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FOR DETECTI NG MOTI ON | RREGULARI TIES FOR RACK AND PI NI ON BACKGROUND

* OF THE I NVENTION This invention relates to an of fshore m%%@%’ﬂwammpme Lo
particularly, to an apparatus for use with rack and pi ni :
jack-up rigs. G| and gas exploration ilndustry has used j ack-Uglét gs for
decades now. This type of structure provides for an elevated platform

supported by aAN UPPARX V, i 1 hi |ls forned in the
platform During transpo?tgfst%@ga)eétﬁgﬂ‘%m&w?BX&&HLWHES& the |egs
are el evated above the pl aFOR'RACRAND PENFORS ys delivered to the
operational site, it is elevated above anticipated wave action, while the

| egs nmove downwardly for [tioning on the ocean floor. Conventional
jacking systens utilize r&égﬁauﬁhp@ngﬂﬂdi‘fmﬂ@m he legs; usually
there are nine jacking assenblies, three assenblies for |egs that have
three 1 eg chor®@his inaefionaelatddtodsss Hubenagg four, 1o si i ni ons,
which are housed {n a jack frame an g%gomrll%%%g?f Pekt P?‘F& ‘.ll)éﬁg’cw Pnion is
i ndependerfPP§Tals 108 HseoYyith rackland piniian systetsrof yack-upeiys. t rai ns. Wien t he

j acki ng system encounters an obstruction, the jacking system becones
jamred. The sane condition may result froma failed brake while the power

continues to beO# apgdigasdxploratibe iﬁuk&ﬁhﬁyﬁkﬁﬂc%}{%;ﬁdgﬁ}ggdé S%”Erﬁ‘#\g th

electric t ar e equi d to detect theSe I ons

j acki ng uﬁ%&{ﬁiﬁ%ﬁ‘gﬁptg’ﬁlﬁg?fﬂ@aﬂé&vat@é@iﬁfom Supgqredtbr)]'wlgmlilt(yfl'diﬂwgmhthod is
not or i ous impovenaithilll dlels fSFRAC] Y, n rting the. jacking operation
because of the difficul t¥ In li??%%&%%m@%@%““@?%ﬁ? rfbe ieﬁpfrg%wnc‘?frrent
ftgm the Q@?ﬁ{‘]‘FH‘é“ cifer diet legaraye dlevatmeidatyve athie SpTHESE 00HEd IR pldERHLNEY

di fficul thgﬁ&gd@oeg%@g&raletti ng gt.dew to allow the starti Rg transients to -
die down. This 15 bocRrsaonglesite, ks pled \phpve antisipatest wave ectim, ovhileas wel |
as from twdegoadvedowihwardly foP pSR@Sris on B8 oRednGiidyl - Protection against jam
conditions-is usually )

Conventional jacking systems utilize racks and pinions for moving the legs;
usually there are niqe Jacking assemblies, three assemblies for legs that have three leg
chords. Each jacking assembly unit has four to six pinions, which are housed in a jack

frame and supported on bearings. Each pinion is independently driven by an electric
motor via gear trains. -

When the jacking system encounters an obstruction, the jacking system
becomes jaxmned. The same condition may result from a fajled brake while the power
Qontinues to be supplied to the drive system.  Conventional systems with electric
motors are equipped to detect these Jjam conditions for the jacking units through an
indirect means of current surge. This method is notoﬁously inaccurate, especially
when starting the. jacking operation because of the difficulty in differentiating a
startjng in-rush current from the genuine current surge caused by a jammed condition.

o~

Further difficulties arise when setting a delay to allow the starting transients to
die down. This is because the transients vary from motor to motor, as well asl from
one load condition to another. As a result, protectidn against jam conditions is usually |
dlelayed during starting of motors. In some cases, the starting delay may be critical in
protecting the machinery from permanent damage
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del ayed during starting of notors. In some cases, the starting delay nmay be
critical in protecting the machinery from permanent danage
©11711711121211111111222221112 11111 ~~~~ ~I 1~ *000007* 2 Jacki ng systens that
enpl oy variable speed drives to control ,electrical notors also typically
use notor currents as jamindicators. However, using the current as the
sole indicator is usually insufficient and m sl eadi ng because the drive can
generate high torque upon start w thout producing surge in current. Al so,
during running conditions where the torque demand is close to the torque

limt, the notorJaekingsystems dmt employventiablolspeetinds & botfird] 'éie%ﬁictapmﬁfbg§ rol

t he notor. 0 ition may occur W thout triggering any alarns because
the curr entég\nt?ﬁp S:“f)g’je"gvl\hs? IOROT HErents Asdam indieptors Nlowyes using the aittrent|as theor
faster jamsitd alicarst i9Sus08llyAinSORIeARhAP MiQlad gtection as an

i ndi cation of |oad and speeygl1 det ect ?gl?\d)?]égéﬂedgﬁgé%gﬁsﬁo&ﬁa S odnganfgte | )
speed r angdugly dergue nonosiart opithoat ipnefucingdsurge s cuftentd e51gs,| B@thgd Yurdniify

pat ents bel e R . 4245370 to ker describes a protection
circuit for&gelygggﬁérectﬁéegoﬁ@& 4%81"83 8 8‘?%95%’1 tgFﬂW’ﬁ’@“bfﬂli metasarayestalbasush,
whi ch uses the sgéablle spegd alive LRRIt6 SERGIHe %%rm&rcoﬁﬁﬁ%h'%?bccﬁg%tggf or

conpari son.a ai nst nornal operating speed ranges. Y668 to
Trussler et. “.ng(fé%@{al"ﬁ‘ﬁ hecaysqtbasirrensivill b withimthe nodaliraggerot or stal | i ng

usi ng speed and current signal, to maxi m ze avail able torque through the
~entire stalling duration without inflicting thermal damage to the notor.
U S. Pat. 49detBeds aro aveithhlecfor faster jatnsietechigib usind b QoBbiiarien Gl f or

No.
the notor | St 1 f .a frequency generating circuit corresponding to
tcga”ﬂt or g%tg‘gﬂﬁi{%‘? gb‘{[‘)‘éaé ngﬁ&q%@' eed dsteetiomto detesti abnomhal mperatindue t o
over| oadi ngpeed matiges Qnder viakisus dPRkati S69R7 Yait scrjbes the
protection circuit against stdggl ilrl%gkemflor&%’ g)%iﬁsg ?e{%yb%ﬁ?‘gﬁﬁ‘éf’%%“f?&mdes
where operating torque are different, consisting of

: U.S. Pat. No. 4245370 to Baker describes a protection circuit for a vacuum
cleaner motor against jamming of the beater brush, which uses a speed signal

representing the motor rotational speed for comparison against normal operating
speed ranges.

U.S. Pat. No. 4322668 to Trussler et. al. describing a power control method
during motor stalling using speed and current signal, to maximize available torque

through the entire stalling duration without inflicting thermal damage to the motor.

L U.S. Pat. No. 4504881 to Wada et. al. describes a protective circuit for the
motor, consisting of a frequency generating circuit corresponding to the motor speed,

to detect abnormal decrease in rotation of motor due to overloading conditions.

- U.S. Pat. No. 4695779 to Yates describes the protection circuit against stalling
for a plurality of operating modes where operating torque are different, consisting of
speed signal and current detection. The current is used to detect different operating

modes, leading to different time delays for run-up to operating speed. This patent is

for uses such as an oil well pumping unit,



speed signal and current detection. The current is used to detect different
operating nodes, leading to different tine delays for run-up to operating

"speed. This patent is for uses such as an oil well punping unit. 3
Pat. No. 4547720 to Loudon describes a notor start-stall detection
apparatus and net hod, based on stator add vol tage phase difference

detection, as a neasure of rotational speed. Al the above patents stress

on not or protect'e€ The priority is to ensure that when the notor is
UO dBatoNas 14547724 to Heoudomaigscribes & mavore stagtatalN Pete@G6MIT S -

Furt her nor b n era condi t s for_ individual
5 | mppHR O Oelrdd BRE AARORE kel Phese’ ditliresrn dsiecdontamai 1

running at low s

not or s. enent ati on O

result in angasumfrowﬁbmmpm.tl me because at any single tinme, notion and
| oad conditions vary fromone t.~ rack to rack. Using a common setting for
all nmotors on a jack-up wll result in a cOrrprom'sed time delay. This is

| ted by t dit d th
operatione. In threoxt palents SR AROE bl Rl ee ity mblo snseiebet | on
usi ng not oW egﬁbednotand; muning rat 16wo8péeds iop Gtafig) h@‘?iahﬁgé :aﬁf(rt?%b?h i;{g ni on
| kel'y tha

j acki ng sy Is different. When a jam occurs, it

mechani cal "and™'structural damage will occur before the notor is damaged
due to overheating. The enphasis in this invention is to quickly detect a
jamcondition, and stop the operation imediately to prevent nechani cal

and structural damhe@norgiistagtion ist based @aomhgr@nan@nmﬁn@pﬁ@gpm\égors
of , not or speed, the notor

consi sting
current an{jﬂélﬁgﬁb%? lgﬁ o? ﬁﬂﬁ éhogf oﬁﬂtrB? Pigipn systgphwilbresnly imadlavestpar i son

i's nger for né@lectmmm«a beiust &t d'ryl i@ tihleemd>aA6E aﬁ&‘fdﬁd D &iltloH? Krfxg/af?(ﬁg ong @

le motgry i, thon As notors on a sing erac are ¢
synchr oni ze'c:1k ?H'I"1 L& §r ommon, seiting f@fcﬂémotmmmomm‘k m;dmtllréstun@ a

i rregul ar _d)lﬁq&dﬁused time delay. This is complicated by the fact that loading conditions are
dynamic during the operations.

In this invention, the philosophy and method for jam detection using motor
speed. and current momtormg applied to the rack and pinion jacking system is
different. When a jam occurs, it is likely that mechanical and structural damage will
occur before the motor is damaged due to overheating. The emphasis in this invention
is to quickly detect a. jam condition, and stop the operation immediately to prevent
mechanical and structural damage.

The detection parameters are more extensive consisting of motor speed, rate of
change of motor speed, the motor current and the rate of change of motor current.
Monitoring and comparison is performed between motors driving the same rack, and
not based on a single motor in 1solat10n As motors on a single rack are closely

synchronized, this presents a more efficient method of identifying irregular speeds
and accelerations.

However, even with. the implementation of the improved method for jam
detection into a conventional rack and pinibn- jacking system, the safety system should

be improved further to provide a pre-warning for a jam occurrence.
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and accel erations. However, even with the inplenmentation of the inproved
method for jam detection into a conventional rack and pinion jacking
'systedt the safety system should be inproved further to provide a
pre-warning for a jamoccurrence. 4 Jamconditions may and usual |y devel op
during the course of operation. The wave! motion, wi nd conditions,
considerable | oads, differential |oading conditions and distance between

| eg chords contrighyt . Qssi bili f m salignnent and eventual

j ammi ng of the té@t‘lﬁ 3‘?18?%&?\9%@?8&@ evelop dring ghei enyrsspefr eperationviThdr a | eg
m sal i gnmenwavenotien,seind@osdidenaRbssi the leq,itself and
the leg gui.des on the hull .l The dgsrlr&ajeggmgm apgggﬂ%rn tfaﬁ)&agalgo‘i?gp‘tlﬁnbm onged
period of t$INENCHBetYeen dageahords) doptribeneetoopporgibility of tisaignREnCAHIMVehRR Whi ch
can then bqaﬁﬁlﬁﬁgd thhe Ecjg& aéa}'bl abl.e current and speed j am detection
system Althpt;lg the 1mpr ok &4 8Y JEekmassepbhss: ngA nigeking peration with ge leg

det ecti on vhishligmperdmiy esiiya Jon¥iidbrabdaknape! ujckly .det.ect .t h

eventual | and nstop t he g\ggrtgtb%g]ng) ﬁ%klgéslgglgﬂpé tlt%ﬁeg

red condition
advant ageo%@&e& ?fh\%’ é“lﬁuw dainageewilhve rintligtedsyvet erprolonpedyerdd of Kt ur al
this, as it does not

d . Théel ' . ' AS. ble to.d
amage ef&@r&yﬂqmﬁm%ﬁc&{l‘%ﬂggg éh%g?gncgadlﬁaxé%tﬁyc%ﬁgﬂ balsensgdbsvi or of

have a holistic view &nd

a parti cul dfe aedlable cypentramdapeadjamaleadtib@sishdn ot her sets. A rack

m sal i gnment may i nduce higher | oads on pinions |ocated diagonally but the
all the notor current and speed may be well within the operating limts. A

| eg mi sal i gnnentAlthoapRtheVignpdrévdd ; ch higher. | oads on one of
the three racgs utg i ndi vﬁirduaﬁ%ﬁ%ﬁo%mg@}{lﬁgﬂg{&gnc}lrgeﬂéé‘ggﬁndf’ﬁe"‘ﬁﬂi‘tW}thdi cate
aﬁj-- am Al t FRSG rfeeéiﬁek Sl svarkgvelktor quickly aletbcsthe edlertest Jbasted HaLIEEH RRGL €Ct S

t he/'not or sBH HBYHeREE r mege, it does nqQt provide any formof
noni t ori ng agd pr t%?f)lxbfr% %g}égbﬂgtaggﬁd:)’&?tﬁg%"sd% Ye aduch F@Tll%ér Wagnihgr

‘behavior of a particular set of motors as compared to the other sets. A rack
misalignment may induce higher loads on pinions located diagonally but the all the
motor current and speed may be well within the operating limits. A leg misalignment
relative to the hull may have much higher loads on one of the three racks, but
igdiv_idual motor current and speed will not indicate a jam. Although the existing
current and speed feedback system protects the motor and machinery from damage, it
does not provide any form of monitoring and protection against structural damage due

to irregular motion behavior.

o———

The difficulties for the jacking system as stated above are also applicable for
~ the electrically driven skidding system based on a rack - and pinion
configuration. Usually the cantilever or drill-floor is driven by a set of 4 to 6
pinions, 2 or 3 on.each side. The cantilever structure rests a support. frame on
the hull and moves along this support frame. The motion cantilever structure is
restricted along a single axis by guides on the support frame. Rectification of a
. jammed condition and misalignment during operation is time consuming and
may be damaging to -maéhinery and structure if excessive force is used,
especially when positional information of the cantilever relative to the hull is
‘not available. |



configuration. Usually the cantilever or drill-floor is driven by a set of
4 to. 6 pinions, 2 or 3 on each side. The cantilever structure rests a
“support frame on the hull and noves along this support frane. The notion . .
cantilever structure is restricted along a single axis by guides on the
support frame. Rectification of a jam¥d condition and m salignment during
operation is tinme consum ng and may be damaging to nmachinery and structure

i f excessive for?§ i s used, Pﬂﬁspeci ally when positional information of the
cantil ever rel att &0 $parqhes iid \nof showanyatesuits thas . fulfils phe @hoves datectiars di d

t h i ; [ L [ ' t f
ot Show anequeebiol ki ol S MRS S, BEEASD SRR BRIV .
means of edUavides ameshnobequabizidg pindon leadsafok b fapkigsesdmbly @RlyYafdh gy hiihe hul |

has been | o} rational. air.gap and engaged in hol dilng node using
the elect ?%?rggeﬁét%aglp &88@8&%&1 ;ﬁ"egg?nan frergsdoin Beldingnpiode ewsing ithd nat i on

of drawbacledecadaghéticstandst h the prior art and provision of an apparatus
for detecting notion irregularities during operations in a rack and pinion

systemof a jack-up rig that would all ow detection of notion
irregularities ion of stryctural, K damage faster than it is
possible with %ﬁ%@*gﬁ}gfﬂg%‘p@ﬁgqpﬁtﬁ eipinapsn @gdrmﬂea?mﬁnqnw mithi s an
obj ect of theepriorcaeand prowyién N ah BppiAvd B &&cﬂﬁ?%ﬁi‘foﬂ%@ f‘ﬁﬁése‘ﬁ%lnggt f
ot her obj€ct o

notion i rregulsri tjes for rack and pinion syste s a
the presenPPFTAUEM inghrack apd pinieresystemnphajackuip rigthat wetlkcdliongdstectini gnnent

prevent st pidiorligbo i a warning of a possible jam,
condition in a r_ac%< ang %Pﬁ?geﬁg{ét?o\eﬁv%t FH%%?%%@C g?ﬁ&’s@g'éﬁds Besstile WHhect s of
t:zxe pr esentonventional systeme achi eved through a provision of an

elekt r onechani cal system which connects a notor that controls

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an apparatus for detecting

motion irregularities for rack and pinion system.

It is another object of the present invention to provide an apparatus for
detecting misalignment, prevent structural damage and provide a warning of a

possible jam condition in a rack and pinion elevating system.

These and other objects of the present invention are achieved through a
provision of an electromechanical system, which connects a motor that controls
rotation of the gear assembly in a rack and pinion system with an electronic assembly
that interprets signals received from the motor and a signal indicative of a rotational -
speed of the gear assembly. An encoder is mounted on a side opposite the input end of
the jacking gearbox, or gear assembly. The shaft of the encoder is coupled to the first
.stage of the gearbox, which is directly coupled to the gearbox-input shaft.

A current transformer that can be installed at one of the incoming phases to the
motor monitors the motor current for the jacking assembly. An electrdnic assembly
receives and interprets the electrical signals from the encoder and the current
transformer and detects a jamming ' condition during starting or running of the leg
moving assembly.



rotation of the gear assenbly in a rack and pinion systemw th an

el ectronic assenbly that interprets signals received fromthe notor and a
"signal indicative of a rotational speed of the gear assenbly. An encoder
is nounted on a side opposite the input .end of the jacking gearbox, or
gear assenbly. The shaft of the encoder 'is coupled to the first stage of
the gearbox, which is directly coupled to the gearbox-input shaft. A
current transfor i a ne, of the incom ng phases to
the motor noni tgﬁeﬁﬂgxen%?égm%%géﬁy @gfa%hh 0%8%1185“% & ¥pteg signals

el ect roni c adsamieht signafscirom dbe motbrs ﬂnh%@b&i;ﬂedtb%@%&ﬁwlhcé{onfi gnals from
t he encoder and the current transforner and detects a janmng -condition
during starting or running of the leg noving assenbly. 6 There is one

el ectronic asserrHieyiﬁd@iidx%cého%%éétrbﬂicg@%xéﬂgh»téfﬁggﬁﬁ{‘fgﬂ'in}i? naj s a”gfwcu”e”t

signals fromthe notors that are coupl Bhgto tse

i ndi vi dual M@ dee elestronjniassembie thpapcwislrhekt pasitidneind 1a£@h{t&trﬁﬂantfgr flae
central |egg£lectronic assenbly to process rack position an oa
information Tor the |eg, The systemof the present invention allows
detecting notion irregularities and potential structural damage in a very
short period of tine, less than 1 second, thereby saving equipnent and
structure from péffkstemtof dhmprgeent BriemorDHRGRI deTdcahb ehotibhirrE SN iNGand Fi gur e

1 is a schgsRhéif sy LNg. a | ack: up uni Lth truss legs. Figure 2 is a
pl an vi ew gf _alplsg?%a?ngg&%]%‘éla? g%{%-shﬂgp%oi frdessi tharo h sepead, theebyes f or
movi ng t heSavingsesquipent afd sioucturd fion peﬁ@hgﬁtldaﬁ{ag@_ view of a pinion assenbly

shown in Figure 2 taken in the direction of arrows Ain Figure 2; Figure 4
if)e} detail side view of a pinion assenbly shown in Figure 2 taken in the
diy/ection of arrows B BRIEFIYESCRIPT, gﬁrﬁﬁ‘@n‘ﬂ'ﬁ&ﬁ‘ds side view of a

pi ni on assenbly shown in Figure 2 ta

Figure 1 is a schematic view shdwing a jack-up unit with truss legs.

Figure 2 is a plan view of a platform of the jack-up rig showing pinion gear
drives for moving the truss legs. -

Figure 3 is a detail side view of a pinion assembly shown in Figure 2 taken in
the direction of arrows A in Figure 2;

| Figure 4 is a detail side view of a pinion assembly shown in Figure 2 taken in'
the direction of arrows B in Figure 2;

Figure 5 is a detail side view of a pinion assembly shown in Figure 2 taken in
the direction of arrows C in Figure 2; and

~ Figure 6 is a detail view showing an elevating gear assembly and an encoder
for detecting misalignment through the rotational speed of the gearbox input shaft.

Figure 7 is a detail view showing the system block diagram for a single rack.

| Figure 8 is an overall system diagram showing the complete systém for a
single leg.



the direction of arrows Cin Figure 2; and Figure 6 is a detail view
showi ng an el evating gear assenbly and an encoder for detecting
"msalignnent through the rotational speed of the gearbox input shaft.
Figure 7 is a detail view show ng the s¥sten1block diagramfor a single
rack. Figure. 8 is an overall system dfagram showi ng the conpl ete system
for a single leg. 7 DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

Ref erence w | | faoll owi ng detail ed description, taken in
conj unction wt h%@@@ﬁkﬁ@ﬁg’mpwﬁ \M&EEERREREMBOIHI\ENT
designated by 1like nunmerals. Referring nowto Figures 1 - 5, a
self-elevating jack-up unit is designated by nuneral 10. The jack-up unit
10 is a nobile d%qf@hmeewslt nuwtlwr matlhad thesfolisashg Qétalll@dlﬂés%l-lph&i% Paﬁx' on and
producti on o@ Bé{tpl cal unit is provided with a plurality o trussed
| egs 12, ROE eP(b‘ht ‘?8 RIpEInR awmgs,i whegein liker pastsearis i desigh@edyt he
unit  10. Bkéhmeﬁlsany nunber of |egs may be used to support the hull 16,
for illustration 1.~ purposes, the jack-up rig shown in Figures 1 and 2
has three such legs 12. As shown in rmre detail in Figure 6, a typical leg
of a jack-up unp mut ual |y allel, chord nenbers 15, and each
chord menmber 15 fesé?lgﬁ%b%%g F\}ﬁu(rﬁfg 5 éls CVBB%&CH'Q‘Pr%MSr@WBQﬁSd by, 19

that ext enulrhenabjio. Wcrjati-yp Ghiong id mobﬂé\gﬁfého?é strdcif ﬁése??or Jifh% Hut var d
surfaces of he racka 19 are provided with rac teet not ovvn)
whi ch engag® ?fé%‘ééf‘ \PéOCIHCH%né typiceh jackagp uuyt & Bmaddedgmthcakphxmlitﬁ 080.

For i zont al a1 S ey e ARty 1¥Tn 5T b TEiRahe uth

chards 15.10rdthoggbany nmbenm“uegsmagcbeatsemnem?oﬁfmé hetl tr ki ﬁ,@gma{,yn shaped
I 3 course, the number of .

12, t
cho?ds an e s’hap'Eag%flgtr"r%s S@Bénﬁf %oltandlghqsttb@eﬁéchlﬁés Ehbodi ment shown

in the draW| ngs.

As shown in more detail in Figure 6, a typical leg of a jack-up unit has three
mutually parallel chord members 15, and each chord member 15 is provided with a
pair of opposing rack members 17, 19 that extend longitudinally along the length of
the chords 15. The outward surfaces of the racks 17, 19 are provided with rack teeth

(not shown) which engage respective pinions 32 carried by elevating jack units 30.

Conventionally, there is one jack assembly for each chord member 15.
Horizontal and incljned braces or trusses 23 rigidly interconnect the chords 15. The
chords 15 are located at apexes of the triangularly shaped legs 12, as can be better
seen in Figure 2. Of course, the number of chords and the shape of the legs are not -

limited to the embodiment shown in the drawings.

-y

_Each leg 12 is provided with the jacking assemblies 30 for moving the leg
vertically with respect to the hull 16. The legs 12 move from a raised position, when
the rig 10 is in transit and the legs 12 are ‘supported by the hull 16, to a lowered
position, when the legs 12 support the hull 16. The lowered position is illustrated in
Figure 1. Each leg 12 may be provided with a spud can 18 for bearing against an

~ocean floor and for supporting the unit 10.

As the legs 12 are “jacked,” the hull 16'is elevated above an anticipated wave

action to support the offshore exploration and/production operations, Conventional



Each leg 12 is provided with the jacking assenblies 30 for noving the |eg
vertically with respect to the hull 16. The legs 12 nove froma raised
‘position, when the rig 10 is in transit and the legs 12 are "supported by
the hull 16, to a | owered position, mh%n the |l egs 12 support the hull 16.
The | owered position is illustrated in °Figure 1. Each leg 12 may be
provided with a spud can 18 for bearing agai nst an ocean floor and for

ti ' t 2 "jacked, " t Il 16 i
ol ovat ed Sbonont blattbbns S5cttd3the B9 10 3 fehindlsd Hifhderrisnad worasid on the
expl or at i onh@lh¥$.pFheddertickomay pe aisb ingouited(e Y &ntileRBRdtnBrur® b SURLE F}Etlel% f orms,
&

such as the Lt..1 e, equipped with_a derrick 20 nounted on Sul |
16. The derorl#g:Jv %&O%%épgﬂTmﬁ eun snFigurgant i | ever structure 22, which

extends outwardly fromthe hull 16, as shown in Figure 1. The derrick may
be positioned for alimted |ateral novement to accommpdate well drilling

in a plurality ofhq deteick may bapdsitiodeddban inigd ld?&alﬁﬁﬂetrﬂé?@tcpécc&%oldﬁgs 12.
The pl atfor\%lﬂﬁriﬂ'ﬁé .be 61' S }pét?vi ded with auxiliary equi pment, such as
cranes 24, ' pipe radR& PR bk locatigns withoyt phyngingrthe pesitiert of thiEHegs Bk
assenbl i es THe platfornel] @ init§Thegld artdacal .di spl acenent the hul] 16.
As shown in. Figures 2 -5 a 'g?{dppiogfdérgi gﬂﬁglg“ﬁﬁgqflgg}gpﬂéuag%ﬁque@:30,
three ~ a®RBrksebelinort, crey living huartees, etocat ed at each | eg. chord 15 of the

triangul arly shaped | egs 12. Each elevating jack assenmbly 30 is secured to
the hull within a jack housing 31. Each elevating jack assenbly 30 is

provided with fdie jpiknasseisblRa, 30 Gotaine® Qkakd eth, of, racks
17, 19 assggiﬁt (ef%ovm t.h the legs 12. _Tr?e 'rg%%tgﬁﬁlc%%/%ilg@gg%geggﬁﬁItFeeBu%\re

d sllgne'd t 0 af*f gnﬁéré}g‘(‘ﬂe%@e'% @ pisak g heetnivecjackiagtdssentidizgi3og tgws f aces
of- £'he racksemblepdt 108 Swi f re,desjgn t.o mate for better
| oad transfer an?:l i;tab ’Zf“ggggif‘%&ﬁ’ a?%galp ﬁtcpgﬁﬂjg%‘eﬂ‘femﬁ“%& ’EhaP?Qy of
mi sal i gneiies beét ecdrelenating jack ensemttiln G0 dp presied o tiaCkel Wil #RYS hBESSEN |

j amm ng copdi i .be.encount ered during, star t-up and running of the
not or, | .gz.npl %ﬁ C{E%g R ege‘f)‘g{yngonﬁv@iﬂ’%\ﬁéiit%lﬁoyﬁ pinions 32, which

operationally engage teeth of racks 17, 19 associated with the legs 12.

The rack and pinion assemblies are designed to allow a very close tolerance
between teeth engaging surfaces of the racks and pinions. These surfaces are designed
to mate for better load transfer and stable support of the platform. Since a possibility
of misalignment between pinions engaging opposing racks is always present,
Jamming condition may be encountered during start-up and running of the motor, i.e.
when the legs are being moved vertically.

Gear assemblies 52 assist vertical movement of the legs. A gear assembly 52
of the present invention is shown in more detail in Figure 6. The gear assemblies are
similar for all rack and pinion jacking assemblies employed in the present invention

and only one such assembly is illustrated in detail and described herein.

Each gear assembly 52 comprises. a gear wheel 53, which is mounted on an
elonga_ted rotating shaft 60. The shaft 60 and the gear wheel 52 is rotated by a power
source, such as a hydraulic motor, an electric motor. or other power means. In Figure
6, an electrical motor is shown as the power source, coupled at the input end of the
gearbox. A power source causes rotation of the pinions 32, moving the legs up or



Gear assenblies 52 assist vertical novenent of the |egs. A gear assenbly 52

of the present invention is shown in nore detail in Figure 6. The gear
“assenblies are simlar for all rack and pinion jacking assenblies enployed .
in the present invention and only one such assenbly is illustrated in

detail and described herein. Each gear d&ssenbly 52 conprises a gear wheel |
53, which is nounted on an elongated rotating shaft 60. The shaft 60 and

t he gear V\haeoel 52 ils.rot a@g y. a power source, such as a hydraulic notor,
an el ect ri TGt 4t relgfiongio, lﬂ@\/\’e@: witikmthe jeek Bisgmblies 80 remaial @@idnagaln Mot o

i's shown aseldbien ROWRMyAOUr ce, coupled at the input end of the gearbox. A
power source causes rotation of the pinions 32, noving the legs up or 9
down in relation to the hull 16, while the jack assenblies 30 remain

stationary in rglati to the hull. The shaft 60 extends through a center
of the gear \/\/rleeﬁles%‘.aﬁ%q eé‘FFé‘HﬂQFO‘qugcm@pEfrthQ gearattiegl e eticdert 62 fshe

shaft 60 t hperagbnal t.E A . shown in .Figure 6, the
encoder GZh)E)s goﬁnt}gﬁingﬁ&gggi gsgg%ggitﬁée}mg@%i %Eﬂ%lmg%pﬁdr%@ %‘? 4%@10@@&1*1

assenbl y 5&igYle Sl emrodat62 isememtailen at2dd SpooiP ke thi® ehB B8l dr' il géa&ﬁgf of
Shaftt

t he gear ﬁﬁ;‘i{l 5Q, i£h 1s directly coupled to the gear 1 npu

60. The eng%ger 6§O'n8a8§\é\ﬁe@ ?tlh'zerCB?%@F df coppled totha fisst istageitof shapdar 68 of
the gear assmbbl 50, WhichisidiectBP&upled? d pinion jacking
assenbly. The nmechanical notion gf tﬁg%{%%&péﬂ%?{t%s converted to an

electrical signal, which is transmtted to an electronic assenbly,
nuneral 72. The

schematically s | EQUL didentifie y .

el ectronic assg??n% a?lg%he%eugeesi ee’éo%til%!:lf%eegrogfhednk”f‘taﬁhgﬁéﬁrﬁéﬁhe?%ar whi ch
i 3 ~schematdssen Roduringn ope@tioe of. tHhgadk” anaf [ idekin i gnal |y
cgniect ed rhg’chagﬁglem t.t he iSthom' ng phaseg of a ?rioh{mgr J%%;ldgfﬁgﬁﬁb%s fmer 74 .
moni tors the currefoiopLdhe innus shafyiis corverted do aneelerical gigitahrwhisly jor |
runni ng oftransmitteiCloi anG:1SHOhR R [ ; ractice to install the

t ransf or m%rygufxsng}ﬂ 7t2he not or co%ctré% ’%E%P%Mg%%‘g%%h‘%‘ﬁe P‘P\‘t“ﬁ’f‘@}i%.

The electronic assembly 72 also receives signals from a transformer 74, which
is schematically shown in Figure 7. The transformer 74 is operationally connected to
one of the incoming phases of a motor 76; the transformer 74 monitors the current
passing through the motor 76 during starting or running of the jacking systems. It is a
normal practice to install the transformer 76 at the motor control center 78 located on
the rig 10.

The rack electronic assembly 72 receives the signals from the encoder 62 and U]
the transformer 74 and interprets the signals to determine whether a jamming
condition has been created. If such a condition has been detected a signal may be sent
to the motor to terminate the supply of current and arrest the rotational movement of
the gear assembly 50. By using the encoder feedback, the apparatus of the present
invention allows. detecting of jamming conditions in a very short period of time,

typically in less than one second for normal and pre-load conditions;

In contrast, traditional jacking systems, which utilize the over-current method,
have blanking time of 2 seconds, under normal conditions, and 5.2 seconds, under pr-
load conditions. The improved accuracy and speed of the detection of the jamming



The rack electronic assenbly 72 receives the signals fromthe encoder 62
and - the transforner 74 and interprets the signals to determ ne whether a
jaming condition has been created. If such a condition. has been detected
a signal may be sent to the notor to t?rninate the supply of current and.
arrest 'the rotational novenent of the %ear assenbly 50. By using the
encoder feedback, the apparatus of the present invention allows detecting

of jamm ng ssHHMidA BOSqH very short period of tinme, typically in |ess

t han one second fo? %f)ﬂrl?ra‘f*ﬂ]aﬁlg ;B'Esgn{ H‘Xgmé%g]ilqwsbﬂ@?ecﬂﬁg ctémackmg, system
traditional frpmcpdnmgnemﬂamm@, which utilize the over-current nethod, have
bl anking time of 2 seconds, under normal conditions, and 5.2 seconds, under

pr- load conditions. The inproved accuracy and speed of the detection of
the janming 10 oapfihtq i W th the present invention allows

prot ecti ng tlhe j acki ng ?@g@é&ﬁ &Jrg]r% B@FW&HB tgn 3 gised Wit investergiieemat us of
t he presentelegitiemators, itsallosadderéctibn iof st £ Emlib i8N ' n“gé [Bof I 1

al | ows det qﬁﬁ%&n (gc{“ m%qgtfm st al‘lai&lng in a rel at in\gel y rscﬁdéfr%'tgyrpée@l 0 rgofd Otii me in
addition to the [EHUbIRIE i45m cendition desgetiomnBheproblemmfafiotonstailing uahdliyng
usual ly oaeuirs whantht Rerati® 'dehl ' Lose t.0. torque Iimt. Under
such conditjons, detect i(.lon of g"nﬂﬁwgﬁg"l {Pf%’éﬁ?rﬁf'? i'fnégﬂf"éieb GaBARIonsi t i cal
Lor 5, sor 1 85 SFoR atmcind iraluics o caninhorearitid o 4 Se\groid and pnin

sy i zgkd : S s I nv |

i ncreases §afeet }}@% éﬁaéﬁ@gs%‘i; Sﬁ?@’&‘?'ﬁ&ﬁ’g“é’zm%e@ﬁgnagmpmofftbc prés¢mEct i ng
unst abl e | oadstiandncsasedsafen dedtl@h S Villihe! AV {he }acking
assenbl i es m%%ei he Iag(?s, each _r_acky?erlg_ a 80@5‘?@%@?9?‘1\{\2&%‘%Eﬁa%‘%?&nghe
t?e\t\h of a'Pi Blg o freed epnditiensiaf ¢he invertes! s. By enpl oyi ng t he appar at us
ot.‘t'he present invention at each pinion assenbly, any possible m salignnent
of racks relative to pinions and relative to adjacent racks may be checked

and correct ed b&hanethe Jackimgiasseinblits giovenhe RESUERD rAsk HRO ogf]b}ﬁitﬂnldre 8,
t he indivi Q.ga%mr atﬁl:(te%hfc ronic assenbly 72 for a particuldr Tegwll
transmt positlen an SHPTURNA Fisrent viegicahlevela By pwptoyingi the apparatus
of the present invention at each pinion assembly, any possible misalignment of racks
relative to pinions and relative to adjacent racks may be checked and corrected before

serious misalignment occurs.

As shown in Figure 8, the individual rack electronjc assembly 72 for a
particular leg will transmit position and load information to the leg electronic
assembly 76. The leg assembly will process the relative travel and position of each

. ~rack against each other, and the hull position, and determine if the magnitude of

{0 misglignment is greater than the permitted limits posed by the leg guides. If the actual
misalignment is greater than the allowed limits, the leg electronic assembly will send -

an alarm signal to the motor control center 78 to terminate the supply of current and

arrest the rotational movement of the gear assembly 50. The leg electronic assembly

76 will also utilize the information on the load distribution between the racks received

from the individual rack electronic 72 assembly to indicate if the leg structure is

undergoing excessive stress, due to misalignment or rubbing against the leg guides.

The leg electronic assembly 76 can also be configured to include a display system to

show real-time position and load data during the operation.

| The present invention provides a holistic system monitoring of the position
and load of the rack system relative to the hull and leg guides. This positional



assenbly 76. The leg assenbly will process the relative travel and position
of each rack against each other, and the hull position, and determne if
"the magnitude of . i- msalignnment is greater than the permtted limts
posed by the leg guides. If the actual msalignment is greater than the
allowed limts, the leg electronic asseribly wll send an alarmsignal to
the notor control center 78 to termnate the supply of current and arrest
the rotatianal nmpvenent of the gear assenbly 50. The | eg el ectronic

assenbl y 7‘%@?‘?1‘0%09@194 withhe motoricufrentrinfarmatiomistusefu] Ferckash sid gmm on

bet ween t hgysiagks koY m the indjvidyal rack electronic 72 assenbly
fo indicate i 1‘6&1 fg ’h%&ﬁggh‘g?odc%@glsi‘gherﬁﬁﬂ r%ﬁﬂgu’éﬁé@bmé fer deectiondafe t o
m sal i gnneentect poiltsi agl kgdingSéonthink 89 ag&ip%%% C(;I;an]u]s@g}a cel\(l. ectron

I.C
assenbl y 7Qvoi an a%j.o gee configured to include a display syéqgeﬂp?rﬁho‘?how
real -time posi? oW EAEE S vaR thedwlimay lehé toparstioweariethprase Blates

i nvention Bﬁ@ﬁbﬁﬁ)‘l@dﬂﬁ%ﬁe%iﬂfel%%ss_tem monitoring of the position and |oad of
e

the rack systemrel ati tot hul | and | eg guides. This positional 11
information, coupled with the notor current information is useful for rack
and pinion sysgens, .particularly for systens where only small guide
t ol erance for d’éfaélXtﬁhgﬁgeéfmﬁdB?Aléﬁﬁtloﬁéimﬁ)’sbt‘amdboadhmdesigmd'fﬂieomséxﬁ
accept abl einvéitivn Witksht jdesdein® rORGLAL); i-th.a rsalign leg relative to
the hul | r@g lead to e_xcess'iﬁ%e mea?glgﬁpﬁﬁée%\/\bﬂ;Fheﬁrpg eeBra?'émf sghisite damage
to the | egS® PRERYL iBYRatige be limitedodlyf byctht saspe ofthe dppen@deldifst he desi gn of
the present invention without departing fromthe spirit thereof. I,
therefore, pray that ny rights to the present invention be limted only by
:TEG)| scope of the appended clains. 12 | Caim 1 An apparatus for detecting
tion irregularities in a rack and pinion assenbly of a jack-up platform,

having a floatable hull and a plurality of supporting |legs, the apparatus ! '

co conprising: - a neans for vertically noving each of the supporting |egs
inrelation to

——
\
-

———



the hull, said nmeans conprising a gear assenbly; - a power neans
operationally connected to said neans for vertically noving the supporting

'l egs; - a means coupled to said power memns for detecting an el ectrical
current supplied by said power nmeans; - a means for neasuring rotation of
said gear assenbly; - an electronic assenbly conprising an encoder

oper at i onall§lagonnected to a first stage of the gear assenbly for
conparing electrical signals generated by said neans for detecting the
el ectrical current with electrical signals generated by said nmeans for

measuring rot ati An apfaritiefor GRRLHASHBABE ¥rFRrifiey inGOR¥R ahd PRidE&EaNIGal
novenents of the gear assenbly to an electrical signal capable of being

interpreted by sefiadackeppplatfonn baving eflobipbledull @nékeduralityiof sapmetinyg lpgs,
generating a si gtplgl airzﬂgsi Ccoat(§ ve.sof .notion irregularities between said
supporting | egs andPPEEIUHEANR S vertically noving the legs. 2. The
apparatus of Claim1l, wherein said encoder is operationally connected to a

rotational shaft. of sahe)3g8f vaeSERhvindeachRE RPRBpAtHE _l%fs ik tiBndo

: . . 1
wherein said encoder converts rotafional novenent ~of sai rotational shaft

into electrical signahshelhasidoaganbeomprisingz gtasdsssymblai d el ectronic
assenbly. 4. The appay at us. I(lefaCS:I aim.2 lY\/nerei 0, @? d _encoder .i s m)upt ed on a
connecting shaft, sai B Cannsdti MRyraiohfly samsgted 4o prEumeans 8 ety st age
of the gear assenbl ymovisdg the.sughetigpRagatus of G aim 2, wherein said
encoder is nmounted on a connecting shaft, said connecting shaft being
operational | y connectiefcgps gaunlehie seithppwer mephe fofe detepidnge gb| gfectdcal The

apparatus of Caim 5’cu}4’@ﬁrsﬁbﬂie%adﬂaﬁf1§o%?%é ;.-mounted on a side of said

- a means for measuring rotation of said gear assembly;

- an electronic assembly comprising an encoder operationally connected
to a first stage of the gear assembly for comparing electrical signals
generated by said means for detecting the electrical current with
electrical signals generated by said means for measuring rotation of the
gear assembly and for converting mechanical movements of the gear
assembly to an electrical signal capable of being interpreted by said
electronic assembly, said electronic assembly generating a signal
indicative of motion irregularities between said supporting legs and

said means for vertically moving the legs.

2. The apparatus of Claim 1, wherein said encoder is operationally connected to

a rotational shaft of said gear assembly.

3. The apparatus of Claim 2, wherein said encoder converts rotational movement
of said rotational shaft into electrical signals that can be interpreted by said

electronic assembly.

4. The apparatus of Claim 2, wherein said encoder is mounted on a connecting
shaft, said connecting shaft being coupled to the first stage of the gear

assembly.



rotational shaft opposite an input end of said gear assenbly. 7. The
apparatus of Claim 1, wherein said electronic assenbly conprises a
“transforner nounted between said power I3eans and said nmeans for neasuring
rotation of the gear assenbly. 8. The apparatus of Claim1, wherein said
means for vertically noving the supporting |egs further conprises a pinion
assenbly foYr enghbleg anpamgsposl Glgim 2actsrenf sadiedcaslap panbunted ngSqonﬂaitkrt]lgpi ni on
assenbly being operati.onally. cqonpected to th ear assenbly. 9.

appar atﬁs of ?:Iasl%ﬁ‘nhB?al%%‘?’“@?’[tﬁlgssg\aﬁ%&‘&rc’pﬁ?é’BP’rﬁlﬁcqnge?’rﬁ‘iFP[ %X’BB? ?/bégﬁ’? sai d
pi ni on assenbly wmpdesakenffigct roni c assenbly. 10. An apparatus for
detecting notion irregularities in a rack and pinion assenbly of a jack-up
platform having a floatable hull and a plurality of supporting legs, the
appar at us co confhe aiparptussofridlains S5y wherdingsagkencoéet iomsmted dmuh lsidé(rz]mf se;]id”
vertically noving, eac f.the .supporting legs in relation to the hull,

sai d rreang corrprllggai%ﬁagafgﬁ%ﬁﬁ)posﬁ%§‘EE‘BPE/erglrﬁfs FH B8 ¥enbl y engagi ng teeth

of a rack attached to each of the supporting |legs; a power neans

operationaldy qugﬁﬁﬁiat_{]@ of &i6inqarwIRe& R ldY el{g&'ﬁwi% %Eﬁ%m?a%&ipgifg&;m on

assenbly, while said pinion assenbly 1s engage

supporting | eg; tranafocmer mpunted betwkor st poourpheads trol sid shepavor meesanag f or
measuring the r}ag%t ug&\] of electrnical current supplied by said power neans
to said gear adSWHBRY DS BRUATENRYY neasuring rotation of said gear
assenbly, said neasuring neans converting nechanical novenent of said gear

assenbly tg.an Weeglgarf@ ofICARA 11, Wherdd sGiCHEARN S AREMY! HoliRk HO™Pari ng
el ectrical signals generated by

supporting legs further comprises a pinion assembly for engaging opposing

racks of said supporting legs, said pinion assembly being operationally

connected to the gear assembly.

9. The apparatus of Claim 8, wherein said gear assembly is mounted between

said pinion assembly and said electronic assembly.

10. An apparatus for detecting motion irregularities in a rack and pinion assembly
of a jack-up platform having a floatable hull and a plurality of supporting legs,

the apparatus co comprising:

- a means rigidly secured on said hull for vertically moving each of the
supporting legs in relation to the hull, said means comprising a gear
assembly and a pinion assembly engaging teeth of a rack attached to
each of the supporting legs;

- a power means operationally connected to said gear assembly for
rotating said pinion assembly, while said pinion assembly is engaged
with the rack of a supporting leg;

- a current transformer coupled to said power means for measuring the
magnitude of electrical current supplied by said power means to said
gear assembly;

- a means for measuring rotation of said gear assembly, said measuring
means converting mechanical movement of said gear assembly to an

electrical signal;



said current transformer with the electrical signal generated by said

means for measuring rotation of the gear assenbly, said el ectronic
“assenbly generating a signal indicativeldf motion irregularities between
sai d supporting legs and said means for vertically noving the |egs, said
el ectroni c assenbly conprising an encoder nounted on a rotational shaft of
the gear assenbly andabglestrefig@ssmbiniet eompating rekictricah sifghalomenarated ban i nput

d of said gear asse i coder .bein apabl e of convertin
rGrgc hgni cal m%verrent s %%% %H%g‘getgar“%faz’é‘é‘swl@ #‘S%leﬁﬁlcgﬁé’cgp?li %%er%?‘gﬁélsa‘gapabl e
of being interpreted hgasaid meRatH %t@tiorﬂ@ﬁﬂ@?é’ar asdembIye sABRMRLHR Of

G aim 10, wherein said connecting shaft is coupled to a first stage, other
sui tabl e installati on2SS8nplys gersratinge agaignaladrdieativg. ofi omotivre imepelamtiass of

G ai m 10, wherein saight&oQNEES | fil o rafi lly,. connected to an
input shaft of the gear assen&’n%%éﬁ 21%5@9%@_@%“32%@6%% YiBeyon e
irregul arities betweelgs,rsaal elactkongndsspmblyocom syt i @hc@ler a6dmdd 61 @,

conprising a floatable hull an lurality of supporting |egs, the method
cogri sing the foll ovﬁof'f’élog?le%@g Ogrtg?/igmfr?ése&’%éﬁg ofigt sige of jsaid| nofatigmali ng

gach Of e SHPPOTLl nhahegBolift arf B! il did fer kol il FEGD ERTPY | ST N

a gear assenbly; - providing a power nmeans and operati conngcglng

sai d power nmeans to cpille vtaosveitong meThah'rcal! rlnyxlzcmmnmgf ﬁ]hegesufﬁpérgblgrt I_egs;
- providing a neans fQr detecti.ng.an ectrical .current suppli y sai
poaer rreang to said naélaﬁlgcq‘ltggl W@'gﬂli REYle AfoRAthey ”ﬂtﬁ‘é’rﬁﬁfi)ﬁéfrﬁ‘q@?elcgg@;c -
providing a means forasp@gsiyring rotation of said gear assembly; - providing
an el ectronic assenbly and connecting said electronic assenbly to said
power neans and to said gear assenbly, said electronic assenbly conprising
an encoder ldper akhecpnitausodiaiot &) whereimsdid cennestimgyshaft istcheplgéar a fissenbl y,

sal d encoder CO%Yaegre:[ St ST gbrlg ms?a?llation points, of the gear assembly.

12. The apparatus of Claim 10, wherein said connecting shaft is operationally

connected to an input shaft of the gear assembly.

13. A method of detecting motion irregularities between in a rack and pinion
system of a jack-up rig, comprising a floatable hull and a plurality of

supporting legs, the method comprising the following steps:

- providing a means for vertically moving each of the supporting legs in
relation to the hull, said means comprising a gear assembly;

- providing a power means and operationally connecting said power
means to said means for vertically moving the supporting legs;

- providing a means for detecting an electrical current supplied by said
power means to said means for vertically moving the supporting legs;

- providing a means for measuring rotation of said gear assembly;

- providing an electronic assembly and connecting said electronic
assembly to said power means and to said gear assembly, said
electronic assembly comprising an encoder operationally connected to
a first stage of the gear assembly, said encoder converting mechanical
movements of the gear assembly to an electrical signal capable of

being interpreted by said electronic assembly;



novenents of the gear assenbly to an electrical signal capable of being
interpreted by said electronic assenbly; 15 conparing electrical signals
"generated by said neans for detecting the electrical current with

el ectrical signals generated by said neans for neasuring rotation of the
gear assenbly and generating a signal indicative of notion irregularities
bet ween sai d support i ngmpayw dedrica aigalsgamsattd by ¥sidirhemk fyr dgwoting e

| egs. 14. The method of Qaim 13, further conprjsing a step of connecting
said encoder to an iﬁ{?ﬁttnc herfen i h‘ﬁe‘é'é%@& signals gsngratedsby wid mesnpdor of

Claim 13, wherein sai e % hani V, .s of the gear
assenbly to an el ect rﬁuggﬁﬁ@gg%@%@agggﬁﬁg g%lbﬁgiy fﬂ?e&%&eﬁ@% aoﬁlgggli d

el ectroni c assenbly. #glicalihe offendicd infeg@ariien Blwedrsdiberuppaning ilsgsnghda St ep
of providing an electri.cal voltage transformer and connecting said
transfornmer between sﬁa}“ﬁn}?S%tr%rv?’Fgﬁﬂ BAYng tede&ncoder. 17. The nethod of

Claim 13, further conprising a step of nmounting said gear assenbly on a

rotational shaftTpog 1RO S & - ' f..said, rotational
shaft opposite an inggft%erebﬁgﬂ%?l 1'53:1?6 gegg(?lg ssg% th?%igsm%‘:trlrrﬁ%aé%erbﬁpder

det ecti ng mi sal i gramanputisbefivetihe gdyrasentbland rel at ed racks of supporting
l egs in a jack-up platformhaving a floatable hull, the nmethod conprising

the steps o pravi di n s rigidly secured on said hull for vertically
movi ng eacLs'of b @ﬂgﬁ‘gr%}f%ﬁa‘%g ’iWx?rélnatsfi’éne't‘@d?hecomwﬂt% mseghaniggans

conprising a geamnod&n&iiPloy tROGed Qés%gg S af chic%pQ%gniapggﬁa%?et Ne hingeach
rack; providing a power neans ‘and operationally connettin Sai d povvgr
means to said geaerpisteddylsyidfetactronicasientlsai d pi ni on assenbly, while

16.  The method of Claim 13, further comprising a step of providing an electrical
voltage transformer and connecting said transformer between said power

means and said encoder.

17. The method of Claim 13, further comprising a step of mounting said gear
assembly on a rotational shaft and connecting said encoder to a side of said

rotational shaft opposite an input end of said gear assembly.

18. A method of detecting misalignment between adjacent and related racks of
supporting legs in a jack-up platform having a floatable hull, the method

comprising the steps of:

- providing a means rigidly secured on said hull for vertically moving
each of the supporting legs in relation to the hull, said means
comprising a gear assembly and a pinion assembly engaging teeth of
each rack;

- providing a power means and operationally connecting said power
means to said gear assembly for rotating said pinion assembly, while
said pinion assembly is engaged with the rack of a supporting leg;

- mounting a current transformer in connection with said power means
for detecting an electrical current supplied by said power means to said

gear assembly;



said pinion assenbly is engaged with the rack of a supporting |eg; nounting
a current transfornmer in connection with said power neans for detecting an
‘el ectrical current supplied by said powgg neans to said gear assenbly; 16
measuri ng mechani cal rotational novenent of said gear assenbly and
converting the nechani cal novenent into an electrical signal; providing an
el ectroni c assenbl y angaswingestchagca aottiedat atovement ofasakkegdal yssembbeard power
means and to said gear assenbh%, g_lai d . electronic assenbl y_coi'rpri sing an
encoder oper ati onal | yCEBSHEERGMeghanical mpygment e ap plegtgicalgignalassenbl y:

mounting sai d encoder pRRidng Undlkiceidlic SiREMbIYT aﬂ@%oﬂﬁ%:‘iingf%?@bélé(ctl%ﬂg: on a

side of said rotational shaft opposite an input end of s gear assenbly;
conparing with the engwewsblyeteserd paversimpad sindetwesaitlegedpyassanblyc useident
transforner, indicative of .the r i[ati ve. | oadi ngo ondi ti.on B’f i ndi vj dual

c

mot or and gear box ass&NEIQMC AFFROYHEMATSINE AN SaFodsr QRefatippAily Sonpgated 1o

rotational novenent of ﬁtsjﬁgtag@afth@.gg@rgbgemblﬁonverti ng with the encoder
mechani cal novenments of the gear assenbly to an electrical signal capable
of being interpreted Byustiigdsaikrrsoteom & reisdentbiaft ahthe-gegeasseabiyrapda

S e or el e Of EbAide Br Y88 T GRbnaR hAPBERs SRR ertPBOSkFed2okS ©f
assembly;

- comparing with the encoder electrical signals generated by said current
transformer, indicative of the relative loading condition of individual
motor and gearbox assembly, with the electrical signal indicative of
rotational movement of the gear assembly;

- converting with the encoder mechanical movements of the gear
assembly to an electrical signal capable of being interpreted by said
electronic assembly; and

- generating a signal indicative of relative vertical alignment between

opposing racks of a supporting leg.



