AND PI NI ON SYSTEM BACKGROUND OF THE | NVENTION Thi s inventi

of fshore industry and, nore particul arIy, to an apparatus f

and pinion systens of jack-up rigs. and gas exploration i ndu¥t#y has
used jack-up pwgpﬁamgsd&gnmzéhﬁdNmmfmmmvmmmsdes for an
el evated pl atform supported luralit egs that nove within wells
formed in the platform [E@R’I@AC&AWPINIQN%’H&M oration or production
site, the legs are el evated above the platform Once the platformis
delivered to the operati i Lt ve antici pated wave
action, while the |egs ﬁ@@%ﬁ%‘%hﬁﬁgﬁ#ﬁ&&ﬁ?ﬁg on the ocean fl oor.
Conventional jacking systens utilize racks and pinions for noving the |egs;
usual |y there ahi mivamcjnarzalkdtesgtoasmrafd’shdresndastnyeamdamedplai-temlafrkyr td ags t hat
have t hree Ie chords E cki.ng assenbly unit. has four to six pinions,
whi ch areaPRﬁﬁ B8 qrhls%lelt (PENigH &Y LTt J?‘éﬁ“ﬁ)ﬁg%earr ngs. Each pinion is
i ndependently driven by an electric notor via gear trains. Wen the jacking

system encounters an obstruction, the jacking system beconmes jamed. The
same condi ti onQilgnd gasudxploratoon indasiryl g used jeskwipi tigs ﬁOhdecpadmnO‘doﬁhlisnues to

ar o oqui poi oI EARSTARE! FRHeRaRY BEHHRE S e BB allly R s oLgn

an’ i ndi r egloveBRiliginOfvelfsUfored if Lthg?ylatfﬁhhs DiieinB Ohrisporf @6 @hd emsibiatioRagcur at e,
especially when starting the jacking operation because of the difficulty in

di f f er ent Peaduation sie.athel legs iane eleyrteduptovat the riaferre Qaonuthire platfermanis surge
caused by 0 u f R%‘ S ng a
delay to a? I%%qr th(sétd;)(ékatuo%lt Srlghgt 15% evgf[eﬁ a:gfib’é %‘l‘t&? agv‘éi/\,g&g)eégﬁlge t he
transi ent $he/lag$/mbve)mmﬂdlytibr positisningion el deeasfléorom one | oad condition to
another. As a result, protection against jamconditions is usually del ayed
during starting of notors. In sonme cases, the starting delay rray be
critical in prelgeiigal %gr 6 tifi50 FCRS LHE Bbns I ki ng
systens that e%ﬁoy va?lrja&gﬁqqgs tg@ rlrlvé;s cto co% rf ect rlr ca tors al so
typi cal | y ussadlyrth¢re arecuine gmkmgaassqnd:rhes rtﬂreeasmnﬁ)hes-lﬁwé&gsrthatdramﬁlrembgcur rent
as the solge in tor.is us |nsff|crent andm ng,because the
Gr i ve: can cheBr ik kit 1SRty s S el S BmBR vBh DS hER BT § ks
current. Aasf, mﬂ%u?ﬁ&“réd%lﬂbé&m@@@ch'ﬁﬁ%n wﬁlaepdnaenﬂwam rsgemael@cm@ cl ose
to the torque Iim the notor may stall as the variable speed drive tries
t o controlmatprviggeairaitsuch conditi on may occur without triggering any

al arms because the current will be within the nornmal range. Methods are
avai l able for faster | am detection using a conbination of current
detection as arWBeaditlﬁealjddktngoEydtaﬁdemadusnsead dbetrégionpnhé Gadkérigegystaanor nal
operating_ speed ranges under varj ous operating conditi as, descri bed by
the pat entb§cseesggmmydsThesame mdltwm@@srﬁbi‘re@r@eﬁgq bk b pile shaposyesct i on
circuit f%n&u‘éé‘%%@ Edr@ﬁ@@rto he Qi'rlvéngt@ﬁrt d&%ﬁtﬂﬁaf’%ﬁt&lﬁs G Efect USh

whi ch uses a speed representin e notor rotational sp eed

conpari somc&gmrane;tqmppethto dgpent dhdsa gars peaditions frrsthe jhckingRatits thknughaﬁ2668 to

Trussler et,. al. descri bing a power. con met hod ., duri ng potor s allin
usi ng. spe BTSSR OF COP ke ingthacbis BOIaRy SacEalie corerlgh ¢ ho

entire st adrﬂehnﬁar‘ﬁﬂgathé QHckﬂré %E&ratrbﬁ‘fﬂebéifsé 43 ﬁl@edlff?éult‘;'%m?fe}éhnhﬂ?g ot or .
U.S. Pat. No. 4504881 to Wada et . describes a protective circuit for

t he not or startangsinsusngurednt ﬁrofnrtbqgemmye gerent surgncaused byia janoroed eandlitii. ng t o
the notor speed, to detect abnormal decrease in rotation of notor due to
overl oading conditions. U S. Pat. No. 4695779 to Yates describes the
protection cir QrthePdiffidusiicstiod Whew sdiiiig @ delay ERalldvwy thefstRERY f ﬁﬁﬂsﬂﬁtmdes
where operating torque are different, consisti n of speed si and
current déiedewvenThishsbeggusethe tr@swg@darbfrea@e or dp rnr@rareﬁﬁ Safrwﬁg nodes,

| eading t I i a r S patent
o or usSntibiRtich EAEaPHS o Bl WiiRoh Ge ) A BRLEBRRE et DT T
Loudon desielaybé dudngrettuting Sif atidterst Bl dontbedasey, therstarting delay may be critical in

. Xye3eqg6bn. 6T6lI P% AN APPARATUS FOR DETECTI NG MOTI ON | RREGUL ﬁll Hﬁﬂm&m
rack

protecting the machinery from permanent damage

IR
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, appar atus and net hod, based on stator and vol tage phase difference
detection, as a neasure of rotational speed. . All the above patents stress
on notor protection. The priority is to ensure that when the notor is
running at | ow speeds or stalling, no danage due to overheating occurs.
Furthernore, detection is based on operating conditions for individual
notors. | nplenentation of these nethods on a rack and pinion systemw ||
result in a sl deekingizysteotsithat empley batablsspead deimgs teicogirel dléatrcal muitorsn and

| oad condi tiqns ry fromone rack ta rack. ing a co n setting for all
ot or 5 on 10 e B ot BEThet e TobfE iR Ver HENG RGO P e

conpl i cat geleydicer iGdualli dhsulffcghitNed GaiRHatling ecalise tHY AaATE Casl gehdistet he
operations, In this invention, the philosophy and nethod for j am detection
usi ng not bighspaaee Hpen start sithowpaTodBeing Furgspin ewrrers. Y%, rdveing aanivENi on
jacking s ' ' r [ it o1 L
nechanica%ggﬁgbgfvﬁ%%Hﬁgﬁﬁggg@gg&%ﬁf%ﬂgggﬁgqgﬁPgPgn¥ﬁgI%§$g¥w&§a@§ﬁaged due
t 0 over healid vegiablEhepeahiitivsiries itocoitad thenmetok.i Suthicondition maykdcgudwithait a j am

condition, ,and stop the eratjon i medjately to prevent mechani cal and
structur a|tr1%€§ﬁla§§p§)ﬁqgnﬂg$cégﬁqtbﬁclﬁg?néppgf[l Fé"’”i‘f‘b&ﬁﬂf’gn Xt¥%si ve consi sting
of notor speed, rate of change of notor speed, the notor current and the

rate of change of notor current. Mnitoring and conparison is perforned

bet ween not or s Methadsrege aiailablenfor fastde jam midteation bsisgd combaasion@lf eumerttor i n

i sol ation. .notors.o single rack are closely, synchronized, this

br esent o SefiEidh & 1§ aRBroRtHBER B PRRGHRT 'S APE AUBPTIL duratiag

accel er at ispédd-raffReREdr vafiv @ opiirdtihglddRditiohd, aSBEcAbé PRy Bk paftdtsivéRyweved net hod
for jamdetection into a conventional rack and pinion jacking system the
safety system should be inproved further to provide a pre-warning for a jam
occurrence. 4 dapyCRRdibl oy dandedsHal b pidlenelion i iopd dgufour se of
operation. The Wave nhotion, Wn condl?lons, onstder abe oads,

di f f er ent icklan¢roamitstgagaindi jhmatisg afdthei daten Cruslgt whieh wseg « bpgedssigadlt ri but e
to a possibility of msalignnent and eyentual jammng of the teeth of the
rack asseXBIFating the, mqator, Tefalgnal ispeednfarncompagigoniagainsty Apremal psiatidguse
consideragg%dqgﬂﬁgp to both to the leg itself and the | eg guides on the
hul | . The darmage  w Il be inflicted over a prolonged period of tinme before
eventual | y devel oping into a jamed condition which can then be sensed by
the avail abl e rent.an J-am det ecti on system Althou t he ,i nproved
Syst em erm oyi HSHEoNCC 1 T8 18 Rt ctle FOFTILPE R RO FOrEELBER W | |

wor k vel | dufinglwhdtsl Mtalifh Qfsingt §Re® WBM ANt AERHEoCRARGNiZORvARBleSbRet e
operation, it desirable and advantageous to have a nuch earlier warning
syst em t o tiypugtethe egtivestallingduraéomyishouttieflicting thowmaaljdamage tttbemioter. i s unabl e
to do this, as it does not have a holistic view and a know edge base to

i dentify abnormal behavior of a particular set of notors as conpared to the
other sets. A MaASkPa 3l 4904881t toMda Bt Ut edditiibedra bdetsive Ridhidifemeel ocat ed
di agonally but the all the notor current and speed may be well within the
oper at i ng Tqtes, censisking of afregupncyrgangtatipg CHeyiy eorrespeniing, gl the mgjonspeed.nuch

hi gher | o C Indi. Vi urrent and
speed wi | ?gﬁg(tg &iaﬁgﬁﬁl g&gg?sgﬁ F‘ﬁ?t{‘%g‘ﬁg%‘” ]ﬁ&eueletg ﬁg%lél%gﬂl&@gﬁ{ongind speed

f eedback system protects the notor and machinery from danage, it does not

provi de any for ni farj d protectipn agai.nst, structural damge due
to irregul ar mS‘ﬁgé?tg@ﬂ'a‘{ﬁ%_é?%t?nagatﬁéjﬁd‘?s%'?ﬁsttﬁ%gr FGHOR (BCYIbRga 1Y Selfiwgem as
stated abgye, phugalRy o9 ﬁﬁ&ﬁiihgﬁﬁb@s %ﬁérelgdiseraﬁhg%rah&aﬂ 'd{lffléxrehe,/ %an%éﬂngddfng

system based on a rack and pinion configuraftion. Ugua y the cantlil ever or
drill-fl ospeddssignal vad cyrent datection. The curBenpiinusadsto detest differenteeperatingde. The
cantilever_str re.r S a.su rt frame on the hull and nmoves al ong this
ctppor t 1 S RG] AFleRerd B s of AR Fo PGt ine Bt TR 2RBREISR S ngl o
axi s by gybd@ss Qithtadsan SURRN punipiaganitRecti fication of a jamed condition
and m salignnent during operation is time consum ng and nay be damaging to
machi nery and structure if excessive force is used, especially when

positional information of the cantilever relative to the hull is not
avai |l abl e.



. 5 Patent searches did not show any results that fulfils the above detection
requi rement for jacking and skidding systens. U S. Pat. No. 4885698 to
Kawasaki provides a neans of equalizing pinion |loads for a jacking assenbly
only after the hull has been jacked to operational air gap and engaged in
hol di ng node ugj, srgpathm&lmwgmanﬁéud%nba@lsﬁ&s d hﬁoﬂaf %wstan Nie@RtibAN
contenpl ates elimnation of drawbacks associated with prior art and
provi si onapparatns apcbmeéhqgis baged efestetoriandg veltageophase r(klzfjtrbmﬂ d&t@@mduﬂﬁ aAg
operations in a f{?ﬁ% Q@g cgl on systemof a jack-up rig that would allow
det ect i on™MEASHBHOT BPHPWEPUri ti es and prevention of structural damage
faster than it is possible with conventional systens. SUWARY OF THE

INVENTION It is an object of the present invention to provide an apparatus
for- detecting #ékiheaboye pajentustrass 68 majer pratertiomdhsi priosity isytereayre that s

anot her oQj g6 ttﬁxeo Inow}qf Qﬁ:ﬁﬁlgéjﬁt {o@xygﬂ.&tehf Or Et?ll%go}{(') qgmg ardRf tg&éﬂﬁeaftlﬁ

detecting msalignnen ructura trage an provi de a vvaéni ng of
a possi bl ecgu@sn condition in a rack and pinion eI evating system These and
ot her objects of the present invention are achieved through a provision of
an el ectronechani cal system which connects a notor that controls rotation

of the gear assiihling) RidbAGKsHAePbilbARaTHL A M RordHaSl RSt Rt

assenbl y that interpret’s si gna S recel a signal
i ndi cat i vémplemgntatibabf treaé megheds oofa table agdpinicssysteiol will Aasukt e o dlwers

mounted on a side opposite, the.i t end of t j acki ear box Qr gear
rosenbly. Sy tmng Hhrish s acubeR e S et fd Ried R R o The
gear box, YAHKCd fadk. duglﬁgtal YoriRUR | sefing Fot AR HERFPOX 2l jaslltp SHdlf desuldircdr I ent
transformer that can bé installed at one of the incom ng phases to the

mot or nonicewpronised e sielayulThisris cowplicated bwthei fagt thatsloading congitienseaer oni ¢
assenbl y ts the electrical signals fromthe encoder
and the c&?l(rfag{r#%lggﬂf (;rb%%l%gﬁd detects a janm ng condition during starting
or running of the | eg noving assenbly. 6 There is one electronic assenbly

for each chord_to nmonitar the speed, signals, an curr nt signals fromthe
nmotors that aréndgpnveation thy iﬂafiqphwnarm@heﬁgo ‘Tt?Fdiox‘}l ‘Eﬂ% MOKBr d

el ect ron! Sp@S G lrt! hohfiBR Spoled f MR R b n@pﬁ%ﬁ%@ Sy ehect roni c

assenbl y process rac and oad 1 nfor The
syst em of diffiezenir $denta Janvecmlrsont iallikelysthaterhedttanicgl amltstnmturalrchgtdganﬁitli es and
damaeln od of tipe,.less than 1

tential st h
Cecond, 1 REFEUFLES fis ot h (ARE HiERosvethec i TR DR IR UenGBe. BRI EF
DESCR P! ATy RRAVKINGS Eniich, dnd Sop (E BFEBAYP indnEMaBOW iyl 2CK- Up

unit with truss |eégs. gure is a planview of a platform of the jack-up
ri g show WCbmcdnn@emlctmal magfeor movi ng the truss | egs.

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 isolation. 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 pinion jacking system, the safety system should

be improved further to provide a pre-warning for a jam occurrence.



- = _— ERE B

. Figure 3 is a detail side view of a pinion assenbly shown in Figure 2 taken

inthe direction of arrows Ain Figure 2; Figure 4 is a detail side view of
a pinion assenbly shown in Figure 2 ta1<en in the direction of arrows B in
Figure 2; Figure 5is a detail side view of a pinion assenbly shown in
Figure 2 takenyi el i T : | 6is a
detail view shgéllmﬁncgﬁgﬁgg{ g@gtaiﬂ%ﬁ gzgg;&ég\g@g%r@géh%Ugﬁs@eﬁgg%%?f o'rstlrh etecting
m sal i gnmevave tintiongwindreendisioas,iconsitiersiple dohdsf diffarentjaldpading conlitionstaaflt .

Fi 7 i detail vyi howi th t .bl ock. dj. f i.ngl
O g AR AR SRR A BT S, o
a singl e hffming oD 4dED JIEBERBT | 0nbTiet HE APRERERREREMBORHMENTICRef er ence

will now be made to the followi ng detail ed descCription, taken in

g onj unct i misalignmenhmaad@ufﬂpmiiﬁmb@r dahaggsto bethrteithe legk #sqbband ther fbf
esi gnat e i S; R r.r.i,ng. o Figures 1 - 5, a
O oy g e s o e MITP The Staufdge Sill BR0isHied Dt SgfSiRnded netiod®ol e, 10 6

a nobi | e obfosd eventislly idevelopinghiaito 4 fanuaed! chitioh WRIoAl cad B0 babénsad dpd
production. A typical jack-up unit is provided with a plurality of trussed

| egs 12, Wi 2vilahle epgent snd sRpsd oM AFiSeliomSYsiem. a f1 oatabl e hull 16 of the
unit 10. Al though any nunber of |egs nmay be used to support the hull 16,
for illustration purposes, the jack-up rig shown in Figures 1 and 2 has

t hree such | egalth@ugiithesimprovedrsystemeemiglbging moetof-Cugrane sdrge aeteyfiorcaiithl eg of a

jack-up unit has.three nutyally parallel chord nemhers 15, and. each chord
ramber - 15 Seed Btk Sl ak il Rkt dotsEt i < SERA BB cong tion g
extend | oRgipt ihdi fRkdtn2longirhhie alna%_anﬁ%eotug% QL dSmbeh chflfer WHdREd
surfaces of ‘the racks 17, 19 are provided with rack teeth (not shown) which
engage r e§p??nitoa>ﬁpvem gingetaal damEEQadTmymFJre\;dtjangpljﬁmhom (rjm ugatgdo to fo
Conventi ona . there i.s one |.a asse or ea chord r er )

For | sont altiz i 1 96T fetdPPacol g RS EE oy Rledg e 1 iEp TR TGom el
chords 15 befldigorC bprad particPadirset lofcmblis ak qidpeesd @6 thbeothdrl sAguUAardck shaped
| egs 12, as can be better seen in Figure 2. O course, the nunber of chords

and the skhzpdiggmephmay dpducg highesdoads pint pigions loatedediegomalie bt daththen t he
o o . ; ot he tacki e .
The'l ogvaRRb ol &t bee L Sl bidlin i b A RCR 1Y bfGEHmel) TOV! 1O

rai sed poselativento \tiee hull heay hgvel thuch hiphdrr lpads bnaomd dfhehel thiee fatksrieat
supported by the hull 16, to | ower ed position, when the |egs 12 support
the hul | 18vigHal PEIEUEeRO srsd; il n&wgflmteew% Mtéweél B itine) og 12
may be prQyirefnWishébdcfesdiadk %rﬂgr(ft&fts s Y ﬁer?@roﬁ?@ﬁﬁﬁet gor and
for supporting the unit 10. As the legs 12 are "jacked,” the hu 16 is
el evat ed adoesmotpmovade anyi fosmed nwanitering andprotestion pgeinst strivsunat dahagealue

explorati on and{ roduc ifl)n .orperati ons. Conventi onal
0 irregular motion behavior.

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 machinery and structure if excessive force is used,
especially when positional information of the cantilever relative to the hull is

not available.



. 8 offshore platforns, such as the unit 10, are equipped with a derrick 20
mounted on the hull 16. The derrick may be al so nmounted on a cantil ever
structure 22, which extends outwardly fromthe hull 16, as shown in Figure
1. The derrick may be positioned for a limted |ateral novement to
acconmodat e welpheflf kbdréig 4id xﬁatpéhwwahh}‘ Yeits| AR HRIARSHY JURUTdLLFBAI Ng the
position of the legs 12. The platform™0 may be al so provided wth

auxi |l i aryrmin'ep\mﬁ%r jaokintg agl shidding sgstempi peS.rRatkNo. #RA56pYte Kawasakil i vi ng

quarters, etc, The jack assenblies 30 are retained agai nst vertica

i opl aceneiitidsy Biie o pAREERApiSRp Jind? 54 BERE S5eREH) Gy pFLbR 5B, has

ni ne j ackhfg ba&s ¢aekkd @6 ofRRratioRslesir dfapeid efSagherin! RAding hbd®ORsingowmat ed at
each leg chord 15 of the triangularly shaped | egs 12. Each el evating jack
assenbl y glgciramagnetie S8ake® the hull within a jack housing 31. Each el evating
jack assenbly 30 is provided with four pinions 32, which operationally
engage teeth of racks 17, 19 associated with the legs 12. The rack and

pi ni on assenbl Tas pegsentdasémioactohtenpldteselimimetion of draebhcks assoetgedowitheen

teeth engaging surfaces of the racks angd pj nigns. These syrfaces are
desi gned 1%?9? H’\’g‘tre”"f B‘?dc Provisian ploaannarates JSWG“%% Hiotign iy W“eéfdsutr%
platform ogérﬁﬁ&)sain%%& bad Pﬁﬂo&gysféh?&* éﬂﬁﬁfa trﬁ&%ﬁ%ﬁld%l@b@&@e&ﬁﬂ%ﬂ' ng
opposi ng racks 1s always present, janmnhg condition may be encountered
during st ardtionprregudiarities and greséntidmeofistrnctuyal dareagefaster thae itlie pessiblewitki ng
noved verticaI.X. CGear assenblies 52 assist vertical novenent of the |egs.
A gear as§%ﬁ%¥b 3 SYFCThe 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 deSEMMARVLWOFTHE %@NQ’&Q& assenbly 52 conprises
a gear wheel 53, which is nounted on an elongated rotating shaft 60. The
shaft 60 and the gear wheel 52 is rotated by a power source, such as a
hydraul i ¢ not oflt isah elljesttofithe prsent inventivhas ppondy amrappidatus forFdegestiag6, an

el ectrical nptqor iS5 sho as the power source, coupled at the input end of
t he gear b&OUOA 11T tigs ferdack anesRiBion sy HEMon of the pini ons 32, noving the

| egs up or 9 down in relation to the hull 16, while the jack assenblies
30 renmain stationary in relation to the hull. The shaft 60 extends through
a center of thdét geanothéreebje&of fre presemiemvédtianstoopervadd anadppyraasnfoect ed to
the shaft 60 thrﬁﬁgg.a set ofH%Far traina 64. As showg in Figure 6, the
encoder 68CEIH, FHFENBIRNG RieYeh! sl damagen gid REAHde e SYaring Qfedr
assenbl y %stib‘fefiﬁ@f:&nd?ﬁbr?ﬁl al A6k ARCAARN cfdafisy H_tR €d to the first stage of
the gear assenbly 50, which is directly coupléd to the gear input shaft 60.
The encoder 62 neasures the rotational speed of the input shaft 68 of the

gear assenbly dur | operat i.on the rack and pinion jacking,assenbly.
The mechani cal M5ts B SERF RIR<D BF Yor aveeht s s ool et 5o
signal , Wpishsion ofr anskfréfechaficaln sphdh! HANC c@meestd YnotsiC efBdontials! Y shown
in Figure 7 and jdentified by nunmeral 72. The electronic assenbly 72 also
recei ves $ptgien of the graraassamfly imp fack apd pinipn sYstem withaargleqtroaid assemblyn i n

Fi gure 7. Lol [ : . he
ncom ng. RLSURRRTS SRRAR hecktou TR PiehloRR Bk SORTERAGRS B RiGfbodion,

passi ng t perd@f thdgeanmmdsombio Atentoder 34 motintadona side pphowitealie inbet ¢ndafi ng
systens. It js .a norpal practice to install the transforner 76_at_ the notor

control cd&hftiapking ePybey o sss assrambly gThepshastipf thesencoderds coupled toatbe &gt y 72
receives hige 8t ek AhiLRfs SREMFESyR Bl géb?b&)éﬁgﬁ{: afier 74 and

interprets The signals to determ ne her a~jammn on has been

created. If such a condition has been detected a signal nmay be sent to the
notor to termnate the s |y ,of current.and arrest .the rotational, novenent
of the gear _asAﬂBTegm §6‘.‘S¥‘%§"%§}f%§a‘1 _ee‘nétt’?g%‘ggtronfé’g dBRMPRENEPH HPus of
the presemotbihitbre ThéhlofwscudRhe fri the jikingad¥sdmitly CANHI&d@RR AsSerAblyer Y
short period of time, typically in |less than one second for normal “and

pre-1oad &enstiesiands interpraiprihe plactriaal pignalsofrom jthe lenpedes yande the, cwensh
utilize t [-curs t.nod,. have..bl anki.n e of 2 secopds,,under

nor i connto a4 Gk DR 140 5ind 2o g sler i & g SEHE Ieor ove
accuracy anslisgeeémbly. t he detection of the jamm ng 10 condition possible
with the present invention allows protecting the jacking systemfrom

per mmnent damage. \Wen the apparatus of the present invention is used with
inverter-driven electric notors, it allows detection of notor stalling in a
relatively short period of tine in addition to the j amcondition
detection. The problem of notor stalling usually occurs when the torque
demand is close to the torque limt. Under such conditions, detection of

o o o - Y - -



~ The present invention provides a holistic systemnonitoring of the position
and | oad of the rack systemrelative to the hull and leg guides. This

posi ti onal 11 information, coupled with the notor current information is
useful for rack and pinion systens, particularly for systens where only
smal | guide to : | i ki

conditions is g’:‘%’gg?gﬁ% grec{ggé]ltg?%]%g@brgoé%?%eg%gﬁgtﬁlﬁtgﬁv%ﬁt éﬁgg@r%}lgg%lfi gn leg
rel ative tud ¢ureenhsighalsifrpm the dhatars ¢hat essioupledéatheparticnbarwkend. pl at es and
possi bl e danmage to the | egs. Many changes and nodifications nay be made in
t he design of the present invention wi thout departing fromthe spirit
thereof. I, thenefiadividul @lordh@kctiBhid laSRibly Qvilln@arRf@ SRfdrmafive b @B be
limted only by the scope of the appended cl ai ns. 12 1 Caim_ 1. An

appar at us c¢njral im deqtranis arsembly tornreepss zacktrosiion and lpadcinformation dorothe assenbl y
of a jackleup pl atform having a fl oatable hull and a plurality of supporting
| egs, the &pparatus co conprising: - a neans for vertically noving each of
the supporting legs in relation to the hull, said neans conprising a gear
assenbly; - a power neans operationally connected to sai,d neans for

vertical |y rovilRg sysiem &f fisoresenginvepiion alloyvsaeineiing sgsiodregyiariies apdwer

means for geheat g dﬁtlnﬁgé nl zf@érg%géﬂi g@ﬁocﬁb'ﬂﬂtﬁ}h%,elgssq}{ar??'s onfVfbkrefans. - a
means for nmeasuring rotation of said gear assenbly; - an electroni

assenbl y favingeqmipmentgnéswodttuiededm pemgraakist dgerage.at ed by sai d nmeans for
detecting the electrical current wth electrical signals generated by said
nmeans for nmeasuring rotation of the gear assenbly, said el ectronic assenbly

generating a signal i HRIEH DESCRIPTRONCOF THEDRAWINGS between said
supporting |l egs and said neans for vertically noving the legs. 2. The

apparatus of Claim1l, wherein said electronic assenbly conprises an encoder

operati onal 1y gonnected gl O b0l AL L Bhir SAlilrgE gsasseml .

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 system for a

single leg.



. 3. ‘The apparatus of Claim2, wherein said encoder converts rotational
movenent of said rotational shaft into;electrical signals that can be
interpreted by said electronic assenbly. 4. The apparatus of Claim 2,
wherein said encoder is nounted on a connecting shaft, said connecting

shaft bei ng coupjlefAICED DESERIPTROR OF ﬁEMEmWMBODIM%ﬁF _The

apparatus of Claim2, wherein sald enco I S nounted on a connecti ng
shaft, said connecting shaft being operationally connected to an input

shaft, or any gopveni en oi nt of ,the.gear. assembl.y.. 6. The apparatus of
Claimb5, wher e%ﬁ?%%ﬂcﬁ ¥ lcg%%&wi @a%{}np’gﬁgﬂwg’gs%@}/egfg?ﬁrilﬂlorno ‘g‘lef‘dﬂa! shaft
opposite aﬂrghﬁkﬂi&n Wi tef acRnthaffas RSFREY| Wherdin 1TeepaanaEe designftéd Gyai m 1,
wherein said el ectronic assenbly conprises a transformer nmounted between
sai d powelikerBumeralind sai d neans for neasuring rotation of the gear
assenbly. 8. The apparatus of Caim1l, wherein said neans for vertically
novi ng the supporting legs further conprises a pinion assenbly for engagi ng
opposi ng racks Referdag dowup Fagureny -1 gselfedevdting pickrupasteileyighsted by
operational |y cted to th ear seppbly. 9. The apparatus of aim 8,
wher ei n same@iiﬁ-nﬁﬁéﬂﬁmumé?Prgmfrpgﬁsegbm%ﬁst%twemﬂgwe JaemtieRland sai d
el ectroni exa8saRR!ad Bdudidn2AP Qlp G} 46 Hr\adiOWiRM plagylar i ties
in a rack )él%d pl ni on I?arssuenblny Ogrpgéﬁy %c&fl{&p pl at #)orm‘ﬁjf';)l%/v:i ng gu??ogt abl e hul |
and a pl ufrabsetlylegst 12 owdpoh txtand thegugh ofemings 14 in a floatable hull 16 of the unit

10. Although any number of legs may be used to support the hull 16, for illustration

purposes, the jack-up rig shown in Figures 1 and 2 has three such legs 12.

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 inclined 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.

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



. apparatus co conprising: - a nmeans rigidly secured on said hull for

vertically noving each of the supporting legs in relation to the hull, said
means conprising a gear assenbly and a pinion assenbly engaging teeth of a
rack attached to each of the supporting |egs; - a power neans operationally
connect ed ofoh G fht A HRL ¥ndt 90, AObALibAG With o dPiridk 20 by the Wi | €
sai d pini8n assg%g?gﬁég engggegnVAth th@hpggk %# a supporting eg;e 14 -

current t hathdbotfhederdck plagdetalsosaouhtgboren camtderser Sstructmed, which ¢xdtendsagni t ude
of electrical current supplied. by said power nmeans to said gear assenbly; -
a means fBPtW?éégﬁm%f}’eﬁwﬁﬁtﬁr %Sh8¥"“s‘3iF&g“§% r assenbly, said measuring nmeans
converting nechani cal novenent of said gear assenbly to an el ectrical

signal; - an electronic assenbly for conparing electrical signals generated
by said currenflhe demickanayehe pasittoned éorel lpited lateral snqyemientyloraseemmadaly sai d

means for asuring rotation qf the gear assenbl sal.d el ect roni £, assenbl y
gener at | ndell Gt f Ry by doosiofs WiBhu B og BRidofof edfit B <
suppor t i nghk edfomnd] (5 dagl beddeSprovided &¥ith addiliaty RquiphR@nt, RecH 806rands124, The
apparatus of C aim 10, wherein said electronic assenbly conprises an

encoder optedasksnbglipprtcFEWdtRgiquasters, 16t at i onal shaft of said gear

assenbly. 12. The apparatus of Claim 1ll, wherein said encoder is nounted on
a connecting shaft, said connecting shaft being coupled to a first stage,
ot her suit abl e The jack assemblies 30 are retained against vertical displacement by the hull

16. As shown in Figures 2 -5, a typical rig has nine jacking assemblies 30, three
assemblies per leg, with one located at each leg chord 15 of the triangularly shaped
legs 12. Each elevating jack assembly 30 is secured to the hull within a jack housing
31. Each elevating jack assembly 30 is provided with four 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
elongated 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



. installation points, of the gear assenbly. The apparatus of Caim 11,
wherein said encoder is nounted on a gpnnecting shaft, said connecting
shaft being operationally connected to an i nput shaft of the gear assenbly.
13. The apparatus of C aim 13, wherein said encoder is nounted on a side of

sai d rot ahRnah relaabt t@moﬁgmqs,awlhheﬁh'é j&ﬁgassﬁmtﬁﬁeg%o%ﬂ{ai@a%ﬁ inld. A

nmet hod of detecting notion irregularities between in a rack and Ppinion
syst em of redatjeadk thephull.g, conprising a floatable hull and a plurality of
supporting |l egs, the nethod conprising the follow ng steps: - providing a
means for vertically noving each of the supporting legs in relation to the

hul I, sai d neamhe gR4f60 Sktaﬁdsathﬁﬁ%h B@aRAK Yhe geat Wheel320Wndkndede qeower nmeans
and operational | a/l connecting said power nmeans to said neans for vertically

novi ng t hePya yicaangotggsto the shafy pQithrgueh avehel gear tidivs &4 Asghawndnect ri cal
current s | ed.hy. ' o} n . Sal ans. f [ vi ng

t he suppo?&q‘!ﬁég% %‘gs‘?“égdeg rdgvllg\%ﬁondé?egd ?r%é%lsd%?d g%oﬁngeaé}ﬁ}qp ﬁg eI\r{(gF gato?gllr‘]é %?aggai d
gear assenizembly SQrAwhadfi 179 efhtheleacddepBRds Qgﬁlﬁﬁdﬂtd ttgnﬂrsc@uage@f irtrlglgge‘aai d

el ectronic as ly tqQ said power mnmeans and, to said gear assenbly; -

conpar i nga%gF@i’fYF?(béﬂh‘g\ @%&F%tpyg@r\‘@}egtt%ﬁlwa%@l’ﬂt 9 for detecting the
electrical current with electrical signals generated by said neans for
measuring rotation of the gear assenbly and generating a signal indicative
of notion irredbtaniaders? behswrenthe aotdtionab ppeetliofighd ingst shiaft 8aifdhergeans f or

vertically moving.the.legs. 1. S. met.hod ,of . Cl ai.ng .15, furthe

conpri si néssﬁmé{yegoopu{f%n@c?f%wa ggnﬁe gﬁsanfloplr’#’r‘érhéﬁﬁl% aﬂsml}"oﬁ'h{:o an

i nput  shafdecRdniddl enGtRA o ERPtYshaft is converted to an electrical signal, which is
transmitted to an electronic assembly, schematically shown in Figure 7 and identified

by numeral 72.

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
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



~16.. The nethod of Claim 15, further conprising a step of providing an
encoder for converting nechanical novegents of the gear assenbly to an

el ectrical signal capable of being interpreted by said el ectronic assenbly.
17. The method of Caim 17, further conprising a step of providing an

el ect ri caboytif A8l WaP G AT ARG Iods PR IadE RIS sigueen sai d

power mneans an encoder. net hod o

conpri si nfrom pirmpnedt damagd.i ng sai d gear assenbly on a rotational shaft and
connecting said encoder to a side of said rotational shaft opposite an

I nput end of said gear assenbly. 16 19. A nethod of detecting

m sal i gnment  beyywetheasipARIN o ARk HRdsahtehvEREIHS i liscIURRAT invEgerl@B3ni N a
jack-up platformhaving a floatable hull, the method conprising the steps
of : - pr ovlediriegmatons dhellows detegtianeelumetbr italing éh Autlatively sherttpesiad 1of novi ng

o Goar. as o YOk gD e colaliBh el i A afora of mRR-CulTRY Sl 1 10

provi di ng odcu® When MRasqudertdi@r istcldze ab e taqurekimitnUndéd sheh@onditioRgns t o
said gear assenbly for rotating said pinion assenbly, while said pinion
assenbl y fsteghiiaefemotipn Hraghlarifigeis qyen mase sHbeal iforgd peigs of ragk AndiMBoR current

transfor nggse}n%ligﬂéaﬁﬁitnh%ﬂic%§rﬂ:h§o%ﬂti89 WP hoVERERRt. The apparatus of the present

invention increases safety features by providing an independent means for detecting

unstable loads and speed conditions of the inverter.

When the jacking assemblies move the legs, each rack has a possibility of
engaging the teeth of a pinion at different vertical levels. By employing 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 electronic 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
misalignment 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



. for. detecting an electrical current supplied by said power neans to said
gear assenbly; neasuring mechanical rqfational novenent of said gear
assenbly and converting the mechani cal nmovenment into an electrical signal;
conparing el ectrical signals generated by said current transfornmner,
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gear box assenbly the electrical signa |cat| ve of rotational
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jack-up platform having a floatable hull and a plurality of supporting legs, the

apparatus co comprising:

- a means for vertically moving each of the supporting legs in relation

to the hull, said means comprising a gear assembly;

- a power means operationally connected to said means for vertically

moving the supporting legs;

- a means coupled to said power means for detecting an electrical

current supplied by said power means;
- a means for measuring rotation of said gear assembly;

- an electronic 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,
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 electronic assembly comprises an encoder

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 a first stage of the gear assembly.
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6. The apparatus of Claim 5, wherein said encoder is mounted on a side of said

rotational shaft opposite an input end of said gear assembly.

7. The apparatus of Claim 1, wherein said electronic assembly comprises a
transformer mounted between said power means and said means for measuring

rotation of the gear assembly.

8. The apparatus of Claim 1, wherein said means for vertically moving the
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;



10bb 10bb 10bb! 5z 10%b& ()-F!'( 10%b& ()- 'y 10%b& ()-!z

10%b& ()-ZI 11 r LMRRR}[ 9+1 10-u-u!8z 1Pp6u-u& ()-!Y" 10% u-u& ()-S!

10% u-u& ()-Y'3 10% u-u& ()-9Sy 10% u& ()-10% u& () - RRRRTf TTUUgH=0- u- u!
10-u910% u& ()-f 10% u& ()-10% u& ()-S 10% u& ()-Y10% u& ()- 10-u-u 10-u-uU

UUUUUUW H=0- u: u! - 1Q-dyb LOMEMERS e c@pt@Padisid bowerd f ing th
10% ui U& () - S10% &' (3 - T0% U&' ()~ cAt 0 i bolvi means for measuring the

109NUNu&' () - @ 0% u&nfagnBaddos eléct(ival Kdsenssupplied by said power means to said

10% u& ()-10% u& () - \AanZ%L 77} "?4=0-u 10-uf 810% u& ()-Y7z 10% u& ()-S
410% u& ()-!h0z 10%&G% 5 .%[,Y’z 10%iu& ()-$10% u&' ()-2ZZZ[][[[\ N @

1 10% u& ()-f 10% u& ()-,z10% u& ()- @0% u& ()-Sf 10% u& ()-10% u& ()- 10-u
10-u\[\\\] A1 dEMN @ | 10% u@gl0% u&' () - @ 0% u&' ()-f _ _

10% u& () - @0% u& ( P-NERNOIPILIRESIiPE 1T9HQmROL 3aiq peasassemblyygaigymeasuring

1006 U () - Sy109% u (e conSing melhghiEt Hfsbhe Rt AR st - @ v

electrical signal;

- an electronic assembly for comparing electrical signals generated by
said current transformer with the electrical signal generated by said
means for measuring rotation of the gear assembly, said electronic
assembly generating a signal indicative of motion irregularities
between said supporting legs and said means for vertically moving the

legs.

11. The apparatus of Claim 10, wherein said electronic assembly comprises an

encoder operationally connected to a rotational shaft of said gear assembly.

12. The apparatus of Claim 11, wherein said encoder is mounted on a connecting
shaft, said connecting shaft being coupled to a first stage, other suitable
installation points, of the gear assembly. The apparatus of Claim 11, wherein said
encoder is mounted on a connecting shaft, said connecting shaft being

operationally connected to an input shaft of the gear assembly.

13. The apparatus of Claim 13, wherein said encoder is mounted on a side of said

rotational shaft opposite an input end of said gear assembly.

14. 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;



| 1094.0%& () - 10%& () - S10%& () - 10%&,4)- 10-u 10-u
10- u5s10% u&' () -: aaaab2ccdEbC@r | 10%yf
10%& ()-10%& ()-m10%& ()-' 10%& ()-Y 10%& ()-10%& () - ccdgde@edEbC@
110% S 10%¢& () - @f 1030ding) a BdErBkaky » Jogmﬁoﬁall' YeonnbOiEsdid -dBwer
310%8&' () - ee#f yfff &g g(gdE: 1 "10b 10081 100b& () - F711000& () -SA10%& () - Sy2
10%& ()-0g 10%& ()means 0%ned mearfsofpy vertigally, dving the sipportiogdgsy ) - - 10%08" () -
10908 () - 10%0& () - @ 0% ()-yl0%D& ()- 10b}hhh@7jjjdE: / 10bSF"s10%0& ()- g
10908 () - 10%0&" () - 10%O&' () - s10%0&' () - &10%0& () - j kf kkk>I Pl dE: /
L0bS, [ 10908 () = S LQ3HWink ehedd@AORAlcbor MO OGN Lol cSiro OUBRIidd bP/uid
10%0&' ()-Pl 11" n{m nm*m menbC 10bSz 10%& ()-y1l0%& ()- 100 100
1008510%0% () - S3 10%0mer ynepnsto sgiiageany formveriedl mprymrgihe 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;

- 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 generating a signal
indicative of motion irregularities between said supporting legs and

said means for vertically moving the legs.

15. The method of Claim 15, further comprising a step of connecting said means for

measuring rotation to an input shaft of the gear assembly.

16. The method of Claim 15, further comprising a step of providing an encoder for
converting mechanical movements of the gear assembly to an electrical signal

capable of being interpreted by said electronic assembly.

17. The method of Claim 17, further comprising a step of providing an electrical
voltage transformer and connecting said transformer between said power means

and said encoder.

18. The method of Claim 17, 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.



. 10b10%& ()-10%& ()-Y 10%& ()-10%& ()- @O0%& ()- @O0%& ()-nn9o| ooppdEbC
10byY10%&' () - 10%& () - QLO%& () - 10%&g () - s10%& () - 10%& () - p\ ppgqdEbC
10byY10%& () - 10%& () - @0%& () -%0%& ()- YY" @0%& ()- 10%& ()- Nornmal ™
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63] £" me ' " ' an he o | t

Par agr aph@%oﬁtmet'lﬁ-gggd >f2%et@\}n%dﬂlér??g gl;(lg?j é]lxéég%q%dgﬁgﬁwt 9n) P 3fiicl rabkd B

(#X' +-[ ./ 08=suppbdRUMYVIER] iw a geek(gp hl@fam haAQRST Noaxatid \Hull, “thbcaethgéi j kI rmop
grst 6Ti mes New Romaz@ri al Courier New'h Root EntryWrdDocunent6

| #$YR () * +, OISR ARG sigRs Of:

<=>?@\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kI mopqgr st uvw

- 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;

measuring mechanical rotational movement of said gear assembly and

converting the mechanical movement into an electrical signal;

comparing 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; and generating a signal indicative of relative vertical alignment

between opposing racks of a supporting leg.



