, *166166* AN APPARATUS FOR DETECTI NG MOTI ON | CK AND
" " PINION SYSTEM BACKGROUND OF THE | NVENTI ON Thi s | ates to an .
of fshore industry and, nore particularly, to an “l@ﬁmi“'mm”‘m use with
‘rack and pinion systens of jack-up rigs. and l'oration industry
has used jack-up rigs for decades now Th| s type of 1’é"’f“\f’gucture provi des for
an el evat ed platformsu orted by a plurality of legs that nove within
wel I's fornmedAM S)FQRDEH'IE@TMMOMONIRREGLHX&RDFEES on or

production site, the | eg he atform Once the
platformis delivered tgcﬁig% @ﬁg“g?{%e@é F’B’Ii s el evated above
antici pated wave action, while the |egs nove dowwardly for positioning on

the ocean fl oor. ConvenBAOJIQGRl(HSﬁNDr(QFEDIFE?NVENTﬂONe racks and pinions for
noving the legs; wusually there are nine jacking assenblies, three

assenbl i es forr le S that ‘aﬂve three_|leg L chords. Each jacking assenbly unit
has four to sig FRin refptes o &Pé’fﬁéﬁ@e’é}dpmaal}(hdnorefpmla&w tsugpor t ed on

bear i ngsapgagditis mr%@Wlﬂl%aéwgﬁplﬁﬂgﬁ@%téﬁgéﬁ% erg)ﬁggn electric notor via

gear trains. Wien the jacking 'syste N obstruction, the jacking
system becones jamed. The sane condition may result froma fa| | ed brake

whi | e the powgy: lnues to b u led . to . the drive system Conventional
systems wit hm@lrﬂeml%ogats & i ‘élsgsstgpﬁqsdﬁéﬁl"c% “WhcHigs for deeades ngwi dbidi t i ons
for the fypelof sguaretpgotiiesOf in alavatedlglaffsﬁﬁ SUBRRd B apitidaf of%gésgtﬂat This

met hod i s notar.i, ousl?/ naccurate, especially when’starti J acki ng
oper at i dHOBRFFHUR vglls ﬁifmlthmp!qtfonn @ufflﬁlertemISpmt itnghe explbaattonn@ i n-rush

current ﬁrbaﬁatidﬁesﬁ@nmb“1%@%&%%&%8%%8%% e;ﬁ é’r{no QP% &@Fg' -

(Fﬂjrther difficultiés ari en seftin 5 ng S
transi erdedivexsd tgjthe @dpematiofdlisitej & meleam& abbee artRiyateNvave aétion], WHileghOt OF tO

not or, | oad, condition to another. As a result,
prot ect i on@galoﬁ%tjﬁwaé@xg?wc&ﬁ?% Qg oegan flporayed during st arting of
nmotors. |In sonme cases, the starting delay may be critical in
Conventional jacking systems utilize racks and pinions for moving the legs;
usually there are nine 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 jammed. The same condition may result from a failed brake while the power
continues to be supplied to the drive system. Conventional systems with electric

motors are equipped to detect these jam conditions for the jacking units through an

——

indirect means of current surge. This method is notoriously 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.

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 as from
one load condition to another. As a result, protectioh against jam conditions is usually
delayed during starting of motors. In some cases, the starting delay may be critical in
protecting the machinery from permanent damage [ —

I
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protecting the machinery from permanent damage | [111ITT TI1T VIIT VI

VELE VELL L, L/ *000002* 2 Jacking systens that enploy variabl e speed

"drives to control electrical notors also typically use notor currents as
jamindi cators. However, using the current as the sole indicator is

usual l'y 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 |imt, the notor
tries . to control the nptor. Such

may stall as . i.abl eed driyv i

condi tion may %?glgg%&%@ﬁ%g}fa%eﬂp Od'g@ﬂaﬁ]ﬁ SRRSA diives iR conizel dlectiiqp motersent  wi | |
be wi thi mitcyphafisrabe ratgeurtlil a9 g ddlcaid HBRb ferl Alind AR ek gt ecti on
using a co[rett)lrﬁ?]ctl on of current detection as an indication o oad and
speed detXtt IGiFalQs igaswally inswificient anpenisieadipg b&ause tixpdrive cangeasratader

vari ous i di 1 d ribed by the patents helow U S Pat.
No. 42453*3%“_f‘%"qggk@?ﬂd%%"é??@?e°s“?}r§<?‘§° e, 3585 qulfenl “AB0: SuD e UG cancr
ot or - agaonditiopamhiEreghoforqueaddnemidds close/®ithe WG TiMA e mABERLy Stal 3!

representjng._t motor.. rotational speed for conparison agal nst nor mal
oper at i ngtjl © g%réagﬁe F%ﬁ@é‘é‘.ve gles tosgptrol\ge mpsor> Sgeh conditiensmiag oceur. wighout

descr | bi dggerligdy @it belauSeRme RV VR pERAH fihghsi no. speed and

current signal, to maxim ze avai torque ‘entire stalling
duration without inflicting thermal danage to the notor. U. S. Pat. No.

4504881 to WA . rib a protective circuit for the notor,
%etﬁzr)%sq%(% 5 (‘:’%?%g%tqri%t?fdgﬁ éeé‘iﬂt‘l‘m IS8k pIbinAtin: of euskentrot or

consisting of a

speed, etedidreas anlmdicdiivh SFIGAEARE shébd Rlt@dtio o Yot il rl oadi ng
(cpnditions. U S Pat. No. 4695779 tobYat es dlesc?ﬁ%eégp%ﬁxeo pr o?é%?‘?%ﬁ circuit

agai nst SPSE|TARESS under varigus eparating eondisions,asidasprived by thegatentobelowt i ng t or que
are different, consisting of speed signal and current detection. The
current is used to detect different operating nodes, |leading to different
time del ays f&kSrRat- Do. #245376rtat Balgr speeibes Zhir6tep@éie Birciif 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.



for uses such as an oil well punping unit. 3 U S. Pat. No. 4547720 to

* Loudon describes a notor start-stall detection apparatus and net hod, based-
"on stator and vol t age phase di fference detection, as a neasure of
rotational speed. Al the above patentss stress on notor protection. The
priority is to ensure that when the notor is running at | ow speeds or
stalling, no damage due to overheating occurs. Furthernore, detection is

based on oper alliSigPatoNd. t45a0320 @6 [igudbl | dbdaibedf %étor staRbeaiTegui@iogn of

t hese net hods on a rack and pinion systemw || result In a slower detection
time becARBRAHS yplmethed; based pn, statox harh veltagel phade diffictendeodatectimny a§ nom one
41 rack fh&shRF gonmmon setting for all notors on a jack-up will
result in a conﬁ?%ﬁb@%(ﬁﬁfl e delay. This is conplicated by the fact that

| oadi ng conditions are dynam c during the operations. In this invention,

t he phil osophy ﬁg@e t hod for jam detection using notor speed. and current
moni t ori ng appﬁ" VE RAICRESICE RN B proteetian i ge@y@né’msng ensliré tlmtent .

When a j aiRedCthibifotot Is fufindnake! ciural, damge will
occur before the not osr |sn anégchggédgrgt%g@@gheaw @?e‘to "é’?g €in this
I nventi o®ccWs. t o quickly detect a jam condition, and stop the operation

I mredi ately to prevent nechanical and structural damage. The detection
parameters are nore extensive consisting of notor speed, rate of change of
mot or speed, (Ruethemicte, daédtidlis Badd bh ondif GO &k ent.

Moni t ori gm ﬁnd conpari son i s perf orrre?pget ezr)lncﬁrt[}) or’s %Idl%{rl\%l Tﬁt Ssane

r ack, p enE?é’é’éd’ fdhesg methedseommrask and pisioh aysten . willsresuit i ors slowen single

k ff t hod. of
(i gent ?¥§F%9?‘?$§g‘ﬁf°§?ﬁl§%§£éé? s Yol SRR B Rl RiiiGons Vit oo the

i pl ement |tonraok Ulsmgm’rpmmmd seRingofdr falll mofi8 ofl&l RRkPIWAINE&uft in a .
conventi 8@ rack dol ?‘Elsj .acki n? system - the safety system shoul d
mpromised ela 1s complicatéd by the fact that loading conditions are

dynamxc durmg the operations.

In this invention, the philosophy and method for jam detection using motor
speed. and current monitoring applied to the rack and pinion jacking system is
different. When a jam occurs, it is likely that mechanical and structural damaée 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 performéd between motors driving the same rack, and
not based on a single motor in isolatipn. 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.



[ ved further to provide a pre-warning for a jamoccurrence. 4 Jam
fngthFP{gng may and usuaFIy devel op during the course of operation. The wave
"motion, wind conditions, considerable |oads, dlfferentlal Loadlng _
conditions and distance between |eg chords contribute to a possibility of
m sal i gnment and eventual jamming of the teeth of the rack assenblies. A
jacking operation with a leg msalignnment may cause consi derabl e damage to

itionsrmiay kad llygievelop duning hige botrke of Gferalapgge W | | be
both to the | elpm seul : T bef(g)re,event ually devel opi ng

nto o | aelof g iR oG drale i lisansg lotdies candiicamland cur rent
oL or - current. sur a6 Oerantron e R0 Bals it TR Bl R0 Gl

not or current, surge detection wth spe bac 0

qui ckly damaupg qfetheytesthuaf theiraek amnﬂjlibk.onA?jadkingthb_riﬁm ng g%&%g, it

[ I to .have a,nmuch earlier warning sy
orovent o pade R hADEANE cRuORiRIC AT IR b fo 4h% lo§ RS anicibPdeg o do |
this, as guideoms theohulhale: darhigdd Sill Be\ibAWRANGyR %g@\i\éc@éngj,reggafogtt ddentify

' ' her
mal ehavior of a particular set of notors pare e ot
Sgtn gr A rgigEe ewgaﬂfbﬁwfﬂp%m dda@enadi epnditionosltich oan theni tensenbeaicleyt ed

di agonal ltie HHilabR&ustkeht élla%gg@taﬂ{de?%'ﬁ%ﬁg%stand speed may be well within the

[ [ have nuch
operating limts. Aleg m gnnen a?rflv_etpfthe hul I may
h!ogher Igads on one of the three racks, but individual notor current and

| - Lhdi ' -.th I sti current and speed
Foedback syst BRI ok sisiim S o meier g b tion itkdoos. not
Provi de_apoedfRedbaok WIINRNED @ QicRh dA&] We\%ggfrapfa&%xﬁjéd; gﬁaﬁ{boarlg damage due

(te, irregul ar_notion behavior. The difficulties ( CK ySt em as
(‘s ?’at ed gSWeﬂ‘Er@e&"}@& dpiesitebls| andf advantageows! techavieca nhychdearhi@nwatingdi ng

a1t oorendd (Fetl SuBitead P, FROitHolRt lih protetn § wabledariosi de. The
cant i | evéiis,sasritidoes eotriest o kolBUPRAEW ahd aNkhoWledgeasdwd ldeafifl MRVESaR! ONY
this SUpg&ratviJrrgP%’ pz-a.rrrt]i%ulrz;rmsie? rcl)fcx%ga)lré ea\éecr:onSx;Ea.rrcgdctt(l)J rt(l:)leI (?ther 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 thrée racks, but
individual 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.

——

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.



restricted along a single axis by guides on the support frane.

- Rectification of a jammed condition and m salignnment during operation is
“time consunming and .nay be danaging to machinery and structure if C
excessive force is used, especially when positional information of the
cantilever relative to the hull is not available. 5 Patent searches did
not show any results that fulfils the above detection requirenent for
jacking and skRafetitngashed ditds not)sEow Paidy. rd¥olts 49885008 tthe Kbves adekectiBhOVi des a
means of eqlgal | Zi gg i nion | oEjds,for a jacking assenbly only after the hull
has been TPRURERFH ro%&'?‘&%iaﬂﬂé dding systsmsn dU h dal o 488769 % tor Kamasaki usi ng

t he el eGhé@AEEONRleL ; : ' ' t | 4 m nation
of dr avvbaqiéks as sg{g%ngst %%S%ngpﬁle&%@?%ﬁoér ?Xcg(ri}{(# %rg%ﬁ\;?l ioo:l?%ﬁéra ¢ §B ar at us
for det edwgengacked for ppgratienal taire gapl ani nengaggk inthotitisg imode tsiak @ad pinion
system of l.ack- ri,g that would all ow detection of notion

I rregul are}%flggl%gﬂ%{%pqxgl&éht I on of structural damage faster than it is
possible with conventional systens. () SUMVARY OF THE INVENTION It is an
obj ect of the present invention to provide an apparatus for detecting

mot i on i rregul'd€iRIesERt myentiqiceongmaplpiesn ebminayion efhdrawbacks assotiated with ect of

th L ' . ' tus. f .detectjing mgsali t,.
(D10 G 01 5B PRRY Bk SSL PR T 7"
condi t i olperatians inckraak dng ipiiion sytedn aF b HELKSYS L That WRIE aROW JRiddB6n gP) ect s of

the present.invention are achi eved through a provision of an

el ect ronﬁ@ﬁ’é’ﬁi@%“@%ﬁs@ﬁﬁ PigYiertonof st tusal lamgge fastes thandbistpossible with at i on of
the gear cas&afibhal sifledts.” @Ck and pinion systemw th an el ectronic assembly
{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 gy\nARY 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

—
Ap—

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 electrohic 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.



t he jacki ng gearbox, or gear assenbly. The shaft of the encoder is coupled
+~to,the first stage of the gearbox, which is directly coupled to the
‘'gear box-input shaft. A current transformer that can be installed at one of
the incom ng phases to the notor nonistors the notor current for the
j acking assenbly. An electronic assenbly receives and interprets the
electrical signals fromthe encoder and the current transforner and
detects a j anmitgie éoenrs eledtronieassemblyt for teactgclaord e aminitgr e speed kiggals Movi ng

assenbl y. re | ne .gl ectropi ¢ assenbl or each chord to nonitor the
speed si gaﬁlglcgggﬁtdg %nt??sr%?ﬁl tﬁer %gqr§ﬂ?f%’ﬁ1°PH&2ﬁir\é’t%‘F§a‘ftﬁé shdcoupl ed to the
particul ar chord. The individual chord electronic assenbly will transfer

information to the central |eg electronic assenbly to process rack
position and | bdindividualeehosd elestroniseassembly Wild teansfeeinfoimatien po ehent

i nventi onegdrdio 1 [ irrequl ari.t.ies and  .potential structural
damage i N oa ver egﬁ{ggﬁ:ﬁgrl 05;7 6?qucﬁ£es, I%?légg&b%ﬁmﬁ%agdgﬁ’(ﬁ{m?%k‘gﬁbe savi ng
equi pmentlegaind structure from permanent danmage. BRI EF DESCRI PTI ON OF THE

DRAWNGS Figure 1 is a schematic view showing a jack-up unit with truss
| egs. Figure 2 is a plan view of a platformof the jack-up rig show ng

pi nion gear  OrheVe®Stefnadf thO ¥4 t; . [ QUK 1S etail side
view of a pini or? sgsgenbl y ég%nlt ‘?ﬁe“éf’gﬁf'%ivgg?tgﬁ@ﬁ% ﬁgofh%egaﬁf@ﬁ Ah of
arrows APPienfipkgirustupal dangge én 4 very shodgteaiot of ititkee, Vise thanf1 secphd)ithetelyssenbl y

shown in _Fi.gure .2 taken in the direction of arrows B in Figure 2; Figure 5
is a det gif lggfﬁélpl\rlllmg\ﬁngfﬁr Ctﬁf%ﬁ%‘ﬂpﬁg’é‘mwmg?ﬁfvm in Figure 2 taken in the

direction of arrows Cin Figure 2; and Figure 6 is a detail view show ng an
(e‘?],evati ng gear assenbly and _an encoder for detecting msalignnent through
t‘.

e rotational speed BRIERPESCREFION, OF THFPRAWINGS
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

lk 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.



Figure 7 is a detail
- rack. Figure 8 is an overall

vi ew showi ng the system bl ock diagramfor a single
system di agram showi ng the conplete system

"for a single leg. 7 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT -

Reference will now be nade to the fol howi ng detailed description, taken in

conjunction with the acconpanying drawi ngs, wherein |like parts are
designated by Ilike nunerals. Referring nowto Figures 1 - 5, a

sel f - el evat i ng PETAILEDDESCRIPIIONOF FHEDREFEREED EMBODIME

10 is a
producti

-up unit

nobi |l e of fshore structure that is used for m neral expﬁg)l‘r(ation and

on. Atypical jack-up unit is provided with a plurality of

anit 10, A CRSTERFAnyIb AR BRAF LG Kdsing deiEs Wsfpsion. when fu

for illusonjahétion withrthe aecompangingadiiwitips) WhefeltP e ipartEiatt! H&FgnhtciNGy
t hree suEiRFIPE%EEa}Z. As shown in nore detail in Figure 6, a typical” leg of a

j ack-up

extend |

Hor i zont akplantioh el ;e8udiionC 5 i i i h
chords 15.p Th-e0 chorrgg 15 ar?Pg{%%agé%&gfﬁgagx%s&gﬁhﬁéﬂpf?ﬁ%% P{/
| egs 12,

(.t drcha TEGeAda ntlr oGR8y B4 wisbBberd g Bl PR SRR 50 Tor

trussed
t he
| 16,

2 has

Yhree nutually parallel chord nenbers 15, and each chord
menber 15 is provided with a pair of opposing rack menbers 17, 19 that
ongitudinally along the length of the chords 15. The outward
surfaces of tReferdognowno Figuras ¢ -pf, avietfoclewiting jacicip uRRtiH desigititedshoWn)

Convent | BRBFT 101 i atuP s 33 el b hore Srouesbatia et ianpperss.

e
shaped

tryssed degso k2, tydtiele extend thiough epapings 14 inGi flostabkechult b ofi theberit of

Vi ng t pepbsag, thegackiwgadig yhown in Figepe ¢ land @ Hab thrbeibdchibes iBhe | egs 12 nove ¢
froma raised position, when the rig 10 is in transit and the |egs
"supported by the hull 16, to a lowered position, when the |egs 12

the hull 16. ARghbaieh fifbroaskalliif Figite 6! b WilibAUEE of B 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

12 are
support

ity

/2



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

“Yjacked," the hull 16 is elevated above an antici pated wave action to
support the offshore exploration and/ groducti on operations. Conventional 8
of fshore platforns, such as the unit 10, are equi pped with a derrick 20
nmounted on_the hull 16. The derrick may be al so nounted on a cantil ever
st r uct ur eofishoreplatéormsy suchcks theounittl), are/equipped tith ddeértick 80 nasingdaarthé n Fi gur e
1. The d i Y pasiiioned for a limted |ateral novepent taq
accorrrmdg‘{é1 Fé(we'[:'ﬁlié dﬁ??ﬁkllﬁ%g? ﬂ.@gxrbqu&feglqnt%,c LQVELSHY<HHE 2% Yhshextamdhgi ng t he
posi ti on coftwardty fremshéd Rull 18,h8 sRbwh iPFi .may be al so provided with
auxi liary equi prent, such as cranes 24, pipe racks, heliport, crew living
quarters, etc. The jack assenblies 30 are retai ned agai nst vertical

di spl acenent the. . in Fhgures 2 -5 a typical rig has
ni ne j acking gzh'seedr%gﬁl%?ggg%B?ﬁﬁé%e%%%gggté’%ﬁ?régmﬂg?m?gé? a%ﬁvomn | ocat ed
at each Ivegl diilhiogdn bplofalityhef lochtborgubidtiduy chdipRfdthk §@sitiba-of BRE ggligvat i ng

j ack ass I %0 IZ se,cutgﬂggl to the hull within a jack housing “31. Each

el evat i n?q%alﬁ%t gy Logay 5Q Pvidadawiih apxianyrguinsnentosvsh 38 crasies GH,

oper at i opabd cleNBaYdrE eRWIIRh g&]{é 19 associated with the legs 12. The
rack and pinion asgg)nbl i eslar%IEl esl Sdrj?gcd to allow a very cl ose tol erance

bet ween teeth engagi ng surfaces of the racks and pinions. These surfaces
are designed . for,.hbetter |oad . transfer and stable support of the
platform Si nce%dg%%%g?%f’lllffsty argeretained againsteyarticnl displacerent Bhthedndhgi ng
opposi ng 16adksshosnainviPigreBr 2sEN typidad HP AL ﬁﬁé'%éld'ir%”'aﬁ@%bf}@s gHCRYN ered
(dyj_._rl ng star p and running of the notor, i.e.” when the | egs ‘are being

t-
noved vePiSF@é?ﬁF@Per(leg,: with pne Jacatadhati aagh dg ehosd 46 ofghe irtmigulady eshiepdd of t he
l egs. A roags : r | ngi.on..is..shown . .in npre detail
in Figur g%g. The&;gg‘zat%gg%ﬁ{)ﬁggbgr?ﬁsr}%?rqr?%{r% @S%UQIW%@H*‘%EO%W on
j acki ng 3bsEath iedevating| jesle dssemtilyne3 (rie peoridéd1wen ifQut 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.

N when the legs are being moved vertically.
L)

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
elongafced 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



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

- Each gear assenbly 52 conprises a gear wheel 53, which is nmounted on an |
“elongated rotating shaft 60. The shaft 60 and the gear wheel 52 is rotated
by a power source, such as a hydraul jc notor, an electric notor. or other
power neans. . In Figure 6, an electrical notor is shown as the power
source, coupled at the input end of the gearbox. A power source causes

r ot at i on dofvnt fhCreRitidl ] [ t . in.relation to
the hul | 16, e ﬁgﬁlg%ﬁll;@e‘% € @2 Jéggrﬁses?r’gﬁbﬁgss gtr?‘g‘#g‘r?a‘i‘%‘a’yrg}ation to
t he hul | relatien tothe hulb0 ext ends through a center of the gear wheel 52. An
encoder 62 is operationally connected to the shaft 60 through a set of
gear trains 64. As shown in Figure 6, the encoder 62 is nounted on a side

opposi te an i Mhetshemdoeltenalls %&@%Eentmkﬁms\gheeﬁﬁ.hﬂgteg%c%??&%tig]e

encoder 62 is coupled to the first stage of e gear asse which is
di rect | y OReFaforallyt eonpegted;tontheishafl 60sthecfugh GOset Thgemnicaine54.68s seaautes t he

rotation ed. .0 j,N shaft 68.of the, gear, ass I 0 during

oper at i ogk%'?‘pt%hgjer e{lgé&gnd& %il{ﬁ?‘gﬁe RN gggogﬁg@g_mgtﬁeﬁnﬁ:%c%fa @SAT ot i on
of the i agambiha01Aishaft dlOves thednboderrb2elseupicaab thi gﬂﬁlm\ggﬂm lSar

transm ttedm% %Er’f‘zlli%c't roni c assenbly, schematically sho I n EI gure 7 and
i dent i fi BY¥C 3’ is directipheoupjedde thmgear inpuib shafi 6072 al so recei ves signal s
froma transforner 74, which is schematically shown in Figure 7. The

transforner 74 is operationally connected to one of the incom ng phases of
a motor 76; -t Abeencadsf 62 measutds themotatiomal ispeedcofithe fiput BRFS66F thbgeaah t he

not or 76 ' tarting or runnjing of the jacking systens. It is a normal

(Phactice ginblld o9 using Ynetation ophodhe 7’6‘°l&t‘?‘{d!né’uﬁﬁ'% oeckiBgt sssemblante 78 -
Focat ed mechdnieal mi@iohCof theanpRCdhaft! i8 CohPetted ASHE Y A SIEREC \WhSch fshe |
.signals from,{t%f encoder 62 and = the transforner 74f and 1T hterprets the

si gnal s Frsgutted 1 aeelogteonieassemblyppehemationllyi showm indRigtreSnarclridenttifitd | f such
a condi tpppumbapypeen detected a signal may be sent

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
nor_mal-practice to install the transformer 76 at the motor control center 78 located on
the rig 10.

O

o,

The rack el_ectronic 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



to the notor to termnate the supply of current and arrest the rotational
““.novenent of the gear assenbly 50. By using the encoder feedback, the

" apparatus of the present invention allows detecting of janm ng conditions
in a very short period of time, typigally in |ess than one second for
normal and pre-load conditions. In contrast, traditional jacking systens,
which utilize the over-current nethod, have blanking tine of 2 seconds,
‘under nor¢auditinanpossibim withathe present averisn anmdseFrd@éctinthﬁel jﬂém%ﬁj}s@é}ﬁ- The

i mpr oved @@ﬁuraCéla?g s%fed of the detection of the jamm ng condi tion
possi bl e P Bt EUBLEE- i nvention al l ows protecting the jacki ng system
from permanent danage. \Wen the apparatus of the present invention is used
with inverter-driven electric notors, it allows detection of notor
stalling i n a Whenatthg spparsusr of her presendfinvértion is nused divith GRvéreeridiRed am

di ti .ection. - T | em of. ot ] | when th
Cor que. derant P, IR, Gl it mriohellingract TuberE e sher peapdof |
det ect i ortimé imaddietah iorthe M 86idii@Pdd SR ThTBHOBIER] b SR sleingPy 8} ©5 O

c .

rack and pinion assenblies requiring strict® synchroni zation
The apparSF¥s When the torque damand s elasd tonthe rforque dissit. Sdfider suéle adndigisnspy

Condi t1 ong oy o B RRADE RredTiafs sl hEE' orla 7 38cern PEC sndpiniohe | cgs,

each raclkstemblies papiing dtiittysynéhrogiogigi 6Tgndvemehe ahi appardtuliof tfpradenfli T f er ent
pparatus _of the present invention at

vertical .levels.. By enployi the a : )

each pi nil%\ﬁenﬁgg é’i‘f‘ﬂ%’/ ?%&p‘gg@{%ﬁ& PRE¥ing @mindepesdentamrans foedatecting t o

pi ni ons aﬁﬁablellgdds\égdgl%ea%ﬁgﬁgﬁs ﬁﬁé‘ﬁw‘gﬁ be checked and corrected before
serious msalignnment occurs. As shown In Figure 8, the individual rack
el'ectronic assenbly 72 for a particular leg will transmit position and

| oad i nformati tg the.leg electronic  assenbly 76, The | eg_assenbly wll
process the re a_nl }E/hee JP?%@%I %?Hﬁﬁlﬁﬁé‘??‘jeoﬁeﬁPgseée _rarcgclP@sa*bRPﬁSttlhé’a@ﬁ ot her,
and the bugdgingothietécn of 8 pihictehtediffertat Vértitd) 3evehd Byt estiflofhg 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
misqligmnent 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
§n 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



m salignment is greater than the permtted limts posed by the |eg guides.
- If the actual msalignment is greater than the allowed limts, the leg . ,
~electronic assenbly will send an alarmsignal to the nmotor control center’
78 to term nate the supply of currentjjand arrest the rotational novenent
of the gear assenbly 50. The leg electronic assenbly 76 wll also utilize
the information on the | oad distribution between the racks received from
the i ndi vabraktiorn ebuglee 0kt A fofct ARSRIARIaAoh MUEANSof fack Aid LSt T USt Ur e
is undergoing excessive stress, due to msalignnment or ru |%8' abinst t he
| eg gui dégs.tem sharfigdarly fartsystems wikere oblyy small @aideatotevarive fop dbiegtisrLof t O

include Quath&P sy.sit shoqw real -ti osi tion and | oad data during

t he oper ation, b @ﬁtes églr%ieis?og!rill{[n%i %O@Qﬁloln&‘}s &98%@8 é@f&‘i@ﬂ?@“@&é’ﬂ’é’f#lﬁ%i toring
of the podihta misalignded ehutiveto tHechullagky T4816 Bksabial wesr b nd | eg
gui des. Th(%]s gﬁéwal 11 infor mati)é)n, coupl ecl1 wth tﬁg{%?%ﬁl%ﬁsfr ent '
i nf or mat FEHPYS! gertp the lsgsc and pinion systems, particularly for
systens where only small guide tolerance for detection of contact points
and | oading conditions is acceptable. Continued jacking operations wth a
m salign | eg Manytihasgescandhmoditichtionsymhy be rh&eCCHE de¥ign¥Tothe Pesehe vear

pl at es ﬂﬁg‘ﬁ95§§§' ﬁpag?ae to é@e jegﬁ. Many changes and nodifications may
be made N tha ?‘8 eparupip, fropy e spirit theseednLitheretore. nsat thabmarrrightstof r om t he
spirit tihempeaént ihvertiofbelRkitd dHRYy tHaAk ' Lilg; Present invention
be limted only by the scope of fﬁ% app%ﬂ%%dhgp |§§8df%”3§ | daim 1 An

apparatus for detecting notion irregularities in a rack and pinion assenbly
of a jack-up platformhaving a floatable hull and a plurality of supporting

(ngs, the apparatus co conprising: - a neans for vertically noving each of
the supporting legs in relation to the hull, said nmeans conprising a geak '
assenbl y; '



- a power neans operationally connected to said neans for vertically

novi ng the supporting |legs; - a neans upled to said power neans for
detecting an electrical current suppli‘ed by said power neans; - a neans
for neasuring rotation of said gear assenbly; - an electronic assenbly

conpri si ngjgfy,.encoder operationally connected to a first stage of the gear
assenbly for conparing electrical signals generated by said neans for
detecting the electrical current with electrical signals generated by said

means for_nmeasuring rotation of the gear assenbl nd .f or. converting
mechani ca]!' rmv%‘ﬁé?f?%atlﬂ? ‘{rﬁj_gteﬁgﬁg moggggﬁfﬂﬂﬁqtﬁsgha)échﬁnﬂipégpn §?S§ﬁf§iy capabl e
of being intergrgh&dupylaBif habing Glildatibe RSN Muradidy 8f RIpB6iHingMgs, assenbl y
generating a signal indicative of notion irregularities between said
supporting | egbe apriratystaicorepmsng:or vertically noving the legs. 2. The
apparatus of Claim1l, wherein said encoder is operationally connected to a

rotational shaft of said gear .assenbly. 3. T appar at us of im2,
wher ei n said encodéet ™€ Fygttlfeafyaqipgﬁ&ea%quﬁgﬁlﬁ)&)o&nglsjlgg%mrrgaﬁ?%m shaf t
into electrical sigRahsitdAftmeAR BRptBhehRedt fdediysai d el ectronic
assenbly. 4. The apparatus of Caim2, wherein said encoder is nounted on a

connecting shaft, sapderoeaet Pheratiaradytcopasaey toegifl aucans fohaerticaldt st age
of the gear assenbl é\?i 1?665%. TI%% ?é;%%ar atus of daim2, wherein said
encoder is nounted BR"AECEHHERY] né aft, said connecting shaft being

operational | y connegtngghnt ccoapletd nputais hadvier Othearishforgéaectmgsantelectridal The
apparatus of Claim5, wherein said_encoder is nmounted on a side of said
rotational shaft oppwint &ipRHed Apsaid epyeonealsi d gear assenbly.

- 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.



7. The apparatus of Claim1l, wherein said electronic assenbly conprises a
transf ornmer nounted between said power, neans and said neans for neasuring
rotation of the gear assenbly. 8. The apparatus of Caim1l, wherein said
means for vertically noving the supporting |egs further conprises a pinion

assenbly 4 or eﬂ&g%%@ﬁn%p P;lﬂﬂ 2, SRk Olig 2t e?Esoﬂx%EBEeH%n' a}eg&nswepi ni on

assenbly being o at 1 onal connected to the gear assenb

appar at us of Ghafit,ma8] counectaigsha i tetinpegreramaalhp tgnniestedw at épubehateeh sai d
pi ni on assenbly and sai% el ectroni c assenbly. 10. An apparatus for

det ecti ng nntﬁ%%g?¥ﬁgﬁﬂ15¥ities in arack and pinion assenbly of a jack-up
platform having a floatable hull and a plurality of supporting legs, the

apparat uss co cQuINhSiaA ofFCIRRRS whifilad SReUEeE r%'urﬁ@d fn Aude Jfosraidh
vertically noving each of the supporting legs inrelation to the hull

sai d neans conpriisnalghat gewusite as spwbend aisdidagepr aisemblssenbl y engagi ng teeth
of a rack attached to each of the supporting | egs; a power neans
operational ly connected tqQ sajd gear assenbly for, rotafing said pinion
assenbl y,” whi | es%‘?ﬁ?”ﬁ?%iogrplé’é%elnb‘f' reig %@5@& Honigi PRy FURRISE 2

suppor ting | egrangfortbr SBntbd BAS/EE BB PG\QE&%%staﬂd S&aH thRAVR; n@@l@lﬂ%%\gr
f r means

. ) . T
measuring the nagnitude of electrical current supplied by said po

to said gear raggembf the ggamassgisblffor neasuring rotati on of said gear
assenbly, said neasuring neans converting nechanical novenent of said gear
14 an_ el ectrqnic assenbly .for conparing

assenbly to an_ electrical. signal;

electricdl si st SPRGEeT aféﬁa%ﬁweaewar ears dis PeriRaly BnE M

el ectrical sigigportiRESEAL RHNBY cSRpiSses 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;



means for nmeasuring rotation of the gear assenbly, said electronic
assenbly generating a signal indicatigf of notion irregularities between
sai d supporting | egs and said neans f vertically nmoving the legs, said
el ectroni c assenbly conprising an encoder nounted on a rotational shaft of

t he gear assenbly aé}pl r6’h1§I Ig(%nﬁl)fl $, %@&Hﬂéi@%c Eg?lfaﬁs %ng%édtl?y an i nput

end of said gear asse capa onverting
mechani cal novenentsald)fcunrbm tgamformsswmnl thetedectiacnl esignat igewahted ibynslid capabl e

of being interpreted b aid el ectronj.c enbl 11, The. appar atus of
O ai m 10, whor bi n SBEATCERTBESHRE SREREN o8 TR BEFoasEEbY: FrIS HECEMG e ot her

suitabl e installatiQBeROlyNiEnertingd "he [ ASRANR Yof i‘r%ﬂoIhﬁTe"gB&%'h@& us of
Claim 10, wherein said connecting s af is operationally connected to an

i nput shaft of the l@ﬂéﬁﬁeraMBrmengslegsbamﬂe&ahbmemfs @ewetmtcalngmwmtgdhe
irregularities betmp in ertac %n%H& I tem of .a @ riag,
conprising a float abbe sﬁLﬂF and'a Eﬁ é’( ?VPB?I saif}p%log?r JEOF%S "the net hod
conprising the follQwtidgalS§RRASS the [He@VhdbmBlydandeans sidy of/&iid k&@idngl MoV ng
each of the supportlng legs in relation to the hull, said neans conprising

a gear assenbly; - \np@pﬁ&@rfwfeﬁnd@%md aeAT asparlyi Bihpaspderob@egt i ng
sai d power means t&ipﬁf?i'e B AP ik gnﬁ‘ég nHé %dv¥1r1@9t\§'d?qh% anr%'éﬁﬂg%%d‘g | egs;

- providing a neans etectin rlca current “supp by said
power means to sai danmekosichbsignelr tapmalel yf eingnigterpretedupponid slgett@is; -

provi ding a neans for asuring rotation of said gear assenbly; - providing
an el ectronic assen‘l?P?}nnngd connecting said electronic assenbly to said
power nmeans and to said gear assenbly, said electronic assenbly conprising

an encodegle?pggﬁ%/ %p%ﬁ?alt&é’ot‘;@ H{?%ef@hér‘ém Aid &Jﬁ%ctﬁ%gf%ﬁft% c&&b@e@%ﬁ%ﬁ%?senbl Y

sai d enco t1ng ITEC ani ca nmovenent € gear "asse y to an
el ectrical signade, cthpablimblfinstallation 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;



being interpreted by said electronic assenbly; 15 conparing el ectrical
signal s generated by said neans for dﬁiecti ng the electrical current with
el ectrical signals generated by said ans for nmeasuring rotation of the
gear assenbly and generating a signal indicative of notion irregularities

bet ween sai d support ] { Sal (I | A t he
| egs. 14. The net ho(?"?}%n %?er% }S%ﬁérﬂ? ﬁgiseq%%%?isgll}ﬁ%édggg{nle%et%?l\ﬁggﬁenecti ng
sai d encoder to areleaped]l csh@ht with dléerigeatgnaksgdiblayed Bp saihaedigtfbod of
Claim 13, wherein said encoder converts nechanical novenents of the gear
assenbly to an el ecPFIRENS siofptian o tifpisearo pssembhy and nederiBg el signakaj d

el ectroni c assenbl yingitGrivel BE MBRoROPreBlilalHiéd Bothden fsgﬁt ﬂﬁhoﬁﬂgn%ss hflg a step
n connectrn

of providing an electrical voltage transformer a g sald

t ransf or ner bet weernsaghindansdweverticghsovng ttedegh. encoder. 17. The net hod of
Claim 13, further conprising a step of nounting said gear assenbly on a

rotation shaft an 0 cting_.said encoder to a side of said rotational
shaf t opg{)%i tZthaﬂanfﬂB@P?gfmmo > SUher GRPrSag 8 sigpyf comneciingsqif GReager

det ecting ni sabignRihiebreeReadisasgny. and related racks of  supporting
legs in a jack-up platformhaving a tloatable hull, the method conprising

the steps of: providing a neans rigidly secured on said hull for vertically
novi ng eEch ofhd heethoppel tGlaign | Bgs whereirel satd ancoédert benvetts | meslainttalreans

conprising a gear assemhly and a pinjon assenbl.y engaging teeth of each
rack; provi di rfBO‘ée“E)"d\R%lr‘T’? ﬁé%n‘?araﬁﬁﬁe@gt\e‘? 3 i%n F‘th}gf’éoﬂ t‘iagﬁblg AfdbREer

means to said iﬂ%re%%%@i&eléé%nfc%%ﬁmg said pinion assenbly, while said
pi nion assenbly i's engaged wth the rack of a supporting |eg;

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;



mounting a current transfornmer in connection with said power neans for
detecting an electrical current suppli d by said power neans to said gear
assenbly; 16 neasuring mechanical rotational novenent of said gear
assenbly and converting the mechanical novenent into an electrical signal;
provi ding an el ect 1 op)ga8seRhYeAN0habOR SR oRnSAf i€ hERLEQRIy AR SCTD! v
to said power neans and t90 sald gear asse y, sald efFectronic assenbly
conpri sing an encodamvepmgahé maciadnicatmonenérdntd @an ekecfricabtigstlage of the gear
assenbly; nounting said.encodey on a rota iona{% shaft. of the %ear .assenbly
and on a side of sEPYIdIRG & GIFIFOURaPTeBRN0aN] eCORRCG RS SAENBICHFONG| d gear
assenbl y; conpari ngagdéhbiyt be sGICQIREr Sh&nt Ndfdako Shangks SREILA] edidy said
current transformer, indicative of the relative |oading condi'tion of

i ndi vidual notor agldctymar besgmblysemipirisingmnt ¢ncotier @lesttontibykorsiegadlto

i ndi cative of rotat ﬁo?% nﬁé‘ﬁlﬁmm of tbqe_ gear assenbly; converting with

t he encoder nechani t&P' 6&% STYFIRE Qj’ear assenbly to an el ectrical

si gnal capabl e of bgbGgigéaed BA®ldedoRY rsational &hek of G SeaR SSQMYIY and@nd
generating a signal indicative of relative vertical alignnent between
opposi ng racks of aomsapdst of ayd|regtional shaft opposite an input end of said gear

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.



