ{—lﬁg()lﬁf' EhppbiBinPlefVird Ryvickelitb lehdaye

suppor platform have " croSs sections, npst conmonly

t r i angeakthls undepwiter Sffadesa thereaBerdifiger jackimp, fredODY matious seffiviedlit |y in use and

bei ng constructed include, as th ' : -relative

posi ti va*hetmger%eﬂgoﬁ@ﬁ BPRS t%@b?ﬁ%gorr{nﬁ%gﬂ%i%éoﬁ g@npr{gur ality of

nmot (r)]r - Qb @ﬁlanﬁsptlt isgﬁgﬁtﬁ:]?ﬁd‘ﬂoﬁ For grokraig MIODUS tnadeigt:azﬂg@()rtﬂ #mﬁﬂ@i tcmt];@r-ljeng';] h of

each coner |e ord_ of eac supporting | eg. The |eg. s that

conpr i@@%%hgﬁﬁﬁgpgwof’ﬁén %@Cﬁ@ﬁgﬂ@%@%&ﬂ?@ﬁ&%&t ly existing

j ack- ‘ipewg‘ﬁ 1R L8RS fif At Licmtoh Forhe HRIBY @dpﬁbﬁag hesd eklengths expensi ve
rength (e.g, 100 )

hi gh s KSI') steel, running the I ength of the supporting

| eg, VGOOHo [7D@fee, fuyd, mayprowide stahikty inl their suppert pEthe MOTRE platfarm, fiehdyer s wel ded

al ong both sides of the t : I.NCEpase the strength, section
nodul ﬁoﬁﬁwpsg%sﬁ?"mmlyhgg]g{e}%guéﬁ%@dfg& dIgeq‘cée{fjé'se the spur gears

ert ational L}Bhe%%l%@%@b@sh@ﬁdnﬂjleﬁ tﬁﬁﬁ@dﬂ)ﬁﬁh@ cbﬂisﬁubtegimhge,dstﬁelappa:rm?i ng anﬂ
owering the J supportin re to the orm the

spur deadjustdeq Wlagmpqsﬁgntogt@g Mﬁafw’%@dﬁgﬁb ?’39@3}%@5‘6% dal cross

b Odg)?nqtl&ﬂﬂgivgggﬁuzglgﬁr%wﬁ@ﬁén ets&ﬁe@&acﬁa&%mgemmgﬂ ofkdeh cbier kgg chord

racks et wee singl e toot| of the spur gear and a single
mat i nghoridfleadifMEDIbapherting legkThedrpdwidsghat kemprissithe aprneppefithe he  spur gear

dt kK to. | yv. hi h f |4 th
Gear s MAWY HebStGh e PRt e i P ROt SEBetda e ("2 PP
a modbmsal edotiddanadkl 6f dxpensive high etxéigit (€., 100 KSIP ste€lOrupsingnths lgngth of thear e i nch

100 KSI'). B f.1h t .wei ghts beij handl ed th I gh st
Cngag SHBIFTO8 EARESUT-GEH, POBRS B FEECEESEHE OB a0 1S Spur
gear @{deé’ quﬂ@ gotoﬁleﬁ‘i‘é/ckt%ﬁ hﬁFbQ&Qﬁé’stﬁ%%tg, slg{&ttb% niddlus Rl Agdity FtkSle@n €ach

supporting leg. 1 n such systens, t ural spur gear ‘drives are nounted
vert i choidy. Becagsetthe splur géarewmtationally engsgethgitentkedncks othe legrhemdsin  pi ni on gears

can engage he toaqth acks t.ha ' s wever; the
" oad raa e ierrRChe PP b ek PR Foshes 1 e MODIT B OV
| owes spii gehictleth @Rd tha tedbtti df3helapcigediraciadiave gploidatanssysectipng, andthgpdri cant |y
di spr opordt jonate portion -‘p{l t he | oad. B%c use E heb ooth | Of:lCli na I n current
spur -gear drives are eac! engaged‘w__it the leg chord racks by line contact between a single too
of the spur gear and a single miating tooth of a toothed rack, exposing the teeth ofboth the
spur gear and the rack to extremely high shear forces and requiring that the spur gears and the

toothed rack be made of an expensive high-grade steel, with a modulus of elastioity, for

example, of 100,000 pounds per square inch (100 KSI). ‘

Because of the great weights being handled and the high stress engagemeént between
the spur gear teeth and rack teeth, as many as 18 spur gear drive units may be engaged with
the six toothed racks on each supporting leg. In such systems, the plural spur gear drives are
mounted vertically in sets of three units, one- above another, so their pinion gears can engage
the toothed racks that comprise the leg chords; however; the load is unequally shared by the
plurality of engaged pinion gears, the lowest pinion gear and its engaged rack tooth sarrying a
significantly disproportionate portion of the load. Because the tooth loading in current spur
gear driven jack-up MODUs is approaching the stress and fatigue limits of the available

materials, complex controls for the electric motors of the spur gear drives have been



gear driven jack up MODUs is approaching the stress and fatigue limts of
the available materials, conplex controls for the el I s of the
spur gear drives have been 16 Novenber 2005 3 deveﬁgg\g@e%n%eg%éde%;fort to
equalize the loads that are borne by the plurality of engaged gears and
t he associated stresses and fatigue., Such controls control the torques
gener at%leRFd i ofride eRyadizebe beds the apdtosprcy theelurabtyepd cegsgech@skrs pi ni on
gears andu@haduatd Wraes Slenh@ie., R coflREelfkAlR biduateshfiQily ho avoid
overstressing and fatiguing the engaged teeth. Further, during operation
of t he Ste ks todrlagesdhe lgads gu dhejrpiionpsairgpheradisly eecelreterBdk teeth by the

MODU ' Craewélde e ssiort foQvbitiioGbrsiedisiRe hNeRNgliRe tRieRk2Rd Ge@l Purfed the |l eg chord
racks, and the rease inevitably falls Into the sea. In addition to

. g .
requi r iHYLBRFERSN OEEhe ¥t B drivepngrcars mpss bemapned aue sherarkiterd Brthe edur es,  spur

gear - NPT cied redite MetkSioRbshPech B Binidd B PRRAMNME BERAR! shdlReKi Ng appar at us
for each supporting.leg to maintain the MODU platformin a stationary
posi t i GFF6 RHIRRE FlEintg Bestas  supporting | egs The jacki ng systens of

_J.ack-up MODs adit@onQb Féo@Mnk Yx RGNS E1s Ratel@d SR nddraciiBAHfBcdatifeg and are
not expected to sati st future requirements. There is an increasing demand

for | arBEEeirEReye ¢ Hsafeapsserpaasivy sppis laskinggpairetas fos 5. The

abi I'i t ¥upgpartingB&d to nkiirfaifl 6RBAID IR TatfoRR WEY ShtionBRoSA6RAN FdSecPbagt i cal 1im t
with existing materials and technology, and a new jack-up MODU and MODU
j acki ngURPYEI8158ir e needed. BRI EF SUMMARY OF THE | NVENTI ON According to a

first aspectrhefackiig sytcsdnjack-0Y MBDH0Nare LAy kfpehli Ao deHgPanODU j acki ng
system for_providing relative notion between a MODU platformand a MODU
suppor feAgfertiery anf iFnAgexRectedds sttsh Ut QG uEErEsw e 158N [ne%asinhne t oot hed

rack, ceddfsi BgeAfack-GRRIODUN Al drithaicany %)é&téﬂ@iﬁﬁd&@ddfsﬁhfe%m%d_ at | east
one toothed rack, each of the at |east three piston/cylinder units having
an ext SKXEBE demppy hapthoretenmparopshst npasiisablipi sithegsiingaraterdydnent menber

dr i ven tdinolddysarddl st Jackadp MOB%! anki MEPUSAGAGEIRAL AR ReRGagenent means for
engagi ng and di sengagi ng the toothed rack engagenent nenbers of the at

| east three piston/cylinder units with the toothed rack a source of

hydraul i c pressure forBRIENAUMMARY OF SHEANVENTIQN: at | east three

pi ston/ cyl i ndegrdidPolaShirstRsbet FAHMrQEnt WRRATon! Abre WAREREINMEPUTading! €ast three
pi ston/cylinder units and said at |least three en enent / dii sengagenent

a
nmeans, SSEMHOEHRYIHBE iR sofppbatueen g MORH M atiers ard 3%@%5’3—[ speraivng led  bet ween
t he MORMirplapleds080018ort Reth MIE 0R&RBRED a8l cdrnilisifi it tir@C ki Ng oper ations by

operating a portion of the at |east three engagenent/di sengagenent neans
and enBs§Vedinder paitstoranid aldeast retoptest adeicach efdchent krag memistonsrivée’s of a portion

of t heudk nh@@sh ckiBidaBle RAASLOBAQY bilthHSK alhiled bk LikagdiRf nlBBENER BCK, and

operating said erlgraged portion of the at |east three piston/cylinder units
to pr 8L e tenneissmaY disengagement meats foreogagingendyiespegeingheat | east one of

the at toh@apihck dAbEment members of the at least three piston/cylinder units with the toothed rack;
a source of hydraulic pressure for driving the pistons of the at least three piston/cylinder units, and
control means for operating said at least three piston/cylinder units and said at least three
engagement/disengagement means, said control means providing a continuous relative motion
between the MODU platform and the MODU supporting leg during jacking operations by |
operating a portion of the at least three engagement/disengagement means and engaging a portion
of the toothed rack engagement members of a portion of the at least three piston/cylinder units with
the toothed rack, and operating said engaged portion of the at least three pistor/cylinder units to
provide said continuous relative motion while operating at least one of the at least three
engagement/disengagement means and disengaging the toothed rack engagement member of at
least one of the at least three piston/cylinder units and operating the disengaged at least one of the
at least three piston/cylinder units to reposition the disengaged toothed rack engagement member

for re-engagement with the toothed rack and providing said continuous relative motion.



engagenent / di sengagenent neans and di sengagi ng the toothed rack engagenent
menber of at |east one of the at |east three pi sto%wlvi Ir}lg)grrzdbgits and
operating the disengaged at |east one of the at |east PRPRE

pi ston/cylinder units to repositiongthe di sengaged toothed rack engagenent
menber for re-engagenent with the toothed rack and providi ng sai d

conti nuous PSPURIREE iseqnd Aspeat of theigirssmb Byversigpshere is Rravisted 2 gthod °5 second
aspect Ijééfcin&ﬁ@/{(mb@%ﬁmmﬂ PR inRAuptidaedotpkising pRwidkath Pudll BEsiorU | acki ng a
MODU platformw thout interruption, conprising: providi nt%éa grl urality of
MODU  SHBPBIE ilergfzy proviing aplyplity phigothedagksfpsiangd Wsaid gRalistrtMeRY f ast ened to
sai d pkafipaitink Yeg® fordVidihd at S RRES Hydehuli@fiSton/B I RNrhRhtathel RAGI4 t hree hydraul ic
pi ston/cylinder units attached to said | platform each of said at

| east IRH pldfary gpohof midat desptdires Rylssulip pisow/ cuderigitshavingarierthedy 5k
engage @R endiBaRak meinba ahRded 18 aAN@H WA iV AVbridAl dre¥i@nlty @ bishaget i on by its

pi ston and _engageable with one of said toothed racks; engggl ng a portion

of t he SpagFaRle LR QB oksgiddoqthsdprkss cnpagiie AR iog ShbRPIUFERRE Y portion of
sai d atack eAmberhdit HEMPIrSSRHoRIhIoNSHET at UdkiltBreMbibtBn/&dindler uhdOkitedid acks; and
driving said engaged portion of the plurality of toothed rack engagenent
menber 2oHiFd &’ﬁ% 3? Vifgrid Ghgagedosion gt dheplprality of taesedirack eggagementat | east

three pesbasbg ¥pplyiatliydradlid frésshr@ taidsbekidnlve it aPlesst MRS pabs/dyhigiep bY
continuously provide relative notion hetween t pl at f orm and MODU

.ae . he MODU
suppor PrRge Peend this nigons apdihanehrantipously groyigs relatiye palign bebsadment menber s
are di mmgaﬁoﬁﬁgimw@bg‘sﬁ%@mgqiegéa.ﬁh&@ﬂﬂﬁ@é@m@itd&eamsi tioned for
engagenment with the togthed racks by applying hydraulic pressure to retract

their PEREYRRAL mambest afp figengeeed op spif topthsd agcky indirrbegiedenositionsd\feit i on, there

I S provhgd@dndntiwitie tdbeHad Fakd BT Bp R inghyddddld prilé RGetr¥sthanpisapabl e of
W t hst andi n%gat least a maxi num | eg Foad of t he i ppr.ovenent conpri sing:

. i W, T
manuf act ur i A§eERE Wadhird 3pest ol RICEHIPHREh freredyrroddsiBie  of carrying a
pl ur al ibyfeburd SFAMGIOU [REKSsyst&t kAablb BOvithstabHFRRN 1oaf a kdQhhedeg RaksF R and
fastening the toothed racks on the plurality of NL’DU,suRgorti ng | egs;
sel ect PrdPedMARYER EJCmeW’&B:a[m"i“@Ch‘EP%% Wa&?qumg SYEPORHE 185 FIPPRIC t hr ee o
nore, BedkiiEg @ phePsGbilhdd YackY: dbib@ial 8 nfinBd¥of @btheld racl¥BNAHIFEkdAlgNY A
engagemnent _nenbers capabl e of  engagenent with the

pluralit¥ of r%(glé Y nb .

t oot hetherepties rackgonifie plimiy ot MO RunpAting dags fFlesBRp B1MbS OEQ@FP%F ston of each
hydr aubisen/cfindt@ NV, GYiért NAShreeRF Mételhdighed oAl biviiMble dldleer §r essure P on
the MODU to provide relative notion between the MODU pl atform and the MODU
suppor PAHRAtEERE aplrality el rackipeagegput pembers carable o engagrment Withthe hydraul i c

Pi St Onfobinbd raeke b attadhehgh &k BipafeheRthéintit tdledthiplsion Of eally Kifdpdli C

pi ston/.cyily r]der_unl_t_s to said MODU in a manner(]ﬁ)ermttl ng engagenent of
thei r PISERCYIBdeapariding » sertsett Lydiplis prosenee b o hed ¢ kprowds laligf ect i on of

t he nupbRh btwetn theOOMEChItREK Snd thd MODIEBRkinN1RE bivpghcatidd oF hpdr&fien/ cyl i nder s

per rack, and the diameter d of the pistons being _defined by rP Rd2 (N 1)
2\  Dbressure to the hydraulic piston/cylinders; and fastening said plurality of hydraulic

?

piston/cylinder units to said MODU in a manner permitting engagement of their rack
engagement members with the toothed racks, said selection of the number R of toothed racks,

the number N of hydraulic piston/cylinders per rack, and the diameter d of the pistons being

defined by
aP R@* (N-1)> W
4

According to a fourth aspect of the present invention, there is provided in a MODU
jacking system comprising a MODU platform, a plurality of MODU supporting legs, and
means for providing relative motion between the MODU platform and the plurality of MODU
supporting legs, the improvement wherein said means for providing relative motion between
the MQODUJ platform and plurality of MODU supporting legs comprises a plurality of

continuous linear motion motors, with at least one such motor for each of the plurality of



4 According to a fourth aspect of the present invention, there is provided
in a MODU jacking system conprising a MODU pl atfor ity of MODU
supporting legs, and nmeans for providing relative %%\fﬁgﬁﬂnﬁé@ﬁ@én t he MODU
platformand the plurality of MODU ssupporting |egs, the inprovenent

wherein said neans_for praoviding relative nption between the MODU platform
and pl dFAPY sypparingfogt) cadhs 83 PIHE!itye) sontiqys 1iaees mation MAGISICPPPBTRE cont i nuous
l'i near N'Widtafic pRbOEFinddMubils, Fherk RS thr@RE mSHCIhdWRieRin §Rfati8@snof t he

pl urali t%}/’ of 16 Novenber 200 MODU pporting |egs, each of said

5.5 su
pl ur al PisPnyef g hydirslic Pistor/eyinderaiityis PhastOIusng fflre & e at mosiPht aul i c
Pi St ONAyfiyd dré1éiBhged Vith $he MDBU%u{}f)oﬁt&gtléﬁs%ﬁd HbviBBE Said AMEVRBH® dapper at i on of
the pistons_of said N hydraulic_piston/cylinder units |is phased during
j acki n§mEWhileA! legit opgfsai N unity i dissngpeed 1E0iR By &epther rackepbis REBR) supporti ng
| egs  anghoRfishel @r flerpadethehOiat thy RofkBd ta8ltoFhovidelsaid kIR mdbh.e at | east one of
said N units is _di sent%taged fromthe toothed rack and is bein reposi tioned

for re- engadéfifire RidtHihageect Yoharagrertdrientcs, Brisys Mevidediga MOYRYi ve motion.
Accor didiging §ystend dofpRsiAS PRIIDPplatidie, l@&ﬁﬁztomeEﬁ@BﬁtinF gt end s provided in
a j acki ng .system conprising a platform_ a plur aMf MODU
suppor fIeRY Pragevidipgrelafyematigndetyser e HOfU piionm spd thalvaly 8 t he MODU

pl at f okuppamids lepe tHe! ipabérhent RherbBbid mBbREG rdviting RBGvVe hbteoni by eMENt

wherein said vaans for providi n% el ative notion between the MODU platform
and t heefOPYplatiprmypndbypinatity 9 PN suppariae REARs Fraisesat lqagdliee ¢ nr ee

pi st onbRibhicREAer dhith tos efc@MEBU Rufiorlds S4sPREK bif A al REst iR@Gkt@fcysiadsl at | east
three piston/cylinder —units having a toothed rack en%gO etgglg[t nenber
I

at t achagtsthgving g topthed gpk engagepucptmegnrber ptachadipjits Rigtam e 5 ORiVing a

t oot heguppakikg 1epdIRR R A tEERHdirRUOMSer i bobkihitRs FaitivO Motién i pRViddeBktRehhween  t he
MODU pl at f or m and supporting Ie%s by cghased engagenent of toothed rack
engageHERORE rEPEn FidYIOPHsuprog itk ees P eRAS g gsReR'ed \OPEr &kon of t he

pi st ongngafentdiCmeribebd With ¥ tdoR@ Fackk it phidkd seatieneRBeistbRifigd rack
engagenent menbers, and wherein the MODU pl atform and MODU supporting | egs
can beP’IS‘SE/Ré‘HldFrd’g‘éi e ?%a%?déq%ﬂwéﬁsgas%ﬂf ﬁnﬁlﬁbqﬁf an‘%WB%{@fB Ment of all of

t he t ogfdid pladisn H0 JRISORMpoFRERGE Sanlfe 16dkbd @fethdd e Pits pydifighdgr units

with the toothed racks. According to a sjxth aspect of the present

i nvent FRgAgenRbpt@lliofths fogthed gk engagemanpoempert ofi all pf thy Sistan{cylindst ¥ ng a MoDU
pl at f oGsth 112 thtind @kt y of MODU supporting |legs, and nmeans including a
plurality of driving toothed penbers and a plurality of driven toothed

menber s on APHEIDg RStk et obERICSHPEIHh reredyrrovided ingMOPY ng rel ati ve
NDt i ONjaBIEkMS RN ERSrMEPAMATAHHRIHRA) @ﬂhﬂaﬂtﬂﬂ;@fh@@gmhigﬁoﬁh%flemmort ing
r

| egs, the 1 nprovenent wherein the plurality of driving.toothed nmenbers
conpr i $Eudga ¢ phditeol|drivag foothst members st aplerplity R grsh thotier feabers pn ¢ eet h

ha\r/TL Ngih bRAAiEy EMIGOE KB PortiigNEca G8Sprovitly febiide RbiidrAewen &e MiODVEN t OOt hed
nmenpers conprise
platfoanrlp and the plurality of MODU supporting legs, the improvement wherein the plurality of

driving toothed members comprise continuous linear motion motors driving pluralities of teeth
having planar engagement surfaces, and said plurality of driven toothed members comprise

- racks with pluralities of teeth having planar engagement surfaces, the planar engagement
surfaces of said continuous linear motion motors, and said racks mating so the stresses
resulting from the driving force of said pluralities of teeth of said continuous liner motion
motors are substantially uniformly distributed on the planar engagement surfaces of the engaged
teeth.

According to a seventh aspect of the present invention, there is provided in a MODU

Jjacking system comprising a MODU platform, a plurality of MODU supporting legs and means
for providing relative motion between the MODU platform and the plurality of MODU




racks wwth pluralities of teeth having planar engagenent surfaces, the
pl anar engagenent surfaces of said continuous Iineqréweim Qriqb ors, and
said racks mating so the stresses resulting fromthe ari i ng-torce of said
pluralities of teeth of said continuous liner notion notors are
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portion of the at least three piston/cylinder motor units with leg engagement members engaged

with the MODU supporting leg to provide continuous relative motion between said MODU
platform and said MODU supporting leg while operating at least one of the plurality of the
engagement/disengagement means and disengaging the leg engagement member of at least one
of the at least three piston/cylinder motor units and operating each at least one of the at least
three piston/cylinder motor units with a leg engagement member disengaged from the MODU
supporting leg to reposition the disengaged leg engagement member for re-engagement with
the MODU supporting leg and providing said continuous relative motion.

According to a tenth aspect of the present invention, there is provided a method for
providing relative motion between a MODU platform and a MODU supporting leg,
comprising providing a plurality of piston/cylinder motor units wherein the plurality of

piston/cylinder motor units may be pivoted with respect to the MODU supporting leg, each of
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According to an efeventh aspect of resent I nvention, there is provided
in a nErReyiditegelaveangtign ﬂ?gtwﬁ%ﬂ the M@%ﬁf@ﬁl and pluesdity A MONDBEPROtES or m and

pl ur al PRES provi ding a
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suppor Ede&nJRgQ%s eé‘cﬁ%@sa‘?& plfdli§ oPbdHifdut ¥inddf m%f?&ﬁ:h&b&@ I\}Lﬁsﬂfg%f motion notors
conpri si ng ydraulic piston/cylinder units, where Is three or nore,

and phBirawic pistenispindat unife, vaterehis thres estrense, and phaging the opsrationof ﬂ@
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relatiVve notion tmeen t pl atf or m and pportlng egs by
engagi Fetige met9s beteen the MODU platform and MODU supporting legs by engaging at most N-
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1 piston/cylinder units with the MODU supporting legs and operating the pistons of the at most
N-1 piston/cylinder units, and providing continuous relative motion between said MODU
platform and said plurality of MODU supporting legs while disengaging at least one of the
piston/cylinder units from the MODU supporting leg, operating the pistons of the disengaged at
least one piston/cylinder unit, and repositioning the disengaged at least one piston/cylinder unit
for re-engagement with the MODU supporting leg and to provide said continuous relative
motion.

The embodiments provide a new jack-up MODU and MODU jacking system that
can reliably handle loads several times greater than can be currently handled, can be

readily and inexpensively designed and scaled for different jack-
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MODU in any stationary position. lurality of continuous |inear
néq]leg from the MODU
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to jack the MODU up or down, or to lock the MODU in any stationary position. Such a

plurality of continuous linear motion motors are substantially less expensive than a
comparable plurality of spur gear drives.

In another embodiment, a multiplicity of teeth are engaged in providing relative
motion (and in lifting the MODU platform) at any given moment of time, eliminating high
tooth stress by spreading the load imposed by the large weight of the MODU over the
multiplicity of teeth provided by a plurality of toothed rack engagement members driven by
the plurality of pistons. Furthermore, in the invention, the teeth of the rack engagement
members being driven by the pistons of the hydraulic cylinders, and the teeth of the
plurality of racks being driven thereby are formed with substantially planar engagement
surfaces that spread the stresses from the driving forces uniformly over and through the
engaged teeth, and the substantially planar engagement surfaces of the engaged teeth are
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of increased pressure on one set of teeth results in increased pressure on all of the acting
cylinders, thereby overcoming the restriction to movement without an excessive and unequal
force being exerted against any set of teeth.

As indicated above, the embodiment fiirther includes a locking mode wherein all of
the pistons of the plurality of piston/cylinder units are retracted substantially entirely within
their cylinders, with their attached toothed rack engagement members engaged with the
toothed racks, and providing, in their engagement, forces resisting their disengagement. The
locking mode of operation eliminates the expensive separate locking apparatus for each
supporting leg that are necessary in current spur gear driven jack-up systems.

Methods of the embodiments include:
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hy dr audifferentyiosliond bf the toutied ratiichgagbmert RRnldelodf tha pRirdRB WTistdidylihder | NQ !
engagenent Qf their rack ngagenment nbers with the toothed racks, said
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pi st onyuey H@)ﬂ&g wita] tdFoafeh racRfbablifierd ﬁﬂ?&@%n%g&f whilffie RlcHe Mkl g defined

by RPRd! ( urther inventive featuf&s and conbi nations are
present ed iAhmethed of maufaptiring d MY jackiog aydieml capalie of withstandinpét ledst i nvent i on

that fo | EF CRI PT.ON OF THE DRAW NGS F i s a.diagrammtic

1T st il 3 ke 7 Bl malorE R PRD Db et B8, Ve fr om
above dapsbléAdakrging &iplhralily oftauthed xacks) selectirlg d iufiderofZoctedirhéhs Rland t O
illustrate the rel ti?{nshi p E‘Eaﬁiweefn 6he MODU pl atformand its MODU
supporgftejng fhgtootheg resks an the plyeality pIMOR U ypportingless; #1d5elsptingdt i on notor (and
i t's Mdbhbet G itabiftOpistbi/iGhdebaN, . kdrsgpl urality of

pi ston/ cyl i nder u!ri;t?i%l.sé vm'é%tﬁh a t,oﬁ?ﬂ%g&&g%ﬁﬁﬁﬁﬁﬁ{bﬁeeg%%%%?, with the

pi st orinayfacdeg a phirality sfnackisagagernent lmsthbers Sapablsrof edfiz@ment wih thevi ew t aken
from : ) r /084031 PCTI.USQ2/ 11439 7 FIGS.
5-9 il ﬁ"i‘?‘fi&?‘éﬁ{‘ﬁ3“%%%5?3*%%@%&?%%%%&{%?%’ Ay teﬁ?hé@gﬁy aul i cal |y

dr i verpistgi/sfiioderoybvidide n saundetod hidvadicpesiure B itied0B U th pedtidetolatian, FIG 9

.conprising.a phase_dj am he operatiaons of the pistons as
P hs ettt poitper Teato Bl e MOBY s s apalgaiah oSy e n
pi St Offr&¥irt Rsie hydthllR pRRAHANIRS; 4 HEHedSid a&}e Qiiauld near motion; FIG

11 is a cross-sectional illustration of "a plpg?el’l’ tooth profile of the
i nventpisggy/cylinder units to the MODU in a manner permitting engagement of their rack

engagement members with the toothed racks, said selection of the number R of toothed racks,

the number N of hydraulic piston/eylinders per rack, and the diameter d of the pistons being

defined by
P REPN-D > W
4

Further inventive feahires and combinations are presented in the drawings and more

detailed descriptions of the invention that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of a jack-up MODU in position offshore;

FIG. 2 is a view from above the MODU of FIG. 1, for example, at line 2-2 of FIG. 1,
to illustrate the reiationship between the MODU platform and its MODU supporting legs;

FIG. 3 illustrates a continuous linear motion motor (and its MODU supporting
structure) and the engagement of its plurality of piston/cylinder units with a toothed rack and
leg chord, with the piston/cylinder units in their locked position;

FIG. 4 is a view taken from above FIG. 3;




FI GS. 12-15 diagrammatically illustrate how the pivotal attachnment of a

driving piston/cylinder unit to the MODU conbi nes w erred tooth
profile of FIG 11 to provide an application of dr%ﬁlbgren?lg?lge@éniforrﬂy
and normally on the teeth with-the piston at md-stroke (FIG 14), and to

generate r esi sting the disengagenent of the te t he pistons
AP hglfiney

are retr nd the MODU is in its. |ocking node (FI and to
generate forces assisting the di sengagenent of the teeth when the pistons

are at the B 59 ilmnate the phased operpiiqy of fwy setspfdhres hydrapBeally dgyeni | | ustrati on
of as ek er. 1 ALY | ' t ontrol in
Chi's i RoS B bt A0 Bl e PRI P AR IR TP ot Pt es

j ack- uorvhibbpePfions ofithe piftbsdws illmstoted by FIGSsi-8;e. MODU 20 conprises a platform
structure 2 d a plurality,of S orting legs 22 .Jack-up MODU 20
al so incl udé@-jﬁj'saacﬁﬁg‘{’w é@ﬁ“@sm%’ﬁ‘%w“ﬁﬁé’?ﬁfﬁ%@%f d<]9vi de rel ative

ot i on oo eh¥EaRedrdtiDU pl atform 21 and the plurality of supporting |egs
22. As illustrated in FIG 1, MODU platform21 is supported by the MODU

. G1, U pl
| egs 22 fr oG Ha isngresy-sectiopgl illvsigatiop gie prglgred tootirphile peihg ientioRe  VODU
supporting ¥ aﬁl'ﬂﬁ ' ' hskantially above
the water l%@ﬁl%é?%ﬁ% coné@yggl%%{#@a?\og@{h%gﬁg%@rﬁ%fg&%%?%npl atform?2l is
in a peisionicglindet wiiteh yhe MOPaT@nbinkewith the prefiged 2@ith FilofleMOBIG.dltdef orm 21 is
- buoyant so the . .conprises a, vessel .which can be towed to an
expl or BEOVER 28 PRRUCatap of RV BEBT e AR By A Al 8 SO PRRGePRGR & 5 ar e
| over eghidditrdkd EFICRLY, R 1oYpehcRiTe Rirdel résRERNOEE dikdghideteit oTiteqbsth dkeint i | the
footi ng%s3 23 reach the earth's surface 24, and the platform21 is

t her eafhe@istans predatrapjediand thedRPHYs iyitsdeding srode (561D and tasereats he wat er
¢ he | ; . . . i d

ol a1 s sl LRYRR B RO GAR wRef B Blush K o ho BHELA roBt O 10

suppor (AlGg13)egd 22, and to lift and |ower the mnassive MODU platform

i ncl udi n I .the, supplies, personpel and equi nt, tthat i.t carries,
weh oo oG, 36 s T of & e pRAS i G SRR at for m 31 i n
a 16 NeygebmrhigQentd® 02/ 084031 PCTI US02111439 8 stationary sel ected

position without the use of any separate |ocking apparatus. As a result of
the inventive features and conbi nati ons, described herein, the weight of

t he MODU j acki ng TASHE W & o) SWWWW terial conprising the
| eg chords of the %ﬁpportlﬁng egs P?S?g uced, the nlggd for expensive

hi gh-strength steels in the jack up systemis elimnated, the capacity of
t he j acki ngIGysillastratezra jhdkiup MODIUB20 st@h efisheck drillhg she.eMODIJ 2@ear | ubri cati on

S Lot e cost gl L Sl SBKY SR kMR vre TS
MODU 20 also includes a jacking system, as described herein, to provide relative motion
between the MODU platform 21 and the plurality of supporting legs 22. As illustrated in
FIG. 1, MODU platform 21 is supported by the MODU legs 22 from the earth's-surface
(because of their length, the MODU supporting legs 22 are shown only in part in FIG. 1)

substantially above the water level 25. ,

As constructed and transported, the MODU 'platfor-m 21 is in a position closely
adjacent leg footings 23. The MODU platform 21 is buoyant so the MODU 20 comprises a
vessel which can be towed to an exploration site. At the exploration site, the supporting legs
22 are lowered by the jacking system with respect to the platform 21 until the footings 23
reach the earth's surface 24, and the platform 21 is thereafter lifted by the jacking systemto a
position above the water surface 25. |

The invention comprises a novel jacking system to provide relative motian between

" the MODU platform 21 and its plurality of supporting legs 22, and to lift and lower the
massive MODU platform, including all of the supplies, personnel and equipment that it
carries, with respect to the earth's surface 24, and to lock the MODU platform 21 ina



the supporting legs is readily nonitored, and the engi neering of the
jacking systemis substantially sinplified. FIG 2, | om above
one of the MODU supporting legs 22 to illustrate hOV\ll6%}[I ee}{lgg%\%é)désti ng | egs
22 and the MODU platform 21 are novably engaged. As illustrated by FIGS. 1

and 2, each of the plurality of supporting |egs 22 ca | sed of
t hree |egW0c9F(88r4913§ 26 at the three cgrners of a tri ang[h%ﬁsgﬁ%%d | eg

support 22. The three |leg chords 26" are wel ded into a supporting |leg
st r uct wratiody sehectetl posisorbeittobt thayse obayisgparaie looking hpparaprsows deesult ofif f i ci ent

strength to car the wei ght.of .th p at f its.top side

| oads, ‘@ﬁ“"ﬁ@“@é%ﬁ%ﬁ'ﬁu%é despyiogd Berpigs %g%a%éfﬁ%nesﬂﬁéyd@%#g the three
suppor ts{' didin bodsioneads ¥édubel, tHelfaouigitomprishipaht feg cRords bffthd suppadtgddegsconpri si ng

t he JU platform 21, the upper deck 21b bejng illustrated in FIG 2. The
| eg chdtduced theread forsgpanpivnhighsrength steels inthelas “IE‘)?YS‘FWi‘%ehi"H%qqt ten are

addi ti | i1 fﬁﬂ'ﬁ?‘ l: (- : 4. As best

i1l ust (r%%aaglgy ?fﬁh%g%@ﬁ%,@'&glgc 0 gt’ﬁgcg%'gf gﬁo‘?’%&sﬁﬁ g@é’? %tggﬁy conprises a
cyl i ndreliminbted, tlaxdoat ofithé jacksusystom et itsomenhfadtureis kelugd, the lagdsprosaclophosi t e

si des d positi,oned f.or engage t cont | ] .Jyotion notors 30
whi ch &P oéhq%egsﬂﬁrqaa@éﬂ?qﬁgﬁg%a?ﬂﬁP%ﬁ'e&gn%%fr}# ?ﬁ%@g}%gﬂ)ve not i on

bet weeRushatidfdskmppitied. f orm 21 and the supporting legs 22 and to |lock the

MODU platform 21 into stationary position with respect, to the MODU
suppor t i ng Yéy3 pviewfonmeyeme e emwsw%e%ﬁgﬁm@“@w%quri cal tubul ar

member v ufor@bes 22084 %@g@nﬁm@am@%ﬁa}ﬁwl EipRgId | 0GidseatedBy i S S| i dably

i
engage e bushi ngs 0 carried by the MODU pl atform 21
adj aceffIGS. tisnd fpemch dfthk pRdlitysof supportieg lege2k cante compriggd aftliree daged

t her ebe en, .to prevent lateral relatjve noti tween th pl atform
21 andcéq%%%l%%tﬁﬁ cBrInerg8g$§p?gu%§l}a8§cLle§§qppR§%g. %%ﬁﬁeq%%chﬁ &“Pnventi on,

t he negh vieRfed %it6 8 s@ppotBRlGEtuEiae kS whith el ®8 &f &9 Hehfiuedtiontifat pregides he | eg
chords of the su portln%legs in order to resist the conpressiye forces

i npos esuffigient Bﬁéﬁﬂggﬁpcgﬁﬁ edveishioef thr MORY platform 2 and fig topside feads (Whiftn at ed,
along w : X e MR thidk ok 8RS ldee28h4i@at h st eel ,
(e.qg. mf%getﬁgﬁ&ﬁl@gO’Pﬁ%@gdog!%?dgﬂ?ggﬁg%%ﬁg iv\ﬁ%i éht and cost of each
suppor thirough lae gpenfigy 2 Ladx thedbaks cenpeisng ihgMODERlatfarmy2 1§ e uppier deskdpporti ng

| egs hgvi n Iefegthﬁ(gf 670 to 680 feet can be as nuch as 1110 tons, and
the coliR&HHREE ShF¥EA t hree such supporting | egs as much as 16 Novenber

2005 WO 02/483hoREDis\eRRing £6R%nd Makifs SBParD6ihis arentivhag sdditiosdlyof $2. 20
per constructed pound. Notw thstanding the reduced nmaterial of the |eg
#

chordsmE%f,ateé§né‘1‘Bﬁiﬁcﬂl_eéﬂ‘ﬂpﬁi%a‘}dﬁ’vention, the leg chords 26 can have an
equal of falliushatoh iPPIGTAMALISE R8PS 2 proferaBlcompilepis. AS | ndi cat ed

above, the invention includes a plur of ‘conti nuous |inear notion
cylindrical tubular column 27 with toothed racks 32 welded on opposite sides and positioned
for engagement by continuous linear motion motors 30 which operate in the invention to
provide continuous relative motion between the MODU platform 21 and the supporting legs
22 and to lock the MODU platform 21 into stationary position with respect to the MODU
supporting legs 22. The peripheral outer surface of the cylindrical tubular member 27 of each
leg chord 26 of each MODU supportihg leg 22 is slidably engaged with bronze bushings (not
shown) carried by the MODU platform 21 adjacent its upper deck 21b and lowert deck 21c,
| and as needed therebetween, to prevent lateral relative motion betweesn the MODU platform
21 and the plurality of supporting legs 22. As a result of the invention, the need for single
toothed racks to extend completely through the leg chords of the supporting legs in order to
- resist the compressive forces imposed by the spur gear drives of the prior art hasbeen
eliminated, along with the need to use the expensive, high tensile strength steel, (e.g.,
100 KSI), in the leg chords, reducing the weight and cost of each supporting leg. For
example, the weight reduction for three supporting legs having lengths of 670 to 680 feet can

be as much as 1110 tons, and the cost reduction for three such supporting legs as much as



notors engaged with the plurality of MODU supporting |l egs to provide
relative notion between the MODU platform 21 and itg\glNeRBELIGG | €9s 22.
The term "continuous linear notion notor" as used herein refers to a
plurality of hydraulic piston/cylinder units N whose piston operations are

phased soq a 1 of the plurality of piston/cylinder ' e engaged
wth a I\/[Bb-%yésﬁf)'%(}rti ng | eg 22 and providing relative %F&gﬁﬁ’\kﬁgl e one of
the piston/cylinder units is disenfaged fromthe MODU-supporting |leg 22

and i s $aedg0®00, RAHe 4 Ret $9.90 péreomshgagepmnt. Wotwithstaadisithpretdtdedg | eg 22 to
continue the relative notion. _Continuoys |inear tion notors g@n conpri se
any nuriaeriabef the les ghords 26, avosesulfnf thas lﬁ‘éf‘e'fé%’hg}egeg ?}H}%PBWH@V?@}% e notion

bet weern, &emmp]ng&&&rtm ﬂﬂdﬁrﬁ}pg is;‘}s?e soads) and its supporting legs 22 in
e

acting oY one or nore tootrﬁt racks; however, it is believed to be
pref erabl e tAzdndicated @bgteythe invenfion inclijeragliiralidy pf contmyous/ineardrotionni ts in t he

ti | i t ' f.units divided
Cnto tEeweasE BG s g oDl Peen fedthed? BB R SO 1 acks 32 on
OpPOSi tRtvided e MODT plefhrs ROk BQuppstirEhepsn2) Théteti codtiflious kneai Ni m ze t he

| nposi tion of transverse shear stresses i.n hhe, Ig/g ,(:E%rd, 6 and t oot hed
racks 3notioRastereas used berein sefery taaplyralits phhy G Pigiaw/CyHade amit Off urality of
menber g, ' g L RAY IR FRERRindM hACHS hah are
capabl }%éfﬁagg?s%ﬁgb%%%o%%glt?if)tlr?]%)l?ka-d?i vﬁing f_%lrmceslJl suf ?'}!ggléent to

provi dewithel MODERsuppoitioglep 82 wedprovidivOplatipt mofioy whilkong afthea MODU supporti ng

| eg 32..Preferabl .t oot hed, racks ' | &: teeth uniformy
f or ned pgf@zcéﬁﬁtﬁéumtﬁil ?"“%%%F? ﬁ%’ﬂ &}ﬁ@ﬁ&:%uﬁf%rﬁnpﬂ 3? g?Hdw(b)&gc eeth havi ng
angl ed rgjloaiialiedTHORIA IR B With deaspsorialte2? wicontnue ddirelgtiventotidohr esses due to

the driving force necessary for relative potion gpiforrﬂy t hr oughout the

t eet h, Gostighoys fineprmotion retetsca comprisg any Bambry of pistonGHlpder ity RECEREHTY of

hydr aul, | ' s [ H ' | i near

ot 1 o EroBlE FARIVE oGl MRS i TRid 83002 AR WGB! | 0°ce
expensilage 22 peactisg bty oras ingnetbothed sickse boweyer, i#id belieysd 4 baprefptabladleat units or
hydr aul i c S nd. t.he drauljic piston/cylinder units and hydraulic
punps mphﬁgl%gf@?pgac f’?t(?f#giﬂger_“i"ﬁse‘ﬂ @FW?XSCIW%}%IW@MWM | abl e

" st and%ﬂ%}ds@ﬁﬁ%%ﬁ'ﬂuﬁ}bﬁﬁ TR ddddrats twd! Ritd &F pisieh/@indes units@otiigi oitaas | i near
notion notor jack-up systens of this invention can be nmade, for as nuch .as

$2, 500 t@ipdirecks 32 paAPRastpudesiof eles shard §Bew shvma Al RS, ipmayraipethe of

compar fibitioh oF irliivert AL strdises i fo 1ok chirli 98 lahldRhed FAETh, CIGAIRYS, @
continuous I near notion notor conprising two sets 3 1- of three

pi st ontacis asnued hengin meaiBdne meinber or p plovalityeof ceembersyforming e phiralityeofnot i on bet ween

PR AP A S TR R 1 21
uni ts sgfidaipd protide feldiv hlotortlictwétg aNADUplitfona 21 iandleMODW tdppartipgst on novi ng
leg 32. Preferably, toothed racks comprise a plurality of teeth uniformly formed along one
side, particularly with a plurality of teeth having angled planar engagement surfaces capable
of spreading the siresses due to the driving force necessary for relative motion uniformly
throughout the teeth, as described in greater detail below.
Because the number of hydraulic piston/cylinder units that may comprise a
continuous linear motion motor is not limited in this invention, it is unnecessary to use
expensive specially designed or sized hydraulic piston/cylinder units or hydraulic pumps, and
the hydraulic piston/cylinder units and hydraulic pumps may be selected from the
inexpensive, commercially available "standard" hydraulic piston/cylinder units and pumps.
Continuous linear motion motor jack-up systems of this invention can be made for as much
as $2,500,000 less than comparable spur gear driven jack-up systems of comparable lifting
capacity.
FIG. 3 illustrates, as an example, a continuous linear motion motor 30 comprising two

sets 31 of three piston/cylinder units 33 each to provide continuous relative motion between



In response to hydraulic pressure applied at the ends of its cylinder to
nove outwardly from its cylinder and to retract in | LidHa its
cylinder. FIG 3 illustrates the pistons of the pi \sf?(%%?%%@e()rg units 33

in their retracted position with their pistons substantially entirely

enclosed within their cylinders. Each of the pistons of the gll urality of

pi st on/ cyWiOrPa@?‘mﬂni ts 33 has a toothed rack engagerrerﬁCTﬁég% #3934 attached

to its end and engaged, under the #ttion of an engagenent/di sengagenent

means 3fhe MODY pREFSmOE1 dnb ehelib@trbed oficdsthis suportingRpel®y Edchodfitieg t he MODU
platform21 in_a stationary pqsition wth [g%g%ct t,g_‘ri t.s sup&orti ng | egs

22. Beﬁﬁﬂg@{hnﬂ?ﬁufﬂﬁémcﬁ‘?@f‘ﬂefEHE’E‘".EW%WW o 18 al@’fﬁ?’?ﬁ‘ﬂ At ors and
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need f oits dylimdesdae setracténpredly withingts sylindermFI@ @ illustrrtenithe pistymapbthes used in the
spur gear, dri.ven j. Is Syste I §. Un rovi-di ng.a, substanti al |
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one illustrat edhl ggc chord 26 an t oot he r.ack(? 2, havemlaee omtted from

FIG 3 $hhaspdpothed 5ick spaagement mempertattaghed 9 ead sqdengpsed dpdeidier s 33 and the
engagengibn f anlehRigémdntgi éh@&’g‘ehf’éﬁﬂﬁné‘aﬂﬂﬁsﬁ%ﬁfﬁ%e mﬂ@ﬁbﬁféﬁcﬂm tRkdpyal ity of
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pi ston/cylinder units 33 conprising the continuous linear notion motors 30
t hat ndoekingthe MOIRHplatfory Aldna satigtantposidepwith respect thdts wmporipigdegs@2m 21 are
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i ndi catpgoriyiiidesusHs aa ehsvvclyasCH the FIOBRT platfermdn 4 statiéay p&aion plitat f or m 21

i ncl udes structural nenbers, as_known in the art, to bear the |oad

associ dBWECtIP Hesuppritingeetythe@ned for the nepatobarsepssiye Plafforuleg sking t s plurality of
suppor t,i e b | | : | es a

o1 e o) (Pt FaRd frihe SRR NRg (et (i By HOMIE L AEHS P oot hed
shoes 3ustchvingssfopersmple, abpir $cdl0,000 ifars MGDUjiwith thret MG shgnpriingdégs. 32 by

pi vot i the. piston/cyl i.nder Its hr ough mal |, a e., The
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pr ef er abdutled Rk PL, et ROMPHiteE fiom FHO! 3 htddr ibetRelluaiutd the plupdily sfngagenent

menbers 34 toQ urqg1 them toward and intpo engagenent with the toothed racks
32, an®lindersEan %Fwwnt?ﬁf eiptortied-rach eneagrmantmembersidd.i n response to the

i mposition |- nesw4d o st-hed |, sQver conme t he
forces of tﬁiée %ﬁ@i@#gﬁéﬁgégr@w jn‘%\w Rggl héccrng%‘ﬁél{e&gggge[ﬁr%gﬁ menber s away
and di seigad@that momthdsuppabngied 22 adth sespt toShe MOIN abneme] aslesengagenent
neans 35 eferably c ri,.se single-acti i l.ind nits including
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tlti pus theilég choide@s of tie supporting Gegd. 6 ANMRIBE by RO Planitih Mibk QOFIGS1 2 BXdI4,US02/ 11439

the MODU platform 21 includes structural members, as known in the art, to bear the load
associated with the engagement of the MODU platform 21 and its plurality of supporting legs
22.

The continuous linear motion motor 30 includes a plurality of means 35 for the
engagement and disengagement of the toothed shoes 34 of the piston/cylinder units 33 with
the toothed racks 32 by pivoting the pistonfcylﬁmder units 33 through a small angle. The
engagement/disengagement means 35 for the rack engagement members 34 preferably
comprise compression springs that act on the rack engagement members 34 to urge them
toward and into engagement with the toothed racks 32, and unclamp hydraulic
piston/cylinder units acting in response to the imposition of hydraulic pressure within their
cylinders to overcome the forces of the compression springs, moving the rack engagement
members away and disengaged from the toothed racks 32. Such engagement/disengagement

means 35 preferably comprise single-acting piston/cylinder units including a compression

spring within the cylinder acting on one side of the piston to push it outwardly from the



cylinder in the absence of pressure, with the application of pressure on
the other side of the piston overcomng the force ﬁh%ohe or% ssion
spring and noving the piston into.the cylinder. W ueh Bre rred
engagenent / di sengagenent neans, no power is required to engage and

mai ntai n {he en%agerrent of the toothed rack engagenent r’r&gb?rs 34 with the
t oot hed r YO¥BBI L the | ocked node;, however, other cdifth MYit¥e
engagenent / di sengagenent neans, suth as doubl e acti ng hydraulic

pi st on/ eyinian iteths abselce of pressuaewitiathe applieation dfpressireon themtheriside ofibel.  As
described in greate et ail. bel ow .the.too{lh {{).rofile% of tEe teeth of the
t oot hedPISER gwcosingheoxse qfifhe OmresRsPiigand HOYME e pifiprintedhe \ " he pi vot al
at t achngykhdef WilSudh\prdfBeal cagagd e ARBRE R RntM@NAS, InB Povacik rigireet em is in its
| ocked rode with the pistons of piston/cylinder units 33 retracted into
their cengegrrad saintpinbe engaganeshefibetoathed R mgagement membegs 34 wigh the

engage L.SE, AT ' ' bR SndRemb Rt Q‘%Eﬁéﬂfs 34 in
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30. It nust be understood, however, that_ any pluralit i ston/cylinder
uni ts Nehees34aeiptthe teeth qf@mtpmwgchsi3%éralrthmwt6‘rﬁtﬁ#3v@ﬁn¥pﬁh? adinges ent on,
provi degh | [ | [ M dn exanpl e,

i1l ust ?%t e ﬁ%@egp&ﬁégegg%@f%ﬁﬂyggﬁsgcﬁg% N1 %@?‘ t?"g&gf]gsﬁ)n/ cylinder units
ar e engagedcylindenusitst3d gethasted into kheixnplindere togeneratdiengpgement doncesassising on bet ween

t he 21 platf,arm.and the supporting | 22 ile one,of the

pi st on/ zb?/ Fr}gﬂgeg?emﬂ‘ﬁ?ef'%agfg'e'ﬁé'?eﬁ@s iy F‘S@@ﬁ‘&’g 5‘?%3"?"@%‘%%\"? i %4:185’“%5?"17“5 engagenent
Wi th angih e tootied reks 3D dsheRsthihg The MOIIU plalféen 2 Plofkdd! ihtdaistatibfrg he phased
operation of the three piston/cylinder units 33a, 33b and 33c of each set

31 to mositipewitk eapachiodisSupnon@gliessdi on acting on a | eg chord 26 of one of
t he MODU e : il g | ion, th
e ML UM oA LA B BTl o, T

pi ston strokes 5 I'ston/c units
each saiftidde activchydhueliepigag/eylindér uaiteB 3dirsilustragd mad descilfedtak eompiisinghed rack

engagenent neans 34 are phase that i.s, their operation e displaced in
time sdOMHEPUS f6‘f°“f’ﬂ8‘°g‘?f og';'BW E‘?ﬁ‘ﬂ’é‘?ﬁsliﬂﬂ#]?'gwﬁ%l%’e&%rﬂyp uf@bk"fgngagenent
menber isksh/cyRRiBAaee I\Vﬁm&f‘ccﬁngﬁi_sé PEdniifsbul BekSmaADnGhotar in@Be @iekien, 26 Wi th their
pi stons being extended to drive the leg chord_26 whjle the thir

jeq ! d
pi st on/PEgHided dsir operationyis sequentiafly phasednisalor ramplenilysieteddn FIGY.Smd dBed from the
toot he : ; | i | amBlr inacted to
r eposi tg? gﬁpﬁtg&ﬁc&&@ﬁc é@%@%%%@%%ﬁmﬁ%ﬁmﬁ%ﬁ%ﬁlﬁgeneﬁ?mvgf\ﬁtn " the toothed
rack 32elativd motiobbatwerarihe MOTHAZ1 phatfarin dnd thepM@DBrsupporting legs 22ehileeg chord 26.
Thi's RE E)fl t}lé _ﬁ&oﬁgyﬁgg unlisis Eihg %tr%&e&i\la%\é ?Q}?}%{ionzeg%r reengagemment with and
driving of the supporting leg.

FIGS. 5-9 illustrate the phased operation of the three piston/cylinder units 33a, 33b

and 33c of each set 31 to provide continuous linear motion acting on a leg chord 26 of one of
the MODU supporting legs 22.

In providing continuous finear motion, the piston strokes of each of the
piston/cylinder units 33a, 33b and 33c¢ of each set 31, and the engagement and disengagement
of their toothed rack engagement means 34 are phased, that is, their operations are displaced
in time so that two of the piston/cylinder units have their rack engagement members 34

- engaged with the toothed racks 32 of a leg chord 26 with their pistons being extended to drive
the leg chord 26 while the third piston/cylinder unit has its rack engagement member 34
disengaged from the toothed rack 32 of the leg chord 26 with its piston being retracted to
reposition its rack engagement member 34 for reengagement with the toothed rack 32 and

subsequent extension of its piston to drive the leg chord 26. This repetitive phased operation



WO 02/ 084031 PCT1US02111439 12 of the piston/cylinder units 33 to achieve
linear notion is illustrated in the phase di agram Iil 30‘]%. Aijt &Otge point in
time illustrated on FIG 9 by the notation FIG 5, tﬁ plglp‘Bn%cyl i nder
units 33a, 33b and 33c have been driven so the pistons of piston/cylinder
units 33a are fully extended, the piston/cylinder units 33b are in

i d- st r ok&W0 0388#%3he piston/cylinder units 33c have | BETSEEH4Ehgaged with
toothed racks 32. At the point in tide illustrated by FIG 6 on the phase

di agr am ELG . 1 . ' i nder units
33a haﬁgwgﬁ\wgﬁg@ %@5%%%?;@%&?%@&?@% lﬁ@gﬁ @%@gg{e%ﬁ%}dg%aﬁ%t on/ cyl i nder
units 3@8iG.and 33c continue to drive toothed racks 32 and | eg chord 26 to
the point illustrated.in FIG .7. he oi nt iJgre.illbustrated by FIG
7, the pi st dHdhepop; ’%f"&ﬁﬂg?ﬁ“}‘fc?@ﬁ%'r# ?Ysthgg%mm%ab%é}?? 91%?’}{‘33@’?‘&8 and the
rack e“.%% Bb TRIPR MaveltkePlriveh §& @B hiBtohé SRton/dYiifider Bdtsa330a¥ ailjeen

posi tione gf@%r% breenga_gement TM th thg t oot hedmftgz:ks 32, the géi:t on/ cyl i nder

uni ts 3ttended; shepisien/eyiades vaits 330 areiin midnstioke, gnd the Ristosfoxlindey ynits 838 ended” and

t he pistoni ' | sHafelt lglonPl StONs are
in mpd-2%%8%%&%&%?%&%@@#?9%\5% %S% sﬂlﬂnla‘hﬁ*lrhét ed :barllﬁlgfgong t he rack
engagenghs phave diagram FFIG@, festobrhgagbment erembers 84 ofj@stonleydindec umitpdded with t he

tooth ks 32 he.pi st f.pi.ston/ cyli ' h full
ot enot e Eieh Aen et BTS 1B RO Tackh 2B R Pl oR e 4y 33 PP 02 T
ni d- st r QiBye thdEvoltatedr-eReI23hi RE chdrd 2B o ﬁﬁgbiﬁﬁdum&kl in FIGYAgAR®Rt Nenbers

34 by their engagenent/di sengagenment means 35 and of the pistons, of

pi st on/rejtiitree ilgptrates by33G. B s pistens ofpision/aylinde aigits Fafaygbeenetriadied cat ed by
FIG 9, t LMl ' ol t1l iMaBl s uppor ti ng

| egs 270 %%*%%%%W%ﬁ”@%ﬁt&ww g?}r@%ﬁ%&{g@%ﬁfl g'?ted above, it is
not neaqeapageynentrarith thecootimdtracks 82)Shd pisterdcylimbedr units 33 havedeercepeptidse set s of
three piston/cylinder,.units, .and. in. practi.cal.appl.ication ecause of the
subst ar’ri"?‘!a'ﬁe‘f' Bistoss e il eﬁliegdefjéﬁ‘ﬂﬁhf’ aﬁmywe“"#h?%@%_%%ﬁit s of a MODU
pl at f orypipielr pld®nb BB ASmidh@bkd, tSHeATyReSthisini, AMMlskraeATIG] B)ghdags Wi th
respect to each othher, continuous |inear nption nptors incorporated into

MODU j aeoigdgenpentymenthers 3iaf pistasfeplinderainis Bia asp facagepsd Yab) e taotied ragks e
i ston/cylin i ' hase di
b °t o < Yl it BistonicHaeuntts 3t dbfroaliPlu SXBARnSna SORBpLAGPGA PIRCC i @0ram

'S
nunber gisén/@linded mhits/33i¢ ackdn mithsttoke. This phaved aperativh ef the tootted cackat ed in the

teeth of the jack-u stem and the,time durin Lch .Si ngl

bt St o BB RE IR Ty GG e BB o6 Pt ot BB ucea. 1
addi ti gﬁbmnf@!iam waits 3h.G3b add B dohfities Mltbned s ifdiQFed by RIG! 9,@bntRusishn/ cyl i nder
units 33 acfing in pairs on the pposi ng toothed racks 32 of a leg chord

0
26, t helrngeiticot inirpten) dha MADEFsuppartis les Zieithomeneido thed8PREH r acks of a
single ka%?mqgg)rd can be an odd nunber, so long as the nunber of
pi ston/pcy I'nder units N are phased so that N-I piston/cylinder units are
engaged wi t As énditated above, it is not necessary that the continuous linear motion motors

‘comprise sets of three piston/cylinder units, and in practical application, because of the
substantial forces that are required to move the massive weights of a MODU platform and the
foads that it carries, and MODU supporting legs with respect to each other, continuous linear
motion motors incorporated into MODU jacking systems will comprise substantially more
than three piston/cylinder units each. FIG. 10, for example, comprises a phase diagram of the
operation of a seven piston/cylinder unit motor, With larger numbers of piston/cylinder units
in a motor, the stress created in the teeth of the jack-up system and the time during which any
single piston/cylinder unit is disengaged from the supporting legs is reduced. In addition,
although FIGS, 3-8 illustrate an even number of piston/cylinder units 33 acting in pairs on the
opposing toothed racks 32 of a leg chord 26, the number of piston/cylinder units acting on the
- toothed racks of a single leg chord can be an odd number, so long as the number of
piston/cylinder units N are phased so that N-1 piston/cylinder units are engaged with and
driving the leg chords of the MODU supporting leg while one of the piston/cylinder units is



driving the | eg chords of the MODU supporting |eg while one of the

pi ston/cylinder units is 16 Novenber 2005 PCT/ USOZlJIé?Kgog %@ bﬁdgg retracted
for subsequent engagenent. Wiere an odd nunber of pi NFEVFY (9 units is
engaged with the toothed racks of a single |leg chord, their positions of
engagenment wth the toothed racks of the I eg chords shoul d be staggered,
rather tVe@OMBH88i ng, as illustrated in FIGS. 3-8. WAFTUS¥4St aggered odd
nunber of piston/cylinder units acti3ng on toot hed racks mposes shear

forces, acting transyersel on, th ot hed he forces
actingb e%ﬁﬁﬁ?‘e‘{% F‘ﬁ’é ¥ F retaﬁg %’%ﬂ%% g{lft}tg&% hed racks
are noy, ﬁh@?’cﬂﬁiﬂﬂﬁ@ todthed relcﬁ@éﬁ%mgttqeglﬂm diﬁrqhkl’eons bﬁmgamsmtbthet he t oot hed
racks a chord., Another feature of the invention ﬁﬂgﬁ’éﬂées the tooth

prof i I@mtheéfr@kabf the lemshasdeshoyld be %tﬁ%gert’éct@ﬂ@h@a@@t%ﬂt&ﬁ% % and the
t 0ot e dAGKE Whle t'ﬁ{;er%%feg blid HHhBeR bESistoh/By i Sits 8% dnQBothad f28¥ h 50 with a

profil s pre I ncorporated into the teeth of the rack
engagejigkessheds Ssrsesadtimyitingverelh oul thedoatbedzackswnd leg chard the forcss P‘éﬂgt oot h 50 is

Irrlalt F?\;L‘St@gfwltg? °"E’h§ af”éBf'ﬁEEg Fﬁ%fgfa“‘iﬂi;‘aaﬁﬁé atcﬁ)S ar%‘r“goer s&%ﬁﬂ%ﬂp ave t hte hgama

nat i ngné?&fc& Méh&&sﬂés@o%@@ddﬂibﬁrhdk@aﬁd)l@gﬂeﬁld racks are wide, having
wi dt hs or éxanple, of 7-10 .inches, and t {ajfﬂ egzﬁ}i ?;5'% surfaces of the
tooth 50 exAeatberifeature pEibe nvRrgOR eQmRRLISEY (e fogth jr eIV 1 he paper. As
I ndi ca I t 50 i ncl udes
a&l gacgclfgga{ga%ne JrTeIntht@ 34 Qﬂﬂﬂ Rdtiied r@ck?@Z arpey. ef mﬁitﬁ%sisi%%&é oy

flat ntralrly vertlca root and cap surfaces ,
r espececti@l, yt,toaathdomthmproﬁhfthan@re&rabbﬂm@morasﬂbafgéhﬂatﬁ@th@ﬁ'ﬁmaé‘@is 53 and 54,

O Tt kel e RS 34 B Toctb A 2 Wi YRl B38| ! s

t he roghBasemenpe or the p anar upper tooth
surfaCﬁbcf?ua Bﬁb@f%hé@éthbmetdama ridk@l@ﬂtehﬁﬁﬁgteahlbftae&)oﬂtbd ki le it is
prefera at the tooth gagemant surfaCﬁfs g‘ g@ of ht oth 50 be
pur el yenghgenzent mambers 3bvillryeghe Saeinging ootk potles Rrﬁ‘é‘cﬁ Bptet yt ti ng torch
et hods ag% y ?a%uﬁa%mg%éltﬁ%fd?%ﬁz}r@%@ Brie el 86d 1BSIoRB&liMg Rirfoayoff Or m

Fur t hePo5 rehces surfacés of the tooth 50 include
sur f ace ko 50 eﬂbmd]nﬁlranuhsmmeailctdmw}mmfwm&h?Pmeanar that do not alter

t he reduced, stress e ration b S qFor ease of
manuf actureAs‘Pﬂﬁatﬁqté'lQ@g} ‘tﬁta“tﬁf“;‘ﬂ %%’F@‘r‘%‘fo‘%‘%ﬁd ang?qqm al t hough
t he an&b&mafanﬁaerﬁ&at FdOR andUAp burfid@AsIeAdIse, espetiiely, dnd arpmir otﬁengmi:reased to

decrease the di sengagenent forces when the sup ortlﬂg egs“éZ and their

i nner plamksngageram surfapes 3 auhivh fonmyingpith respeshioarsubstantt #%t f or m 21.
| POt il dhc}hy‘ég tl?eg'gatg sPbf ffn@feetthh&)oﬂp&ﬁfes oP kR AR plARGHPE ROEh saHhdedes 53 of

t he t oGt IS selectel so at when the mating teeth of the rack
engagenmnt forths toveer Bnatmtioairface 5.1 While ibis preferablé thatohe topkh engagempit t s 33 in

Sur acuges 338 FBor poi N Babway plers TayRRau LR Al S0 5 SRARARTCY |
rack enefgabRAmeRI SitRdded debiations from the preferred purely planar form. Further

references to the "planar” surfaces of the tooth 50 include surface imperfections and

variations from purely planar that do not alter the reduced stress concentration benefits of this

invention. For ease of manufacture, the angles al and o2 are preferably equal angles,

although the angle of 02 of the lower engagement surface 54 may be increased to decrease

the disengagement forces when the supporting legs 22 and their inner racks 32 are moved

upwardly with respect to the MODU platform 21. Importantly, the angle al for the upper

planar engagement surfaces 53 of the toothed racks 32 is selected so that when the mating

teeth of the rack engagement members 34 are being driven by the piston/cylinder units 33 in
mid-stroke, the forces imposed on the upper angled planar engagement surfaces 53 of the
toothed racks 32 by the mating engaged teeth of the rack engagement members 34 is

| substantially perpendicular to the upper planar engagement surfaces 53 of the rack teeth 50.
Because the engagement surfaces of the teeth of the rack engagement members 34 and the

engagement surfaces of the teeth of the toothed racks 32 are planar, the stresses resulting
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|
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substantially perpendicular to the upper planar engagerrent surfaces 53 of
the rack teeth 50. Because the engagenent surfaces theb egjdtg of the
rack engagenent nmenbers 34 and the engagenent surf SOt eeth of the
toot hed racks 32 are planar, the stresses resulting 16 Novenber 2005 WO
02/ 084031 PCT/11S02/ 11439 14 fromthe driving forces on the engaged teeth
of the ra¥ReEEBEenent nenbers 34 and toothed racks FETAREYUMf  ormly
spread over the engaged surfaces ant# within the-bodies of the teeth. As
wel |k %&ﬁ g%g% A RIRYseindaeet h
necessg(ray égh‘;"%%ﬂ% Oent?lrg;é(i}gg rg/\%lllef;\tth&i\%\/g%f eﬁﬁ&ktﬁe Iatform&gnd all of its
t opsi deacko3isre lmforinly sprted erenthfr@dgﬁavd s;xfﬁmmndmﬂvm@s éod!eﬁ &f th?r@eﬂiccept abl e

tensile stress r

manuf act ur e “‘?ﬂa? H{i(?fe‘atllhe" 0 &g;%ééﬁé{ho ’a?‘%eaﬁ%%g%% %@Z‘%‘%’Sﬂd each t oot hed
rack ae&M@mhﬁm wdight WﬁlﬁlﬁéMﬂDU plaifbrarhnd alt kkits tojsiictloddaimay bet area T
equal s the tooth pitch t (FIG 11) of the -engaged teeth tinmes the nunber n

of thedéﬁgﬁgﬂtheeth (i.e., t x n). The total root area T may conprise as
large an argg-esyRegessary to pernit the use of readily avallable and
i nexpensive steels having nmodul ii of eIastrcrty, for exanple, on the order

of 34- SBersSlis thelaecegbl;'le tegbilerstresstof thg matesial feopuwhichtha engaged testh will be he speci al

ar .+ a5 1 iRl ek it gl o B cBthoa BBl € P

t oot h PetnGMbertFiddtiedracke YTietoRal rost 48k T requaﬁrtlﬁd tcah pittist @dGel Peftbeen base
nmounti ng pins of cylinders, nde s..used, and c

ar r angengaged taeld timpiibe nyraher ﬁl"ﬁﬂ’ﬁ é@ﬁ?SF‘I geetﬁ &‘rq f él" -alpejotal mot Wﬁcyﬁ?f’ryy
oper at {:]c%hnsg%selgﬁgg an &Hegh'sr efes@y FRehit lﬂﬁe‘ﬁs@@f ity N&ﬁaﬂl@&*ﬂ' ipeRReat ion will

nove t ck-up”ri'g up or down in rel atlonshlp to the jack-up
pl at f osmclsalmﬂmguﬂddulncmf klaatlh@, lfwampie qudhs erileref 3468 BSLdhetey peri ods for

drilli 0 tions or.for tr I C i eterm ne the
georret Agmihing teseaemeat ot HERE werafhiieidfh st AR d BuER O

cyli ndggsdﬁ&rsygy,hngépmﬁhﬂs) required at each | eg chord to rai se the jack
up platform V = vertjical travel of thetoothé ?gtet aglgavmththe
chord rack;In a[?““*"%ﬁ‘l“éﬁlm%%ﬂ‘méh%%@?rﬂ%@ q’ﬁﬂ ﬁ

mount | n&er lsﬁ’bl?et iéal dlstﬁlﬁ:glﬁktg\%gn 539.». & tc%(bh‘s of cylifidels, nhl'ﬂgér‘ﬂfdua| tooth

pltche an require toot may be attained by dividing "T"
by 2, é},'hndb,rs wsed,.and cycling arrangement must meet certain geometnc eriteria for satisfactory
operation. When configured as described below, the jacking operation will move the legs of

' thejack-up rig up or down in relationship to the jack-up platform and will lock the legs in

positicn for extended periods for drilling operations or for transit.
A typical calculation to determine the géometry of a specific jack-up design follows:
Let: N= number of cylinders (or cylinder pairs) required at each leg chord to
raise the jack-up platform;
V= vertical travel of the tooth (or teeth) engaged with the chord rack;
= vertical distance between base pins of cylinders, i.e., mounting
distance;
= required tooth pitch of rack;
t=  individual tooth pitches smaller than required tooth pitch may be
attained by dividing "T" by 2, 3, 4, eic.;
S=  cylinder stroke.
Since the cylinder may be mounted with the cylinder base pin outboard

from the rod end pin, "S" will be larger than "V*".



S = cylinder stroke. Since the cylinder may be nounted with the cylinder
base pin outboard fromthe rod end pin, "S" wll bed f "V'. 16
Novenber 2005 WO 02/ 084031 PCT/ USC2/ 11439 15 Typi cgll6 %‘%%&Ie%%@én Exanpl e
Step 1. Calculate the total nunber of cylinders required at each. leg to
raise the jack up platform including safety factor. The nunber of
cylinders Or?it’{gﬁ“ﬂcﬁe evenly divisible by the nunber of |BgUHYAYs. This
result nust be the next higher even® nunber. 54 cylinders in sets of 2 Step
2: Divide the nunber of cylinders by the nunber of 5419 = 6 In sets of 2

| eg chords. (9 leg, chqords for 3 triangular |egs), Step 3: Add one set of
“cylinders pdypicd alcHlgtien 6 + 1=.7 sets of cylf’%ﬂé s per leg chord Step 4:
Sel ect the desired tooth pitch "T" by calculating 3 inch pitch acceptable
bearing stresses on the leg chord teeth. Step 5. V= T*7 Miltiply the
tooth pitchStép'l:by the nunber of V ; 3 *7 cYdyhetlersdnggisefch | eg chord to
find "V'. VCalclitethetobd ngotepoiaylimlers ryguited Cal cul ate "D' by subtracting

maxi mum t ootteachies 1@ tais® thejadkelp platformt he vertical travel of the tooth
engaged D =i@hidinglsefaty frdtorh Themmbeooftylimlels. Step 7: The piston travel Sis
t hen det er niypgichelovarly diisible by €hinb@dleghe nounting geonetry. . FIG 1.4

i1 1ustrat es £di8s. Chllid @5 inbd¥fé e Righd@vaner ti cal cylinder stroke V and the
maxi mum t oot lmict ch, or spacing T for a seven piston/cylinder unit notor.

Step 2: '
Divide the number of cylinders by the number of  54/9 =6 In sets of 2
leg chords. (9 leg chords for 3 triangilar legs)

Step 3: _

Add one set of cylinders per leg chord 6+ 1 =17 sets of cylinders
per leg chord

Step 4:

Select the desired tooth pitch "T" by calculating 3 inch pitch
acoeptable bearing stresses on the leg chord teeth.

Step 5: _ | V=T*7
Multiply the tooth pitch *T" by the number of V=3%7
cylinders on each leg chord to find "V*. - V=2linches
Step 6: D=V-T
Calculate "D" by subtracting maximum tooth D=213
pitch from the vertical travel of the tooth engaged D =18 inches
with the chord rack.

Step 7:

The piston travel S is then determined from the
result and the mounting geometry. ‘

FIG. 10 illustrates the correlation between the vertical cylinder siroke V and the
maximum tooth pitch, or spacing T for a seven piston/cylinder unit motor.

Qther possibilities exist for determining numbers of cylinders or for determining
workable tooth pitch "t". Odd numbers of cylinders may be advantageous for some designs
which will require the cylinders to act individually and alternately along the leg chord with
the mounting of the cylinders determined in a similar manner as described in the above
calculation to establish the proper geometry for cylinder position and tooth pitch.

 The following table further illustrates the relationship between the number of phased
pistor/cylinder units and tooth spacing.



ot her possibilities exist for determ ning nunbers of cylinders or for
determ ning workable tooth pitch "t". Odd nunbers lind may be
advant ageous for sonme designs which will require tﬁé@?@ﬁﬁfg@sto act
individually and alternately along the leg chord with the nounting of the
cylinders determned in a simlar manner as described in the above

cal cul at i WA 024t abl | sh the proper georetry for cyli REEUSHHAIP| on and
tooth pitch. The following table fufther iliustrates the relationship

bet ween the nunber of phased piston/cylinder units and tooth spacing. 16
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SYSTEM PHASE120 DEGREE9O DEGREE72 DEGREE60 DEGREE NO. CYL. OR CYL. PAIRS

- N3456SW4FEMIPAASE STROKE - 120WPHGREE) |4 DEGRER SODEGRER| 1) VAN

-1) V/(%EQ%)YVIQ -P&RSsNual | ed teeth, % he maxi@um to;tgi spacing T can be

di vi de " er, -, nmor obtalm t. Furthernore, as
i ndi caMag QBWQA%%%QI eﬂg'bl?anarzv o0kt h sﬁa{(?%ges (%n)f the preferred
teeth in conbingtion.wth th i vot.al nount of .t:h IV]

b1 ot onFaymiRiseD 4 et ophabeeig a e areRy e PN of (he
rack epgaoggpidn renbers 34 and toothed racks 32, of forces that resist

di sengagehent of the rack engagenent nenbers 34 romtgtg tog%th d racks 32
when the piFsrtbermoye, iasindicatedaboys, the apgled planar froth surfaees 33 pEide BE&™eons in the

| ockin de of erai .on. . . : | S &i sengagenent
of thet%?tgoé‘kmé‘?%‘?ggﬂ%’m’ ih%:’]i%’g deégﬁgﬁgﬁﬁtggnh?ﬁﬁlggt E)eddt?s;? S 32%\/\hen t he
pi St ONgeikiistdl 8Y thé'dnffzed Rethlobtht tick yngmgeraem entmbers 4 argddgthédiacksi Pengagenent
and repositioning during their operation’in %?3’2 %@1;? up ﬁ)roﬂe ck down nodes.
The codffeices thafTesst disprgagansntad thr BRESBeH: T b‘lé PR oM es 53 of the
prefer ' B G their ratFdereR Bbsitidns tnhthe b mhazl¢l i nder
units %%i%%f‘&%?satﬂé ?&r?piﬁ:?t%%waz 15. FIG Ii!.12 i || ust raﬁf three
pi st ondfoptiaticteot thesystemaa foramiassisting disengaggment @fihs ackRngREEHEk || |y ext ended,
at md-stro nd .f ul | ; exikddedl4 and 15
il ust‘i“g{ﬂée?kﬁ ﬁ%&ﬂgﬁgéﬂﬁ\:’c{eﬂ%?@ﬁ@% tltilﬁggﬁ%ézigggywtggg?ﬁthﬁteﬁéqﬁedagerrent
sur f acgg r&ady Eir diseagdgonéd e remekioniB@ duringi théir de@tion B thedpekeueoniney t he force
vectors corresponding to the position of piston/cylinder wunits 33c, FIG
14 replo¥@anedehg the force vectors corresponding to the position of
pi ston/ cyl ijdepopdiition oPhE an@éa%aﬁéﬁoot_mng?@maemm 58 lofthe preferedect or s
corresponding to piston/cylinder units 33a., L. ]

' tecth SO with the pivotal attachment of the piston/cylinder units 33 is illustrated in FIGS. 12-

15. FIG. 12 illustrates three piston/cylinder units 33a, 33b, and 33¢ with their pistons fully
extended, at mid-stroke and-fully retracted respectively, and FIGS. 13, 14 and 15 illustrates

the force vectors at the engaged planar tooth engagement surfaces 53 of the toothed racks 32,
with FIG. 13 representing the force vectors corresponding to the position of piston/cylinder
units 33¢, FIG. 14 representing the force vectors corresponding to the position of
piston/cylinder units 33b, and FIG. 15 representing the force vectors corresponding to
piston/cylinder units 33a. -

As shown in FIG. 13 with the pistons of the piston/cylinder units refracted (as with
piston/cylinder unit 33c of FIG. 12) and the preferred tecth S0 of the toothed rack
engagement members 34 and the toothed racks 32 engaged, a closing force vector S6is
generated urging the toothed rack engagement members 34 toward the toothed racks 32 to
assist in maintaining their engagement and in locking the MODU platform 21 in a stationary
position with respect to the MODU supporting legs during the locking mode of the jacking
system.

As shown in FIG. 14, when the piston/cylinder units are in mid-stroke (as with the
piston/cylinder unit 33b of ¥IG. 12), the force vector 57 resulting from the pistons of the




As shown in FIG 13 with the pistons of the piston/cylinder units retracted
(as with piston/cylinder unit 33c of FIG 12) and reter teeth 50
of the toothed rack engagenent nenbers 34 and the lt‘lgii(ﬁfg fbf;ric(@g 32 :
engaged, a closing force vector 56 is generated urging the toothed rack
engagenent nenbers 34 toward the toothed racks 32 to assist in maintaining
thei r engW§eae#p3land i n | ocki ng the MODU pl atform 21 B¢TAS&YHEPonary
position with respect to the MODU supporting | egs during the | ocking node

of the jackin system ho i.n Fl 4 ' cylinder units
are | nplﬁﬁoﬂ}-é¥llfﬁ%€}‘l€@¥tf ﬁ‘é’e‘G?F‘IA“iF“\%B@%epPlgq?Bﬁ'%@%%?th er %ﬁ??%@%%gﬁ%l G 12), the
force y&&tﬁdw re/sulti ng fromthe pi_s]tong of the 16 Novenber 20?5 WO ]
02/ 084031 PCTI US02/ 11439 17  pjiston/cyljnder. ynits i rpendicul ar to the
pl anar engafeshorm isBiG: 42 wish the ptong Fléti;‘f5 B‘é@ﬁéﬂ’“&%’@@@?&%@%ﬁ%m in FIG 15
with th i st. ' | : ' efndagit@s wth the
pi st onﬂit{) I%?erpdsgﬂgﬁﬂﬁlg?& B@t %@F?@I' gﬂ 12 %glﬂggﬂpr)%eﬁlieitg jfg%)ifgéél 1\?ect 9%16%8 S

gener atipdosthgl mck enghgementondmbers 34 ewartiom deerteothed ek d2.s ThORSWAE from t he

t oot hed racks . _The ning force. esi sted by the conpression
spri ng@fﬁﬁsgttﬁlésg‘?éefi‘éﬁ"q%g °§?{%’£§%§%%¥W§%§#§gﬁf¢§%t means 35 but will assi st
in theg&ﬂp@&ﬁ&@&@é@ﬁgmﬁﬁt thdas 35cat tilhstia dk the disgmagemenitof thertbethed @gk prior to
their retraction and re-engagenent, e MODU platform21 is lowered in

As th
the j actgagemmst momberad4 prior 10 BOIE EHREHIAN 2d re5PeeeME™ | ural ity of
pi st on/ cyl iﬂg%mpjﬂ m fli'[?hd%}“@riﬂtﬂc%&ﬁt%wﬂﬁrﬂﬂéQttaadtel%)énﬁ‘dﬂﬁdﬂ)?Si stance of
0 g

the pistons Incon I'n e lowering of the MODU platform21 wl|

gener athe phisality bpistemgdindenenits 335the hpward fasees gensrated by din edigiancg of#8es 54 of the

t oot hed, racks 32 with the, caQrr i C f the rack
engageRERpPs Wéﬁ’ﬁfé‘?lg‘%‘g‘? loa’ﬁ“‘lﬁp“gmeﬁgaﬁgfpé"w gﬁh geg{%%% @gshgac't ing t.o

di Senggns LG SOBK RROAGRISHhedeiRRESS B the wothedwcitsdatwitidhe acks 32,  and
such fo C%S nust be overcone by the forces exerted bﬁipy#ﬁfc@ ressi on

spr i ngsorxkpending resiesbaydren o thy mkeneatent MEARRERS 438N 907 n the rack
engagegent ; L hEACRARRRent iR OB R AT 32,  These

openi ng’eﬂf"L’osr:“?'gg@?1 é?ﬁ%é‘g%% | sgﬁglgge tﬁétlamrack engagenent _menbe%s 34 fromthe
t.00t heghd sickfr@a narst HelosersDml byi the fooves exadted by the somprasswadrrings of Her easi ng t he

tooth angle a2 .of the | ower ar_.engage for exanpl e,
nor e s%ﬁ%’i‘ﬁ“ﬁda‘ﬁfnﬁag?ﬂ’?emea?sofyttﬁ% AP c& ’%@%@%&ﬁ%ﬁ@ﬁ? g (r?naul ic system
Wil a{gﬁééﬂ&ﬁpﬁvﬁh tHeIG0tRedfadks Il ’Ehdﬁeojri]mgg&h{egk acting ta disengage thprgac}chydr ﬁ”' ic |
punp or -punps for_ generation of the raulic_pressur nabking the spee
of  roengagsmentmembars 3 erp e teqihadaagks r# Adt ec%[sDﬁr‘lsel&Hﬁﬁeﬁ Fghoe rSé/ué’ v g cent er

val Vesbmgreghﬁlgl{ﬁ@f!)b{}&ngle o2 of the lower planar engagement surfaces to be, for example,

more substantially normal to the vertical plane 35.
The hydraulic system will, preferably, use a pressure compensated variable volume

D

ot

hydraulic pump or pumps for generation of the hydraulic pressure, enabling the speed of
movement of the pistons to be controlled. In addition, over center valves may be usedto -
require the presence of positive hydraulic pressure at the cylinders before the pistons are
moved in the jack down mode. The jacking system will, as appafent to those skilled in the
art, also include the controllable hydraulic valves necessary to controi the sequenced
application of hydraulic fliid and pressure to the piston/cylinder units 33 and the unclamping
piston/cylinder units of tﬁe preferred engagement/disengagement means 35, accumulators, if
needed, to accelerate the operation of the pistons of the piston/cylinder units 33, and direction
flow valves, relief valves, load cells and motion sénsors; as needed. _

As noted above, the piston/cylinder units of the continuous linear motion motors for
each supporting leg can be connected to a common hydraulic fluid supply line so that the
same hydraulic pressure is exerted on all the piston/cylinder units acting on that leg. Thus,

any resistance to movement of one leg chord of a-supporting leg will increase the pressure



require the presence of positive hydraulic pressure at the cylinders before
the pistons are noved in the jack down node. The | I n S will, as
apparent to those skilled in the art, also includquﬁ%“%8ﬁ¥?%ﬁﬁgble
hydraul i ¢ val ves necessary to control the sequenced application of
hydraulic fluid and pressure to the piston/cylinder units 33 and the

uncl anpi NYO P3N/ cyl i nder units of the preferred end4d8REH4Ri sengagenment
means 35, accumnulators, if needed,1& o accelerate the operation of the

pi st ons the pistopn/gcylinder . units 33 .. Iy, L On: | ves, relief
val ves ,a“‘f%’é‘ffs é@{‘?‘ggn&ﬁn BE%BkegSﬁc’rgse#%%ersé’gpdaér'&g&%gé&%% mf%lcr)‘%agdd&}ggl\c{)@e, t he

pi st onjfoibh BEAT of WY IbScHkdst he continuous linear notion notors for each
supporting l'eg can be connected to a common Hgﬁzr)aﬁl.i . flujd tﬁ%ppl y line so
that the sZheinveptipmtiup propidessngrdacksupddaPUead MPLIY jackng SEIa Y/ cyi i nder
units acti N i 'iﬂ;:%? ibs @G VaR8eteadify One | eg
chord W&‘&b@b%?‘??‘ﬁ‘&éﬁgamw gfeﬁ%?%ﬁgﬁsgﬁtb%e prg}s(islﬁlrdlem’m quenger 2005 WD
02/ 084Qad inkheRETEl iR 1:48 Scated forfdifforent jacke-up logdsoandegan sayp miliens|®8g chor ds of

the supportjng |eg_.and tend to haiqtain uniform notion of all of the leg
chor ds 4 %‘W'ﬁﬁf@ﬂ?f%ﬁ@ﬂ@é“ﬁ%&ﬁ@@@h@w jack up MODU and MODU j acki ng
syst em t hat ThemekisglybiaRlof tharvetien peaiiiss, a8 indicatbd siove Jackrppjpee-davran can be

currently handl ed,” can be readily and i nexpgensiye esi d and scal ed
for di endloeking madss of pperaions andASEISIPPIEGRNE F?ﬂt&xgé%ﬁ f‘j’a‘i‘*&%ﬁgﬂ% in the

manuf act.ur & gf. "% -H%ﬁﬁéfﬁa?@%ﬁ%fw%ﬁ@%mgm thvekhd§peferdblie i nvention

provi déast, as | ndicate e, Jackup, “jack-down and | ocking nodes of
oper at iconteoliadibly pprogiamnabisiégiceompytes dichsar eastrobgperadgn ploHSr&nd the rates

of relajivye venment ration the | [ i 1 pnvention, is
pref er QL‘F’;‘W SRS ?%‘H%@’c:f ) ?’éﬁ'ﬁ%%‘l dg% %Jég?? %‘%éﬁ%‘g%rﬂ,n%hl C hOh can control
oper at infor® iridfiedeh ofthe Pdottied rickyofdhctseticappoiing lyghtgsbquengugtbe ur e,

operation of each of the_ contjnuouys,|inear tion .. notor ri.vi ng each of
the t oopéreiipns af velves contealiingdite #W@fzﬂﬁﬁ?}ﬁﬂ%ﬁggﬁgﬁ@mﬂfggm‘g@% the
operat 1 ong .9 b t“ﬁé%t?g/ﬁﬁ?@&r blid Sk HbSrs! Jldﬁi"léy%_fmd:ﬁﬂq{g%ﬂ Hafes bf #lafiv@nd t he

applicgflon of pressure'to the pistontcylinder units of the
Mot or S motionl Dhe eeputeo Loritrofcantalso seguence operatidnaf theavalvpand pistonfaylindeb nput er

control -can al,so sequence tign of ' | i nder
units P@WB?P?“?‘W%? ﬂ’étoﬂf ﬂdgﬁéﬁ%ﬁac %‘g?%e}é’gﬁr%%}?\%% g%%orr@?\rtﬁbﬁge}{%%_r s of the
cont i NRHUSN nbfeSfor proRidinginstiohdh Shangihg fromuhelbeldngmodedan theijackaipargi ng from the

| ocki-ng node to the jack-up or jack .down de apd, can, ¢ e notion of
the pi %Fbﬁgwéfnﬂﬂﬁ?eaf#d w&w@wﬂw@%ﬁwwgs Qfﬁ%tﬂ‘?zé“/‘é’ﬁ'?ﬂef Hﬂﬁ&ga‘%i near notion

e gago R e o g e e o rocles. o ¢ ho
| ocki nengapettent membetdirt chonging frven the jrslsup or ackripwh medas tothedodkgimade: t he out put
signals of inoaggitigg,ltkes computer control can also monitor the output signals of load cells
sensing the loads on each of the leg chords of each of the supporting legs and/or outputs of
motion sensors sensing the rate of movement of each of the leg chords of each of the
supporting legs and can provide quantitative read-outs thereof and warnings of unaceeptable
operating conditions.
FIG. 16 illustrates one possible screen presentation 60 of such a computer control,
which provides touch screen selection of the modes of operation of each supporting leg,
quantitative presentations of the jacking speed, the hydraulic pressure acting on each
~ supporting leg and the load imposed on each supporting leg.‘ In such a screen presentation,
the representations of the legs can change color or flash with or without an audible noise, to
wamm of an unacceptable operating condition,
The description and illustrations of the invention presented here are of specific
preferred embodiments and simplified examples. As will be apparent to those skilled in the
| art, the invention is not limited to the specific embodiments described and illustrated, but is

defined in its scope by the following claims.



sensing the | oads on each of the |l eg chords of each of the supporting |egs
and/ or outputs of nption sensors sensing the rate qf ve f each of
the Il eg chords of each of the supporting |legs and ggﬂ%ﬁ%@?ﬁ%ﬁ%uanti tative
read-outs thereof and warnings of unacceptable operating conditions. FIG
16 illustrates one possible screen presentation 60 of such a conputer
control, which provides touch screen selection of the nodes of operation
of each supporting leg, quantitative presentations of the jacking speed,
the hydraul'ic pressure acting on each supporting |leg and the | oad inposed
on each supporting leg. In such a screen presentation, the representations
of the legs can change color or flash with or without an audible noise, to
warn of an unacceptabl e operating condition. The description and '
illustrati MMFI nvention presented here are of specific preferred
enbodi ments and sinpl'ified exanples. As will be apparent to those skilled
inthe art, th1e inv%r.io.n is not limted to the specific enbodi nents
descri bed and i}l ustMd ,ai,kﬁ'&fYS‘F@fOfHeﬁﬂianaﬁVnmbﬁmb&@&ﬁemm he fol | owi ng
clai ns. 16 pNtfnerdads MPDOSusportihSlestavthd Bildasi che Tep o MODU j.acki ng system
for provi di,&g’&ﬁ%%&'hve not i on bgg%v\eﬁ a Nﬁﬁl%@%%ﬁ@ﬂﬁgm
supporting | eg Vi ? at | east one leg chord with at | east one toothed
rack, conprising atslestiree piktondglindersiaitieid 4t Reteone otk PradkUecnIfplaat | €ast one
t oot hed r addsst 1RRGRIREYI - ree.pjistanicyl.inder units having an
ext endabl e and rg{%tr ac%%%?gﬁ%?ag%%%%?ﬁ&gﬂée %‘%ﬁ’fg’g“’?‘ daiefedarknt nmenber
driven by iW%EWWQVGFEQ@W{PWee engagenent / di sengagenent neans for
engagi ng and di sengakgisttiret & e:ﬁeﬁmﬁdaﬁ‘g% nmbers ,of the at

| east - t hr egoﬂgdsrg&%%%%é&%derﬁgnif S Wit eﬁ%é#ﬂ%ﬁgﬁﬂgﬁm%ﬁr ce of
hydraul i c pressure or ariorigtna la s pstonsylindsennity wittabesdothedr ee

pi ston/ cyl Rfer units; and control means for operating said at |east three
pi ston/ cylinder uniylsghrcd zrﬁ&ih | g; east three engagenent/di sengagenent
means, said confr oIa maaﬁgh pr og |ng}°ra&g’3ﬁkh1°ﬁ‘ﬁ8ﬁ§fg’eg(§°ﬁ'@‘€e noti on bet ween

t he MODU fi‘ftﬂ?‘fy ugiadhe MODU supporting |l eg during jacking operations by

operating a porti onomr&ldﬁmaﬁﬁmﬁg;%a&a%gwhﬁen&gagemm means

and engagi tRred i f the toothed rack “engdgenen Nenbers of a portion
of the at %ast th%ggé&g?qg?%aﬁ%e?ﬁeﬂﬁer units with the toothed rack, and

operating sai d engéteenbmespoviingtbetiniondreiais mbtivh Bewih B MODEY| | Nder uni ts
:E ﬁe P ; 1(:)V : g gslﬁﬁmd?nggﬁmiﬂm%nﬁiﬂeﬂﬂfjaémg Ep%rnangn@ leu?p 2 egraapgrltior}l%f t%g east one of
. i IeasE tlﬂree engagement/disengagement means ind engaging aportion of the toothed rack

€ngagement members of a portion of the at least three piston/cylinder units ﬁm the toothed

rack, and operating said engaged portion of the at Jeast three piston/cylinder mits to provide said

continuous relative motion while operating af least one of the at least three

engagement/disengagement means and disengaging the toothed rack engapgement member of at

least one of thg at least three piston/cylinder units and operating the disengaged at least one of

the at feast thres piston!cylinder_ units o reposition the disengaged toothed rack engagement

rember for re-engagement with the toothed rack and providing said continuous gelative motion.

2. The MODU jacking system of claim 1, wherein the engaped operating times of
each of the at least three piston/cylinder units are offset from the engaped opéraﬁng times of the.
other piston/cylinder units so that at Jeast two pistonfcylindér units are driving engaged toothed
rack engagement means, while at least one piston is retracting to position its toothed rack
engagement means for re-engagement with the toothed rack.

3. The MODU jacking system of claim 1, wherein said at Jeast three piston/cylinder

vaits for said at least one toothed rack comprises N units, where N is three or more, and wherein

operation of the pistons of said N units is pbased so that N-1 units are engaged vith and



engagenent / di sengagenent neans and di sengagi ng the toothed rack engagenent
menber of at |east one of the at |east three pi stoié%k,i ngerzoldgits and
operating the disengaged at |east one of the at le VRFRE

pi ston/cylinder units to reposition the disengaged toothed rack engagenent
menber for re-engagenent with the toothed rack and providing said
continuous relative notion. 2. The MODU jacking system of claiml, wherein
t he engaged operating tines of each of the at |east three piston/cylinder
units are offset fromthe engaged operating times of the. other

pi ston/cylinder units so that at |east two piston/cylinder units are
driving engaged toothed rack engagenent neans, while at |east one piston
is retracting to position its tootled rack engagenent neans for :
re-engagenent with the toothed rack.203. The MODU jacki ng systemof claim1,
wher ei n Saipfdvidihe B tnokidd L8 R ;‘,&H/. .l i nd nits for, said at |east one

t oot hed ralpﬁ cog i ses %aﬁaﬁl@ls%s .é%%ngl\?pi"%ﬁﬁ%‘é“(?#%lb@?“%d wher ei n
operati on @F“ﬁﬁ%%ﬁﬁwd@ambmm@ is phased so that N-1 units are
engaged with and 16 Novenber 2005 20 providing relative notion at all
times during jA&cki e MOBU AtURRHHIF in 9 hereth the & eﬁ%%igiﬁm di sengaged
fromthe tﬁ%p&,%ﬁsgg@geggo i s. bei ng retracted. 4. The ] acf<i ng system of
claim1, wherein the engagSnerm e Oy dg Rk meagraen smpbasse conpr essi on
springs ackTElydesizoptly intragupamatvit the woticdrnln gdRnpHE plasi/glingener al | y

hori zont al duts ¢ ﬂemﬂﬁgﬁ%lﬁ% oothed . .racks, and uncl anmpi ng

pi ston/ cyl | nqgr% uni ts_oper abl eE@y&ﬂc@%ﬁ%&gﬁﬁt‘lﬂ%oﬁhfg'é‘g‘tﬂ’?g?%mbul | and di sengage
t he t oot he§™¥ 5&“’5“‘6?@’@ “ nmenbers fromthe toothed rack. 5. The MODU

j acking systemof claiml1l, wherein the at |east three piston/cylinder

ni ts are pi votal | SheaDttanily iyam bEbuit, bt Bt 1 ude bbbl 0T M SO 1 he
central axﬁ&ﬂp?vomﬁ}mghﬁﬂo'énﬁrougg % %HII angl e for ehgagenent and

di sengagement of their oot negnr ke MERYRiEerm sp theiesred #esare The MODU j acki ng
syst em of ReYoikf fosehgsmalbingle fohegarmdinems tiscppgenteptaf MetkosiB@kack CONPr i Ses a

plurality caaginR@inltn¥bd h pl anar engagenent surfaces, and the toothed rack
engagenent nenbers each conprise a plurality of teeth with mati ng pkanar

engagenent surf ac .angl es of the planar engagenent surfaces of the
mating teeth 061f‘ tﬁ@‘*r@ﬁhgﬁg

nor mal  t o cPmistse plurelitly oftxeetovith lahdn engiperidntduificys, bl R ksl Ya@ehpaifehy UNi tS at
m d- st r ok gnef)f i ' ion. 7. .- The MODU-j.acki ng system.of claim
ber} 36 cPinfl=0 oruify Sl R b g gl enrener g

‘5, wherein_at | east one 0 he pIvo Urality
04190n/ cy Pf tRlsm sRgapamept yurfaced ebshemating it o the Lothedirick asioctheipig.  pr ovi di ng an
oper at or sagagembnt m8mbedbeintMhdl fode . LM, .- wherein said
oper at or %tﬁﬂgl}eo légvi des .a . warni n?.@?ﬁﬂ%ﬁﬁk@%&éﬁ’%ﬁ%t abl e | oad
sensed by the 10 % &ptension. ' '

7. mMODUjaCHngSYStemofc!aim 5, whirein at least one of the pivotal

 attachments of the plurality of piston/cylinder units includes 2 load sensor with an output
providing en operator signal, |

8. The MODU jacking system of claim 7 wherein said operator signal provides a

_waming‘in the event of an unacceptéble load sensed by the load sensor.

<

9. The MODU jacking system of claim 5 wherein said teeth of the toothed rack and

toothed rack engagement members have a tooth'pitch T; the number of cylinders in the phurality
T of piston/cylinder units is N; the vertical travel of the toothed rack éugagement members is T x

N, and the vertical distance between the pivotal attachments of each of the N piston/cylinder
units is TON-1).

10.  The MODU jacking system of claim | wherein the MODU platform and MODU

supporting leg are locked in a stationary position by said control means ceasing said continuons

relative motion, disengaging a portion of the engaged toothed rack engagement members of said

Frirm of shint Deriacheatleddt onetegfbegasrknt menbers bei ng




9. The MODU j acking systemof claim5 wherein said teeth of the t oot hed
rack and toothed rack engagement menbers have a toa%{]ido gq t he nunber
of cylinders in the plurality of piston/cylinder PEORE Oﬁe verti cal
travel of the toothed rack engagemgnt nenbers is T x N and the verti cal
di stance between the pivotal attachnents of each of the N piston/cylinder
toots is T(N 1). 10. The MODU j acking systemof claim| wherein the MODU

pl at f odngh@dghotdoRbk thestp@Rethicifistb@gyliate vhiaaloatkhe omestaalt whilar y posi tion by
said control neans cea aid nti us. relative notion, disengaging a
por t i oRAIBRITIEEIRZERR ] e BrREgerol die @ﬂ&ﬁ KeTPE A EFEOSTVLEE 16 Novenber
2005 &%oﬁagﬂg@dncp@fefahﬁ)g’!saﬁifdﬂcﬁ@g&i pdr@RSH the pfsea/cplimibomite yol reth@etheitini t s from
t he t oat hed ack ile al ni.n enent qf the r i nder of the
toot'helt‘,}StF'%t‘-‘cglk1 eeH’é‘i’?y ? cxfindqs. f"?fgg'e?%glflﬁg’c?r téaﬁ?d%gﬁ’ﬁd% rating said
di 5e”gﬁ@@éénﬁﬁtrxmrﬁmrsmffsaﬁm&s@g@ge@pélﬁw oMbkeisteidytiadet Gnifsetithalndtodthel 1 pi St ons

subst ant i al entl V\Athl eir c I|n re-en ing the

r et r aciPe 2 ‘8%&&88#@ %tPOtE%} C%ﬁ%%ﬂ?g’ﬁ‘ged portion of
the pi ﬁé:ﬁlﬁdrs:wthemﬂqyastuﬂeetlﬁstuw@mnddaemtsolﬁﬁlhﬁ@lstdnasﬂ«he anestrtlpeat i ng t he
operation w di fferenpt oo |on of .the tqothed ngagenment nenbers
of t hePisfpn/ F’@’é‘g?r“fnltﬁaé‘és g E‘ﬁ’irf’ “ﬂ?ff""tf@ﬂ(""&e@{a s of the at

| east én@ﬁ@ﬁaentphaﬁlﬁﬁ/eﬁgﬂgbmﬁlﬁﬂithumoth%:dearcles. substantially entirely within their
cylinders with all toothed rack engagement nenbers engaged with the

t oot hed rac Ckl tem of.,c said
engagenent /Jé[l se%&éﬂg{ﬁ{m % %még “ﬁhqegé?ﬂg%a?%?gdlﬁenﬁgggﬁ%ﬁt nmenber
conpr i iaess for eaipdctisd r2k esgapériat me;gb@gommslas a doppteagion srpangmgngagmwe nt menber

T SMTTUNTE N ST e

J acki rnigegeadednn nhintingigtheMODINecked in sail schtimasyt @aitiony.| | nder units of said
plurality of piston/cylinder units are pi vot ally attached at their cylinder

ends Lo he, MO0Uy f {0, 2L, §N905HRALIA SNARUFNRNe (BAYS Pivoling

said pist on]/ cyli n& I ng err oper east one
t oot h eydldrpaﬁdht)krzf$xsan/pjrlmda huhitsyareqfivotadie bttachvei b thearglireler qplisin e Ma(hlgﬁg enment

surfac and.said t hed rac en a rrent ha €4 Jral ity of
C et h PR Ry SrRRl Ry PR WPl Y O
angl eobpﬁiaaﬁmrsalémgazgmmmmdmfcachw pjtﬁralstabﬂteeth oith hﬂgledmmerawg:bm d toot hed

rack engagenent . e enerating i.n their a f resi sting
t he dis&gﬁ%ﬁﬁgﬁﬁ%ﬁg& ‘{rﬁgg?ng?ﬁeﬁlglg TS SRS el“r{egl% L nERmth n%[lﬁ% h the pistons
int h_ezingled pledar apt@thepenticéspnagl phidity dfhmglédﬂﬂanen@gemmgsm{y@ effsa@f Cl ai m 10
e e s B RO Ao BRSBTS bek s

di sengageint: e disongapaent oitke mn@agmdeenigag@maﬂnemelﬁbmnwtlhthe peobhiedhairack, and a
conpr essi r| ng acting on the toothed rack engagenment nmenber to urge

t he tJSngpP% Fengagenent

13. The MODU jacking system of Claim 10 wherein said engagement/disengagement

means of each toothed rack engagement member comprises a hydraulic pistorm/cyhhder attached to
disengage the toothed rack engagement member from the toothed rack, and a compression
spring acting on the toothed rack engagement member to urge the toothed rack engagement

member into engagement with the toothed rack.

14, The MODU jacking system of claim 5 wherein the toothed rack engagement
members and the toothed rack have pluralities of teeth with mating angled planar engagement
surfaces, and the mating angled planar engagement surfaces of the plurality of teeth, with the

pistons at mid-extension, are normal to the central axes of the piston/cylinder units, and said



menber into engagenent with the toothed rack. 14. The MODU | acki ng system
of claim5 wherein the toothed rack engagenent §r]'§ eg% %g) t oot hed
rack have pluralities of teeth with mating angl ed pl 14

surfaces, and the mating angled pl gpar engagenent surfaces of the pI urality
of teeth, with the pistons at m d-extension, are normal to the central
axes of the piston/cylinder units, and said 16 Novenber 2005 22 mati ng

angl ednptiggaglcé plgazgen@géméneeeth swlicésawhs, enydped) aﬁ;ﬂgp@@d;e salpspintfallyr essur e

substantl acr oss th e sur faces of
She” pr Dpkhlpersi . e A RaReh i « AL SRR AR SRAIEIERR. 2UT] 20ns

wherein said pIurallty of engaged angl ed planar engagenent surfaces of
sai d t oot heds.r ackKheMgaygmiing sysemvé clsimdAdvissdinsaidpbirdligobf eemged aggaler at e, i n

their i %ang%{%% hed rack
engageﬁ%%?gr}'egﬁe etetrss %cr or?nat“ﬁt%&tﬁetdr%ge%agac S Wt ta'[l ngdttgl seg?\agﬁof t he

pl ur al gtnpratef in ick eugagamyehi, foches resisting disangegethent of thetedthedeackdngagsiient ons. 16. The
MODU | eral i ed angl ed

pl anar %%%’B%g%%%%%gﬁ %%43?10 %?5%@5 otfglo @3‘5%5512‘%[&’%%%‘%%@%? 1%%{f}rrt.,;ers and said
t oot hetdkttmetedkposidfemer at e, i n their -engagenent, forces assisting di sengagenent
of the toothed rack engagenent nenbers fromthe toothed rack with the

pi stons of e p |4 I ed. 17. The
MODU | acki n%&]sys%gn@gpbﬁ&&ﬁt%é%ngé%l}ﬁn4?& mg{'}%%ﬁm{]&&% s operates said at
| east plhnaeengegen@hm@qu rfesid taethedyackredgagaiment prlembers prdjsagitoothed rack

fggﬁggg&%{cedt& e, %? %ﬂ%ﬁ@? El§t'itnlrgg]iser qu ﬁh c: e. d g #% o0 J ackl ng
syst enmembers ﬁprnt@?tomrreqknvﬁhumstme@éthv phgahmf@péméwbmdermﬁtﬂn o nove from
the MORU. liogked position to either of the MODU jack up and MODU jack down

cycl es, sal d control automatically operates a sequential di sengagenent and

positioning of portions of the toothed rack engagenent nenbers for phased
operation t ¥-pr oVheddODYgacking sisigmiol daipdtwhyrein said conpiebmsampepefaiee kg syst em of

claim gtieaWe@%t@to% nﬁ@tﬁfmt@ﬂﬁ sﬁlﬁ pfuﬁﬁtya&f eh&ag érhentt/ms&%a eﬁieﬁttrﬁétﬂb%%ltb nder units

is carried b latformw th sensor, Wnose output is

moni top@ﬂd%?mw@hw @IClCamMOQ{bW%%mlcﬁdﬁ@p@a MORY positipadockivadi t i ons and a
war ni NGc ff unacceptable | oad conditions. 20. The MXDU jacking system of
claimZI wherein said at |east one | eg chord conprises a tubular colum
with said at | east one toothed rack wel ded on the side of the tubular

col um. 21. 18 nellddOBU ipekéng shtiera ofiimmg 15 mderesy HRaRiTedsHing anRPEtPLpt i on,
Conpri ghit9 move from the MODU locked position to either of the MODU jack up and MODU

jack down cycles, said control automatically operates a sequential disengagement and

positioning of portions of the toothed rack engagement members for phased operation to provide

said relative motion.

19. The MODU jacking system of claim 17 wherein at least one of the at least three
piston/cylinder units is carried by the MODU platform with a load sensor, whose output is
monitored by the control and provides indicia of the load conditions and a warning of

unacceptable load conditions.

20. The MODU jacking system of claim 1 wherein said at least one leg chord
comprises a tubular column with said at least one toothed rack welded on the side of the tubular

column.

21. A method of jacking a MODU platform without interruption, comprising:
providing a plurality of MODU supporting legs;



providing a plurality of MODU supporting |egs; 16 Novenber 2005 23
providing a plurality of toothed racks fastened to | | ur y of MODU
supporting |l egs; providing at |east three hydraullc%§ (?g%ﬁca%yﬁder ireits
attached to said MODU platform each of said at |east three hydraulic

pi ston/cylinder units having a toothed rack engagenent nenber attached to
and driven in a vertical direction by its piston and engageable wth one
of said toothed racks; engaging a portion of the plurality of said toothed
rack engagenent nenbers of a portion of said at |east three pistoncylinder
units w:th said toothed racks; and driving said engaged portion of the
pIurallty of toothed rack engagenent Menbers by appl yi ng hydraulic

pressure to said portion of the at |gast three piston/cylinder units to
extend their pistons and there contlnuously provi de relative notion
bet ween the MODU phavidieg2p) sk petetted togaid morsliydfMODR r enmi nder  of

t he t oot hedmpragisg RBEgageNeENt menbers are di sengaged from said toot hed racks

and are being rep05|t| ne far E% gement with the toothed racks by
appl yi ng hydraulic @’@Lﬁ PFrderstonseylinder prits eiigpied toasid MORU; he

manuf-actur@lmmemqammewmmﬂ@weﬁm@mmgmmﬂwg at least a

maxi num | eg, b a | =.m acturing a
plurality of seg\é%ortl ngq%}{e%g&gp aggg?" ’?VFF?Q“&B“%F@P‘& ity of

t oot hed r act®oncafsidtoqthedregksn unber of toothed racks R and fastening the

t oot hed racks on thﬁg%ﬁby@ahhawmgf chelicd éﬁﬁnmﬁ§|QE£'ng a nunber

of hydraull ers mhere ree nor e aving a
comer ci al FY g'tf’j Q%f%‘%ﬁeﬁ é%@%me@mw@m urality of rack
etntgagﬁrrent rrerrber S map@hidmmgedmgagmﬁmh@wbb@dh@k&@%ﬁﬁhr gcksI and
at tachi ng pi ch hydraulic
pi ston/ cyl i ﬂl ﬂ%wkg’p%ﬁ'a&%ource dg’f’ Pﬂfgfhﬁ@fﬁ QFY@“@”&’M he MODU to
provi de reF%e%m%Wmdbmwwwmnpmtﬁwmmﬁemmu supporting
| egs by ap%mumms@ym»gmep&ﬁgﬁg{ gf"(‘t ﬁ,nggx%,%a ullc

y

pi ston/cyl | ndgrs nd fggwgm ng sal Gt pi ston/cyl i nder
units to sH T"@P‘ﬁ feirzepage cpagarieml 1 r ack

engagenent“nbmeNQMWmmhwhhﬂmgﬁﬁhﬁﬁdm&ﬁﬁ#&wmuﬁﬁhqmﬁﬁiection of the number R
of toothed racks, the nunber N of hydraulic piston/cylinders per rack,

~ -1 >
and the d' amet g3 d Meﬁm&g%ﬁﬁa&ﬂgsy%g& Qa%a leo¥ i gatleastla w
maximum leg load of W, the improvement comprising:
manufacturing a plurality of MODU supporting legs capable of carrying a
phurality of toothed racks; ’
selecting a number of toothed racks R and fasteping the toothed racks on the
plurality of MODU supporting legs;
selecting a number of hydraulic pistoo/cykinders N, wheré N is three or more,
having a commercially aveilable dizmeterd;
manafacturing a plurality of rack engagement members capable of engagement
with the toothed racks and attaching = rack engagement member to each piston of each hydraulic
piston/cylinder;
pmViding_ a source of hydranlic pressure P on the MODU to provide relative
motion between the MODU plaiform and the MODU supporting legs by application of hydrantic
pressure to the hydraulic piston/cylindérs; and
fastening said plurality of hydraulic piston/cylinder uuits to said MODU in a
manner permitting engagement of their rack engagement members with the toothed racks,
said selection of the number R of toothed racks, the number N of hydraulic
piston/cylinders per rack, and the diameter d of the pistons being defined by
2P REN-1) > W
4



4 16 Novenber 2005 24 23. In a MODU jacking systentconprising a MoDU
platform a plurality of MODU supporting |egs, and qﬁ (“@ £¥BV|d|ng
relative notion between the MODU platformand the plurall

supporting |l egs, the inprovenent wherein said neans for prOV|d|ng relative
notion between the MODU platformand plurality of MODU supporting | egs
conprises a plurality of continuous |inear notion notors, with at | east
one such notor for each of the plurality of MODU supporting | egs, each of
said plurality of continuous |[inear notion notors conprising N hydraulic
pi ston/cylinder units, where Nis three or nore, and wherein operation of
the pistons of said N hydraulic piston/cylinder units is phased during
jacki.ng so that at nost NI units are engaged with the MODU supporting

| egs and providi ng said relative notepn at all times while at | east one of .
said N units isyd acromthetoothed rack and is being repositioned
for re- engagerrent vm t h opgrsee ¢ HMODUpletfere. aplvrelity ofMERY e ot i on.

24. 1n the ThgBLlees qum@gs;ammmmmmmUﬂmr&mmer

I mpr ovenentplummegfmm%ﬁﬁyggg’ﬂ,g vgneéna;h t| 0 bet %en t he MODU
pl atform ando .t @#@? orting. egs 1s row 945 reans for
engagi ng a "5am eg‘ﬁe"d?e NetiogmAod plpskity of B@Qﬂ#ﬂmwmmhﬁrcompnstss and oper ating

their pist @hlgahfyofanﬂnmmglmiﬁﬂmbhﬁgnmtvﬁ;dﬂmsl&ﬁeﬁéﬁﬂot&"foreﬁzﬁﬁfthé)ne of said

pi ston/ cyl ixpee sen dfromt e MODU supporting leg and is
bei ng reposlpl ti fgr?glgﬂgb%phtﬁmh E‘?’E‘I‘"@“Sélﬂﬁé‘t‘%!mma!"tsy shorter than

the drive GWWSHBMWMIONM&%WW@B#MW&@QQM%&%@“&@U platform a

plurality eofthd¥iddds ofSHPRN H, g 'gF owd relative notion
bet ween thﬁ%l{)?atfotﬁfr% t%gﬁm‘%Fura ﬁf B’ gtT?Shg | egs, the
|rrproverren % g vt g MOD °‘B¥&5@$mdmywmrd@veMmennbet ween t he

MODU pl at f ﬁmmv@ddmtelmmbmammmﬁswﬁﬂlﬂp%@d%m@sq,gm onprises at
| east thre eg%gey é?‘gﬂ%ﬁ&"bﬁg‘g‘;&{m&am MODU supporting | eg, each of
said at ree pi o fogropide sedgelatve smetiomed rack engagenent
menber attached to its pi ston and each of the MODU supporting | egs having

a toothed rackps, V\hg{tgé,a oVvi ded bet ween t he
MODU pl at f o m. ap ort| ng ﬁ'ﬁ‘rﬂe%c enga'mg'%eeﬁt f toothed
rack engag“{r‘%er'ﬂ ?@WB’@?”% W?W@“f’% mm@lthpM@Déttunppmgation of the
pi st ons. oflessuqueébmimymmengdgﬁgmﬁﬁn 4R Qsﬁ@%%qd:@(?k

or m and

engagenent ere| t he _supporting | egs
can be Iockegi tog%hﬁg o ong Wﬁgtl%uiafdﬂ opgof sidpjepéatinder of al | of
t he t oot haflyig Wmommmﬁmuw@m@w cyliztder units

with the tregmkiiathscRtdstbstat@ily shdd jacking systemof claim
25, the further |grrprovementy V\A%(fadl’;%ltﬂr?ra?{] yc%(]DU platform and MODU supporting

| egs are | ock | n a[’@ﬂﬁ ed stationary C%JSI tion by control means for
ceasi ng phase era FI08 Yo, poipBing adfORYrplatigen, p plimlity pfMEBU

suppornng egs and means for prowdmg rejative motion between the MODU platform and the |

plurelity of MODU supposting legs, the improvement whexein said means for providing relative -

motion between the MODU platform and the plurality of MODU supporting means comprises at

least three piston/cylinder units for each MODU supporting leg, each of said at least thiree

Piston/cylinder units having a toothed rack engagement member attached to its piston and each

of the MODU supporting legs having a toothed rack, wherejn continuous relative motion is

provided between the MODU platform 2nd MODU supporting legs by phased engagement of .

loothed rack engagement members with the toothed racks and phased operation of the pist.ons of

the i:istonlt_:ylinder units of the engaged toothed rack engagement members, and wherein the

MODU platform and MODU supporting legs can be locked together in a stationary position by

cngagement of all of the toothed rack engagement members of all of the piston/cylinder units
‘With the toothed racks.

26.  Inthe improved MODU jacking system of claim 25, the further j improvement
wherejn the MODU platform and MODU supporting legs are locked in a selected stationary
position by control means for ceasing phased operation of the pistons of the at least three



16 Novenber 2005 25 piston/cylinder units, disengaging the toothed rack
engagenent nenbers of an engaged portion of the at st _thr

pi ston/cylinder units fromthe toothed racks while %é?\?vgp Frn%%gngagenent

of the remainder of the toothed rack engagenent nenbers with the toothed
racks, retracting the pistons of said portion of the at |east three

pi ston/cylinder units with said di sengaged toothed rack engagenent nenbers
unti | oiskesfcalirdeadnits; deergaging the tobthed rack dngagembrnt ngebers of ansagagedmntionon of t he

R e S L T

t oot hedf thavkeindantihe opbed rkpngagenapwembaorithihe thothadiricks regmattinpthet i ons of t he

g} s![ gﬁ? Ecsgﬂtnlpélﬁsglrd %ﬁfﬁ)lﬁt@ éﬁé%{elgés!u sel&:iJ glr?{c}lﬁlgﬁplyt(}ken %lrvgﬂg/ﬁ%\n&tgﬁigg eg(i Log’ﬁlred cylinders |
Wi t h aldcktcngsgénat mawkerpwyd geéwtentiallenthydy withienlyagyboden dflsaid pertioweft hed r acks. ,
27. In i : {g[RhJ | I i t i npr ovenent ?
conpri g?e g‘“‘t‘% anérégﬁ'lu y of ¢ %g%g@ ?gﬁlrgﬁgﬁatgé%%dn%&%%? I sgtnré%%bgﬁgoﬁt of the ‘
t oot hedaid agrkion ety serdeyinde whits withiibothedanmaks. fand regehi@ng tbotdestion witks, t he neans |
for en RIERE | BRNERYS: - : . nt menber

i ncl udigﬁ% a c?ﬁg gtjl?ifs 21;11:. Eﬁfﬂiﬁﬁ%ﬁgﬁg% i{dlgttg ﬁe%ﬁgggﬁgg;%ggmnt menber

i Nt o emHytgeary rally ntaely wohih thdir exdiofters wilheallde wch ovegemeptgnanhgsnded i n

| ocki ng#aggdme h@ﬂaé:%l@ and MODU supporting legs in said stationary

position: °28. 1In f& e I nproved MODU j acking system of claim25, the further

i nprovenment wherein said at |east three piston/cylinder units are

pi v;)t alél y aéfac héﬁhawgmﬁ MYV ijaskiag SSémIIEEftcbim 2?@%@@@ mpmvﬁl@ﬁrmd said

pi ston r an

di senga%%‘#é’%?%@%@h%éﬁ o%!tnﬂ%él%gégﬁ%%gggmgﬁ%én%nﬁe@@%gﬁ% t he operati on,

and whergapsmesbingmbarowithend fraaths toethpd ragkspthg mghistfor entagementiang t h angl ed

pl anar ARSI i ]-IFEQ;QI- r . genbers have

a pl urgrl‘%i ty of tegﬁE%ﬁ%ﬁ&ﬁgﬁéﬁggﬁgﬁgﬁ%% anénﬁgagﬁ‘g%‘gﬁgn@%‘{ E[sh?#lggces, said

pl ur al kach gthedmagh endagsimentanerahey itreensegemenirwiticadgothdd racki, whergpnppewarack

engage i hethvbREKS ] i:ng.: | i.,r engagenent,
e AR g A B MDA B g Sy

forces resisting t rack engagenent nenbers
with thesitginstons in their retracted positions. 29. The inproved MODU

j acking system of claim27 wherein said nmeans for engagenent and

di sengagemesy. f Of EaR-vRAMIN ke SRBRAFTRRL  TRIDGHNE RERLIARS 2

hydraul i ¢ piston/cylinder attached %o t oot hed rack engagenent nenbers to

over colrbereiaaid algashires pistonisydnsterindts sicdivotally pitaghedrd theirselindaipadi the t oot hed
rack epgagsneRlaBRIRAH plstod Y ldder urkt® BLAEAVSALHK ofrld HNQUSITBREN 2Q05 26

disengagement of the toothed rack engagement members during the operation, and wherein said

toothed racks have a plurality of teeth with angled planar engagement surfaces, and said toothed

rack engagement members have a plurality of teeth with mating angled planar engagement
surfaces, said plurality of angled planar engagement surfaces of said toothed rack engagement
members and said toothed racks generating in their engagement, forces resisting the
disengagement of the toothed rack engagement members with the pistons in their retracted

positions.

29, The improved MODU jacking system of claim 27 wherein said means for
engagement and disengagement for each toothed rack engagement member comprises a
hydraulic piston/cylinder attached to toothed rack engagement members to overcome the
urging of the compression spring and disengage the toothed rack engagement member from the

toothed rack.



30. In a MODU j acking system conprising a MODU platform a plurality of

MODU supporting | egs, and neans including a plurali inag toot hed
menbers and a plurality of driven toothed nenbers 3§¥{ emg%ﬁ%??ity of MODU
supporting legs, for providing rel agi ve notion between the MODU pl atform
and the plurality of MODU supporting |legs, the inprovenment wherein the
plurality of driving toothed nenbers conprise continuous |linear notion

not ors dri vidhg pIIJmMﬁDﬁJje@ciIgfsysteestotnpﬁsing'aMODUaﬂeaﬁonmngmqéty@ﬁMQMﬂfaces and

sai d pI [ h eln10] A [ i uralities
of teetﬁﬁﬁ%%%¥38%%%%§%¥§%1a g%gﬁgdﬂgﬂf gfﬂgﬁg%%Pg%%$§%%%% %%nt surfaces
of sai dricawtodthedousnticiswaaire phoblitp of MODS! snpmm'hgagsdfor pm&ildslgmmtivng so the
stress r C ' des of teeth of
o d ERbF bt OB AL hDh L DD SR i e 00 )

di st ri lopreenent vheeecipthe phralisnefalgeme triothed mefnkere sorgfrise h@ltlewagwrt eeth. 31. In

a r I pl ur.ali ; MODU

cuppor PG a0 WTHEMLARIRL BLE R et BBl Beles Pl | Vo

pl at f oofuiraved taothed meinbers bontprisofackdOm Mwplies of tagth hadrg plathecnigagemente ment

wher ei i des a

pl ur aI r?a%gs th?élaﬁﬁ eg‘%%wgngg%ﬁ%‘g% Wdﬂ éoldpﬁl?era}éiinﬁ@on Iﬁcggrghlﬁlgéft}ﬂ colum wth a

- toot hedack%wktnmb thedtressesaprphiog fremslnedhrymgffomhef Slalsibxlnrdxtlewﬂt@mlan saidd wherei n
the ne he plurality

R b e e A S A S e gityd

engagedﬂﬁs@hfﬂhﬂmﬁmgihsh racks of each of the leg chords of each of the

MODU supporting legs. 32. In a MODU jacking system conprising a MODU

platform a oo ne driving

t oot hed nmenber andHﬁ@EﬁéastggﬁgglP gﬂ; g@?ﬁbgﬁhﬂg%gEME%RT%ﬁgﬁE%DU

suppor supmgﬂme @gs dngrmaansofpr pHoviding edlative wetierbdtwren et NMEPR platlermvapibe pl at f or m

and th t oot hed

ﬁ f MO IS{I/%ZBQI g‘%‘%ﬁ t%élﬁl‘g}d%&\é%'ﬁ&%ﬁl e\é&ecff%ﬁ %ﬂ?tﬂf‘l\)(d)ﬁg

menber nmber conprise teet I'ng mati ng pl anar
upper mozitlowgs inclndragetneality efiled chouls, adeli lpg phapd/campeising i mMbulascdlimear not i on

ot or-. wﬁgatm%d'xééﬂ'{v%}ﬁ%&' &@Uﬂe@ K4 &Qhes%ﬁ&l&f@o‘%gcéngjﬂ %ﬁlthmgefng'f& the planar

upper an ower engagene sur aces are angle e |1 nproved MODU

j acki ngrogiisg eqlativt motien befvaan thia M@Nﬁ andtbe plnglitw of swppasting lpdsapmprisshzjagement

Sur acga 3ol b ARG Blaealih 1S R othd R, BRNAl engagement
surfaces are angled at an ang e a an e ang es al are equal . 16
NovenbéKmEGQQNE?fQENﬂmW@SwnpﬁmgkﬁsNCDU j acki ng systen1of cl ai m 33 wherein
t he angl ed upper planar engagenent surfaces are angled at an angle al and

the angl ed kpuer LliA0RD (RRARRRIRbm R ATOBUEANAMBbygiapd o 2 and

angle a2 is greater tha he 1 nproved MODU | acki ng systenlof
cl ai nBe\dng mepns ipdhedingy 4t J,qaﬁgnq @ringdgothed member and at least one driven toothed

member on the MODU supporting leg, for providing relative motion between the MODU

platform and the MODU supporting leg, the improvement wherein the driving toothed member
and the driven toothed member comprise teeth having mating planar upper and lower

engagement surfaces driven by a continuous linear motion motor.

33. The improved MODU jacking system of claim 32, wherein the planar upper and

lower engagement surfaces are angled.

34. The improved MODU jacking system of claim 33 wherein the angled upper
planar engagement surfaces are angled at an angle a1 and the angled lower planar engagement

surfaces are angled at an angle a2, and the angles al and a2 are equal.



menber conprises a plurality of teeth mating with a plurality of teeth of
the driven toothed nenber. 37. The inproved MODU | in of claim
32 wherein the continuous |linear notion notor provﬁlg&m’gmﬁgﬁpﬁglp node, a
j ack-down node, and a MODU | ocki ng #ode. 38. A nethod for providing
relative notion between a MODU platformand a MODU supporting |eg
conprising providing at |least three piston/cylinder notor units, each of

t he at | east35t hr e inpreted M@YU jackieg systemost clanh 83 wherin tiy aagleéwipendabl e and

retrac e R It ; 1.4 east three
engag e&?e?a%%:/ d ?A gﬁg@é e rra‘l\ec‘t’r]\sta?err%é1 g%{si %?%%ﬂgl %gg%ﬁdﬁ%e%g &“@%ﬁéﬂﬁg %‘%gg&éeﬁle | eg

engage secenazerivated abdn anple c2tand ewgde¢ o2 s geeatepthat anglecy.| | nder notor units with

and fromthe MODU supporting leg; providing a source of fluid pressure for
driving the gl st i ol RRAYLERRE NAES I BAELARIEY L B ABKQT UNI LS:
operating a portion of the engagengnt/dl sengagenent nmeans and engagi ng a

por t i omepfber qomgrigss a phiralityofadeth hatingedgthamdgldneticcthefthedrévenfoothepor t i on of the

at | eagl,.kbree piston/cylinder nmotor units with the MODU supporting |eg,
and operating said portion of the at |east three piston/cylinder notor
units with | eg engagenent nenbers engaged with the MODU supporting leg to |
provi de conB¥-nuodse wmereyed MEDUyerkingsystrat elislan Bawlpraincin roptizpopsdmeprand sai d
MODU S WRigh hbfd@proides¥YhdkGpRsided ihélddin théiRSind aMMEDBodkdg mdiglr al i ty of the
engagenent / di sengagenment neans and di sengagi ng the | eg “engagenent nenber

of at |east one of the at |east three piston/cylinder notor units and

operating eddh ath mabeskfornieviding rafnsivemotienastwaen p MOLWY slefpreandiander not or

uni ts Widbududpeding RYIGEFRMA nenber di sengaged fromthe MODU supporting |eg

to reposition the disengaged |e engagenent nenber for re-engagenent with

the MODU supisiidineriylepss hreerdptosyylindsr pigtos grits, eaglopitthetidagst thies at i ve notion. 309.

The mebRR/cPlindel AbHR Bits BRI ah SkidtiabR ANPMEINMe RRGPWRSa 8 SidaBndnpe MODU
platformin a stationary position with respect to the supporting |eg

by cea®®W§csai d continuous relative notion, disengaging a portion of the

engaged | egpRUERE SMBRIMEEHRSReMiisSRhenRRIREAETor AQp; Al cﬁéen%%g]g% | east

three piston/cylinder notor units fromthe MODU supporting ile
mai nt ath§ilegrneragamge sabers of the at lpastthess gistpa/pskindenpeteeynts Fith ppbfirem g nder  of

said pg{@]«j)@gud@gmné[}g; pi ston/cylinder notor units, operating the
pi ston/cylinder notor units of the di sengaged portion of the |eg
providing a source of fluid pressure for driving the pistons of the at least three

piston/cylinder motor units;

operating a portion of the engagement/disengagement means and engaging a portion of
the plurality of the leg engagement members of a portion of the at least three piston/cylinder
motor units with the MODU supporting leg, and

operating said portion of the at least three piston/cylinder motor units with leg
engagement members engaged with the MODU supporting leg to provide continuous relative
motion between said MODU platform and said MODU supporting leg while operating at least
one of the plurality of the engagement/disengagement means and diﬁengaging the leg
engagement member of at least one of the at least three piston/cylinder motor units and
operating each at least one of the at least three piston/cylinder motor units with a leg engagement
member disengaged from the MODU supporting leg to reposition the disengaged leg
engagement member for re-engagement with the MODU supporting leg and providing said

continuous relative motion.

39. The method of claim 38 comprising



engagenent nenbers to retract their pistons substantially entirely within
their cylinders; re-engaging the retracted |eg eng nt maﬂ}a rs of said
di sengaged portion of the piston/cylinder notor unﬁgs%%gﬁgerrepgati ng the
operations with different portions,ef the | eg engagenent nenbers and of
the at |least three piston/cylinder nmotor units all pistons of the at | east
three piston/cylinder notor units are substantially entirely within their
cylinders widckingthe MGIU elagargeine statiorerjyesiton witlgesped toteMODE MODU supporti ng
|09, ABophiPl080cL0h: BEOYLALDG LEEALhyg, MOt i on between a MODU platform and
a gupp%r g e%, conprising provi 0 ng a plurality of piston/cylinder
nmot or uni t sdistngagngn fonénwif theahgapsd lof engpgesientmiamblersrfleaid enpbgd units may be

pi vot ed wit e 0.t or.ting, | ach of h lurality of
b1 st onp ey e R o SR RO R e P SRR Bl sk VB Tt on

W t h amaineinigggagementof the tdgengagpnaoy mginbgs of tid ramainddr pf sfd portion of

engagepent [ di sengagenent. means for engagi ng and di sengaging the |eg
engage%egﬁfs Onéjﬁ%le%grslg%?“{nﬁ% plurality of piston/cylinder notor units with the
MODU  suppooperatigs the gisanbykmigargotognitn df the diengreed patitthe thedgg engagenent

”?”ber 2 gferﬁehtemg}}lb%rs%!) Irettl}éct(%l];c_ir p%tosnts 0 /sl%}{tga'ligz] g&{reln%tit%?]t r1]r|c.ty c{%ys pivoting the

pi ston7(,gy¥| nder notor units; “providing a SOUFEE o 1 préssure for

dri vi ng t herepingdginmpsheetrichd leg angagleintsyt nefnberp bSaonliepgagadipntionoifahe uni t s;
operatj. t f the engagenent/di sengagenent neans and engagi ng a
porti o%lgg?@ylﬁ]ﬁél%q?%r atsi’%rildsof the | eg engagenent nenbers of a portion of the
pl urality ofepgitisg thabpydtionsieith diffeieairpotions o twi leghenghgemviBRutngheppod 0f ng | eg, and
operatjn i iLon.of t | N i [ cyl ] . tor units with
"o orijaad Rl heR o it hlG bk ol PRI RSP O 10,1 G
cont i nmotasuni keetsitsennailyi cotirelybathivetbeir sydinderMaDLADkgerfgagemeatvderstzisd MODU
supporft:' ng l?ﬂtm/lbﬁUosBero%tﬂ'] at least one of the plurality of

engagen nfla‘f sengageman?p means and di sengagi ng the | eg engagenent nenber

of at least one of the plurality of piston/cylinder nmotor units and

oper ati ng e#th ah niethad forpmyidifg rélgtiviovatioh betw2@CEMODU Hafoplhandd i ty of

pisto i . or its wWth a | eg engagenent nenber di sengaged from

t he ng%gggrr%%églcgg&%&reposi tion the disengaged | eg engagenent nenber
for re- engagedisat pludily dipstoioPihdsupptor wnita ghérelg thadurglitpef di ng sai d

conti ?@%@g@ﬁhéﬁﬁo‘{&uﬁ@%e obted W1 r EJ?%@@@%H&?%%B@%%%%Q&%@°”pri si ng

the s resisting I sengagenent o ement menbers
f r om sthe gl pistopieplitdenmotbegite baviirgypn|extchdablg and regadtabl Vi witkea f or m wi t h

respec;lteg Er%aie@ﬂeﬂt Mrgsupporti ng |eg by

providing a plurality of engagement/disengagement means for engaging and disengaging
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the leg engagement members of the plurality of piston/cylinder motor units with the MODU
supporting leg and engaging and disengaging the leg engagement members of the plurality of
piston/cylinder motor units by pivoting the piston/cylinder motor units;

providing a source of fluid pressﬁre for driving the pistons of the plurality of
piston/cylinder motor units;

operating a portion of the engagement/disengagement means and engaging a portion of
the plurality of the leg engagement members of a portion of the plurality of piston/cylinder
motor units with the MODU supportiﬁg leg, and

operating said portion of the plurality of piston/cylinder motor units with leg engagement
members engaged with the MODU supporting leg to provide continuous relative motion
between said MODU platform and said MODU supporting leg while operating at least one of
the plurality of engagement/disengagement means and disengaging the leg engagement member

of at least one of the plurality of piston/cylinder motor units and operating each at least one of



provi ding said | eg engagenent nenbers sand said MODU supporting leg with
mati ng angl ed planar engagenent surfaces, whereby ﬁ%ﬁgx%hﬁg}ﬂﬂ% of the
plurality of piston/cylinder notor units generates, engagenent of
the mated angl ed pl anar engagenent gurfaces, forces reS|st|ng t he

di sengagenent of the | eg engagenent nenbers fromthe MODU supporting |eg.
42. The nethod of claim40 further conprising the steps of assisting the
disengdgemﬂmﬁyqﬁm$mnm&ﬁm3gnemgagenﬁmmlqpmggwmmﬁmmn%aaﬁmﬁ@&ilﬁmﬁupporting | eg
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sur f ac esgagentwat eitly the MQDisuppbiting leghind previgihg sad ¢cm;1mmﬁs aplasv«xnétmw i nder notor
units generates, in the engagenent of the mated angl ed pl anar engagenent
surf aces, ces he | eg engagenent nenbers
fromthe NKB{Jsu%%%@%@%hﬁ%hhﬁgoghﬁ%Q%%&%ﬁﬁﬂﬁeﬂgmO%prOV|d|ng relative notion
bet ween t heraviSDg thé disdngagemant @1 sapl leg erlepgepent mevitRy fouppot MORY | egs, the

i nprov raly ear notion
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of theleglbyrality of MODU supporting legs, each of said plurality of
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pi ston us relative notion between
said ?g&%'gﬁ#gﬁb salgm81§§% ?3m§@9%k@%U supporting legs while
disengaging at | east one of the pi stonicylinder units fromthe MODU
supporting f&g, bpenghidry cliedpfughesgmpisingibe dépsehgaged at | east one

pi ston/ cyli ndek MOFRET 1 onidnt AL LEd Qiprg t he dlsengaged
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met hod of c | Agkhdag, t he MODU
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43. In a method for providing relative motion between the.MODU platform and
plurality of MODU supporting legs, the improvement comprising,

providing a plurality of continuous linear motion motors, with at least one of the '
continuous linear motion motors for each of the plurality of MODU supporting legs, each of
said plurality of contimuous linear motion motors comprising N hydraulic piston/cylinder units,
where N is three or more, and phasing the operation of the pistons of said N hydraulic
piston/cylinder units of each continuous linear motion motor during relative motion between the
MODU platform and MODU supporting legs by engaging at most N-1 piston/cylinder units with
the MODU supporting legs and operating the pistons of the at most N-1 piston/cylinder units,
and providing continuous relative motion between said MODU platform and said plurality of
MODU supborting legs while disengaging at least one of the piston/cylinder units from the
MODU supporting leg, operating the pistons of the disengaged at least one piston/cylinder unit,



substantially entirely within the cylinders of the disengaged portion of
the N pistonlcylinder wunits, and re-engaging the di aged tion of the
N pistonlcylinder units with the MODU supporting | éggﬁ’% Eerrie{%éati ng the
operation with different portions of the N piston/cylindcr units until all
pi stons of the N pi-ston/cylinder wits are substantially entirely wthin
their cylinderss and arc engaged wth the MODU supporting | egs

30

and repositioning the disengaged at Jeast one piston/cylinder uriit for re-cngagement with The
MODU supporting leg and to provide said continuous relative motion.

44, Inthe method of claim 43, the further improvement comprising

locking the MODU platform and MODU supporting legs in a selected stationary position
by ceasing phased operation of the pistons of the N piston/cylinder units,

disengaging & portion of N piston/cylinder units from the MODU supporting legs while
maintaining engagement of the remainder of the N' piston/cylinder nnits with the MODU
supporting legs,

retracting the pistons of the disengaged portion of the N piston‘cylinder units
snbsmqﬁally entirely within the cylinders of the disengaged portion of the N piston/cylinder
units, and re-engaging the disengaged portion of the N piston/eylinder usits with the MODU
supporting legs, and |

repeating the operation with different portions of the N piston/cylinder units until alt
pistons of the N piston/cylinder wnits are substantially entitely within thejr cylinders and are
engaged w:th the MODU supporting legs. :






