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«t (57) Abstract: In a mobile offshore dwelling units (MODU) jacking system (21) a plurality of hydraulic continuous linear motion
motors (30) are engaged with a plurality of MODU supporting legs (22) to provide relative motion between the MODU platform and
o its supporting legs, and to also maintain the MODU platform and MODU supporting legs locked in  stationary relationship. Tn the
jack-up system (21), the number of hydranlic piston/cylinder units (33) and the number and design of the teeth (34) that are engaged

in providing relative motion may be selected to snbstantjally reduce material stresses on the system.
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METHCD AND APPARATOS FIELD OF THE I NVENTION This in {fﬂ(ﬁt es to

nobi |l e offshore dwelling units (MODUs , and nore partlcu ar MODU

j acki ng systens, apparatus and net hods. BACKGROUND OF THE INVENTI ON

O fshore structures are not unknown. In 1955 the U S. Arny Corps.
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the end of mthe, Ppnsstm)nadpl;ﬁm@kﬁscf*tdae:zpl ns ol ding the pI atfot| nin

posi ti on WA IGAGEs R @”E’ML@!R,tMﬁ-é'NQ’Qﬁﬁbrtl Ngufighs were manual ly replaced to hold
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pl ur aI i ty %I%;ﬁm@ o %ﬁ,, NReckepd the Expiemn bive ipt btid/@umandndket he

| egs, {'H@N&b@ﬁ%y(}:@' b@};@j act edimgiardiobetrepebfishad it Fingyent Mecceint &| at i ve
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cylinders WPéEﬂfﬁéﬁKRﬂ@i@dm . sddtitiathed between the platformand the |egs,
and the pl%MH “ﬁ’é%”éﬁ?d?rﬁ”%’faf?’&ﬁ&@“ﬂﬁ"ﬁ‘ G t’"st""c’f”t’ﬁ‘é";?"é S were
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extend their i stons and farse“the pl af'fo \ﬁgut respec ¥0"t he | egs. This
procedure was repeated again and again unt|I t he pl atformwas lifted to its
desired position wth respect to the plurality of legs.. This nethod of
construction was | abor-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
acconpl i shed from nobile offshore drilling units (MODUs). MODUs generally
conprise subnersible, sem - subnersible 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
equi pnent, drilling supplies, power sources, living quarters, helicopter
“lauding ports, and the stores and fuel that are necessary to naintain a
drilling crew and operate the MODU and its drilling equipnment hundreds of
feet above the underwater surface. Jack up MODUs include a plurality of
MODU supporting | egs, nost generally three |legs, that are noveably engaged
with the MODU platform Follow ng their construction, such MDUs, with
their
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| S spur gea Ive unit e  engage the six toofhed racks on each
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operated again to extend their pistons and raise the platform with respect to the fegs. This
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- 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 (MODUs). 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



plurality of engaged pinion gears, the | owest pinion gear and its engaged
rBack tooth carrying a significantly disproporti onatg O%Itn'%gr'rbo% the | oad.
ecause the tooth loading in current spur gear driven JacK up i's
approaching the stress and fatigue limts of the available nmaterials,
conplex controls for the electric nmotors of the spur gear drives have been
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borne by the plurality of engaged g€ars and the associated stresses and
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pi ston/cylin or sail | 'east one toothed rack, each of the at
| east chbrdesf epchsMOM Esnpporting legnThedegeherdsghat qomprisstliraormersefdhe et r act abl e

pisto a toathed rack en enent e Y ' | ston; at | east
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t 00t hegntkAdotiAGARE BEXpeiiRERIRh Stratipti (6.8, B0 KSThstke!f funning thioddngth/ofyliei nder uni ts
with the toothed rack _a source of hydraulic ﬁres%uree&ﬁr. driving the

pi st oﬁspmfﬁ@ﬂégaé’fitlllr@g@i“gﬁ?@é’“ﬁ?lg’t Pléil?t. opS W 831°E%h?*ﬁo| neans for
oper akididolt fhoflfod rRRIY ircltaGIPURHAR LKl Bhd Agidibyorymd g at | east three

engagemnen I sengagenent neans, salfd control neans providing a continuous
r el at icherdsoBeaanse thespre gears totativpiiyepgage thotontkaddacksof theing dodeér ti ng | eg

o iR R B AR B Bone BT IR WA rBplPld bRy plifrofih, sheast three

spur gear teeth and the teeth of the leg chord racks-have cycloidal cross sections, and the spur

. gear drives are each engaged-with the leg chord racks by line contact between a single tooth
of the spur gear and a single rﬁét'ing tooth of a toothed rack, exposing the teeth of both 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 2 modulus of elasticity, for
example, of 100,000 pounds per square inch (100 KSI). ‘

Because of the great weights being handled and the high stress engagement 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



of the toothed rack engagenent nmenbers of a portion of the at |east three
pi ston/cylinder units with the toothed rack, and operat,] i engaged
portion of the at |east three piston/cylinder unitsﬁggakﬁggﬁfggﬂgaid
continuous relative notion while opgrating at |east one of the at |east

t hree enqagenent/disenga enent means and disengagbﬂg t he toothed rack
engagerfSHEORTE At ofort ta paualigelhe loadrhayarg bpsnedty theeltalityiat eeeagrdsesai/ cyl i nder
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pi ston/cylinder units to reposition _the disengaged toothed rack engagenent
menber SlEBie mokerelegagatreht logdsn then@iniusereand gegiabnercgeieiriond ng sai d

cont i NuRslerht® @l MPoriMlavOiR-ovdibird¥ane Berai2Q09 e enPEE@ledinNBurfer,a second
aspect of the present invention, there is provided a nethod of jacking a
MODU pIHTiRSPRATANCR RLE SHUREF Artstictse TewtBe 1apnse ontg thsvadkiter: by the ural ity of
MODU PO ictelvgrelifd She fiRdHBY b ddf 1 pididareddrt dnd tRfled O RRLL, 1AGKsS fastened to
said plurality of MODU supporting |egs; providing at |east three hydraulic
pistonﬁ%?ﬁ?ﬂﬂ@@ﬂﬁﬁﬂ§§“%@?§@hed to said MODU platform each of said at

L east three mydifidiil th Geqirhh @YoM d M@bls,%ét&ﬁal%ﬂ'lﬁﬁpﬁcthﬂ%;kl@éisdpfe@,ck _
engagenent nenpber attached to and driven in a vertical direction by its

pi st on SBidaiiyayiabie MR s Yingedrresapasive staul lpainesrramtair fifha porti on
of t he s@dpdftaleiiégyio Mairiah thetMdODGhtfotA ¢ka RAURGE PRt oNRIRRESecPh i@ portion of
said at |east three piston/cylinder units with said toothed racks; and
dri vi n§'RPsrtdedse§aged portion of the plurality of toothed rack engagenent

nmenbers by gpelatking sydieeisd lacEup MRS fe bRl dxRAkTd 9Re9En dlge at | east

t hree piségn/cylinder units to extend their glstons and t her eby
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Suppor deMghd fediSreshjabieuAMOTR Wit rardtich M cle et (BRseN 184K, THRABAGLENt Nenbers
are dlsenqaged fromsaid toothed racks and are bei ng repositiaoned for

engagefshit thFqﬁaﬁdH@S’thaﬁ’FYFéthP@é%’éd By Prapispliinl wih aristng féat?}?%%%’dr e to retract
thei I _picsidaas, arteoRidbaul BOBU BlnOBORERIn Y sibifigreicant | nvention, there
is provided 1n the nmanufacture of a j acki ng system capabl e of

w t hstandi ng at | east a naxinunll%g | oad of W the inprovenent conprising:

manuf acturing a pl ur al BRIEFGFIMMOBBY QR BEENNENTEYN capabl e of carrying a

plurality ofactR@hfch firaGksct Fele@rdstd ShvantHaMek iQrodi@RlLhADT35KkMmeR and
fastenln% the toothed racks on the plurality ofF MODU supporting | egs;

. rack y .
sel ect PRETECRRIRBERE ¥lativy motion petweepieMGRDyatiora andsa MODhwproripg 182 t hr ee or
nore, RawigROledt SRMPEASGH Hith ¥ 18Nt Rbh&! i@ BRI EEinsat ltRGL act uring a

plurality of rack engagenment nenbers capabl e of engagenent with the

t oot heBisPR(ERiade Heftsderisaig A lergt g foatbed radigeagh Attt t resiBiere Pismsdlienpi ston of each
hydr aului havideSh QRIGEMbIE REGEacRFIOME 4 aFocRtRH FeR efdhee At nRttbLCrRESsSUre P on
the MODU to provide relative notion between theiNJDU platform and t he MODU
suppor Yo edesisireemacmantidisensagement aiatn fpicnessing saddiengaging e hydr aul i ¢

pi St ON{o6itibd AdkEIngageRO mbABIEE IR Rakt BreR bitfoRhcynderhitd Wil AU rack;

pi ston/cylinder units to said MODU in a manner permtting engagenent of

t hei r # squgee 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.
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piston/cylinder; providing a source of hydraulic pressure P on the MODU to provide relative

motion between the MODU platform and the MODU supporting legs by application of hydraulic
pressure 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



including a plurality of driving toothed nenbers and a plurality of driven
t oot hed nenbers on the plurality of MODU supportin rovi di ng
relative notion between the MODU platform and the g?l&ﬁg??l%/r%(?foglku
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chor ds Mmeansder nrevidipgslagveBakinm befwegn Q‘S’M@gﬁ) gletferg) andhiheplyrglity o d rack

wel ded s@pofiRP Red, iR iBbR0snat whilein il Heals f6:Praiiding RALvIMSIRIbRWcBe means for
providin I ?tl ve notion between the MODU and the plurality of supporting

[ e .
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| egs. According to an eighth aspect of the present inventhon there is
pr ovi dBRISHEVIES fopibed fage RIEAGPTIP PR BifASRSISP HyPIEOMETIFAph At MPPY, Mopu
Suppor kippeirtih@ Bgs BN he ARGISediritd] Witk a8 cattinudu® AkdiivORBH6H i Yiotlled PRk ERd nenber
and at | east one_ driven toothed nenber on t supporting leg, for

h
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SUppor thdagerheRBmerhhtes &M@&%&ﬁ&hﬂ&aﬁ' fed HiRrlbh ¥ thepikieRtdTet menber and the
driven toofhed nenber conprise teeth havi ng mat i n%ﬁgl anar upper and | ower

engageRsitp/ cdipdemisoldhs ¢rgpect joothed 5K CPRETURT IFHEST SROFRSFHTMSt or . Accor di ng
to a nMuIbU BaAGEL @ MODE siipRaRBlegh BAHRNARED to&éﬂl@%ﬁ'%iﬁaﬂbhﬁy%dﬁﬁbn&ymt hod for
providing relatjve notion between a MODU pl at form andqq@y' supporting |eg
conpr i §hagEmsyt L af thg ioether sk engagprarat prabahoialliof Heestayindeyits, each of

t he at whipastodiiefkpi ston/cylinder notor units having an extendabl e and
retractable piston with a | eg engagenent nenber; pr.ovi dil\ﬁ(gD}aJt | east three

engagenent / AFEHREIG @B 2shechiths Brescatigyrgtiony therrds Brodideying he | eg
engagepBihg YREHR Qinorisihg & MOTA plh@AS ] a JHHIREOIMODOREOinRdEs, FlRhnuni tS W th

and fromthe MODU supporting |leg; providing a_source of fluid pressure for
dri vi n@c@ﬂ@g@p}gl{agwsofgpvpﬁ oothied members and a plurality of driven toothed members on

the plurality of MODU supporting legs, for providing relative motion between the MODU
platform 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
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in a 0
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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cont i nw8hat least enciof rewpntingersdinear metivoDUIow foreaeleeffbentumliy af MIORI i ty of MODU-
Suppor LjxBeihe Q:%s, LB lor GAI fiMraBtyRE nBhiduY 1ifdar EBRSIRStofs bk Sisifpiv Phased
operation of their pistons,

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 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-



that is, by sequentially engaging different groups of the piston/cylinder

units with the plurality of toothed racks and dri vi t@fﬁi: ngt ons with
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provide a plurality of continuous linéar motion motors that can be controlled from the MODU

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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for relBRY %}B‘I“Fe gﬁb‘%"%ﬁ‘}‘:ﬁaﬁ?’ﬁﬁ“ H’fﬂ’?’&ﬁﬁl""? ‘f:%éh? Bistogs’ Skp¥eact their pistons

and t her eaf hehoth@fembaiiméhi) the bhealityrsitahers f)ﬁ{éﬁéyhlﬁeﬂﬁﬁ@(f@f afeadt 41 Ng t he MODU

in a St ati onary EOSI tion, conpri si ng di sengagl n
leg, are subjected to the same hydraulic pressure when providing relative motion between the

MODU and its supporting legs, and any restriction to movement that may result in the exertion
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:



t oot hed rack engagenent nenbers of a portion of the plurality of

pi ston/cylinder units from 16 Novenber 2005 WD 02/0 2/11439 6
the toothed racks; retracting their pistons subst anﬁﬁﬁq&ryﬁﬁ%%@% y within
the cylinders of the piston/cylinder units and re-engaging the retracted

t oot hed rack engagenent nenbers of %&aid portion of the piston/cylinder
units while maintaini ng engagenent of the remainder of the 'toothed rack
engagenent remphedofjpakingteRdOPYotithent mitgmupsion,snuprisis providggtaipbirdiper at i on with

differ o : . E . the plurality
of  pi oMLy birBi ek dfouk il 418l P Sl o RN N BT Bl

pi st on/MYDUrsdgrortingilégs; moadisgippliatityl odhydravdin pistoalcylintiet iniite attachedite cyl | nder s
with all. ed rack. e enen nber ngaged wi.th th oot hed racks. A
et hoa <8 MERTreReh e A RES T ali it SRR o sAhge P ted BRK  andi ng ai

| east edgdgRibmOHBOhRg attRBe ©fand\iri€anP b veitidg dirdealbyaispistaind pl ural ity of
MODU supporting. |l egs  capable of carrying a plurality of toothed racks;

sel ect ihgpesebit itk picnt sudiopthedirapiss mgagingmportionofitheplyglity gesaiddetthedy r acks on

the pl wiRlehdayerddnt Melekrs BPPIdaE sdi@PRraliftt pﬁ%h)%fl‘iﬂd@ﬂlrﬁ’ts withgdaer of hydraulic
pi ston/cylinders N, having commercially avail abl e di aneters- d;

manuf adeothe pagks apd dang seid epgagedipdetiony shyarurlity aelaofbedradegpaidemesf engagenent
with t ﬁg,g{ i r : to each

pi st onrﬁgeﬁbg%ag y Eglgﬁ%&%sg%%ﬁﬁ%?% ep?%ga\/}ggg%mgb%%ﬁ ch{ of hydraulic
pr ess upstor/cpimdehanitvoBtend thepistonslendrthdreltyl coatinunesdy jmovibetelstermoties MODU and t he

MODU s ortijn | i cation of .hydrauli ressure, to the hydraulic
bi st onPEEPH RO DS EBE A e il Rynfer iialpfeaSk

pihs_t On/eﬁgallgérﬁdﬁ meibietssaré @isérigag(Bideh t'rllae t(ﬁ)tlﬁﬂﬁ%ﬁ aglﬁirﬁibﬁihig m@ogggﬁgenenp of f
their rack engagenent nmenbers with the toothed racks, said _selection o

t he nuﬁ%éF-e%eaggm?%ggﬁaﬂmg rdraulic piessprg ip Estrand thet pisiapsanditeersafiet 9%/ cyl i nder s
per ragkvingdtd thfiBediaaet er d of the pistons being defined by RPRd! (N I) >
W 4 Further inventive features and conbinations are presented in the

drawi ngs andé methed ofdecking thedM@PLdn p prationaey nepitie eompprissgdisspgagmatbef ol | ow,

.} ack SRR ERL e g Hrpr R RIoD e g P WA GIRRL Wil BAUS (R Nooo

of FIG 1, for exanple, at line 2-2 of FIG 1, to illustrate the

rel ati onship between the MODU platformand its MODU supporting legs; FIG
3 illustrates a continuous linear notion notor (and its MODU supporting
structure) and the engagenent of its plurality of piston/cylinder units
with a toothed rack and



| eg chord, with the piston/cylinder units in their |ocked position; FIG 4

1s a view taken from above FIG 3; 16 Novenmber 200 1
. PCT/US02/11439 7 FIGS. 5-9 illustrate the phased oggﬁg'tvﬁg%{r)l&%%}?m sets of

three hydraulically driven piston cylinder units to effect continuous

| i near rrgtbﬁip?sﬁdékG 9 conprising a phase diagram for t&ﬁfsﬁ%ﬂi%tions of the

pi st ons rated by FI GS. 5-8, FIG 10 Is a phaspe of seven
r units operatjng.t continuous linear notion; FIG

pi ston/c I({sg%e at ] % provi de,

11 is g“%‘? ragks; epeting their gistops,ubgiantiphly ﬁntﬁ?lléf’@hlﬂél& ylders °§Fllf'f ile of the

I nvent 4;08; itd 2 | AETEdAceal | RONL gt al

attac h%egg?fc%@héﬁlﬁt %%dﬁgeg%agg?on/ cy%ﬁ&é?thﬁdn}iaﬁ%ﬁeﬁ]g I\/D%%gso%?iges with the
pr ef er parton othtpigion/cylinderamitywidle maintaining prgrgerdent afthersplaindetdfée of dri vi ng
force uni,for and r.mal.l 1.the teeth with-the pjston at .m d-stroke
(Fl e Eedico@dmRaitRe yif o b bbrn mdiwdfuiadilhedl * he ot n
when  gifferept porifons ofithe tactiied ak @olzagBflert i ndeld\df it plufatityt oF pistsildyBadepode (FI G
13), and to.generate foh&?_s assi ﬁi@[%f?t he di se%%;agenent of the teeth when
t he pi%rtﬂaﬂgﬁléﬁ@lsaqnwﬁ@ee igrof pltanfeydideryaits appbstaniiafly-entisely within 16 is an

i 11 ust c@Amd&at wit SRRd hedl Wl X\F;O@ | @&cki ng system
cont roilﬂﬁi}%ﬂ!tﬂhi S | R\%g%t i on?{c%\ébl% ﬁg%@gﬁsﬁcél?ﬂslg Fa%é\clf@ﬁ%H CE .TON FIG |

i || ust r at esA gefhed lof mpruiicmiing @ MOD Hijacking systene capable bf withstandieg atNEBU 20

conpri . l af truct.ure 21 .and a plural i MODU. s orting |egs
22. Ja%ﬁ‘?xd%ugl\l%fﬁé@ 1 €6 p%l#n "u esfagg’]ng% ?iph'éa@ﬁl%ft%ﬂﬁbaf’w@é%%? ed her ei n,
t 0 pr coapstde ofdaating @ phwedlityoof todvieddwaxks; seleetinddldndeadfienisddcka Rthnthe plurality
of suppoarting |egs 22, As ilg%ﬁt%ﬁﬁ jUn FIG1, MODU platform?2l is
supporftg*g ?H@%mﬁ?kf‘%@e? {57 BUcsippaiting legs indoelectiBécause of their
| engt hundbBEoAd RURRON Syl z@gﬁvi% cgr%ﬁe%fs&%aﬁiblle)’didnﬁté}gﬁf in FIG 1)

substantial |y above the 'water 1eve constructed and transported, the
MODU phanefasiuaing 2 plusalithofaagseagageroent slembers gapabltjofi enpagentesywitbthei ngs 23. The

MODU [ t he- 0_Gonpr.i ses vessel which can
be to&é@%@%ﬁ%@%}g prora ?%%ﬂs?ﬁga g‘?&“ﬁ? "%E%t%pef%}pgg ?no?slfeeg?]}a]g,dmf” @ supporting

| egs gordcydindenyyeoadingy sdune of Apdcaulig pssssire Monitid MOPEI6 plovide rblagvepl at f orm 21
until the footi nﬂfﬁ‘ig Hre ﬁ@ t(ﬂé earth''s surface 24, and the platform21 is
t her ea{?‘ft@r“bf"'ﬁ“feﬁ%_ e P_ é‘“ﬁ? i _USSQBHW&%%@_YEEH&FW“&“%M’@ the wat er

sur f aGgesdire 1o 1h8 hy ARG pisRIN/FRITBYS! SfiSasferiiR\el plRAlY Adyd4sicem to provide

rel ative notion between .
piston/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;




the MODU platform 21 and its plurality of supporting Iegs 22, and to lift
and | ower the massive MODU platform including aII ﬁ |es
personnel and equi prent that it carries, with respect 46" T he earth S
surface 24, and to lock the MODU platform 21 in a 16 Novenber 2005 WO

02/ 084033‘355{/{, 90382/ 11439 8 stationary sel ected positr&r}ﬁﬁzt‘,ﬁ%t t he use of

any sepa I ng apparatus. As g result of the in Vé fTeatures and
conbi nati ons, described herein, the weight of th acking system

conponent s FIGS. écﬁf@é@atetth@hﬁfmd@ﬁfa’l‘m&fﬁw paty ?fdhfﬁﬁbyd%“élﬁéf’ﬂ%‘ of the
SUPPOT bl e udifd +d BRUE Efltindo 0L ARG oA FIEX D ESAbhe e;mase%targ?dagt h steels in

the ja up sys emis ellmna capacity acki'ng system for
li ftindorthe opwatmaseﬁtheplktenmehisﬁmdtgrdﬁGSJ “8rication is elinmnated, the

cost of the .em an |ts ture i s uced, . the | oads on
each of g@ﬁﬁ%‘ﬂ?“#f’g‘s’?@ﬁg A%T@q??% t"t"tﬁrogﬁfa{"ﬁﬂ PFgyide engi neering of
the | ag&;t&go,ﬁnﬁggrﬁdtﬁn substant | aI ly sinplified. FIG 2 is a view from
above one of the MODU supporting |egs 22 to illustrate how the supporting

| egs 22 andFt&é!mmq@rsattmﬂmuﬁtahaﬁefw&ﬁr@w@ﬁg@g@a0 the inventions r at ed by
FIGS. 1 andpgyg ?i“ig d&%rgh@mﬁ%ﬁgﬂltﬁﬁtatté’hﬁ thﬁgm?ﬂf 2BEhdnE 8. &ﬁtr@a” be conprised

of three | eg ~ chor _ ree corners of a trran shaped | eg
suppor pistd/cylirder uritrte ¢hel M@Dﬂmﬁiheﬁ@ith the prafigted ¢abth probleat ﬂﬁhpd neing | eg

structure, 22 whi.ch rra he o co rat t .pr des sufficient
st r engPi? aggpthat{qq B&t‘{or }i'tf‘H'EE ¥f”6fhﬁt%ﬁlp‘3ﬁlb hepistan c?g si de
| oads, miitfdke (FIGY ?dﬁéﬂat@ﬁ)rr?e@ r&Rfnd Me aﬁhngﬁgéniemmeﬁaaﬂmén the three

supporting | egs 22 exten t hrough .an opening 2la in the decks conprising

the rvpthepprqrsmrrmr@ted andl ¢hedy@BY ttjeeta l@mg npér G 1Dandtagesdn FIG 2. The

i ¢ 1 DR R dlbdifec BOARACHR SRR upisRAl e b oot dRiFRIR" O

|IIust(f&GetB);andFl G 4, each of the leg chords 26 preferably conpri ses a
cylindrical | ar olurm 7 with topthed rac gpposite

si des and pﬂg% S'F'%Ho“é’ f SOV ggac‘t?ﬁ’t’f“ﬁﬁi‘ffsw‘fltaﬁ@g? %F‘Bn notors 30
whi ch %%pghe}ugﬁ\véﬂﬁgnr nvention to provide continuous relative notion

bet ween the MODU pl atform 21 and the supporting legs 22 and to |ock the
MODU platform 21 into stationary position with respect to the MODU

supporting | egs 22y Eﬁ[ﬁ Wﬁ] ﬁm@i he cylindrical tubular
menber 27 of each Peg chor fTIeac suppor(tnrﬁng leg 22 is slidably

engaged with bronze bushings (not shown) carried by the MODU platform 21
adj acent i tHGupﬁlantmﬂes&lja&J@ MODU z0ntan dfHoredritling st MEDTh2@ded

21 o TRESS D St A PG CRMODY HEPHIRELE 12 dFICHb 1 nvent i on,
the ne@apiPio Asd@bifdes 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 platform 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



toot hed racks to extend conpletely through the I eg chords of the supporting

|l egs in order to resist the conpressive forces inmp pur gear
drives of the prior art has been elimnated, alongq%ﬁgﬁg¥ﬁ%pﬁg§d to use

t he expensive, high tensile strength steel, (e.g., 100 KSI), in the |leg

chords, reducing the weight and cost of each supporti Faor exanpl e,
t he meighwoﬂaﬁﬂgFion for three suppgrting | egs havingqﬁghgﬁﬂgtgf 670 to 680
feet can be as much as 1110 tons, and the cost reduction for three such

suppor tstatignakyegiected positidn withobBthélose efiinyrse 2006 lodiong 2peans3 As PEFRILED2/ 11439 9

$4, 880, 0Q0, assumin cost of $2.20 per. constr tw t hstandi ng
t he red%t}%‘@n“ fiegf‘“a"o@f“?’w&“‘fﬂége%‘r??(?? g%“"ﬂﬁt,%e iglgﬁ%@@culﬁ‘@%gﬁa? s i nvention,
the | egygdapbdhipornt€ B Redhode thaagsibiRbmpiingghe R ehordesfithompponting legs t han t he
prior art systens. As indicated above, the invention |,né{m§'des % plurality
of contidused the seed foreupansive hightisrgh atadnigdhe ippk-wp sysiemds dlimiated, the s oD
support| -8“'% | ' iRgiohDU pl atform 21
and its ﬁslgiglp%%@?%g %gthg;?{@h%%tﬁéﬁ% g%{}lleﬁ&d%hg&ﬂhr?gg@m notion notor" as
used hefiminmed, eheoost ofthajagt-up sybtemn pndifs rapdfaatuig is reslueadothe topds onckach ofhi t s N

whose | ston.operations ar s .1 hat i _ wality of

pi st on/ﬂ%ﬂ’“f%%rfgqﬁgﬁ 1 geagﬁ'én@ﬁtaggggg%e{ﬂnegﬁﬁﬁf% B%%é@?t%g&g eg 22 and

provi digngtafdligsimpliiet i on while one of the piston/cylinder units is

di sengaged from,t he MODU supporting leg 22 and is i n reposi tioned for
re- engagenem-\%i“thwﬁﬁé*@ﬁ&"f‘ﬁeﬁ the MO S?Womtl?gﬁggt‘? ﬂlé“‘" F}Qf”l ve notion.
Contin ' L] s Tem | BATRiRErated & On/ cyl i nder
units #feét:*g%ﬂsoar% éﬁs?p#g\%eggb?gﬁ)gt i veﬁﬁgtgiliﬂooﬁgbt%gt@ﬁ\)%en t he MODU %f atform 21
(and i FEGS. dadd P, ewohl of ths plralifyof supporting legs22¢anibe campiised obtlireoteg or nore

t oot h - h it.is. believed b f le . th luralit
o hy AFUHAZD 418 et o6 Biamlet hage ke sehpnliz, SHE M R ors 280 ot or
CONr i §R vAlle® R a RuRRIng Qg strbthie 20 mhicH @fhy b loPatywenS@irdiopthapprdtiaay cyl i nder

units acting on two toothed racks 32 on gpposite, sides i‘;ﬁ‘éa l.,eg chord 30,
as showfficient srength tg.catry the weight ofithedMORY platigrmcd lrand ifs tnp sidedgeds, shear

str essﬁﬁn%i:-@astﬂfchlagg(} ﬁb@fod.?ﬂ,?(ﬁ()?(f}lg. Efbﬂto?ﬁfé thie6 Sppdding k@92 egend" aCks as used
p Ity of ne

her ei n ans one nenber or’a ura mbers, —f or n ng a plurality of
t oot h dngehemepining 2 adcths dedks cdmpaisieg tePaODE pitfaam@d pthi npper decki2dposi ti on of

driving.farces, .s Lgient to provide relative notion between a MODU
pl atfoﬁ?ﬂgz‘&“sgrﬁtfdéf’uﬁ&b%'supporti ng leg 32. Preferably, toothed racks
conpri se a THeUé@dhokds 26 resutipf Froahd MEldhg/ug parieiihis invegionns: additideally

particularly with a plurality of teeth having angled planar engagenent
sur f acilstaigd om adarges scalg @S andife stresses due to the driving force

recesset UGS R I ooyt et o encr ) e
uni ts efiadricalybulaphinme 7awith 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



continuous linear notion notor is not limted in this invention, it is

unnecessary to use expensive specially designed or 4 isgoq,g Ry Hqdl i c
pi ston/cylinder units or hydraulic punps, and the h§ rau?ll C

pi ston/cylinder units and hydraulic punps nmay be selected fromthe

I nexpensive, co rcially avail abl e "standard" hydrauli | ston/ cylinder
units andwgﬁﬁﬁg&HECbntinuous | i near notion notor jackygﬁmggé?gﬂs of this

i nvention can be nade for as much ?as $2, 500,000 | ess than conparabl e spur
gear drgav0,000.CsuktitngSd/sokedT$2 20 pereaishiticted pountlf Notgithstaaddepthé yedudei G 3

illustrates, as an exanple, a continuous |inear nofion tor 30 conprising
two senaersl thh@)hgﬁmrégﬁsﬁ%% SRtCaF thisimeantion, i e%?},mé‘g@g a8 PAYE conti nuous
t

relativ ' . ?ﬁﬁ'& }}pﬁ%ﬁg Lysteddd® WO 02/ 084031 PCT/ US02/ 11439 10

t he % a.?%??nfgl anc}pétiﬂe u§t3¥at ed one of its supporting legs 22.
Each of t he Aspindidated/abgiej thel eweniion inslud® apbngity ebcontnugos liriear-masionng hydraul i ¢
cylinder, with a,pist.on, noyi ILn response to hydrauld c pressure applied
at t he Tt6 eagaspd %L@b\eip"{@ﬂr{y @%@@%&Kﬁ?‘%ﬁs%ﬁ Prroéﬂ]e mﬁtlgeg'%‘?’hder and to

I et 1 actpelyuer fd MODIUL fhitforh RS akid/itsl sipiirtingfége22 3 The tenf doatifdué IwaDi st ons of the
pi ston/cylinder units 33 in their retracted _ positjon wth their pistons

subst armedtionmpterfi a3 wsefl pereip ifers erpluirlity ohhdrlis pisioncHBdF It AROF ¢ he
pi st Onjraés%}n %@gé&%gbﬁakaa Binde Net SRGEMrafly 8F pisBh/cindet nfidse Bndag@f hed rack

engage attached to its end an% engaged, under e action of
an engagjthaeVODIT-sppodige e A2 andarovdigs relative motieorewlyle onpef theot hed racks 32,

t hereby. | ocki t.he tfor ' | |tion with respect
to it S¥E&H'g%b?4éﬁﬁngébgseﬂ%g€é %%%?&?é,aﬁpﬁ&f' ﬁ%r?ufﬁl\%%?%dﬁsg e conti nuous

l'i near repekitionedTon 1@ ehgapaiert Mith thePuproringlege2? fcontiius tierélaguleinmdien. uni ts can
effectively lock the MODU platformin a sfati o_nargy pgsitjon with respect
to its Conpmeus finegr matien matats careomnpriss any Ramiss 9f pigion/cllind erity RECERSHY f or m | eg

| OCKi Ny pRARRBLANE bREHbdiednife O AR A9 164) A8 S ¥iphGig ! S

unnecessary, providing a su cost savings, Tor ex | e; about
$4, 500 136 Q2 froacting dA0DAg anintoine tobthed:rabiSDhbveaypip dris befigved dabe prefetableshat uct ur e of

th ti 2,. for ¢ i | lustrated | hord 26 and
t oot o e nrY ebSHabE bisGa Bierphuh R samames YR AR o ot rer . o
i |1 ust cahprisedf eRintuaibbd of ufiits dividediifne @Ws sebdofpitor/dtinden giigeom@iplonaot hei r

t oot hed-rack engagerrent_ menbers 34. The plurali 5#/ Ofoé)i ston/cylinder units
33 confthedmacks B2 oa epRasitesides of ¢ leg shord 80,3 showrgn §1GS. 3c8, toymimigg thet he

suppor 4 iﬁhﬁ%fﬁa’ns%é'rmgéagw@ssés i &eiegl%é)\@% aRd BfotRf ?acﬁséaz%%ﬁﬂﬁkvot all'y

attached to and carried by structurdl towers 40 on t platform 21
ad]j aceracks ashused kxgein msardone siewber oh e phunlipofimentpetscfgomning\s pluralitycdt ed by t he

phantom lines in FIGS 2.and 4 h atf or. | structural

Feber Dotk @ ERgraL foftages SRR ire tapatlell? aboeplnd el ORGP IR, e

engagesi#fidiend to proeidd/EdRitve matidriictiveth adOD Ut atflrd 2dlahd yMUDE sypportingng | egs
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



22. The continuous linear notion nmotor 30 includes a plurality of means 35
for the -engagenent and di sengagenent of the toothe Q f- the

pi ston/cylinder units 33 with the toothed racks 32%?55%\%}8?1?%@% he .

pi ston/cylinder units 33 through a snmall angle. The

engagenent / di sen:gagerrent means 35 for the rack engagenent nenbers 34

pr ef er abl VOOE'B%S I Se conpression springs that act on twnfsag}é"%gngagenent
menbers 34 to urge them toward and! nto engagenent with the toothed racks
32, andhy MOPOPlattysd ZAldnt ¢he iliskhied 66y/dfits sepporting legs 2 K+t ofthe esponse to the
I mposi tioon of hydraulic pressure within their %gl i.nder,s to qvercone the
forces Pistor/pdindes upitsaid spwpriseh? Aonple-actipg hydgpuligeylindes i HEHEATINS renber s away
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the leg chords 26 of the supporting legs. As indicated by the phantom lines in FIGS. 2 and 4,

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



rel ative notion between the MODU 21 platform and the MODU supporting | egs
22 while one of the piston/cylinder units is being hi&k%c %QF%Ed
repositioned for reengagenment with and driving of g su%‘%r I'ng | eg.
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menber Rdankcnch s dngigiteg hydraulib pistoe/cylinddrs) eldctria eituBgrsand thediliy swmy uent
extension of its piston to drive the leg chord 26. This repetitive phased
operatilb%usi Novenber 2005 WO 02/ 084031 PCT/ US02/ 11439 12 of the -
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t oot hedykipgk foothed rathd 3Landl nidi&ﬂﬁiﬁ%{hbWUFlatf&rﬁl BBhcladdntd IGtatiomiy | nue to
drive toothed racks 32 and leg chord 26 to the point illustrated in FIG 7.
At t he positipmwith respechie Tis|sppportingiless 2By FI G 7, the pistons of piston/cylinder
units 33a h : : 9?0% PREd s34 Of
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their pistons are full xt.ended d the piston/cylinder,units. 33 ¢ have
boen off@RLBN egrardtop e 30 4 BHE Db P ke SRR Tt tor 1 <
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pi ston/cylinder units 33a are _reengaged with the toothed racks 32 as the
pi st onPreidegithoironeration is gequentially Ehﬂﬁe%basafﬁ‘b?’@ﬁ’@l?’ flystrateddn &¥QEP-G1and A as the

'gipz ? g? i?sg ﬂ{a}) ]f\Iplf[ w%%’rké@ﬂ% gEﬂ 418 entated Wit a'tBotidradit SKFe prbidigPhased
relative motion between the MODU 21 plaiform and the MODU supporting legs 22 while
one of the piston/cylinder units is being retracted and repositioned for reengagement with and
driving of ihe 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
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As indicated 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
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paper. As indicated by FIG 11, the tooth profile of refer tooth 50
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surfac d racks 32 by the mating e‘nga?ed teeth of the
rack esga@saROGth 50 withayprofie tha is prefemblyitdomaratedinioeataeth of the redk t he upper

pl anar engagenent surf aces of. - t.he t engagenent
sur f ac@gagpmanhpempers %‘I %ﬁ??%ée%&%%ghmgﬁgﬁ &ﬁ}gggorﬂg 5@% an teﬂgme engagenent
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resulting 16 Novenmber 2005 WD 02/084031 PCT/ gJSO /11439 goééé)m the driving

f or cesengagenteet membeedt Wil beve the sameamating o BaflenTarachenthey and' t oot hed
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bodi es™ 8 ¥h own in the art, the nunber of toothed racks
and engagssih 5@ ettbndie destansypetpendiculanto thesurfeoeiofthaponsr.ght W of the MODU

platformand all of,i opsi de. | oags: ' - TXN>_W where
Sis the a %Bg‘ﬁﬂﬁieb&%[ﬁsh’@‘est??t&’go f %e%&?dé%&gl% rcg%g %M&%éc a(t he engaged
teeth w hhntﬁﬁyvifﬁﬁuﬂfdb@hﬁrcﬁﬁmrﬁcéssﬂﬁﬂ spotegpectivelyf andragairof andlel engaged teeth

of each toothed rack and equal s . the nunber of toatped raﬁgs. The t ot al
root aplear Tngsgeraens surfages58 et Spiferaning withrespech tpya spstanfially VerealR¥PC: cet h i nes

the nuangr irrxl(fh?Jes SRS 9RIAT. LBRL ot an?les of fof th)plandi\pkOloth sufe 53r €2 T may
conpri'seas large an area as necessary to permt the use of readily
avai | aiade2anecthe toavep plasdrveth surface 54. While it is preferable that the tooth engagement
surfaces 53 and 54 of tooth 50 be purely planar, manufacturing techniques, such as the use of
cutting torch methods, introduce deviations 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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KSI, thereby elimnating the requirenent for use of Eﬁg speci hi gh
strength steels required by the spur gear drive syé? Vegﬁe’i@%prior art.
In a continuous linear notion notor the geonetric relationship of tooth
pitch, vertical cylinder stroke, vertical distance between base nounting
pi ns of cYPOH4E nunber of cylinders used, and cycREAFSE R gement nust
nmeet certain geonetric criteria forldsatisfactory operation. Wen

config glﬁusﬁ | ' | ig R ' | 34 ande¥@ndahe | egs of
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| ock t ekt ¥sre uniformlyspteadovef the eegagedhsiuficasend within the bodies edper ati ons or

for transit, A i cal ,cal.cul at i, rdn a specific
j ack- up desﬁz"ﬁﬁ’e‘ﬁ%’qumeafeﬁ?mﬁ’b:&ﬁ%%ﬁ@r%% ggﬁfﬁr%g?{g@%gﬁg%ﬁaﬂﬁger pai rs)
requi r gghnAthe BRGMUMSRIGOW 6F thoMODAT platforiteant alt of itspoppidetdads mayWe = verti cal
travel of” the tooth (or teeth) engaged with the chord rack; D = vertical

di st andeteminefld¥n base pins of cylinders, i.e., nmounting t= di stance;
required to@th pit of rack, individual tooth pitches smaller than
required tooth pitch may be attained by dividi n%é"T" bq{ 2, 3, 4, etc.; S =
cyl i ndemestSrisihe.ac@piable tansile strpssiof the matesial fnm whichthe engagedteetiavill pp i nder base

oo RSl Bl B sl e py s 12
Step lineGambet dtddilidd eacket e to1alioot ared T eylalsnkbansthipitciui (@, 113ifthach. leg to
raise the jack up platfaorm _incl udi fety tor. The nupber of
Cyl i ndlerEsgedhioelh tes o BRTRST oG ihe FhaAged b - h ot hoPa) 9T SRAGIHY. Thi s
rz_es ul't colpitse DElaleh Gn BEX bs RLAREY toFpeRfit tRURDS readitfavall A1 O MR iRexpEnshBL S Of 2 Step
steels having modulii of elasticity, for example, on the order of 34-58 KXSI, thereby
eliminating the requirement for use of the special high strength steels required by the spur
gear drive systems of the prior art.
In a continuous finear motion motor the geometric relationship of tooth pitch, vertical
cylinder stroke, vertical distance between base mounting pins of cylinders, number of
cylinders used, and cycling arrangement must meet certain geometric 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
positidn 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.c., 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*".



Di vide the nunber of cylinders by the nunber of 5419 = 6 In sets of 2 leg
chords. (9 leg chords for 3 triangular legs) Step 3:16%&@81%% of
cylinders per leg chord 6 + 1= 7 sets of cylinders 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 Mltiply the

t oot h pit ¥Q 0248403y t he nunber of V .< 3. *7 cylinders ofFEROHI¥ ¥y chord to
find "V'. V=21 inches Step 6: D =T calculate "D by subtracting

maxi nrumtooth .D = 21-3 pitch fromthe vertical travel of the tooth
engaged D =18 jnches, wth the chord rack. e . The piston travel Sis
“then det er milypigalGalsdlatiohe  result and the g geonetry. . FIG 1.4
illustrates the correl ati on between the vertical cylinder stroke V and the
maxi mum tooth pitch, or spacing T for a seven piston/cylinder unit notor.
ot her possi Sidpilti es exi st for determ ni ng nufrylirdesstin ggts pfi2ders or for

det er m ni ng Caleolatedh wtal vwtber pf aylindetstrequir@lid nunbers of cylinders nmay be
advant ageousat éaoh legdoeristdisa japkanp pdtfooty, wi I | require the cylinders to act:

i ndi vi dual | yhchdikg abfesyfaase Mie minbegofidgtindessg chord with the nounting of the
cyl i nders defusyb vedy HRisiblodl Helnmbéralkgr as described in the above

cal cul ati oncgfd€ StRPekintshbe thé Aixehighieer@t ry for cylinder position and
tooth pitchpy ke followng table further illustrates the relationship

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

-N3456 VERT tha huier of cyn% 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.



MAX TOOTH SPACI NG - TVI (N-1) VAN -1)V/ (N-1) VI (N1) For smaller teeth, the
maxi mum t oot h spacing T can be divided by a whole nxg&g}re Eg%ag 52 or nore,
to obtain t. Furthernore, as indicated above, the a HIB rotooth
surfaces 53 of the preferred teeth in conbination with the pivotal
mounting of the driving piston/cylinders 33 permt the eneration, by the
engaged tWePOK0KE31t he rack engagerment nenbers 34 and t S6TNEW/A4RKs 32,  of
forces that resist disengagenment of!®the rack engagenent nenbers 34 fromthe
toothed racks 32 when the piston/cylinder units 33 are in their retracted
positions in the | ocddshenpmss veffoopaisBACIIG of the system and forces

assi sting di sengagenent of the rack engagenent nenbers 34 fromthe toothed
racks SEIBleHASHE pi stonm;ﬂﬁﬁ%rﬂgﬁﬂ’é u$ORECGRER ended and ready
for diE@W-Péﬁa-Neposﬁtioni ng ;‘pluri ng their ope?,ation in the jack up
or jackE

-VThe ¢ gq ati t he ed p r tooth engagenents
surfac@éx?@og?\[%%fgfer?‘g 'Steet K@& wi t h %Je pi \%@?gf attachnment of the
pi ston/cylinder units 33 is illustrated in.FlGS, - Fl
i||ustF@tS@gﬂqrﬁ?e§é%pﬁW"&§?Pﬁ5’ﬁE?&“gJﬁ?aP “'éé’é";d%?s,"’%éﬁa e 't%a‘tzhei r
pi ston | diaeXt ended, at md-stroke and fully retracted respectively,

obtairftS

and FI .e’u‘!f& 14 and 15 illustrates ‘the force vectors_at the engaged
pl anar t ootHurtheruge aeindicaed savecthe3ngledt plapns tqoghhuslaces p3 ekite glerreg; 1, " Fl g 13

representin he .f or V. RATe e H’E!Piﬁ PO e

pi st on’ie%lu} (Yg’}“auﬂ?lmﬁgt@%@?%ﬁ@%&@@%?@?%@ﬁg h% for%éggi\?/gg ors

cor r espaagiitty by theldgagp® tekthiobthe ick eiagtoet memberd 34 andribetbe3abks 3nd FI G 15
representing the force vectorsg correspondi hg to ﬁi StotFl/ h{eﬁder units 33a.
As  shosfrforces th«tcses@élsmaspnteﬂfeof&e&%g “Fﬁ'é‘g??i‘@fsc? i ﬁg’é Units retracted
(as Wlld.%k's SE'%ﬂﬁegifétbx{?&ﬁﬁdeHﬁﬁ& 383 i0hefr &iracted posiishs i ehepsokingmiceld t eeth 50
of the toothed rack

engagenment nmenbers 34 and the toothed racks 32
engaged, operatidrosti thg systemc and\erges @rsistisg fisenggeamenbeldbe TFeRISREMSRE t oot hed rack

engagenent er 4 : v . ' i mai ntaining
Thor T BROMLEReR R Sohel 38R 32 0 BE DARRy A i) e G e Tary

POSi t i @i redy FordienggEmém atdrepoMBmiing dwingrtheineperatigs indba jadkgup erdatkocki ng node
of the jacking system As shown in FIG 14, when the piston/cylinder units
ar e i ndawngnedef.oke” (as with the piston/cylinder unit 33b of FIG 12), the

force vect | h%h exits furfacel 63 bbthe rred005 WO
02/ 084031 g&%%@%ékggg%yﬁg%ﬁg%yl?%gglgr_ fjni tc S Qg%ﬁ“' ar to the

pl anarteeth GOtk pivotaliattechmen 3F te pistas/aybinrder wjts 33 is illustrate
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




racks 32. As shown in FIG 15 with the pistons of the piston/cylinder units
fully extended (as wth the piston/cylinder unit 3 of Fl 2) an
opening force vector 58 is generated urging the toi?ﬁéogewggﬁoeoﬁgagenent-
menbers 34 away fromthe toothed racks 32. The opening force 58 nust be
resi sted by the conpression springs of the preferred
engagenenwod24¥iiagenent neans 35 but will assist in tBEEIEEMfagenent of
the toothed rack engagenent nenber$’ 34 prior to their retraction and

re- engagenent.. As_the: |l atform 21 is_ | ' | -down node at
a rat eP’é@ggyl&dﬂéﬂmﬁ? Pe‘%’/%ycﬁfaﬁﬁ’a{fwf ?l?%Pn%g%r?egﬁ@(@%s ?\ggfrthgadiofﬂ%h%, t he upward
forcesr&g}%.ahed by thfa r;asistzzigce O}‘_ the pi stogs in controlling th;a ]

| owering of the MODU platform 21 wi generat e, b e .e jemrent of the

| ower angl edls shown e BICE 15 Fih 6 p@@%f’% Y “Pé%‘é&@y oW _
corres%lotﬁgléenﬁsfu%?%@g%% if PGQPFR]. 15\ dpRfike RNGAAQDERS paeResdturddg an openi ng

force acting to diséngage the rack engagenent nenbers 34
from t B tbsthédreck engageme®anembens 84 ewenirém thedgothedracks d2.0Vag MSABELy t he for ces

exerted by_the conpressi on spri £ 1h ment / di sengagenent neans
35 thafOfFFaffgrff“ésitﬁe%{éteia%%egﬂ%a{ﬁsgr%éﬁfm%ﬂﬁtg@&% g‘?n engagenent with the

t oot hegnga?éﬂfeﬁuﬁgengl £ Ay 0 St fAl s imthi idivenghgemaitsd thpatgethedeack ack
engagenment nenbers 34 f[omqa?he t oot hed,racks 32 as the MODU is | owered can
be r edeugsgemdsy mpmbera Aspring to el reaeenAAd Feseng2eeBE he | ower pl anar engagenent

surfaces to : . =1 ARl cohi®olle®yverti cal
Tﬁg ﬁ;ﬁ %@%U%%Hﬂ Sris ld%}ﬁ in tR3iRHolva il ode R ARl co y

pl ane 55. ulFic systemwl1, preferably, use a pressure conpensated
var i abtte pieklisyref pistyrdewdinder oniys 3dgthorpward-fucds generteddy dhe sistancechteny dr aul i ¢

pressure, enabli t he speed .qaf t Lhe pi t&pﬁg to be controlled.
I n addPﬁﬁoﬁh{n%ﬁ%&E‘@H?@ﬁ%c\fg?h@@ auoé'@gﬁ#é)lbgepnga%i Pe 't he presence of
positi ¥&a€%§én%!*th@lo@fe?§$[éﬂ@ooﬂiedtsﬁlﬁcéwd ik wothef mcls 32hvthohst ons are  noved
in the jJ7ack down node. The |

acking systemw ||, as apparent ﬁ(o t hose
ski | | edorraspariding reated sugfhospoft naéa@s@srén%ﬁﬁ%ﬁ %%%0%@545 0Pt @Cal ves
”ecessf}%é’etéos? taﬁﬂ‘l@ttf) Bisen%%ytﬁflﬁ%ﬁhgu meAPRbhSA 34Fondhe Riviedthdke 32 ui d and

pressu e“prsto I'ts 33 and the uncl anpi ng
pi St onamlduchfbetes umist e ovércarebythefosves exerisd fnthe sempressiosspanggOfit neans 35,

accunul ators, ,f needed, to elerate th r.akl t pi stons of the
pi st onPWS?Wgﬂ‘S%?ﬁ?eweaﬁ?ﬁg%%%'.'i":’)ﬁwr rfef{c?\ﬁga gﬁédégfém?éls?g?‘ val ves, | oad
cells @fgﬂ Sidnt R1th SRNSAKE radks 3N TRt opehingrfakeschetingrv diserigage {hesackn/ cyl i nder
units of

he continuous |i near, notion notor . , each s Okt | eg can
be conengegasepnt wembarnHisom Hipdeothad; racks a8 &E%‘#ﬁ i lpyrered Sa'{%ﬁegrﬁé‘{%‘gg sa?re
hydr a“f%%: c%sﬁ%%‘é %oﬁ&n@éﬁﬁ%@ﬁe RRved plandritfgdpbmén® Birfivdsito 06, forkdMatnpleact i ng on

t hat | any resistance to novenent of one |leg chord of asupporting
| eg Wi inbrei sobstatially samealgo teventieal pnddenber 2005 WO 02/ 084031

The hydraulic system will, preferably, use a pressure compensated variable volume

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



18 PCT/ US02/ 11439 and forces acting on all of the | eg chords of the

supporting leg and tend to maintain uniform notion of_ all . of (ge | eg
chords. The invention thus provides anew jack up NG I"acki ng
systemthat can reliably handl e | oads several tines greater than can be
currently handl ed, can be readily and inexpensively designed and scal ed
for diffeWent03#3k up | oads, and can save mllions of PCABPIEEE? i n t he
manuf acture of a single jack-up MODW The jacking system of the invention
provi de

S, .as indicated.above, jack, u ' - kil des of
oper at apdhoroes ety Pﬂiaﬁ Qf'%ﬁ %ﬁ%ﬁ%@%"n@%‘%@@ %ﬁ%\gﬁ"ﬂ@g ﬁdgg@;ﬁdﬁﬁhe rates
of rel Jdi¥f of MVETTRINbg cHap®r at i on of the jacking system in the invention, is
preferably controll'ed by a programmahl e | ogic co u{giﬁr’ %@5 can control
operati on oFfheimeentipn gus WQQWJW'@MQP@“SMC@%@ B &S] ure,
operation of ' ' I ' tQh allid Ng each of
p et R Radk NSereiHes BHAMStd 5T cHFRD Rond ¥R Gl S Hadili NG

the todth eac upporting [ egs by sequencing the
oper at iapfiegfenshalydesigoairmd staleil iy diffocent jJackwuploadsy alrdetan paye millipns %And t he

applicatjon; of hydraulic ressure .t e pistontcylinder units of the
not ors,do%ﬂ‘nﬁép’ﬁ%\\’fﬁ"g\f?? "{gﬁ acﬁal}pgéflgphrel ative nmotion. The conputer
cont r ol - canTgad BekiSLGHSAGE 1R ReEdioh provides, ab indicatbd slwve fatkpipsipdadayyd i nder

units to position the pistons and toothed rack e enent nbers of the
conti nmgclpnm@aﬂes of BperAiPnH BRI PRENIS SRONIPIRE ﬂaﬁ@tﬁgﬁgﬁlgﬁ‘?ﬁr@gﬁ%gi ng fromthe

ol N Syt el il chBfi OfBaftin ot ARG AR Aothe i Bilon APpRARGY 0! 1 01 OF

the pistons of the pisto yl 1'nder “uni continuous |inear notion
ot or s cateblisdbyeptogainimabledegiceomputeniwhichican earsroboReraipBlRICORB| r rack

engagengnt_ nmenbers | hangi ng fr L he d ] : 0 fpdes to the
| ocki n@uﬁag%qﬁ?‘ﬁf%?hﬁ%ﬁ{c%ﬁg"% Sﬁ%pﬁtfoélrofg%ﬁig F,Eh% cgrg}?hglﬁglg%h?gr t he out put
s} g?ﬁl fuoifrs hﬁ"tﬁﬁh. @a@ill bﬁthemd/ i Reigkd (itst&abmdﬁef supportheg egsfbytsbmiehaing tbd_nor dtshof e?ch
0 e. supportin egs and/or_outputs of_. ,on sensor s, sensi ng e rate
of rmvenﬁnﬂ?onebf ven cotralling tﬁ*‘é‘j’“’c‘ﬁ@’b’é@“‘@fﬂ“&h thgrappljpanio %M%P‘?icng | egs and
can provid ‘ ' = anebimaithd Ras obfelati@ccept abl e
oper at P eésug%%gﬁélgt%@}léﬁgﬁ%o%lﬁgtio?gﬁrglg;?gne prg)@si bl e gc rcgen resentation
60 of secibn.aTiecromptizr cadrol-canlalso sequiss operatiancs shervslyeyand pistaveylindeect i on of

the nodes of qperation of ea upport i | t b¥&inesesent ati ons
of t heUMEIRPAY ‘%’H@%B‘,&Pﬁ@%@Fﬁ?&g&ﬁ%@g’gﬁr@&g’gsﬁﬁgﬂghﬁtg{glé\! "Stpporting | eg
and t hgyotigRfhotofPfes pebvidingaastidn st pipmping fgmltkglocking moreito thegaskemprorpr esent at i on,
the representations of the | egs C Qhangog col.sgr OE c{ I as@ ' teh or w thout
an audjask-downmedes, e capsease gotionpf thepisens of eSO Rde R I B HI% | on.  The
descri pii ! ' by rMBNthiiPpistBROME Bhgade HRlreackr € of
speci f?é:dtﬁg?lgp‘gﬁrgkd}ﬁgmyrﬁemﬁtsgéugn% gi npl i fi e%l exanpl e%g As wil| be
appar eaigapemdnhmsmberk il dheugingfrdnnthe jack-up or jack-down modes to the locking mode.
In addition, the 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.



art, the invention is not limted to the specific enbodi nents descri bed and
illustrated, but is defined in its scope by the fol,l.qw ng,claiyxs. 16
Novenber 2005 at is clained is: . 19 L A MODU jackiAg%ﬁ%gggﬁf?ggsproviding
relative noti on between a MODU platformand a MODU supporting | eg having
at |east one leg chord with at | east one toothed rack, conprising at |east
three piston/cylinder units for said at | east one toothed rack, each of the
at least three pistonicylinder units having an extendabl e and retractable
pi ston and ‘a toothed racy engagenent nenber driven by its piston; at |east
t hree engagenentfd. i sengagenent neans for engagi ng and di sengagi ng the

t oot hed rack engagenent nenbers of the at |east three piston/cylinder units
with the toothed rack; a source of hgdraulic pressure for driving the

pi st ons of'%ﬁ@gﬁ:ﬁ three piston/cylinder units; and control neans for
operating sard at least three piston/cylinderunits and said at |east three

engagenent | di sepgagenent . neans, said control neans providing a continuous
relative notion'bet MEETPY Rgkngeystem fop praviding refative dhotion @etviBRbMBDPPOT t i Ng | eg

during j acmlgfmetmmﬁp&mngég%ﬁs'aﬂﬂas?onpﬁgéﬂgﬁ%ggﬂgage tc?ottlﬁ[geaSt three
engagene t/,gk%ggg%gerrent means and engagi ng a portion Bt t oot hed rack
engagenent nenber's Of a portion of the at |east three piston/cylinder units

With the toothed relskst theen pistoniylinteriunics fo adidht REOAEG UIMBOLK OB, oPfy e at - | east

three pi st Gddét @ydeipfdREyliHAb: b hainP LV sai d ntj nuoys rel ative notion
whil e operatin L+ IeS:';tst_ one ag'jpg%nhe a ]ela@ars'fpc%ﬁf’@‘é“’% &{gethed rack
ment / di sen F%B%ﬁ%"%hﬂ‘stﬂ!s@%ngagi ng the toothed rack engagenent menber

ofat |east one of atleatihiee kgshentidid: eﬂkﬁh@&éﬁﬁ%ﬂg%ﬂ%lﬁns %%g%qagi dngeLﬁHQQto

t he di seng st _one of _.the at |east t

repositi on??tgﬁgeid%ﬁtglégﬁ a%&?Bﬁﬂ@aafﬁ%@%ﬁ%@m;mmwm r e- engagenent
with the t®¥%hed rack and providing said continuous relative notion. 2. The
MODU j acki ng syste YAk rein the engaged. operating tines of
each of the_ at .ea?ts?u%%?gﬂe pI sg"gsr%f/éfl Hﬁé?m??ﬁt?‘lsg’?'g?ﬁlﬁﬁ’%t fromthe
engaged op%ft%ﬂ/‘iyl’l‘?fe’t‘in’i’r‘é?dof the. otlt,rpistonlcylinlder units so that at

| east two piistont eonlcolinbais it Bckefngthif atPabt Hrdd GisoNOAIRH P QG DS, rack
engagemnthmag%inﬁdi&% Ieeastt one piston’is retrac |ngsafo position its
tootled rack engagement meaps PoFFe-engagement with the toothed rack. 3.

The IVL‘]/:)U JI acki ng s §itcemmobueas mividing a cmﬁﬁfoﬁ’drﬂatﬁaineﬁo%bedv&ﬁ&BMUﬁiUee. N
i R T R e i -
2 ngaging a portion 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, whercin the engaged 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
units for said at least one toothed rack comprises N units, where N is three O InCrE, .
operation of the pistons of said N units is phased so that N-

and wherein
1 units are engaged vith and



operation of the pistons of said Nunits is phased so that N1 units are
engaged with and 16 Novenber 2005 20 providing rel?%h%% ti at al

times during jacking operations while one of said N &M sengaged
fromthe toothed rack and is being retracted. 4. The MODU j acki ng system of
claim1l1, wherein the engageneot/di sengagenent neans conprise conpression
springs acting to urge the toothed rack engagenent nenbers generally
horizontally into engagenent with the toothed racks, and uncl anpi ng

pi ston/cylinder units operable by hydraulic pressure to pull and di sengage
t he toot hed rack engagenent nenbers fromthe toothed rack. 5. The MODU

j acki ng systemof claim1l, wherein the at |east three piston/cylinder
units. are pivotally attached to and carried by the MODU platformso their -
central axes are pivoted through a ®mall angle for engagenent and

d Vidiag re o 6. The MODU ki
T o A R R S ey L

plurality % tpptiisd mekand isbringotmstedt  surfaces, and the toothed rack
engagenent nenbers each conprise a plurality of teeth with mating planar

engagement surﬂaceﬁheMOBU@ﬂ@ig@ﬁ;thfclM@ d},l:.aﬂa,&cfg é faces of the
mati.ng t eefBnedombd) d rack and toot hed rack engagamen rrenbers bei ng

normal to the centra ax%°§3’6'f’g‘°taﬁ’§'gl5’l"wgﬁef°f’ ed 33k pheagemert epmbasder units at
md-str okegﬁquﬁ@’zﬁ?@anmmm:mﬂied&t@amnjpagF cyBtdet em of cl ai m
t he

S, Wwher ei Nuitk ope@BShy KRS resiBIEic t nt.s o pI urality
04190n/ cyl | nﬂ%lJI un|):t s | ncfrades ‘gle%ﬁs%% ﬁckacﬂgaﬁﬂ'feﬁht provi di ng an

oper at or j ackl ng system of claim7 wherein said
oper at or SI gnal prow des a warning in the event of an unaccept abl e | oad

sensed by the froad’ﬂEMm)]JjackﬁgsyTtBﬂom joBGkA ADar FYH ai m 5 wherein

sai d teet d oot hed rack enga erre t nenbers have a
tooth pi tgﬁgla;rémgh)ﬁ%&n@ W‘T%%ﬁ&@#’@npﬁ“ff%%‘hﬂf% Pes @f pi st on/ cyl i nder

units is NEvoleR @’r‘tsmelhm&amg#gemmhasﬁagagﬁhﬂd)fmaﬁtko@da%ﬁe”e”t menbers is T
X N and c@genétmtinieln@at di st ance between the pivotal attachments of each of
the N piston/cylinder toots is T(N 1). 10. The MODU j acki ng system of

claiml vvherel %ﬂ%ghatformand MODU supporting leg are locked in a
stationary p05|t|o da1°

mot i on, dicereamigag plglia ofsemit withplandk dg*pm@m&gmh%mm hACKmpRRIe et
| menber s 0&&9&%&@0&&%@@%@&% %&h mating planar engagement surfaces, the angles h

of the planar engagement surfaces of the mating técfh of the toothed rack and toothed rack

engagement members being normal to the centrat axes of the plnrahly of piston/cylinder umts at
mid-stroke of the pistons’ extension.

7. The MODU jacking system of claim 5, wherein at least one of the pivotal

) aﬁachments of ths plurality of pwtonfcyhnder units inchudes 2 load sensor with an output
providing en operator signal,

8. The MODU jacking system of claim 7 wherein said operator signal provides a
_wa:nmg‘in the event of an unacceptable load sensed by the foad sensor.

o

9. The MODU jacking system of claim 5 wherein said teeth of the toothed rack and
toothed rack engagement members have a tooth pxtch T; the nmnber of cylinders in the phurality
T of piston/cylinder units is N; the vertical travel of the toothed rack eugagement membersis Tx

N, and the vertical distance between the pivotal attachments of each of the N piston/cylinder
units is TN-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

B oficlaircwtereiadhest lengt opeioethedamki nuous rel ati ve



engaged portion of the at |east three piston/cylinder units fromthe
toothed rack while naintaining engagenent of the re 'ndeliJ Oghe t oot hed
rack engagenent nenbers with the toothed rack, and gg%‘)r" ﬁrgig id

di sengaged portion of the piston/cyjinder units to retract their pistons
substantially entirely within theiT cylinders, and re-engaging the
retracted toothed rack engagenent nenbers of said di sengaged portion of
the pi oo @yhion dtme stMdabighiét pikol/B@ini@ ahibeEbm thamisthe@radk wRipeat i ng t he

operation wiith differe ortions _of the tpothed rack engagenent nenbers
of "1 hemaptainE PR K S BRSSO G AR TIPSR NG of ¢ he at

I ei'i_st dtbbmaggaclﬁiaﬁclt @RfaGiyd éﬁmies"engagéd Fort@dnGf the pBtoarylimlkd gmtefmtrétrag{ &eiw'ht hihn their
cylinders wth a t Qoj hed.rack _engagejent nenpers e Wi t he

3 ot heparRestnily SHREHCHE DAt R RIS gl EHeHE [ Rrr 6t ML sai d
engagedphtenhSRHgREME disdiRaies péribn aaﬁdpiﬁt@miyhﬁ?r ﬁrﬁ&kwiﬁglgﬁgﬁh@lnt rr;enbe:m
conpri ses a, conpressi on spri.ng. urging. eac oot hed rack engagenent nenber
into eﬁ%@lé@%qr’igﬂ?@% f, CRFRLIC W&Bﬂ%%reﬂ%ﬁ‘%}méﬂtghwgg@r gﬁ%lg?ﬁ%ﬁ?t i s expended in
mai Et adthbgs siike Mf | tﬂré&ﬁiﬁdﬂ%ﬂn@e@hﬁts&ﬁﬁl&aﬁl@ﬁ&ﬁﬁo?ﬁs?tnéagﬂhre&2. The MODU

j acking system of clai m 10, erein.said pi.ston/cyl] r.units of said

pl ur al ift ‘c‘)‘flmg%rélfnésrf‘f% fiepiially W?%W’él?"éﬂ’ﬁ’irgﬂingﬁ’rf Vltg?]ltl E’Sﬁ‘gﬁmglf their cylinder
ends t&ghdrmeMobdhbefleagdoad With fiakddtiradgalgement / di sengagenment means pivoting
said piston/cylinder units during their operation; said at |east one

t oot hed rack has_.a ral.i.t f. teeth wi.th.angl ed pl apar engagenent
surfaces, and sawmﬁalang%ﬁ“%fﬁgﬁ%%%{%%ﬁ%‘g@ V2 Q(Ziseélg?:ﬁ%ﬁlr%gl ity of
t eet h médnb foreiidhn@pthed Ragk efpapédshamembg ageprizad a aunpfadessprisgingingleadhal i ty of

angl ed ar, engagenent . surfaces of sai toat hed racks. and sai d toot hed
ook dngheR PeRarpLPehE A Sermy ey i o SRR 3P el®' esl ot 'ng
t he diisefgagdiembinaihidghite MoDihecked acdidangagengaitionenbers, with the pistons
intheir retracted positions. 13. The MODU j acting system of C aim 10
wherein saigd en .di sen e t ns. of . each h rack
engagenent nbgﬁggg(rg‘rgp{r’%cllé%l gﬁ%ﬁyd@tﬁhnflé&gwﬁlg{egns gﬁsﬁ%néc ﬁﬁ%{ ?%f:sﬁ)gd to

di sengagehirdley dfpsloheylindaakitsergageiip ataches piyhir ciirgin dteto thedd®RU rack, and a

conpressLon .Sprin i ng on the toothed.rack,engage t. er to urge

t he té’}%ﬁ’g& S?Igg%a%egﬂﬁa%%s%%tgm% rpl}’oilf‘%saled rPéSgoéﬂec %"%e%ugﬂwg@g?oot hed rack.
14. Thepeldbit)shidatdeaapons yttedrak had aplomity whiectk ivith binded othegageaeit engagenent
menbers _and the.toot hed rack have pl.uralities of WM ting angl ed
pl anar® ﬁﬁ&d‘@ﬁﬁaﬁ‘i tomilﬁcfrf‘%{(c?g?gegﬁg nfl%]eberr?a T ?%ﬁ%yggéﬁpgvﬁtgﬁa grﬁ%demant

sur f acegledpladahengpdetmess lsirfagespdaid phedtiy ofwhdldl fldner engrigahansriates of sdidext ensi on, are

normal, to the cent.ral eg. of the piston/cylin uni t aid 16
Novenﬁ%?tl%gtﬂfgs ?gsﬁég’?tﬁggrg%geln CTvad) 5%‘31?6%8 e%%%%%[etﬁ?ueeggﬁg%ﬁn?’%%%s, when
engagaskistiap HeydisongagsuameoShibwbihat jack dngagemantngmibless, witl s pistoheindleid ed pl anar

engag%%%%ed%%éigigﬁ.es of the plurality of engaged teeth.

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



15. The MODU j acki ng system of claim 14, wherein said plurality of engaged
angl ed planar engagenent surfaces of said toothed r enga nt nenbers
and said toothed rack generate, in their engagenenﬁ%%$‘Fgggpﬁg§isting

di sengagenent of the toothed rack gmgagenent nenbers fromthe toothed
racks with the pistons of the plurality of piston/cylinder units in their
retracted positions. 16. The MODU j acki ng system of claim 14 wherein said
pIuraIhmymp&@bdghgﬁdm@ggmmdwaphaﬁam;@h@&gg@ﬂhhmﬂupkamﬁﬁwhﬂmmahd t oot hed

rack eNgads across e Dela aglgr e%alggmén(g aggs or l %? e%t Ged teg{ht hei r
engagefent . forces. assi <t hg %‘sengagenen o the T'So8EUFack engagenent

menber s fronlthe toothed rack with the pistons of the plurality of

pi ston/cyl i hder Ui MODLijidking systetneiideioh 14, wherciihsgid OBt i etgageg asglslt em of cl ai m
1 wher I i ston/cylinder
units ﬁ%ﬁgg*%n%ﬁﬁra %?ggﬁgﬁmﬂgg&ﬁﬁgﬁ% se%&%geﬁgﬁ%“&ﬁ%ﬁgmg to provide a
MODU ja@kmwﬁndymbﬁﬁgamm(ﬁqum@kmg¢mmg@@nwe9ﬁhﬁQMgﬂmEEtmpgsmmuon | ocki ng

cycle. 18 T h@%&! Leceiving an

oper at or |n%% nnveé#ronl ﬁﬁg%%gé}ﬁbﬁkgh&égﬁpg gﬁngﬂgﬁg%er of the MODU

j ack uptractell pdSIDbhs. j ack down cycl es, said control automatically operates a

sequenti al di sengagenent and positioning of portions of the toothed rack

engagenent nbe N1 i ve notion.

100 e VDU ] ac LroaODURIRRE GpRAGE il v bidfy SRufadsButd’?, 00

| east plhnaeengamrgqnbw@ws iohehéd toethgdrracki epgagamerit angmibors pidesajdomithedirapkf orm wit h a

| oad s te i ides indicia
g@gf&g C‘%ﬁo Egé&'g%lé&% s asH&H%ghgéxggrqgé%{enE S8R E{dqja?kgéggagg%l .

of the ns and a warnin unaccept a itions. 20.
The MODEmpestidm ghedgathadrackfwith thd pistanswhise eiurahsmfwlsmn/cwbm7£ ungig&llyeg chord
conpri ggs,qgq. t ubul ar colum with said at |east one toothed rack wel ded on
the side of the tubular colum. 21. A nethod of jacking a MODU pl atform

W t hout interruption, conprising: providing a plurality of MODU supporting
| egs; 16 NoVknbeFhed0BUmki pesiener elgimd whersipeidiegntiet meagpensmiss pak ks f ast ened
to sai g l&lstl'{f]@é blEtY) hnm'ﬁts ﬁklgﬂglbfu'r 12 Af%ﬂgagerﬂéng’ﬂfsgigﬁ%juht h&fsls 16 hr ee

hydraulic piston/cylinder ire its attached to sa l'atform each of
sai d aprovides MQAIN/ ek ny et MOIR stiotorveyeb¢laded 2 MR P‘Pﬁémﬂr}@k@g t oot hed rack
engagegRpt menber attached to and driven in a vertical direction by its

pi ston "and engageabl e

18. The MODU jacking system of claim 17 wherein, upon receiving an operator
input to 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;



wi th one of said toothed racks; engaging a portion of the plurality of said
t oot hed rack engagenent nenbers of a portion of saggNstt I%grsioé)tshree
ri

pi ston/cylinder units with said toothed racks; and \ﬂvﬁﬁl §dl'd“engaged

portion of the plurality of toothed rack engagement Menbers by applying
hydraulic pressure to said portion of the at |east three piston/cylinder
units to extend their pistons and thereby continuously provide relative
notion between the MODU platform and MODU supporting |l egs while a

remai nder ~of the toothed rack engagenent nenbers are di sengaged fromsaid -
toot hed:racks and are being repositioned for engagenent wth the toothed
racks. by applying hydraulic pressure to retract their pistons: 22. In the
manuf act ure of aMODU j acki ng system gapabl e of wi thstanding at |east a
maxi num | eg load of W the inprovenent conprising= manufacturing a-
plurality of MODU sHpfi&saziphislity ojepthed pelis Faternd tocuid plyrhlingpfMODY ur al i ty of

t oot hed r acgpormgleg€ti Ng a nunber of toothed racks R and fastening the

toothed racks on the .plurality._ o U supporting |egs; selecting a nunmber
of hydraulic pistonf® Br?g‘éaﬁ‘ P"{Xﬁgggﬂuwwdﬁmﬁemﬁm%Mmﬁn ng a

conmmer ci al IPjtfams pdcnafisad o leastrbeetydelic PRIOAMEyBEk i 1vids Aboteddabil Y Of rack
engagenent - f ene W th the.toothed racks and
attaching a rac é?l?éq%g%%? Bria% er q‘t%”@&%ﬁ“&?°§%¥??b‘f°ﬂé%?&?ﬁaﬁ?ﬂ? aulic

pi st on/ cy! i"ittERe of gai fHEkSa source of hydraulic pressure P on the MODU to

provi de relative nagd amﬂwpmm&hﬁéﬁreﬁﬁﬁ%%%m supporting
e raul’rc

e

| egs by appli.catio draulic préssure to t

pi st on/ cyl ipﬁtg%'}cg?m%ﬁgmf Rfiiniryindes ppits itk saiditqothed radksiggeir aul i ¢ pi st on/ cyl i nder
units to said N@U&iﬁngsﬁdmmepmmgfwﬂ‘tﬂ@@ﬂgagm%ﬁﬁhe}r LaCk "
engagenent . ed.racks sai d sel ection of the nunber R
of toot hed#@%@{%ﬁﬂ%@#’%ﬁ%ﬁnT%/J(f?‘aﬂ‘}‘ff(@eggmﬁmwwgm‘ber rack, and
t he di anet @r“&n@%@nﬁnﬁim c@éﬁmglmvidaguﬁhynoﬁﬁﬂawbkinheﬁomv 4 16 Novenber
2005 24 2B1atfdri am) OB sdppiiriicls 12 u&}{éiﬁ,qg(an J'Mnea‘r?éﬁ’?@%rﬁk%mg&a””m a

plurality of u%r%n_ egs ] __providing relative notion
bet ween thﬁ’“ﬁ%ﬁ‘: fl frpmm 5944 tqofhed racks and ae being repsitiongd frsumgapient ng | egs, t he
| npr ovenenwitivietoathed reh by apfibin Sydtdlic gds@ritshcike: théddpiichde  1mMoti on between the
MODU platformand plurality of MODU supporting lI'egs conprises a

, 22.  Inthe manvfacture of 2 MODU jacking system capable of withstanding st least 2
maximum leg load of W, the jmprovement comprising: : '
N manufacturing a plurality of MODU supporting legs capable of carrying a

plurality of toothed racks; ’

selecting a number of toothed racks R and fastening 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 2 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 platform and the MODU supporting legs by application of hydrautic
pressure to the hydraulic piston/cylindérs; and

fastening said plurality of hydraulic piston/eylinder nnits to said MODUina
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 Rd:m. 1) > W



plurality of continuous linear notion motors, with at |east one such motor
for each of the plurality of MODU supporting Iegs,&g%h 0 quog plurality

of continuous |inear notion nmotors conprising N hy rauclvimclzq‘ft%lir ston/ cyl i nder

units, where Nis three or nore, and wherein operation of the pistons of
said N hydraulic piston/cylinder units is phased during jacking so that at
nost NI units are engaged with the MODU supporting | egs and providi ng
said relative notion at all tinmes while at | east one of said Nunits is

di sengaged fromthe toothed rack and is being repositioned for
re-engagenent with the toothed rack to provide said relative notion. 24. In
the i nproved MODU j acking system of claim 23, the further inprovenent
wherein the continuous relative notion between the MODU pl atform and the
MODU supporting. legs is provided bysacontrol neans for engaging a portion

of the N hydraujd c Ri .cylinder units _and operating their pistons fora
| ong driving cufjf:sl' e p\/\‘/ﬁi | e! !s'?icl‘]c'igs %’f‘é’ﬁ‘g’?&”ﬁﬁyw*%?fﬂ’iﬂlwf@ﬂmhder units

i s di sengad™PoTREHiegs: MemumEi povidioprebiivegnoliaberaag tie MOIRT Mfofep@Ret | Oned duri ng
a_ reposi t iphirdlif@f MODURPSHATIRE tre Skt prer than the drive cycle. 25. In a
MODU | acki rll,‘%.s bséiﬁm cQnpLi si%g a I\/wﬁﬁ%f)% e%'grsar’ﬁpmea?mpﬁ’}lff°a\'fdfn§§a"t5'¥e MODU
supporti ng 3@%5 ?F[Fﬁj‘gﬁ%”’I’%@“‘tﬂ“@;#i"ﬂh%gf’M@%&?m@nsrbﬁicmestaween t he MODU

pl at f or m awlralityef coplinuou liehriotidn nididal kv HPRAY dok Aith hR@GTFor el Grihd NPT OVenent

wh ' i b di |, at t bet the MODU pl at f

and the pi rnmerobgBldbiice, (h orSfinrlly o pppe e potonaags ( hree.

pi st on/ cy| FRRERBEMEMN hydsulicopistop/cyiinde MBI, wban P 13 thirdc BEmJre god vbaeia optkatisti d at | east

t hree pi st@ﬂh@ﬂ&t&@%ﬁdﬂﬂﬁ&ﬁﬁé}%&%&rkﬂ%’%ﬁ%ﬂg ck.ag{i]l%a ement _member

attached tg its piston and each of the SuppBY |r§g Pah8havi ng a

t oot hed ra@k‘,“@ﬁ%"re@ﬁﬁ“ﬂéﬂ‘ﬁﬁe HODY suppetieg Ipay endprovidippisaidgelative mutiod etchltbet ween t he

MODU pl atf@mmﬂdmmesmnmmi&mx&@g%ﬂ%ﬂpmrﬁp GaEpt of toothed
%‘gOt

rack engag e 1 1h.1he d racks and phased”operation of the
pi stons Of&H%ﬁén pi sEoJH 5%4#%&“9 fo proppde idackyiemetiont hed rack

engagenent nenbers, and wherein the MODU platform and MODU supporting | egs
can be | ocked tfoekd\8d im| e@}@bg%-' ?{ PRk engagenent of all of

t he toot hed rac‘Ee enga lgli’rrrlaa“'r_lt me *{ecirajsiéa&r aﬁ?‘%ﬁﬁgﬂ'&%ﬁﬁ?mﬁ ztder units
with the to5THY ‘i"ﬁlg’ﬂ 8 relgsve motipnibprween e MOPEplainmand the MOBY ssppettiegn of cl ai m
25, the f ulegshisprovidebbyammobindans veh e s dofiiGn dFaON i Giked supporting
| egs are 'ﬂl%%ﬂﬁj:é;hérpﬁf‘oks%}&{% gﬁat igggﬂaovglﬁ/ ‘PPOSi I on ytmé%%rq means for
ceasi ng phased operation of TR Blesyinlppidatiestope of sudmistoiplinder1 6 Novenber
2005 25 piY{idifigspederidom thaMOM] suphiosinplgand indeibgepokimbdiefing ACk engagement

menber s ofremeitaRgagtluRikiy ot an i Giftydcast three piston/cylinder units
fromthe toothed racks while maintalning” engagenent of the renai nder of

t _he toot hed r a%k eﬁgwncsqnnenber s wi.th the toothed r gc_ks, retract i ng t he
pi stons of sai'd porti on dro PRESER compasins xMEplifomn, 8 pluwlity oFMEPUUNI ts wi t h
sai d di serfyRgdins kegsandrawns for providing relative 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 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



rack engagenment nenbers until substantially entirely within the cylinders
of said portion of the piston/cylinder units, and n n i he
retracted toot hed rack engagenent nenbers of said pgrlflvglﬁl% rnﬂ}to e
pi ston/cylinder units with toothedsacks, and repeating the operation wth
different portions of the at |east three piston/cylinder units until all
pi stons of the piston/cylinder wunits are substantially entirely within
t hei r oEylanfedlierdsr units, Hisedghgitgibe twedled mcdengapgmere menmbermefdnengagedprgiaaed with t he
t oot he (25 the
f thi
Py the?’ f%@ga\?te e pl op s{bn}c%ﬂe%t%&% W&d%&éﬁs Pﬁﬂé% E‘;@:?gf engzlggagéﬂnen ¢ and
di senga@@nmmdﬁr of thetottbet thakabngagerkent mng@gswﬂﬂhe tnethddaracks, witediing g f r om t he
t oot he ach toot hed
Fack o SiREbEid o BRAS of (ol AR B o 18 ERORRARER \BInB20) L Cothod
rack emgiigegagernenimmnbars imiil slb@uagfa@}e aively within the dybudelmetd sauégmmlmfer ein no |

power i WH EM;BE” SHRRQEt i ng | egs in
sai d s%%ﬁ%lsgﬁgcsﬂg&g%ﬁsﬂtfjng%&%?&?ﬁm e%%%%é%% acki ng system of claim ‘
25, t heaifl pertipreet thaypstoverdioddr unim@iﬂémth@araaits,amdlrmmngttm eperapswish/ cyl i nder
units i M@Uplatform

sai d p?fsf{%geﬁ{/p\égf()ﬁg Jé&e%ﬁl%%ftﬂ%%g&%n&ﬁﬁ%%{%% I"“%‘tgq@‘g’lf tg&q)%ﬁeglsmmgh enent and

di sengag@mbsmhﬂhentwbwhmmﬁmgyhn@wgmﬂmﬂmg@gmmmfgnblerse oper ati on,

and wh racks have a plurality of teeth with angled

pl anar gﬁ%ggh%?r{etgeméﬁr#%g%s and said toothed rack engagenent nenbers have

a plurality of teeth with mating angled pl anar engagenent surfaces, said
plurality of7.anglrele pheied MODH dpsking systeoy g glais 25 the Sarthgr impeavieeentr ack

engagepBiirisidds ?ﬂﬁzﬁ gﬂge ?&% M hhei r engagenent,
forces re5|ss ﬁ}é @%ﬁ’gg éﬁrh%{jag %E oot L@ftd‘hraci1 agenent nenbers
With th@agmqnbmmbqns vitleand from toptbdd rapl@sthte MRS, foa@gagmenﬁangr oved MODU

j acki ng S, JRAN 9‘“"? nd

di sengaﬁ%ént ftgi;fe%lgc @%%ﬁ%aéﬁﬁt engggerreﬁlga% lggraggo H%’m

hy dr aukdch tosihed it enghgemgatmemhen intreehgegsmed otiiadosthaieady ghg@mn PO nb ers to
over cofg. L 8.4 Hh f the toothed
rack engéﬁeneenlt %e ﬂ% &rﬂg%p?ﬁ@?@%@éﬁﬁgﬁ%@%hggﬁﬁgg@%% 26 30. In a
I\/DDUJR@SRtiqiig system corrpr|S| ng a MODU platform a plurality of MODU
supporting legs, and neans including a plurality of driving toothed nenbers

and a plur ahg ty Elfthe ARl MG | ﬁ'in ff of cfifin E@%&Hﬁéhﬁﬁrb{veﬂfenm

supporti ng provi di ng re ati’ve notion between the MCDU pl at form

and thé’h?}‘PIE}rS%ig a&lwsb@rewmwn@ukypbfwﬁgrﬂp@@gﬂly pitashed st vrlindetendiier ei n t he
pl ur al 1 ¥1Ohu Plal 4 9aill BRIGAR TR REE BeifBStESE fOR o Seméd: REAT

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.



notion notors driving pluralities of teeth having planar engagenent
surfaces, and said plurality of driven toothed neni:i%ﬁovgﬁnﬁpﬁqﬁg racks with
pluralities of teeth havi ng planar engagenent surfac anar
engagenent surfaces of said contingygus |inear notion notors and said racks
mating so the stresses resulting fromthe driving force of said pluralities
of teeth of said continuous |liner notion notors are substantially

uni forny didgtri bud MODbhadking spleanampesigegd 0Bbtplatfows, hatuedityef M(HAU engaged

of - oot iche R Heh R DURLER, GORL s R Rl BRior " B e

t he MOBtivenl tadthedrmensec cmhlw plyhlity ef Moptmupm lsgﬁpfmoprtomldglg redgie t he

i nprov . ding legs

el uddng: boEthMBRE o B Pbidll by Kb HBE R | 9. P BBl ar

col urm impbydmeat Visntihte phadity ofelidied ttmﬂledppubers eorgprge sontifiudquR Bndagbul ar col um,
and wh h e MODU and

t he pl ﬁog ?lélt()%fdg%%%% {wﬁé’P ege%g C r| segég\éﬁeﬁ{{g&erglg% onéq'X}%glq{ailrp{uous | i near
noti on Ofrdriw@n toeﬁgégenhbws tdmpriseraticorithgdumlck of toéth bavdty mhinat dngageagnt chor ds of
each of < YRy m conprising a
MODU pISIgHaoF m -a %%én@gmtag&%fsal%mn lﬂuog rneangll)fi?onlcﬁ1 CR%I §I¥d'3§aﬁi | east one

dri vi ngeckowstingdo ﬁersbe&sesacsdlﬂag frbmalstdrxymg foice vismidipbuiittiesiof tmlmbf@mdon t he MODU

ana  n st B sl e B TP B RED It P 71 Gt hed

menber sur&n@qfﬁeedgagvéwemoot hed nenber conprise teeth having mating pl anar

upper and | ower engagerent surfaces driven by a continuous linear notion

motor. 33. The i RPI%e 18 15th \g@gf@@ t he pl anar

upper and ower enggggiJ QégQgg}tsr?ﬁceg"s'fgrgéj agbpé)c? @1 ﬁ%}a i nproved MODU

j acki ngeppysting legpdndohannfosprovidiog edlative m@tzanlgdt‘é@n #PdPDUpllatlern ardihagenent

surfac fﬁ@:) ngagenment
I{)ﬁo an 93 %E)rtgl 1%@9#&@50\;@1{1&&% efi’lrégé ecﬁs!u@ a11 d’f DB

surfac e ang es a are equal . 16
NovenbetmemOSIegsrln@sdesmémhmwfdmoml} lgg Rhiondyconypsisiogre cfoubi edlymB3 wherein

the angﬂllﬁgtd{b%ﬁ Eack@)eﬁi@é‘&n &Q%ﬁ%@&ftﬁé‘t{l A5l CardWHefeth (A m@fhs 839! € @l and

t he an ower planar engagenent surfaces are angled at an angle a2, and
angl e pRviding gidiae ewtiehzfwenge #1QPU aghe fitvality whsuppatnaVemddonpriks #1g syst em of

cl al ”B%a%ﬁé&in Ombol§ L&Ua} ﬁ%t?ng rﬁo‘?& ga%ed ﬁﬁﬁ'@%%oﬁ%ﬁ%@ﬁ%&& cﬁgﬁéﬁ Ity of teeth

mating Wt ura riven toot nber. 37. The
i nprovelwrd@@qh@éﬂlem@@Vsm@nﬁmgleﬁ ai m 32 wherein the continuous |inear
notion notor provides a jack-up node, a jack-down node, and a MODU | ocki ng

mode. 32.  InaMODU jacking system comprising a MODU platform, a MODU supporting

leg, and means including at least one driving toothed 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.



38. A nethod for providing relative notion between a MODU platform and a
MODU supporting leg conprising providing at |east tht i st yl i nder
notor units, each of the at |east three piston/cylﬂﬁ§§?£W§?gﬁb§nits havi ng
an extendabl e and retractable pistey with a | eg engagenent nenber;
providing at | east three engagenent/di sengagenent neans for engagi ng and

di sengaging the | eg engagenent nenbers of the at |east three

pi ston/ cyl i 3@er rfbt onprensd MOWW jdekiag elysfemoofictalme 33 Wibiin sheppgled vopgr | eg;

provi di | ul I re f IV ' t he at

| east Pﬁgggmgﬁg@%gﬁﬁ%?%%ﬁ%%%ﬂﬁgﬁ%%mgﬁFF%?Q%H%$%?Fhgﬁgggg%gﬁ%%%%¥ t he
engage sectgirs smird geamemgle @ cand asgieiodin geegientharmangterd.i on of the plurality of
the | eg engagenent nenbers of a portion of the at |east three

pi ston/cylinger i YrodBMSD .'atcﬂiné E&ﬁte a ehdi e hﬁﬁﬁ%ﬁgﬂle@Per ating

said portion of the at least three ston/cyl1 nder notor Its wth leg
engagemenermmyeises aghepdigheef teeth hatingeviteplirglilp pOreth pigh¢ ddyen toophedvi de
continyous.relative notion between said MODU platformand said MODU
supporting leg while operating at |east one of the plurality of the
engagenent / di sengagenent nmeans and di sengagi ng the | eg engagenent nenber
of at | east 3dne dhemproved MOPASiackingsestenpifslatm3Zowyheraiftthe contiueys lingkn s and

oper at 3@ oR M6 HoviiBAShekAPSnde, 4 H&- @yl BARL ank AMEDDIGKAR k.| nder ot or
units wth a | eg engagenent nerber di sengaged fromthe MODU supporting |eg
to reposition the disengaged | eg engagenent nenber for re-engagenent with
t he MODU support ﬁigeth@gfgramaw@n@ml@vwog%n between AMERI oletferdt Adiave noti on. 39.

The netiosy lppeh@l Me38mpr@i | Sing 16 Novenber 2005 28 | ocking the MODU
platformin a stationary position with respect to the MODU supporting |eg

by ceasing seVdineshienshistoisiayiindes meior e, cagh sldhrtdiarighmae por tion of the
engagedision @y Rugaas Bt ARIGH $xRhdabRIaf istOPH At P2g Choablifendl | €ast
three piston/cylinder nmotor units fromthe supporting 'eg while
naintaFﬁWﬁa?engagenent_of the | eg engagenent nenbers of the renainder of
sai d porti 0prQfting bil&stithred QpAdebitAlEoa SRR e threngd %'éﬁ’édi%gégllﬂ%
plstonICﬁllnder notor units of the éfsen agfd portion of the 1eg

engage fsnte rerssapy megbers of the at lpﬁéﬂlreems@mgﬁ deymstorit Mithgnefiemiksl y within
their exdhId§hsming (g €Ngagi ng the retracted | eg engagenent menbers of said

di sengaged portion of the ]Piston/cyLinder notor units, and
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



repeating the operations with different portions of the | eg engagenent
menbers and of the at | east three piston/cylinder gg&ﬁ)rveugi}ﬁ)ogl | pistons
of the at |least three piston/cylinder notor units YISt ant T al | y
entirely within their cylinders wi g all |eg engagenent nmenbers engaged
wi th the MODU supporting leg. 40. A nmethod for providing relative notion
between a MODU platformand a MODU supporting |leg, conprising providing a
plurality ofockingthe MQ@YU pladenrn inotiationary gositivdmweitledespetthe theMORUI t y of

pi ston/cyl i.nder tor unjts.nma .pivoted with respect to the MODU
supporf;ll1 %HIP%%gb%ngegﬁn%§ald (ioﬁténub) Surlrgga??etnf/&%’fl’ pi ston/cylinder notor units

havi ng an esgisewgasdy posima of dieeagpablegepasiment mantbarsaf sdidengegegagenent nmenber;

provi ding a ural i of. .e nment /di.sen %ﬁ” ans f agi ng and
di sengg(érg?fb(’fmi‘%aré?ef‘éet%%%erpé%%ng%gﬁ%rnnlg%g?l%%gg’%g%e P ugr@ ?rﬁﬂl}g 1%# Wplegt on/ cyl i nder
not or omintagning dnBageiment MODLlegsuggemdent mgmbegofdmdcmmigdaiofigpidpudticicdengagi ng t he

I eg engl%%esﬁenﬂtlm ernlir:)lecgrs cp; the plurality pf pi ston/cylinder notor units by
pi voti nNg e 5|s on?cy i ider notor units; providing a source of fluid
pressur e f oopethting thagiston&ylndst rooter wiits bfthe idengagkd portiof of tiwmIsg on/ cyl i nder not or

uni ts; _operat rti of . n di s enent means and
engagi ﬁnfg enggerr&g%b%mgg reﬂ[aﬁgh epl)rl pﬁstrtgz;n?ig%g%?a ﬁ?ﬁ‘@%&&’ %gi%g%%ecnﬁ?f{ershe nbers of a
portion of termgagingrth retractedflegringdgemét ylembeke of saivpliwngaged pation dfithe he MODU

support.i.ng, | n erating said portion of the plurality of
pi ston?lcs:tf/)‘\g/lc’ﬁl g‘?m%)tt) rﬁsﬂﬁl s wth | eg engagenent nenbers engaged with the
MODU suppor tepengjng thg opapatipnowitlédifferenitporiivoisf thed bgdnigygement hawberszed ween sai d

MODU p) at f.or .. Saj o i . I i rati | east one of
the pi OF & AR Ssn e b GHERE L Hiths Pfhe Wil PuBBBRRIARAL | °The Teo
engagemsiot unie aigenbstapfialytentimbystithgrtbeioéylindres yithualbleg engagdmepi mmembetcy| | nder

not or unit i ng _eacgh at | east one of 16 Novenber 2005 29 the

pl ur al ?Wegqu%?%@gﬁpgﬁwr% énrgq?ﬁ')tor units with a | eg engagenent nenber

di sengaged from the MODU supporting leg to reposition the disengaged |eg
engagenent 4#enbed ofethod far prayidirayelrtivetmation hetvben ANIDDUspigfomtandhy | eg and

provi dM?ﬂ)(?Qak; %rﬁ%%%’%}é&%@ﬁ elative motion. 41. The nethod of claim 40

further conp eﬁs of resisting the disengagenent of said |eg
engagenent previthiag 8 pluradityn o @istbnivigbider motppovits whereindey rdwrelitngl | ocki ng of sai d

V0. Pl ORGS0 PR PR Rt BY iy o 0 o0,
pl anarthe plysdjems pistopieylinsieagtor units having an extendable and retractable piston with a
leg engagement member; '
providing a plurality of engagement/disengagement means for engaging and disengaging
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



whereby said pivoting of the plurality of piston/cylinder notor units
generates, in the engagenent of the mated angl ed pll%%gve%%gla%ent
surfaces, forces resisting the disengagenent of the l'eg engagenment nenbers
fromthe MODU supporting leg. 42. 3§e nethod of claim40 further conprising
the steps of assisting the di sengagenent of said | eg engagenent nenbers
fromsaid MODU supporting | eg during said continuous relative notion by
provi ditrghsditylof pésjordaytjadpe metot vl dithradegaangagsmbrd nivinblt Baepgaged roxg | eg with

mat i ng d l.anar .en ement ..sur.f S, where al ivoting of the

pl ural .‘;‘%"3@@}?66?%{% 5@ 2'3 tlgll:l g%m% eo(irlse%alg?(ggﬁgﬁggeﬁ%@éem n ?‘Flg ~ engagenent of

t he naeesigamngt edh e MRPU enpagiegtep tndprofidiog said fontiness @ksiahotivg. t he

di sengagenent of the | eg engagenent nmenbers fromthe MODU supporting |eg.
43. In a nethod e W3 i oyl en the MODU pl atform and
plurality o%hr\/wﬁﬂésﬂ%%%ir/(kfiqugﬁgg]gﬁéﬂcﬁﬁp@n%tggg%gtﬁreconpri sing, providing a
plurality ofessomthndicrngageinpaaf saxbieg engageoteorsembeistfionasaid MOPU one of t he

ti [ _ . . of :
N e L s R R IR ST T e BRI
conpri &gy N hydraulic piston/cylinder units, where Nis three or nore,

d phasi 0 3 ol _ . Fo
o1 st on oy! 1 ReCRGREH HeichiheBher BEnpl-ELARSM ML) hebbiliE AN i, | g
rel at i vagledppldnarenbegemensisutfdves, MODU pl at f orm and MODU supporting | egs by

engagi ng at - Pl I § UN LS W %@H rting | egs
and operati ‘ﬁgg} E%e%ﬁ‘?%ﬁ%gﬁl&%ﬁwgﬂgt% %%{%Lﬁn¥r%§%réﬁﬁ% N égﬂgﬁi ts, and
provi dengggeownitof e oated anglediplavas engagdnmnt shdtonk fonces webistinkBRJispigagdnenim and sai d

| ural | i i i.sengagi ng at | east one of the
Bi ston%)%:%/{‘fll(%%?ﬁ%nﬁé&??%%nﬁ%}ﬁéﬂewgﬁggokﬁﬁhg ?eg? operating the pistons

of the disengaged at |east one g}iﬂston/ cylinder unit, 16 Novenber 2005 30
and reposi t fbni nghamethei f chipadetirther cpmprsingshestgisof on/ cyl i nder unit for

r e- engagenent.: . tie : i :PMbFR sai d conti nuous
relative m{%&gﬁ#étﬁeﬂﬁ#ﬁag{e‘ e né%h@gg %‘#gl‘]%b%;}lﬁng%g&gst%ée}n %rt her i nprovenent
conpr i sippertindlek dwrdpatshid cumibupys|relative metiommey MODU supporting legs in a sel ected
stationary kol ' ; ' - i of the N

o1 ot on oyl i Bag il LB oA B O A PR ey i s

; f r om agéedNbmiar engpgroreni sigfadeags whil e mai nt ai ni ng engagenent of the

remai nder o St i L j M :J ing | egs,
retracting tﬁéerQ%i Slg\ltd %%@Elg%%?%]eﬁlgﬁg@gﬁ%gé%cﬁgﬁ%il%&n&& t Serﬁig"g?‘g‘%‘ %n/ cyl i nder
uni t s ensedemeniof thampipd angled plahay engagdmient stifares; {dr¢emassistingdife disaegagénashgaged

porti ogy i leé Q%aé\én@n%&%egy kR HEMoDU supporting leg.

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,



units,

with the MODU supporting |l egs, and repeating the op t|o
portions of the N piston/cylindcr units to til all % St 6h: er\(l)%‘otogh

and re-engagi ng the di sengaged portion of the N pistonlcylinderunits

I'Stons

di fferent
N

pi ston/cylinder wits are substantially entirely within their cylinderss and
arc engaged wth theMODU 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 j Improvement comprising

Iockmg 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
substantially 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 untif alt
pistons of the N piston/cylinder wnits are substantially entitely within thejr cylinders and are
engaged w:th the MODU supporting legs.




