1/ 19 Description O fshore platformand control nmethod for offshore

pl atform The invention refers to an offshore platformaccording to
the preanble of the patent claiml and a control nmethod for such offshore
pl atform In the course of the increased use of alternative energy

sources, wind turbines for instance becone nore and nore inportant. By end
of 2009, a so-called offshore-w ndpark was put into operation off Borkum
whose wi nd turbines (' WA ) are anchoiéd9on the seabed beyond the range of
vision fromthe coast. The installation of this WKAis carried out e.g. by
means of an offshore platform whi cﬁbg(ﬁ-i@)orted by a nunber of col umms
resting on the seabed and whi ch can be hauled out of the water for the
installation of the wi nd turbines. In the patent GB 838, 627, an

of fshore platformis disclosed, where the relative novenent between the
colum and t he pl affshore pikfsnmparad eohtyolhmdiradl focoffshareddatéornwhi ch can be
interlocked with the correspondi ng col um and then nove the pl atform upward
al ong the columms by pulling-out or - in kinematic reversion - nove the
colum rel ati H'|éep

cyl i nder, theTﬁ%/?rT\; élphgﬁf?re% bﬁ bgﬁ g{a;n'ﬁbgﬁ(?tg%{)goq? H{ thé% thtehe

col um apdtmhelannrﬂeand:gloond'er merliubd ﬁarmulchciﬁsdpresplatfban t he hydr auI ic
cylinder can be pulled in for the next stroke. After that, the interl ocking
with the colum will be repeated, so that the platformcan be lifted with
the cylinder §f fek&urse bhheiRfedsBHRISEAT. alt%‘r'ﬁéhv%t@r%r@yséhﬁjésoﬁlﬁ’foat' on is
time consumng. This is particularly problematic in offshore applications,
si nce t hwrbinasffor imstanceeicome morgaodadareimpsirtant By gnd o 2609 abe-calleday es

and suchl ver. the, WKA can .be | Iled only in f
condi 11 oRESTrg BRABH P AHL NG PREERAT B Wity PBeS e D of ¢ ne
of f shor eafd ahéiural ontAklseBBed\bRiyeAd the range of vision from the coast. The

installation of this WKA is carried out e.g. by means of an offshore platform, which

is supported by a number of columns resting on the seabed and which can be
hauled out of the water for the installation of the wind turbines.

In the patent GB 838, 627, an offshore platform is disclosed, where the
relative movement between the column and the platform takes place by hydraulic
cylinders, which can be interlocked with the corresponding column and then move
the platform upward along the columns by pulling-out or — in kinematic reversion —
move the column relatively to the floating platform. After a stroke of this cylinder,
the cylinder end at the platform side is interlocked with the column and the other
cylinder end is unlocked, so that the hydraulic cylinder can be pulled in for the next
stroke. After that, the interlocking with the column will be repeated, so that the
platform can be lifted with the cylinder stroke in the next interval. Such step-by-step
operation is time consuming. This is particularly problematic in offshore
applications, since the platform is during the procedure relatively susceptible to
waves and suchlike. Moreover, the WKA can be installed only in fair weather
conditions, so that unproductive periods, being caused by the method of the

offshore platform, shall be avoided.



2/ 19 In order to get rid of this disadvantage, an offshore
platformis described in the patent US 4 497 591, where the adjustnent is
carried out by a rack-pinion nmechanism Here, each colum is assigned to
two hydraulic cylinder pairs, whose piston rods are connected to one pinion
each, conbing with a tooth pitch at tf2 t®l um. These pini ons can be

bl ocked with an interlocking system The cylinder casings of these
hydraulic cylinder pairs are each connected to the platform By pulling the
cylinders out and in, the platformcan be raised or |owered while the
pinion is intqgl i he
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possible movement of the platform or the columns.

In order to avoid overloading of the hydraulic components, in the first
mentioned state of technology according to patent GB 838 627 each pressure
chamber of the cylinders can be connected with a pressure relief valve to a tank —

this pressure agent flow path serves also as drain for the decreasing pressure



In contrast, the aimof the invention is to provide an offshore platform
and a control nethod for such offshore platform where the pressure |osses
are reduced. This aimis achi eved regarding the offshore platform by
t he conbination of characteristics of the patent claim 1l and regarding the
met hod by the characteristics of the 8urBher independent patent claim 8.
Favor abl e advancenents of the invention are subject of the subciai ns.

The offshore platformaccording to the present invention has a nunber of
col uims, which can be | owered down to the seabed by nmeans of a hydraulic
lifting @eember phtheradinders. Thisspresperepieliet yahedpseedependiea ondbe] . At | east
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corresponding high pressure, in order to open the pressure relief valve on the drain

side — the associated throttling losses are significant.

In contrast, the aim of the invention is to provide an offshore platform and a
control method for such offshore platform, where the pressure losses are reduced.

This aim is achieved regarding the offshore platform by the combination of
characteristics of the patent claim 1 and regarding the method by the characteristics

of the further independent patent claim 8.
Favorable advancements of the invention are subject of the subclaims.

The offshore platform according to the present invention has a number of
columns, which can be lowered down to the seabed by means of a hydraulic lifting
device in order to raise the platform above the sea level. At least two hydraulic
cylinder sets are assigned to each of these columns, whose pressure chambers
can be connected by a valve device with a pump system or runback. The hydraulic



The control of the pressure relief valves is very sinple, if the pressure
is detected in the pressure chanbers of the hydraulic cylinders by sensors,
whose signal is evaluated for the control of the pressure relief valves by
the control unit. For maki ng tpq{ ad- assunpti on as snoot h as
possi bl e, the pressure agent vol une f cwv%k)the | oad- assum ng hydraulic
cylinders can be increased for a short while by the control unit during the
| oad- assunption as conpared to the pressure agent volune flow, which

correspondfni& d\RferRE Bhaht eheMIHI e RAE tat thE DIRFRFSAHEoR AR bthed lhapa 1 ow
oad- S g

to the | transterrin ydraulic cylinders can be reduced accordingly, so
t hat t he dapdreaconneated getachabieotather earegapondingoerludortt aminterlagking I n

anot her dgsi gn, ex l e, .the interlockin evi.ce h h
oyl nder G HhAARTPS: 1 el DS g b Eat B AR e oS e Rt

Wi th one @htrbied IR WA thatldeirihg GkightivaDuBlément Bétwides slatiorimand column Thi s
| ock bolt may be pre-stressed before the interlocking engagenent, so that

it will emgaefdhawybndarnseis isjockekwitbdhe selumn by pheméeraakinddevipatwihite,

whi ch eng{ﬁg%ﬁér%yﬁna&%esﬁs unlocked and is pulled back to the starting position, in order
to be locked then with the column for assuming the load. Each of the pressure
chambers of the hydraulic cylinders can be connected by a pressure relief valve to
a tank for limiting the maximum pressure. According to the present invention, the
limited pressure being set at the pressure relief valves is adjusted by the control
unit depending on the acting load. This means that the limited pressure of the
pressure relief valves is set to a relatively high value, when the platform is hauled
out of the water, while it is set to a significantly lower value, when the platform is
floating and the columns are lowered or raised from the seabed — accordingly the
throttling losses in the drain pipe are extremely reduced as compared to the

conventional solutions.

The control of the pressure relief valves is very simple, if the pressure is
detected in the pressure chambers of the hydraulic cylinders by sensors, whose

signal is evaluated for the control of the pressure relief valves by the control unit.

For making the load-assumption as smooth as possible, the pressure agent
volume flow to the load-assuming hydraulic cylinders can be increased for a short
while by the control unit during the load-assumption as compared to the pressure
agent volume flow, which corresponds to the projected moving speed, the pressure
agent volume flow to the load-transferring hydraulic cylinders can be reduced

accordingly, so that the hydraulic output in total remains almost constant.



In order to inprove the operational safety of the system the control of
the respective hydraulic cylinder sets and pressure relief valves takes
place only, if the interlocking of the |oad-assum ng hydraulic cylinder set
took place and the |oad-transferring hydraulic cylinder set is unlocked.
This interlocking may be detected by &dmidors and conmmunicated to the
control wunit. The control nethod for an offshore platform according
to the present invention works in the above described way, i.e. the
pressure relief valves are adjusted by the control unit in the way that the
limted pressifi@nather dgsignexsnapleoths ibisslogkingrigvicahag afe@desit aeddp above

descrt bed MRt whieh e R FIF HobR5 &l B PG00 o PR W BB of
Fi gure 1lthenanteeons Intetbiakimgigoahtiags af freheplempl at form i n vari ous

operational conditions; Figure 2: a schematic drawing of a lifting device
of such offshore platform Figure 3: a hydraulic circuit of the lifting

device from Fhgil Rck 1ftnAY BY e btrels¥@ bRt tRE iftéAE ARG EnGhg&Hbht, k8 the

lifting device.
that it will engage automatically.

The lock bolt is preferably a twistlock, which engages in a recess.

In order to improve the operational safety of the system, the control of the
respective hydraulic cylinder sets and pressure relief valves takes place only, if the
interlocking of the load-assuming hydraulic cylinder set took place and the load-
transferring hydraulic cylinder set is unlocked. This interlocking may be detected by

sensors and communicated to the control unit.

The control method for an offshore platform according to the present
invention works in the above described way, i.e. the pressure relief valves are
adjusted by the control unit in the way that the limited pressure during the platform

operation is by a predefined Ap above the acting load.

Preferred design examples of the invention are described further in the
following by schematic drawings. It is shown:

Figure 1: a schematic drawing of an offshore platform in various operational

conditions;
Figure 2: a schematic drawing of a lifting device of such offshore platform;
Figure 3: a hydraulic circuit of the lifting device from Figure 2 and

Figure 4: a variant of hydraulic circuit for the lifting device.



6/ 19 Figure 1 shows the basic design of an offshore platform according
to the present invention, called platform1 in the follow ng. Such platform
1 may be built as barge with its own drive systemor as towed platform -

| i ke an offshore drilling rig - and has a working platform2, carrying the
working tools required for the constréct1®n. This working platform2 can be
supported on the seabed 6 with a nunber of columms, e.g. three, four or six
colums 4 - as shown in Fig. 1b - and then can be rai sed above the sea

| evel 10 by the lifting devices 8 along these colums 4, in order to

perf orm t he ndugukat phewadne besicsiesign Rian effshorerlatforat assosdingdodhet ne VKA.
During the | . ratl aon. Si C r i f abave
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lifting devices 8, the working platform 2is raised from the sea level 10 as shown in

Fig. 1¢ and brought to the predefined working position. In this condition, the lifting
devices 8 are strained with a relatively large tension force as shown in Fig.1, while
in the transitional state according to Fig. 1b the load of the lifting device 8 changes
from pressure to tension. The lifting devices 8 are loaded in case of raised columns

only with minor pressure force corresponding to the columns’ weight.

Fig. 1d shows a condition, where the column 8 on the right hand side of this
Figure is pulled out by the lifting device from the seabed 6, while the other columns
are still resting on it — a major force is necessary to pull out the columns 4 from the
ground — this force puts pressure on the lifting devices 8. During the lifting of the
columns 4, this force is significantly lower, because only the column weight needs
to be held.

Therefore, depending on the operational condition the hydraulic lifting
devices 8 according to the present invention are loaded in the 4-quadrant operation

with different forces and movement directions, which must be considered in the



control of the platform1. These forces are further explained in the

fol | ow ng. As further shown in Figure 1, several lifting devices 8
may engage at each colum 4, so that the generated forces are passed as
symmetrical as possible. The basic design of the lifting devices 8 is

in the followi ng described in the sch@fettd ¢ drawing in Figure 2. It shows
in very schematic forma section across a colum 4, at which the working
platform2 is held. The lifting device 8 has at |east two cylinder sets 12,
14, each being fornmed by one or several, preferably two cylinders, which
engage stagyerefthemlatigrm hgl kiseclfor¢emars: fugbpuaxplained ipithe falloming.
respectively. In the shown design exanple, the two cylinder sets 12, 14
each with their cylinder casings 16, 18 are held at platform 2, whereby

this support iss fareEesably iMFrEed .1, sevaralifing debizbaBmalyidrgageelt @ache
shifting between platform 2 and colum 4, being caused by waves. In the

cyl i nder celsnmg, 36 thatdhe gractated &reas s PREathAS spMmetriedlas Pessevi ded,
whose piston rod engages at a cross beam 24, 26, whereby this connection is
hinged as well. By the differential piston 20, 22, each cylinder casing 16,

18 i s divi ded Tihe Fasiotitsign ol énbkiting Blevid@sad ia the faloskiegrdescribed iBdhe At each
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concrete L an, i r i P ' K V.ar
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24. In principle,” several of those cylinders may be nounted at the
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interlocking, the relevant cylinders 12, 14 are strained with tension by
t he wei gRisten 30, 2Reashds pervied, whpsenpistoniood&19R9es R airghs pragsed .G or ces

are put QR bg, fHifSoRRERT i€ higec®Ss well.

By the differential piston 20, 22, each cylinder casing 16, 18 is divided in a bottom
chamber 28, 30 and a ring chamber 34, 36. At each cross beam 24, 26, an
interlocking device 37, 38 is provided, by which the corresponding cross beam 24,
26 can be locked with the column 4. In the concrete design, each interlocking
device 36, 38 has one or several twistlocks 40, 42, which can engage for inter-
locking in corresponding recesses 44, 46 of the column 4. According to the drawing
in Figure 2, the interlocking device 37, 38 is symmetrical to the column axis 48, so
that the forces are passed symmetrically. For instance, another cylinder of the
cylinder set 12 may engage at the right side in Figure 2 of the cross beam 24. In
principle, several of those cylinders may be mounted at the perimeter of the column

4 and assigned in groups to one cross beam.



For the lifting of the working platform2 fromthe sea | evel 10, pressure
agent is - as further described in the following - conveyed into the ring
chanber 34 of the cylinder 12 being interlocked with colum 4, so that the
ring chanber 34 expands and the bottoqgfﬂgnber 28 decreases accordingly -
the cylinder casing 16 and thus the pl rm2 is noved up and raised as
shown in the drawi ng of Figure 2. In the neantine, pressure agent is
conveyed into the bottom chanber 30 of the unl ocked of the cylinder set 14,

so that the dilfuftﬁé‘agg Ie)&'nz;glg%gg %ﬁF@HEe g“ﬁw'ellnfe'ﬂ%cf(l}?ﬁ%fév%k?aélaf the,
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with a recess of colum 4, which is above the recess 44 and not depicted.
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2. The pressure agent flow to ring chanmber 34 of the
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the 1 oad TFRRLFOTBIEH Ia e roiB R B B BiSRaY FiePRRtmla M
devi at i ongidtioeR 4 erxhe tibat-a8surAing, pased-blitcylibgerussid hreyight inkys depend on
the current environnental conditions and also on the geonetry and wei ght of
t he syst diterlocking engagement with the recess 46 of column 4 and accordingly the

twistlock 40 of the load-transferring, completely pulled-in cylinders 12 is unlocked,

so that their differential piston 20 can be pulled out, in order to bring the twistlock 40

into interlocking engagement with a recess of column 4, which is above the recess

44 and not depicted. By this alternating control of cylinders 12, 14, the platform 2

can be raised along the columns 4. Accordingly, by suitable contro! of the cylinders

12, 14, the other operational conditions are controlled as shown in Figure 1. Up to

this point, this control corresponds mainly to the approach, which is known as state

of the technology.

However according to the present invention, during the load transfer from

cylinders 12 to cylinders 14 the pressure agent flow is increased in the ring



During this change of the pressure agent flow, the load is gradually
assuned by the faster pulling-in, |oad-assum ng cylinder set 14, while the
| oad of the transferring cylinder set 12 decreases slowy because of the

| ower nmoving speed - if this load has fallen to a predefined limt near
zero, the load-transferring cylinder 8é1912 will be unl ocked and pul |l ed out
again - the cycle can restart, whereby the control of the pressure agent
flow according to the present invention facilitates an al nost continuous
novi ng speed of glatforn12 and colum 4 in relation to Elatforn12.

Fi gur e 3chaipher 36 19§ thelvleidcassuming cylingera d 4cameqparsd tadha PEGISUiBE0eskt s 12,

14 in th [ rol of the
or essur ot aBe Rt S APASREF e B prsdsfinengIRE sPREE ot PRECFRR Tos i n' the
transitional phase the increase of the pressure agent flowto the

| oad- assumi ngTﬁé'ﬁr@@'&ﬁIreSa@bnﬂ-ﬂow\t@'nhg dnagnteresisef the dgiM trahbfewin@ cylim@ers
| oad-transferring cylinder set (here cylinder set 12) will be reduced

accor di n@;ﬂys r@mqeﬁeaccpr@ng.lydwaarqbo' lbdhﬁrtfamﬂlqnﬁ'b@aﬁ% oftpeylinges pelsd 2f t he
Ki / th
CRER tnre e -

cyl i nder tsgle g cRdmbvhi 34 36oftthe\wsiindyrsal Z; ddrtakesplace, dLmr'gfaarelbil\;elyan
el ectrical motor 54 as shown in the desi gn exanpl e. The [i)%nﬁf 0, 52 are
a

pr ef er abBOR GRHRE-ASHRMPRATEEJC R Whelg StEdimof W%PY'F’@ﬁéﬁ?t dHdi tions the
bredef | e dHes SR REBUlink iR ¥t e RAUEHing|BRnBEPSRM 2 OBREE thRB (9Tt he

vari abl e punp an 1 nt e pl pe he ring chanber 34
of the CSdUrmﬂmuwslm@adowmbnmmdﬁehanga@ﬂdbemressﬁe agent ﬂmNtohlrmgrthehanber

28 of the c I|nders 12. I n each i 58, ont r ol vaI e 60, 62
i s provi a4 rapsiion pEASHIS 3R PB‘PLI’E@E@?‘Q'S ;%?fcﬁoqﬁﬁ t‘f stions; frRyn JiRsen
or der totlﬁﬁ?q’anglre ﬁé%ﬁa% Stﬁé'%?l EHéD&JﬂP@rﬁtV@ﬁﬂohh%n\fﬁ“ abl e

punp 50 a ering c ottomc arrber 28 respectively.

| n addi t conditibhe and risa ba tite geGaety dindoveight ohthetsysteIs. are connected with a
drain pipe 64, 66 to a tank T, fromwhich the two variable punps 50, 52
suck pressure agent. I n each drain pipe 64, 66, a pressure relief valve 68,

70 is provi de@burihg tM%'%nb@%fﬁﬁ@%%s%réégehﬁﬂéwnthb%'adl‘sgﬁé@lué at&ed

pressure chanber 24, 28 to the predefined nmaxi hum val ue. Suitable pressure
relief vhyvhes faster pelingimdoad-assumingedindresst b whilssbedoadsf e Berth

Rexr ot h | ch r.ef.e i es:

cpaci ol ftinhRutdnbd T e FsdSo PR pausk e I8 hBUOBHARRHCTT 1

val ves 6ﬁ)ad7lﬁ)a§ﬁd1leh€to pregeftedimitheat oBtd, ahe Wtid-trangfeairdetylindee bente t he
[imted pressure dependi ngi on the operati onal condition of the c qé]il nd

12. The phlbkewnioakadians pillessutaoaiamiee sYQl8 cagseaiadt. yoreraly the et 0 d

each by nt r ol
ni ¢ ot PSRy Adorfiny t6tne ERe St IR BEl Bfeg, A RokEM 12
above desgeniimesls mberrigcx;ieemgofqﬂmfmzm dgumont incklatibndepeatbmy2on t he
pressure in these pressure chanbers.

Figure 3 shows a hydraulic circuit for the control of both cylinder sets 12, 14

in the abovementioned way.

As described, the control of the pressure agent flow according to the present
invention requires in the transitional phase the increase of the pressure agent flow
to the load-assuming cylinder set 14, while the pressure agent flow to the load-
transferring cylinder set (here cylinder set 12) will be reduced accordingly, so that
the hydraulic power and thus the moving speed of the working platform 2 remain

almost constant.



The branch being assigned to the cylinders 14 has the sane design as the
above described branch of the hydraulic cylinders 12, i.e. the variable
punp 52 is connected with an intake pipe 80, 82 and control valves 84, 86
therein to the ring 11 119 chanber 3§,and the bottom chanber 30
respectively. These can be connected wth drain pipes 90, 88 and pressure
relief valves 92, 94 to the tank. As shown in Figure 1, the lifting
devices (cylinders 12, 14) are |l oaded with different forces dependi ng on

the rel evant oR&IRiInGN8/th& eireiit irPPi'g_]_ure 3, an [MfividstvaRgBle pimp s b8Egned
operational condition as shown in Fig. l1a the colum 4 is |lowered with

fl oat i ng tamachrayliptiar $eirtd, 14, whichistdriven byox ey ety referabiyianar e | oaded

with a negati.ve, ffing force. e | 84C ed into the
Fel evant FPHgCaHARS o4 SRR n MGG BIETpI HrRI s Bag o For m 2 wi ¢
col ums LrefsrhbyYoRimbliontendekd fhagevdiin digfererit heddcormditi@isythei gh pressure
in the ring chanber 34, 36 of the active cylinders 12, 14 due to the heavy

wei ght F RiedefiRedprasshte poentifsviszensured e piegekie agnneckion ok theyaraple

nggf/;‘r’]te' @@rﬁé‘spﬂa tgggﬁég@b -vgjg{‘Sn iSRS Be S9Rhe! mhPiiinS&MYAYLthe QiRdLhe
12 and with another intake pipe 58 to the bottom chamber 28 of the cylinders 12. In
each intake pipe 56, 58, a control valve 60, 62 is provided, which can be controlled
by a control unit not being shown, in order to open or close the pressure agent
connection between the variable pump 50 and the ring chamber 34 and bottom

chamber 28 respectively.

In addition, the ring chamber 34 and bottom chamber 28 are connected with
a drain pipe 64, 66 to a tank T, from which the two variable pumps 50, 52 suck
pressure agent. In each drain pipe 64, 66, a pressure relief valve 68, 70 is
provided, by which the pressure can be limited in the related pressure chamber 24,
28 to the predefined maximum value. Suitable pressure relief valves are described
in the data sheet RD 21050/02.03 of Bosch Rexroth AG, to which reference is
made for simplification purposes. A special feature of the circuit is the fact that
these pressure relief valves 68, 70 can be adjusted by the control unit, in order to
change the limited pressure depending on the operational condition of the cylinders
12. The pressure in the pressure chambers 28, 34 and 30, 36 is detected each by a
pressure sensor 71, 72, 74, 76 and communicated to the control unit not being
shown, so that the pressure relief valves 68, 70 and the above described
interlocking devices can be controlled depending on the pressure in these pressure

chambers.

The branch being assigned to the cylinders 14 has the same design as the
above described branch of the hydraulic cylinders 12, i.e. the variable pump 52 is
connected with an intake pipe 80, 82 and control valves 84, 86 therein to the ring



For lowering the platform above sea level, there is still high pressure in
the ring chanber 34, 36 of the active cylinders 12, 14; however, there is a
puffing force caused by the | owering and the pressure agent nust be
conveyed into the bottom side 28, 30 of the active cylinders 12, 14.

For lifting the colums 4 fromthe sekbet®6 into the travel position, only
arelatively little force is required, so that the pressure in the bottom
side 28, 30 of the active cylinders 12, 14 is also low. There is a positive

| oad and t he pressure agggt IS conveged into the_rel evant bottom sj de.
However , champgs 3p arskthadosiom shambre 3@ seeredtivelyhhese £ambsi anggiadhyith he

pul L1 ng_ it 0 S0 SEAPBILALLR0IRE S 62 CaNld ihelbger . as descr i bed.

12119 respecti've prlessure conventional” sol ution according
to patent GB 838, 627, one pressure relief valve each is located in the

dr ai i f the hydrauli lin - h . thi i t val ,
SR S CTACS S0 AN RS NN
the mrkhﬁ%r@h@fbf&%@épéﬁ&i@ 8ﬁ?ﬁ?%l@vﬂﬁt@ﬁéﬁ%ﬁ?%ﬁ&iﬁom gher than the

pressure I n the other operational con oating platform pulling
out or pulling in of the colums), so that in these operational conditions

ol o1 val vo. FOERGEGn RGNS PAPIELGRALCO N 28 SBRERA 8 pAo e Gl dscs

are si gnid joGaéd with f|oatinngdrkmg5ﬂ!aﬂéﬂnﬁ>n, ArCaktleN bokad Ihyenddrgsient 4idpgent i on,
t hese di sadvantages are discontinued by the adjustability of the pressure

relief vilades \8i#) aregatize, @4linwfirng wherebyarasswa ageptisdéanyeyadime thel evant
| oad condilti Or%" I N ﬁhe | o%% ﬁndi tion according to Figure 1c, the pressure
relief vEFGWRHTINGANHRGY the drain pipe is set to the high pressure,
whi ch occurs due to the heavy platformweight. During the |owering of the

platform this hi.g_h pressure setting is effective until the platformhits
the sea | evel Fantiftineribe verkingtMatfousn ghvithoeolemngrirestipaes theasabed (6i9-t he

rel evant ,act Lv . ' - . reareld ve 70, 94

| ocat ed i1§’ Eké%ﬁéi'%gg%@gﬁ?rg%@?cﬁﬁ Qﬁ‘mﬁ?ﬁe@{b&i?ﬂi %68?3*5?5?%%% nimze the
throttli sglindssdg, 1Ackeridithgheavy heightasstihe welkiref platdbre 6the Sdindeesat ed
in the drain pipe are set during the lifting of the colums 4 fromthe

seabed 6 120"1#REe QAR RORFIVEInBVTpIeNsiaN)e ThEREPSIURHAPPBESAEP PN Ede. g.
al so aftﬁ{tottl.k?é’r&@b%d}ﬁiﬁgmwﬁsﬁyﬁ.”derS 12, 14 and the pulling out of the
rs : , In

rel evant cyli nde order 'to minimze the throttling | osses.
The setting of the limted pressure takes place according to the present

i nvention depending on the relevant pressure in the pressure chambers,

whi ch 1 5. det SEQEIY IR RBeih DouRsardoval, thise 15aifl High Bigpsia M keed by
the cont 'i'igb d#‘l%'rﬁber-glﬁ?,%rcﬁstﬁé‘%\%ti\t/é’cﬁﬁlde'rém bedsi isow&erbirere Fér&%flin%qgrce
pressure difference higher than the pressure beling expected in the pressure
chanber caused bythé lowerng andithe pressure agent must be conveyed into the bottom

side 28, 30 of the active cylinders 12, 14.

For lifting the columns 4 from the seabed 6 into the travel position, only a
relatively little force is required, so that the pressure in the bottom side 28, 30 of the
active cylinders 12, 14 is also low. There is a positive load and the pressure agent
is conveyed into the relevant bottom side. However, it has to be noted that the force
in the bottom side during the pulling out from the seabed 6 can be significantly

higher, as described.

According to these load conditions, the cylinders 12, 14 are controlled in the

so-called 4-quadrant operation, whereby very different pressures may occur in the



13 / 19 The variable punps 50, 52 are controlled in the way that the
speed and al so the position of the working platform2 can be kept
constantly, whereby it nust be considered that the individual colums can
be supported on the seabed in various Egﬁghts, so that the cylinder sets
12, 14 being assigned to each colum 1 neéd to be controlled individually.
During the reversing of the pressure relief valves 68, 70, 92, 94 it nust
be observed that the change to the | ower pressure is not too early, because

the acti %sh}@@tﬂ/e‘:ﬁ@@ reb&\e{?ﬁﬂ)%s: Irﬁhetcf&‘?lvehﬁ@{alfééﬂﬂionaac%_aﬁﬂﬁ?td BalcPVVSB

pressure comng too late results in unnecessary throttling Tosses, as they
al ways 00838, 627, bhe pressuratreligfavalveachds loeatadondlg drain pipe githetwdeaulicr ol

of the pressyre relief valves 6 70,,92, .94 in th i i according to
Che. preadimiAGanfPURVEE TS A8t loati vk eiRd o BolsiEor VR Rl s 3 14
are pre- spregsgredwhithey&durs ARAREthe ifihg @P itk Wolling Phefoely— tH prewsarsisr ess is
set dependi n? on the acting force. The respective cylinder force to

I rd{tp

be ?ener agignifipgntiyneigaen theadhs pressura in thecatheupae@iionak ¢ ngdflpaingdot t om
i ; ; iy :
Dot o o jafah, Aifnd SARSEHMING B 318 cBilid, & thatin inseRiferatiidaldt | he

bott om si ( e pressur he ring 'sitde and the ring
surface sgarglitinstthe pudsp anist wenprae anvery high préssure, in deldr v epsnieacn t he

bot t om SUMPEEEeaRlE VaMEdeGHEdd b PRS Yiasmssastaled THEtii esSresibi bed
e o T e Fose % L he o pebra & o) oo oo byt
ring surface size of the piston (pressure in thg ring chagrgr‘o)er)I \;;: ug th)e/ ©
above descrl belcri] tﬁgfs%m{io%raecscsélrﬁiﬁg éir';eeér%%‘éﬁt invention, these disadvantages are

discontinued by the adjustability of the pressure relief valves 68, 70, 92, 94 during

the operation depending on the relevant load condition. In the load condition

according to Figure 1c, the pressure relief valve 70, 94 located in the drain pipe is

set to the high pressure, which occurs due to the heavy platform weight. During the

lowering of the platform, this high pressure setting is effective until the platform hits

the sea level and hence only the weight of column 4 puts pressure on the relevant

active cylinders 12, 14 — then, the pressure relief valve 70, 94 located in the drain

pipe is set to a lower value, in order to minimize the throttling losses. Accordingly,

the pressure relief valves 68, 92 located in the drain pipe are set during the lifting

of the columns 4 from the seabed 6 to the occurring lower pressure. Such low

pressure is set e.g. also after the unlocking of the cylinders 12, 14 and the pulling

out of the relevant cylinders 12, 14, in order to minimize the throttling losses.

The setting of the limited pressure takes place according to the present
invention depending on the relevant pressure in the pressure chambers, which is
detected by the pressure sensors 71, 72, 74, 76 and evaluated by the control unit.
The pressure to be limited is set by a predefined pressure difference higher than

the pressure being expected in the pressure chamber on its drain pipe side.



By the appropriate setting of the pressure agent volune flows and the
pressure relief valves in the drain pipe, a continuous relative novenent
bet ween the colums 4 and the working platform2 is ensured, whereby very
hi gh nmovi ng speeds can be set. 14119 In the above described design
exanple, two variable punps 50, 52 arf8 19 ven by a common not or

Figure 4 shows a variant, where a separate punp 50, 52 with its own notor

S4a, 54b is agpbgARdp R{}nﬁﬁﬁ 56}’§2%‘1‘éb6nﬁéﬂiéd”'ﬂ€thewéytlx%tth%“spé@beérﬁj aEPS 50,

52 may be designe ari abl e punps. In the shown ‘desi gn exanpl e, constant
punps ar thajpesjtlombbme wonkmgaplfatfovml%camhﬁgent mnsta@tly,mrmreby\alm@é@d of the

For "t e FaascrngL R ROl ol gt P HBEaRPERdRE s2AG0 i pedlls | "

Figure 3pegitd, %tthbf/trfeemhaeﬂgetqut ha treeﬁg)agéngrq@d @teasch Bbluais4 heether
expl anati ons can be om t't ed | ready nentioned, instead of a

si ngl e, bel@ntm&‘kq’lﬂda\ﬂ@lealb’urrp 50, 52 a nunber of smaller punps may be used,
whi ch are driven by a conmon notor or driven by one notor each for changing
the pressure agent volune flow, so that single punps in a punp set nay be
switched of f DeifingAe géngsingeofihe psessiragelisf walesesf T2, Dddat puspbemay be
controlled by a volune or pressure control.

observed that the change to the lower pressure is not too early, because the acting

load cannot be held . On the other hand, a change to lower pressure coming too

late results in unnecessary throttling losses, as they always occur in the current

state of the technology.

By the control of the pressure relief valves 68, 70, 92, 94 in the drain pipe
according to the present invention it is ensured that the respective cylinders 12, 14
are pre-stressed in every operational condition, whereby this pre-stress is set

depending on the acting force.

The respective cylinder force to be generated by the cylinders 12, 14 is
calculated with the active bottom surface size of the respective piston multiplied by
the pressure at the bottom side minus the product of the pressure at the ring side

and the ring surface size of the respective piston.

The limited pressure on the bottom side is calculated accordingly with the
piston force divided by the bottom surface size (pressure on the bottom side) plus
the above described safety pressure difference. Accordingly, the limited pressure
on the rod side is calculated with the load F (mind the algebraic sign) divided by the
ring surface size of the piston (pressure in the ring chamber) plus the above

described safety pressure difference.

By the appropriate setting of the pressure agent volume flows and the
pressure relief valves in the drain pipe, a continuous relative movement between
the columns 4 and the working platform 2 is ensured, whereby very high moving

speeds can be set.



In the above descri bed desi gn exanples, the cylinders 12, 14 are arranged
in such a way as to be |loaded with tensile force when the working platform
2 is lifted. However, the concept according to the present invention may be
applied in the same way with construcﬁ' , Where the working plafform2 is
supported on the cylinders 12, 14, so %23? they are |l oaded with a
conpressive force . Due to the high | oads of the piston rod, in such
solutions the cylinders 12, 14 are |loaded with extrenely high critical

puckl1ng T or Cq5 8 Apb08Ucb B §0S0H taRihh tb vafBIchitint 80 2 afgscr i bed

design exanples 1S preferr However, in the control of the
pr essur e driyentbywalkcamendn owton.t nust be observed that after the

| oad-assunption the ring chanber of the | oad-assum ng cylinders 12, 14 is
very small and the ring chanber of the |oad-transferring cylinders 12, 14

has naxi mum sigggyre 4 BRows e RARRAMANAECH TR At PIMPEC) HRSwid s Bivhi Ao I
pressure changeS caused by feeding of pressure agent in a small and on the

ot her harfitandéh ipiaggignedte sach dydrautiaylindertsebd 2c dhsT lrgeeumps 50, 5An

of fshore platform and a control th 0 | atf are

di scl osed, a\f\}?«gr S&H]%%"%%%P'%@”H“ﬁi%i’?g{? 'hn%pgg%flehxgéﬁ}kﬁe&p Sg‘ﬁpor m by a
i fting dawhseardasad, ditidse wltme floveResiangeddit thenotdtibhapspesiusfahehanber s
of the Iifting device can be connected by pressure relief val vesrfto a Lank,

wher eby tmetars e andprds S setling mpeselined srrasie aaerhwlupsdlove f@rihen,
16 7 19 rest, the design example in Figure 4 corresponds to that one in Figure 3, so that by

referring to the respective descriptions further explanations can be omitted.

As already mentioned, instead of a single, relatively large pump 50, 52 a
number of smaller pumps may be used, which are driven by a common motor or
driven by one motor each for changing the pressure agent volume flow, so that
single pumps in a pump set may be switched off for changing the pressure agent

volume flow.
The pumps may be controlled by a volume or pressure control.

In the above described design examples, the cylinders 12, 14 are arranged
in such a way as to be loaded with tensile force when the working platform 2 is
lifted. However, the concept according to the present invention may be applied in
the same way with constructions, where the working platform 2 is supported on the
cylinders 12, 14, so that they are loaded with a compressive force . Due to the high
loads of the piston rod, in such solutions the cylinders 12, 14 are loaded with
extremely high critical buckling forces, so that the suspended support according to

the described design examples is preferred.



Claims 1. Ofshore platformw th a nunber of colums (4), which can be

| owered to the seabed for the lifting of the platform (2) fromthe sea

I evel (10) by neans of a hydraulic lifting device (8), whereby the lifting
device (8) has for each colum (4) at least two hydraulic cylinder sets
(12, 14), whose pressure chanbers (2815849 30, 36) can be connected by a
val ve device (60, 62; 84, 86) to a punp set (50, 52) or a drain pipe (64,
66; 88, 90) and which on the one hand are supported by the platform (2) and
on the other hand are detachably connected with an interlocking device (37,
38) to the coHawevet)in thagontiobofdbatressuraiagenbyoliwmeciowhnd reystibeder s (12,

ol At 1 or mopSy AR ELR T pds S HE Sy b fipd Sngbt B oI SRR ng e
interloc %ymwaewizqm(i@%gaﬁhamhhb tihéd1Eing @hambel 4F thevaialderdisfevinh@ylicydrisnder s
u

(12, 14) are unlocked and pulled back Into starting position and then can
be i nt er 8ckédag maxiswinsizeiha @nermndmcqaemﬁﬁqrbmlum%@wﬁlﬁﬂ@nt

pressure j 70 : i oy i i 64,
b6, 35, - 865 SlBhYEs e By feing 8] nlsselypr At g i haoR e 1
14), bei ngndhauee biyges etbdsied chambpr asstibe coekidefed.al ves (68, 70; 92, 94)
can be adjusted by the control unit, so that the [imted pressure is set
during the operation of the platform (2) depending on the acting |oad. 2.
Pl at f or m accorydj L Yidih 74,
76) for detec(ﬁ%g |ﬁgeg@§§gh}§h@ﬁﬂ%%gopres§§{§§§ﬁgﬁ6§§gégg@?&§ﬁ?a@%, 36) .
3. Pl at f disolessz)mndieng colunpred ez belaaijustad or re2atioshter thieyplatiernt byerlifingini t

i ncreases, for shor t ile the pressure_ agent volu | ow the

| 0oad- ass VIS &?F?’ﬁ{'ﬁq ﬁgnf(hfzgreﬁgﬂawrptw, E'?ﬁ‘%pfei?&&ff%gé%ﬁ%ﬂ%ﬂfttﬁ? "@B]gpar ed to
the presgdireadfibe LohHERe! ‘c’]breﬁ‘é’ﬁr%heﬁ&‘r UEBoRsIa thAk IWiGerebYities igttegOVi Ng
speed of platform (2), and réduces the pressure agent volune flow to the

| oad- t r apséssure g chynyecldépending nodhe Iqacbcordiforaccor di ngly, so that the
hydraul i ¢ out put remains al nost constant. 17 / 19 4. Platformaccording to
one of the aforesaid patent clains, whereby the interlocking device (8) has
a lock bolt (40, 42) at the cylinders (12, 14), which is rel easably
engageabl e in interlocking engagement with nunerous interlocking nountings
(44, 46) at the columm (4), which are |ocated one after another in lifting
direction.



5. Platformaccording to patent claim4, whereby the | ock bolts (40, 42) of
the | oad-assum ng hydraulic cylinders (12, 14) are pre-stressed. 6.

Pl atform according to patent claim4 or 5 whereby the |ock bolt (40, 42)
is atwstlock (40, 42), engaging in Z N§gess (44, 46). 7. Platform
according to one of the aforesaid pat ﬁg lains, with a sensor for
detecting the interl ocking engagenent, 8. N@thod for controlling an

of fshore platformw th a nunber of cxﬁﬂﬁﬂﬁ§(4) whi ch are | owered for
lifting the platform (2) fromsea level with a hydraulic lifting device
(8), whereby the lifting device (8) has at |east two hydraulic cylinder

can be cohn oL s §RECURVTE b er?%%%ﬁg%“se%@%ﬁgﬂ%“@é BB e, 52
or drain pi gealiédtfordheé liftihg FChe pitforing( Mm’eééaaleo@e(mw naéaridief ! at f orm
(2) and are connected detachable on the other an interl ocki n&)

devi ce (37, hydpulie lifting deyieats)( wheeahy the ll&lrtgoqiﬁ\ﬂ@ﬁ (&)mqsfowa%r:elwm
li nd
rovenent betoisant BGhFAERAb ok iO‘;eS oby (12 11 O D pURIrrb 8 (2808e:

gg; (&Iﬁ |14Bgi 36)«;.lmkbdlcmhbctbheamhalneldw)cet(}am B2; 84t86) toakiumgp det/ (50 (37,
ile the other oa ssum ng_cyl i nder se 14) i | ocked

pul | ed back5?5°§?§F?'Pr@p%g§‘?t§%$8a§9 % P WNELRR Q(/\P’f' @Eﬁj %O%ﬁa%yoad

assunpti on, tw@ﬁprgTQgggﬁ& SPHE St a‘?ufd %pd ?étakﬁébly@nn%t’ed%ﬂh ha | ocated

inthe drainp ressure c anber (28, 34; 30, 36) of the
hydraul i ¢ ciitenaking dempe:(aY 3®eoribe chlunat (B asa tb armntrohmbrbysahlcb thel i ef

() Senoncs AU ) R i OB BBl
patent clai %&vedﬂ“ﬁbﬁ@%nt(hﬁahd'Ebﬁjnﬁ}g(@rtﬁé%yrrﬂjé@($Et14)raréﬂtﬂ:k‘é@}b}ﬂmt it is
by a predefined above gressure occurring or to be expected in the
pressure chm@@cl@r@degzpe (30, 38syith the column (4), while the other cylinders (12,

14) are unlocked and pulled back into starting position and then can be
interlocked with column (4) for the load assumption, whereby one pressure relief
valve (68, 70; 92, 94) is located in the drain pipe (64, 66, 88, 90) of each
pressure chamber (28, 34; 30, 36) of the cylinders (12, 14), being
characterised that the pressure relief valves (68, 70; 92, 94) can be adjusted
by the control unit, so that the limited pressure is set during the operation of the

platform (2) depending on the acting load.

2. Platform according to patent claim 1, with pressure sensors (71, 72; 74, 76) for
detecting the pressure in the pressure chambers (28, 34; 30, 36).

3. Platform according to patent claim 1 or 2, whereby the control unit increases for
a short while the pressure agent volume flow to the load-assuming cylinders (12,
14) during the load-assumption as compared to the pressure agent volume flow,
which corresponds to the projected moving speed of platform (2), and reduces
the pressure agent volume flow to the load-transferring hydraulic cylinders (12,
14) accordingly, so that the hydraulic output remains almost constant.



10. Method according to patent claim8 or 9, whereby only the pressure
relief valves (68, 70; 92, 94) in the drain pipe are adjusted.
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4. Platform according to one of the aforesaid patent claims, whereby the
interlocking device (8) has a lock bolt (40, 42) at the cylinders (12, 14), which is
releasably engageable in interlocking engagement with numerous interlocking
mountings (44, 46) at the column (4), which are located one after another in

lifting direction.

5. Platform according to patent claim 4, whereby the lock bolts (40, 42) of the load-

assuming hydraulic cylinders (12, 14) are pre-stressed.

6. Platform according to patent claim 4 or 5, whereby the lock bolt (40, 42) is a
twistlock (40, 42), engaging in a recess (44, 46).

7. Platform according to one of the aforesaid patent claims, with a sensor for

detecting the interlocking engagement.

8. Method for controlling an offshore platform with a number of columns (4), which
are lowered for lifting the platform (2) from sea level with a hydraulic lifting
device (8), whereby the lifting device (8) has at least two hydraulic cylinder sets
(12, 14) for each column (4), whose pressure chambers (28, 34; 30, 36) can be
connected by a valve device (60, 62; 84, 86) to a pump set (50, 52) or drain pipe
(64, 66; 88, 90) and are held on the one hand at the platform (2) and are
connected detachable on the other hand by an interlocking device (37, 38) to
the column (4) and to a control unit, by which the cylinders (12, 14) are
controlled in the way that during a relative movement between platform (2) and
column (4) a load-transferring cylinder set (12, 14) is locked with the column (4)
by the interlocking device (37, 38), while the other, load-assuming cylinder set
(14) is unlocked and pulled back to starting position and then locked with
column (4) for load assumption, whereby one pressure relief valve (68, 70; 92,
94) is located in the drain pipe of each pressure chamber (28, 34; 30, 36) of the
hydraulic cylinders (12, 14), being characterised that the pressure relief
valves (68, 70; 92, 94) are adjusted during the operation of the platform (2)
depending on the acting load (F).
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9. Method according to patent claim 8, whereby the limiting pressure is set in the
way that it is by a predefined Ap above the pressure occurring or to be expected
in the pressure chamber (28, 34; 30, 36).

10. Method according to patent claim 8 or 9, whereby only the pressure relief
valves (68, 70; 92, 94) in the drain pipe are adjusted.



