WO 2012/ 039623PCT/ NO2011/ 000261 1 Heave conpensated crane The present
invention relates to a heave conpensated crane 5 conprising a | ower
vertical weam2asg2an upper vertical beam which are nut uatirpwozonuimeeieed vi a
an articul ated piece, as the vertical tbeamis connected, at the bottom to
a base which in turn conprises a slewring for rotation of the crane about
a vertical axis, and a strut is 10 arranged between the base and the
articulated piece at a distance fromthe vertical beamand largely in
parallel with this in a normal position for the crane, and that the
vertical béaavies amipegrsaned atrdreast, one cylinder and the upper crane beam
inits novenent in relation to the lower 15 beamis driven by an

i nternedi ate cylinder arrangenent. Fromprior art reference is made to NO
151757 whi dhedeserddngs iavderdiion frarl atepansat ilrawendadisdranoed aitatd ons
bet ween_a suspended itemfroma fl.oating 20 carrier and the ocean bed. In
more det ai I°9 Elﬁc}@@nﬁnwoévﬁdﬂ/\/sveét&éﬁlcé)gﬁ%“ tar%{ 5 Mgt Wiktdiand
cylinder ameangemdnh Hial mswsusgendethddted Gald exrd hatt rdisafdom a tower or
a crane and .down to a_ |l oad that hg%gs at the end of the cable, to reduce

the heave &S e PFadhdChtsPBd P5Fe 15 &G She Heddif RRATGHR

Furt her nor e o BPLR4A33923 $haws & M0icinigld sappay atiusy i dder J,0r#«ft bl es
and bl ocks fastened to a_mast, and where a pneunatic or hydraulic cylinder

i s used toC°dfafPén CFENFOFEREIT & drAtHE A e SSEIS 0TS Vhi T tthe Sapparat us i s
mount ety D& r3433L0A Heghalees the &hedrald ith £ ontdioly nrchani ind ot | pad

estimations., 2012/ 039623PCT/ NO2011/ 000261
distance from the vertical beam and largely in parallel

with this in a normal position for the crane, and that the
vertical beam is driven by, at least, one cylinder and the
upper crane beam in its movement in relation to the lower

15 beam is driven by an intermediate cylinder arrangement.

From prior art reference is made to NO 151757 which
describes a device for compensation and distance
variations between a suspended item from a floating
20 carrier and the ocean bed. In more detail the document

shows a device in the form of a piston and cylinder
arrangement that is suspended in a cable that runs from a
tower or a crane and down to a load that hangs at the end
of the cable, to reduce the heave of the load that is to

25 Dbe placed on the ocean bottom.

Furthermore, EP 1433922 shows a hoisting apparatus in the
form of cables and blocks fastened to a mast, and where a
pneumatic or hydraulic cylinder is used to dampen

30 movements of the vessel onto which the apparatus is

mounted.

DE 3433104 relates to a hydraulic control mechanism for
load estimations.
35



2 Common for the described docunents is that they relate to heave
conpensation with the use of a winch and a conpensator system where the
conpensatwo 2812313e628ei t her regul ates the winch or the comrpEmMEDON00833t em i s
arranged 5 between the winch and the Road. The conpensator systens that
appear in the docunments can conprise both passive and active cylinders, and
al so single working and doubl e working cylinders. 10 Al so known are heave

conpensat i syst that are placed, on the deck of .a vessel .and ich are
used in co%nﬁ‘gq ?rqlgsrwitthhe %Ssqrﬁr?gedgéic%weﬁﬁeﬁ?eés 'It(l‘)féatca @ i ¥5 orft t he
wi nch and \neavguicthinpgrdastoronvitdie tdecksand ft & thievadr atrel A 15 novenent

detector systemregisters heave_and c ensates with the help aof a cylinder
ar r angement® TR G m Sy h NS T5e tg‘(rﬁrﬁpfé’&lﬁeﬁlsraéﬁ%ﬁ iSO T teﬁletqh@dbve

ment i oned tr@i@‘lulliaﬁ:lé% cta% tMmm%xfegwdﬁﬁ]h ;iemm&mcyyst@fﬁﬁwﬁfﬁ;h dreave
conpensation wi thout the use of a wi nch systenP" According to the present
i nvention ?’rﬁtéveieél stcgllevé’&“ﬁs? gk drst iMf%-he heave conpensation with the
"normal " hoisting cylinders of the crane so that it is not necessary with
an advanced heave conpensati n% systemon 25 the winch. Wth regard to NO
151757 it SH& ICOPPHSHHOE SYFi- Hratt Hat PPRGRdwd eI 1P ARG TEFbr  heave

conpensat i @nihald Hottsperdedd findl Galtlide A iGRIBeNsal{ Py takes place
between 30 this and the [oad cable that is coupled to the |oad. Wth the
present solSdticeR e Lrarlnangerre ftoud es ek itte ey timsleifdr aul i ¢ cylinders |ift
the crppe beamwith a wire disc. The conpensation occurs in that the

cylinders hoist and | ower the beamin relation to the horizontal starting
35 positioﬁ;so known are heave compensating systems that are placed

on the deck of a vessel and which are used in combination
with existing deck winches. The cable runs from the winch
and via guiding discs on the deck and to the crane. A

15 movement detector system registers heave and compensates

with the help of a cylinder arrangement.

A problem that shall be solved in relation to the above
mentioned technique can then be regarded to be “how to

20 achieve heave compensation without the use of a winch
system?” According to the present invention this is solved
by integrating the heave compensation with the “normal”
hoisting cylinders of the crane so that it is not
necessary with an advanced heave compensating system on

25 the winch.

With regard to NO 151757 it shall be pointed out that it
is shown clearly a device for heave compensation that is
suspended in a cable. The compensation takes place between
30 this and the load cable that is coupled to the load. With
the present solution an arrangement is shown where the
hydraulic cylinders lift the crane beam with a wire disc.
The compensation occurs in that the cylinders hoist and
lower the beam in relation to the horizontal starting

35 position.



WO 2012/ 039623PCT/ NO2011/ 000261 3 One consequence is that in the enbodi nent
of NO 151757 the load will hang in the cylinders, so that these experience
a tensi orwbaatd/o3per3contrast to the present crane where rhe/NO20ylGonzber s wor k
with a pressure |oad. Another further3consequence is that the single
wor ki ng, passive draw, cylinder in NO 151757 nust be constructed as a
doubl e working cylinder where the piston sides have no 10 role. The active
part is made up of two double working cylinders that are in contrast to the
present crane where the active part lifts the load with the help of a

si ngl e wor Kinkg coylsicrgencentisl & Hzhe iactﬂnee elmb@ﬁﬂrrﬂéglwfoﬂ he |17 35 weasri ed

out with the he f the r.od for exampl e, two ot her, cylinders.
Wth this gnoraé?n@@&gnﬁaf‘ﬁe lé’ylt?’ﬁd&y OG8 T5a &fa IR HIRHEWI | be an

equal acti e tanedchonclig hel slontgaatd dooweld RkesEig: Whal: afhdhe theave
conpensatln% unit in NO 151757 is 20 superfluous and without any use as
soon as’thé& ﬁé&@@réoﬂﬁéﬁS&FF@nao@é%%ﬁqﬁ?|¥§a€arr|ed out. It represents an
unf avour abl e addltlonal wei ght which is a strain on the crane it is
suspended from is also inpossible to renove it as |ong as the | oad

hangs in |@noﬁpeél§@r?§eﬁE§@Pﬁ€§u§@§§l}Soﬁhﬁfdﬁﬁﬁ|§§ﬂ&ﬂé§§ﬁﬁéuéﬁﬁlor

electric p%@%%lE%OGk%@e %@UHndé%;HE@N@ﬁWEﬁ@BWSH%@@N%é Gt ddy NQ
151757, the lifting of the load is hindered by the device hitting the disc

hou5|ng ofatﬁ@u@éﬁl@Oréﬁ@gtﬁyhh@ﬁﬁﬁ|M§QﬁeIﬂﬂ@IH%%?QQ;S%@ﬁ%ehﬁwwlﬁhe ocean
|eve|’l@ndr%Qeth?hle%@EHv%fﬁ%Q% Q%dﬁ@&é(qgjd%nﬁhbét RPI6 g t he ship.

Wth the present crane al ydraulic cylinders can be in use w th nornal
oper ati on eoflihdessanbazl age The conigias twhiokitihg @ylsiseadr cgameberhesmd to

increase thel ity ¢apacihtycheyond what LiRe ¢ranghgs dur ng tfie
working cylinder, while the active lowering of the load is
carried out with the help of the rod side of, for example,

15 two other cylinders. With this arrangement the cylinders

can be adapted so that there will be an equal active area

for the hoisting and lowering.

The whole of the heave compensating unit in NO 151757 is

20 superfluous and without any use as soon as the heave-
compensation operation is carried out. It represents an
unfavourable additional weight which is a strain on the
crane it is suspended from. It is also impossible to
remove it as long as the load hangs in it. It also

25 requires supply of hydraulic pressure and/or electric
power from the ship. As the device is shown in fig. 4 in
NO 151757, the lifting of the load is hindered by the
device hitting the disc housing of the cable, and the
lowering of the load is limited by the ocean level, and

30 the length of the hydraulic/electrical supply from the
ship. With the present crane all hydraulic cylinders can
be in use with normal operation of the crane also. The
single working cylinder can be used to increase the
lifting capacity beyond what the crane has during the

35 heave compensation.



35 heave conpensation. WD 2012/039623PCT/ NO2011/ 000261 4 Reference is al so
made to WD 2010/ 024689 Al and US 5, 381,909 A, where the fornmer docunent is
rel at ed twoaorwmse@3built up by the correspondi ng crane eomsNO20TIG00281as 5
the present crane. US 5,381,909 Areldétes to a conpensating systemfor a
wi nch arm onboard a boat, where the armrotates with the help of a double
wor ki ng cylinder in parallel with a single working cylinder. The aimof the
solution in the docunent US 5,381,909 Ais to adjust the 10 angle of the
wi nch arm and thereby the stretch tension on the load carrying cable. It is
a singl e weekiengnlogad sc llisad @ra deo it on GioTel0 1ap@atdsen 2af drie g nch arm and a

doubl e wor ki servo _cylinder for the regulation aof th ng|l e and t hereby
al so the v@%&n?og’f Arh&h§ifelt §n5to5fnef5%t%élnﬁ Hsaﬁﬁela\?ﬁ?gi &3 e cylinders
are pl aced cirangabalillel uanwyCamnrecload clsk ol iaet WAHMY @fon AL w@dldh sansor
systemjis used to provide inputs ation of the angle.

to _the requl
Consequent Y€ PEESETEN FBPECt Vot St'%(glpr%)sge%[ L5hERS &P o 20 provide a

crane wher eckipenab@vegmerisitered o SAGMAMAGEH VDR dethosd, alhdreast
reduced. Anot her object of the invention is to provide a crane with a

consi der ablty€i ApFoFed akSEk Mg ratds Perln kE ér AP 155 Rtk oy gita oned

probl ems ang ehjrgatisiaie t$0lved Ny «a ReaMe L eRRansRid NI HY aig, & ¢inen in
t he i ndependent claim1, in that the cylinder “arrangenment conprises, at

| east, oneSOLHGLEMBIKIEAG SPICURGET HRd O 30U &8 A oife tdoutsilaist the

10 angle of the winch arm and thereby the stretch tension on
the load carrying cable. It is a single working load
cylinder for normal operation of the winch arm and a
double working servo cylinder for the requlation of the
angle and thereby also the movement of the outer end of

15 the winch arm, where the cylinders are placed in parallel
and connected to an accumulator. An angle sensor system is

used to provide inputs to the regulation of the angle.

Consequently, it is an object of the present invention to
20 provide a crane where the above mentioned disadvantages

are avoided, or at least reduced.

Another object of the invention is to provide a crane with
a considerably improved working area for the crane.

25
The above mentioned problems and objects are solved by a
heave compensating crane as given in the independent claim
1, in that the cylinder arrangement comprises, at least,
one single working cylinder and, at least, one double

30 working cylinder.

Alternative embodiments are given in the dependent claims

2-9.



30 working cylinder. WD 2012/039623PCT/ NO2011/000261 5 During heave
conpensation the single working cylinder can be arranged to lift the crane
beam and,wet201248¢423 t he one doubl e worki ng cylinder canPb@&Noagexsif or the
| owering of the crane beam by the useSof the rod side of the double 5

wor ki ng cylinder. The cylinder arrangenent can conprise a centrally placed
single working cylinder and two side nounted doubl e working cylinders,

where the I r.kin | i r.s.are 1Q.. e 10 ctiv
accunulatoggﬁgéﬁbwgggthg¥§¥gpggg& ”a%%eagéogﬁgi§§S§€§“¥§§@$§§%?Fé§ﬁlbe
i nt egr at ed bei tlr reegpeecttiovad idyl itheecsanBuieatn rovdyalatoferstt ,ortthene

connecti on be en the doubl.e 15 working cylinder Q id.accunul ators is
b ef or abl y “OLB8d 6y 3 P tRaarTTE Crisig NEVBEWHEer'S HEHAS of ¢ he
cyl i nder awpfangenemnianies bafatmabge d Heotu seperfattihen rafd tdielecraheHealduble
Furtherpore, durin qrmal operation the piston side of all the cylinders
can be %?e??& 1080 Y PHE™20 normal way. During heave conpensated operation
t he connection between the double working cylinders to said accurmulators is
preferablyT pen, .as a respective closing valve is open and 25 a respective

cl osi ng val& GEMEER Tt R& TGGFEME o P n & BRI iiGe s Samd Tare hyiriad ¢

contr ol }/a|s\i€'ifg|l$3 iK1 nlgU Ichyh e i€ a ndlU iriwidd sherv encrerReNsRigA operation the
pi ston side of the single working cylinder can be pressurised in
working cylinders, wheYe the double working cylinders are
10 connected to a respective accumulator. Said accumulators
and any assoclated gas reservoir can be integrated with

respective cylinders.

During normal operation the connection between the double
15 working cylinders to said accumulators is preferably
closed by a respective closing valve, whereby the whole of
the cylinder arrangement is arranged for operation of the
crane beam. Furthermore, during normal operation the
piston side of all the cylinders can be pressurised in the
20 normal way.
During heave compensated operation the connection between
the double working cylinders to said accumulators is
preferably open, as a respective closing valve is open and
25 a respective closing valve between the double working

cylinders and the hydraulic control valve is shut.

Furthermore, during heave compensated operation the piston
side of the single working cylinder can be pressurised in

30 the normal way, and the piston side of the double working
cylinders can be passive, while the rod side is active.
The rod side of the double working cylinders can be

connected via a pipe.



30 the normal way, and the piston side of the double working cylinders can
be passive, while the rod side is active. The rod side of the double
wor ki ng cwbi2ntbé3g626an be connected via a pipe. WO PCT/NO2011/000261

2012/ 039623PCT/ NO2011/ 000261 6 The ingention shall now be described in nore
detail with reference to the enclosed figures, in which: Figure 1
shows a heave conpensated crane according to the invention. 5Figure 2 shows

a cylinder _arrangenent for the crane during.nornal operati.on. . Fi gure
3 shows a T HdSF Gr in GO TE8F Aoh& G HmE Hur ihd s 'Corpdhsel ed

oper at i on. rE¥ehriegitiee th shhewsrndie seydarfd canesy, diing Wi dihe i nvention. It is
possible to use, .for exanple, the crane described in the Norwegi an patent
appl i cati on NO f@@§§§5§.g%ﬁw§iﬁ Ve COFRTESEHTR (IR ILTRAI the crane
poi nt 15 witlhe hevikReltd cat. | argely the same horizontal |evel during the whole
of the crane operating _range, due tqo the design of the crane. As shown, the
crane conpri ses FE@dRaln SPRMEs & £ YWéndedarIIEWeRAt0 fad tehGtant al  beam

12. The veruirGaly PRAMa10 dperi@uURfed at the bottomin a "king" or base part
14 that can rotate about a vertical axis on a bearing on the top of a

bott om base. Th&lgerei cashpysme1eYddndss mevedafment HOhdihe sfrangt | east,

one cylindew,; 18 gMiGR d $MRuReE 20 RRIYMRERA Point on the base 14 and a
point on the vertical beam 10. At the top end of the vertical beam 10 an

articul ated piece 20 is mounted. The articul ated piece 20
10 Figure 1 shows the crane according to the invention. It is

possible to use, for example, .the crane described in the

Norwegian patent application NO 20083654.

An aim of the crane construction is that the crane point
15 will be held at largely the same horizontal level during
the whole of the crane operating range, due to the design

of the crane.

As shown, the crane comprises two main parts, a vertical

20 beam 10 and a horizontal beam 12. The vertical beam 10 is
mounted at the bottom in a “king” or base part 14 that can
rotate about a vertical axis on a bearing on the top of a
bottom base. The vertical beam 10 can be moved with the
help of, at least, one cylinder 18 which is mounted

25 Dbetween a point on the base 14 and a point on the vertical
beam 10. At the top end of the vertical beam 10 an
articulated piece 20 is mounted. The articulated piece 20
can be, seen from the side, shaped with a “triangular”
construction. The horizontal beam 12 is mounted in the

30 articulated piece 20.

The articulated piece is held up and controlled with the
help of a strut 22 which, at its lower end, is mounted in
the base or the foundation 14 and, at its upper end, in

35 the articulated piece 20.



can be, seen fromthe side, shaped wwth a "triangular” construction. The
hori zontal beam 12 is nmounted in the 30 articul ated piece 20. The

arti cul at\eo 2p12438628s hel d up and controlled with the helPETNO2811g1002611 22
which, at its lower end, is nounted i the base or the foundation 14 and,

at its upper end, in 35 the articul ated piece 20. WO

2012/ 039623PCT/ NO2011/ 000261 7 The crane can rotate with the help of a slew
ring on a pedestal as normal. 5 The horizontal beam 12 is held up with the
hel p of a cylinder arrangenent 16 nounted between the articul ated piece and
the hori zomMhal domarm f2n Aoliate diidd 2hd hdlasteehed stew heiroptar &nd of the

hori zont al Thi S Qul des a wire 26 froma w nch nounted onto, or
out si de, é)%%%regt@rzlane i Ig‘\afl The crane noves between the | argest and the
smal l est radius (reach) in that the vertical beam 10 is noved forwards and

backwards in r Iatlon t he v rtlcal 5 start.ing position with the help of
the cyli ndgnlh(es% °rg.? Oﬁ}ﬁqné gl d 4 i% }f?e]é?naﬁéo %has, as its
mai n task, ayaduldatr @rn@fngtelfr@nworm Iiraﬁljritf‘ed)fbetd%&dﬂ’aﬂfé akhe ardtzant al - beam
12 will conpensate for the helogi di fference that arlses during this

movenent, §0SHratthé S0 WTrEGited P el & ALie Bt &ft Ieight. This

occurs wi t et drke eyl |t|h@erou€trerraw tlfé m@@l%riﬂhlb%éﬁ?r\/el@ anthis
consequent|ly the hori zont al beam 12 will follow the novenment of the
arti cul at e@udideSe 2H 11 465 frpa §tl’”&tnczh2 MR oMYA s Tthi bfovAsvent . By

esti mat @ ng topRt icrahemitryall £25 pl aci ng of conmponents and connecting points, a
conpensation that |eads to an approxi mately constant (horizontal) height of
the wire disc 24 is achieved. It is possible to achieve a height variation

of only a frew peneeNthcRbst R thadnak WPVeTRRlst and the smallest

radius (reach) in that the vertical beam 10 is moved
forwards and backwards in relation to the vertical

15 starting position with the help of the cylinder(s) 18.
During this movement the vertical beam 10 has, as its main
task, regulation of the work radius of thé crane. The
horizontal beam 12 will compensate for the height
difference that arises during this movement, so that the

20 wire disc 24 is held at a constant height. This occurs
without the cylinder arrangement 16 having to be moved and
consequently the horizontal beam 12 will follow the
movement of the articulated piece 20. It is the strut 22
that controls this movement. By estimating optimal mutual

25 placing of components and connecting points, a
compensation that leads to an approximately constant
(horizontal) height of the wire disc 24 is achieved. It is
possible to achieve a height variation of only a few
percent of the radial movement.

30
In connection with operations offshore, for example, when
the crane is mounted on a vessel, the movement of the
vessel will influence the movement of the horizontal crane
beam 12 and consequently also the movement of the wire

35 disc 24. The present crane is therefore equipped with a



30 In connection with operations offshore, for exanple, when the crane is
nmounted on a vessel, the novenent of the vessel will influence the novenent
of the howpDzorwmb62sr ane beam 12 and consequently al so tRreTnD2enw0260f t he
wire 35 disc 24. The present crane is8therefore equipped with a WO

2012/ 039623PCT/ NO2011/ 000261 8 cylinder arrangenment 16 with heave

conpensati on and which will be described in nore detail in the foll ow ng.
Figure 2 sho |.i nder_arr duri ng _nor nal operation, while
[l gure 3 SHOME Regy FIdEE TN TG HOAVE CoaHo Fed et i on.

As can be &a&n|b@ldysdnmmmfsJih@nﬁﬂmmﬁammnlmaﬁnaﬂﬁbﬂﬂoﬁfﬁgpyl|nder
arrangenent shown conprises a centrally placed, single working cylinder 30
(which can al so be a double working cylinder) 10 connected to a hydraulic

control valrigua@ anédhessoc alyad rpleip/arteigedtent d 6 Qi dt&orial he side of
t he singoe wor ki ng cylinder 16, a double morklnjﬂh¥llnder 32 (only one
doubl e or RPEG AHOPnd &N ey THEWISed) STOWS &c & ! JIF QIS Sted at its

pi ston si deu3da é;t Behe LM chydiald Iocpelr%tq@ir; rals \tainve;é%é@ra i fimRe 42. A
cl osing valve 42a is connected to the pipe 42. At th i ston side 32a of

t he doublefﬁﬂﬁ%eﬁgtéflﬁﬁﬁ@ﬁ§m§?ta%§ﬁm?Lﬁ)QﬁsQﬁﬂnﬁ%ﬁ SA 3 g9 Hy val ve

40a, and Waihehin ead$rti@ean aa%mﬂaqtl@r p%dMa Chy iy 1t 418 kpnnected to a
gas container 36 or 20 reservoir. A pipe 46 can run between the rod side

32b of the c¥ddbide rwsiOki (g ey m@eraslsgzbe a double working cylinder)

10 connected to a hydraulic control valve 50 and associated
pump/motor 44 via a pipe 48. At the side of the single
working cylinder 16, a double working cylinder 32 (only
one double working cylinder may be used) is placed, which
is connected at its piston side 32a to the same hydraulic

15 control valve 50 via a pipe 42. A closing valve 42a is
connected to the pipe 42. At the piston side 32a of the
double working cylinders 32 a pipe 40 is connected with a
closing valve 40a, and which leads to an accumulator 34
which in turn is connected to a gas container 36 or

20 reservoir. A pipe 46 can run between the rod side 32b of

the double working cylinders 32.

For normal lifting operation the piston side 32a of the
two double working cylinders is used, but in heave

25 compensation they are used as passive cylinders for
compensation of the load. During the active function
during heave compensating, the single working cylinder 30
is used for lifting, while the rod side 32b of the two
double working cylinders 32 is used for the lowering.

30
During normal operation the connection between the double
working cylinders to said accumulators is closed by the
respective closing valve 40a, so that the whole of the

cylinder arrangement 16 is arranged for the operation of



For normal |ifting operation the piston side 32a of the two doubl e working
cylinders is used, but in heave 25 conpensation they are used as passive
cyl i nder swban1203pq2ensati on of the | oad. During the actiyeTiNOoti/@meduri ng
heave conpensating, the single working cylinder 30 is used for lifting,
while the rod side 32b of the two double working cylinders 32 is used for
the lowering. 30 During normal operation the connection between the double
wor ki ng cyld.nd to.sai d.acc l.Lataors is closed hy the respective .cl osing
val ve 40a, tglo% %Zatnet t?eea%oaze' (%tﬁ]eerényqrierfdgcrhearprlasngoenrresnjt&el JL‘iesalalr ‘ratarheged f or
t he oper at ioyl iofde AVAD 3201 /20 3962 IREFNGEH G026k hdhen Icnane. beam 12.
Furthernore, the piston side of all the cylinders 30, 32 are pressurised in
the normal way. During heave conpensated operation the connection between 5
t he doubl e Dmlﬁfﬂﬂgngle(ayl:d RAEIR 32 tedl @@ieiaaﬁwmﬂh Had Qj’cﬁqrfe%ﬂilsoropﬁtwéiéq t he
respective osj ng .val ve 40a is _apen and  the respective closing valve 42a
bet weenét h&%oétﬂ“g’]ﬁ)rwlarﬁgm@quy L% 3ndd eI ST H HT o1 Vst ve 50

is closed. ofhing lsgadse aelshalctdud rg Jxgave waRRensal ed epasatden dihe 10
pi ston side 30a of the single warkin E{ﬁ%jnder 30 is pressurised in the

nor mal way F&F® e V5 SHLOF Ay a3vs GEH ERfordauR e HHerS 32 is

passive, WhiyieidRe s 6¢ Sinde t32D Hygiraetliive cdArdlg eane pnpensilad .
operation the rod side of the double working cylinders 32 is preferably 15
connect ed VidSa l5i3ee 46 thatt Keidde hadve sicsinsm sadQinfra sl artise

consi deg ed iathe TRt 8@t egether Wi & ke dauw e arddig fyliqders so that
a conpact, integrated design is provided. 20

.pressurised in the normal way and the piston side 32a of

the double working cylinders 32 is passive, while the rod

side 32b is active. During heave compensated operation the

rod side of the double working cylinders 32 is preferably

15 connected via a pipe 46.

Furthermore, the piston accumulators can be considered to
be mounted together with the double working cylinders so
that a compact, integrated design is provided.

20



WO 2012/ 039623PCT/ NO2011/ 000261 10 CLAIMS 1. Heave conpensated crane,
conprising a | ower vertical beam (10) and an upper horizontal beam (12)

whi ch ar ewe 2mpa3ed2By connected via an articul at ed pi ece PCZONO20H#00016¢
vertical beamis connected at the botomto a base (14), which in turn
conprises a slewring for rotation of the crane about a vertical axis, and
a strut (22) is arranged between the base (14) and the articul ated piece
(20) at a 10 distance fromthe vertd cal, Regmy(10) and largely in parallel
with this in a nornmal position for—the—<fane— and that the vertical beam
(10) is driven by, at least, one cylinder (18) and the upper crane beam
(12) in itﬁ nnv%gent Enmre%%t%og Lo tge Io%@&ib%an1EQQ)v;s driven hy 15 an
i nt ernedi até cy Chder grpgnggngnt (f@)[ ERAPAG % 8d O Fhadf &y ! i nder
ar r angenenbe@it)( 100Mahids @s, udlpelreastri zome adi hglagn Wi RghicH iaxder (30) and,
at least, one dquble working cylinder (32).. 20 . 2., Cran ccordi to claim
1 chardor BEuad Ton CORBECHIT T3 AE. REMIG haeh Eiacsn A8 o Al S amor ki ng
cylinder (3@)ktii®aar banged st @oninklctiche ag¢r ame Beamdmnld)o anddde, (1at) | east,
one doubl e 25 monkigﬁ cyl i nder, is arranged to | ower, the crane beam

32) i
(12) by th¥"4§8 & CHETy 6&mﬂrdé(e€3)2‘b)5ﬁ&w THEGOR & WGHiNy dy(ihsder . 3.
Crane accocgang b®othkakamvbrt3@athakasteainged ist dutat(2ohe iqyldrmdeiged
arrangenment (16) conprises a centrally placed single working cylinder (30)
and two si @8tiEERt E8edbasre Wdr kiPag &é@iﬁ6€ﬂ§uéﬁfﬁﬁ-ﬁﬁé¥€5t@%”ddﬂbﬁb
wor ki ngp cyliiRdehgecareogornectedttiesa Hrspeqlioye aaecuniigr i(34) .

parallel with this in a normal position for. the crane, and
that the vertical beam (10) is driven by, at least, one
cylinder (18) and the upper crane beam (12) in its
movement in relation to the lower beam (10) is driven by

15 an intermediate cylinder arrangement (16),
characterised in that the cylinder
arrangement (16) comprises, at least, one single working
cylinder (30) and, at least, one double working cylinder
(32) .

20
2. Crane according to claim 1,
characterised in that during the heave
compensation the single working cylinder (30) is arranged
to lift the crane beam (12) and the, at least, one double

25 working cylinder (32) is arranged to lower the crane beam
(12) by the use of the rod side (32b) of the double

working cylinder.

3. Crane according to claim 1,

30 characterised 1in that the cylinder
arrangement (16) comprises a centrally placed single
working cylinder (30) and two side mounted double working
cylinders (32), where the double working cylinders are

connected to a respective accumulator (34).
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characterised in that said accunulators (34) and any associ ated gas
reservoi rwQ26i12/@s@3i ntegrated with respective cylindersPC3MN028RYwo%1 5.
Crane according to one of nore of theliclains 2-4, characterised in that
during normal operation the connection between the double working cylinders
to said accunmul ators is closed by a respective 10 closing valve (40),

wher eby t he whol e _of the cyl.inder ar.ran nt (16) is arranged for
operation o4f' thecq:(?rnaeneacbcéjatﬁl(nﬁ)ec.o Céaléggﬂg according to claimb, 15
charact eri sed ian #t hatc durd ng inar rald opermat ittt hes i sd@rumsi tec ©f s al |

cyl i nders 0, 32).is pressurised in the nornal 7. Crane according to
o%e or m)r(e(%o ) A AN ASSLA TS dndt FAEH ST Y\@/@hﬁr%&@%%g%%%

conpensat edriaperaddpr dile eonectdan (@3 wesn the doubl e working cylinders
(32) to_said accunulators (34) is open, as a respective closing valve (40)
i's openf,3 and that a respective closing valve (42) between the double

working 25 syl i ngens G3¥oranthe thy SrauldfC et I ot e {2y 454 cl osed.
characterised in that during normal
operation the connection between the double working
cylinders to said accumulators is closed by a respective
10 closing valve (40), whereby the whole of the cylinder
arrangement (16) is arranged for operation of the crane

beam (12).

6. Crane according to claim 5,
15 characterised 1in that during normal
operation the piston side of all cylinders (30, 32) is

pressurised in the normal way.

7. Crane according to one or more of the claims 2-4,

20 characterised in that during heave
compensated operation the connection between the double
working cylinders (32) to said accumuiators (34) is open,
as a respective closing valve (40) is open, and that a
respective closing valve (42) between the double working

25 cylinders (32) and a hydraulic control valve (50) is

closed.

8. Crane according to claim 7,
characterised in that during heave

30 compensated operation the piston side of the single
working cylinder (30) is pressurised in a normal way and
the piston side of the double working cylinders (32) is

passive while the rod side is active.



8. Crane according to claim7, characterised in that during heave 30
conpensat ed operation the piston side of the single working cylinder (30)
i s pressuwoenr/i3pe2a normal way and the piston side of tireTomebi@onzsiki ng
cylinders (32) is passive while the riad side is active. W
2012/ 039623PCT/ NO2011/ 000261 12 9. Crane according to claim8, characterised
in that during heave conpensated operation the rod side of the double
wor ki ng Cyld.ndercsra(n?éz)aclcsorc 1@1%6\ toe%l\gi?'n a8,pl pe (46).
characterised in that during heave
compensated operation the rod side of the double working

cylinders (32) is connected via a pipe (46).



