WO 2006/ 130934 PCTBE2006/ 000064 1 APPARATUS W TH FLEXI BLY MOUNTED SPUD
CARRI AGE The present invention relates to an apparatus for accommodating a
substantially vertical pole (also referred to 5 as spud) of a dredging
vessel, typically a cutter suction dredger, conprising a spud carriage
which is n0edI3dE¥¢ |inmted rotation around a hori zoREHBEWEMESEr se axi s.
Large cutter suction dredgers nust oftien carry out operations at sea or on
unshel tered waters. The waves cause 10 the vessel to nove and great forces
can herein be exited on the couplings between the vessel and the bottom

t hese couplings being forned naig#i bg a spud and cutter |adder. These
coupl i ngs nust on AAFARARES HEHEH FdEXGIET qp%s&eisppg CRFBIAGE an ef ficient

cutter process, but may not be too stiff 15 because ot herw se excessive
forces are generated in the spud by the pontoon follow ng the novenents of
the | arger wa¥ds. prgprnt dyasncsanheslat@s tesabhprRArat e sptepose an apparat us

of the t ypa%c%ﬁﬁbagt%g%w%uws%amglyf{;}@}tﬁ%agiv}t?@les(zﬁs%wggeféé& iage

nmounting in the pon n wth a vari e rigl Origid in the case of
smal | wavess apddioeé 4 |doedgiiogavesséli dalpivaléy cortlittiegnsuctaem in

particul ar w a rjgidity whi dec S p! eterm ned maxi mum
| oad of ttﬁggdégﬁd B?ﬁ%fgiﬁﬁg 8a?§?%g§é£éﬁ$§% H@gﬁéi%%lf%?n Pgt?ﬁﬁuished for
t hi s pur pasieniitedt hatati@b arcandl ealstriditadt tamusewersecaxdsspri ng neans i s

arranged under bias between vessel and spud in th(Lpn_itugina! direction
for the purpogﬁrgF £l %ﬁﬁn%ﬂftéoﬂnﬁﬁﬁégﬁﬁf %ﬁétsﬁﬂﬁa CarYadé; which first and
second sprogegraltRans sonpensat eneanbheidierd watéhe. rmire Wagdedcsugaiati on of
Lhe Spug 00 LA S0 Shd SERLy IS SR LAG RS, L provided v h 2
i ncrease find hehplhes et idee MREEREs gaNehat €He Ohottten, SpUEsecarri age around
an At AL hbfng | hrmed mugnfy oy & oned and ttres 134der.
These couplings must on the one hand be rigid in order to
enable an efficient cutter process, but may not be too stiff
15 because otherwise excessive forces are generated in the spud
by the pontoon following the movements of the larger waves.
The invention has for its object to propose an apparatus
of the type stated in the preamble which behaves as a spud
carriage mounting in the pontoon with a variable rigidity -
20 rigid in the case of small waves and more flexible at
critical wave conditions - and in particular with a rigidity
{ which decreases sharply at a determined maximum load of the
spud plus spud carriage.
The invention is distinguished for this purpose in that:
25 - at least a first and a second spring means is arranged
under bias between vessel and spud in the longitudinal
direction for the purpose of absorbing a moment on the spud
carriage, which first and second spring means compensate each
other in the non-loaded situation of the spud; and in that
30 - at least one spring means is provided with a spring force
limiting means which hardly allows the spring force to

inerease further, whereby the moment generated on the spud

carriage around an athwartship axis is limited.



2 The longitudinal force FI exerted on the spud is typically a ground
reaction force on the point of the spud, and in the case of a cutter
suction dredger this normally acts in the direction of the cutter head.
This causes a 5 nonent on the spud carriage, whereby the spud carriage tilts
t hrough a MO 1#8# angl e around the transverse axis, ROTSBEPI6084065pri ng
nmeans i s further tensioned and the second spring acting in opposite
direction loses tension. This tiltability of the spud carriage in

conbi nation with the spring neans 10 thus decreases as it were the rigidity
and ensures that the nmonment _on the spud carriage is absorbed. Wen the
noment on t heTBpukPngditnicdgal pbetrifed lgrEsEerd tHakhe deter#f ned maxi mum

nonent th%tyﬁl%éi‘ﬂy forgeuhheneber iy forebeaseshd Wdiher or ¥herghyg t he nonent

exerted on e spud carriage around an 15 athwartship axis is limted. Note

that each $pdi 4y Parmases ofypi edttsr FueH aRTRIgPTa thifr PAF T ke |initing
means, but JLhat i) nragtieee ibh &8 QI ¥utkbatnOfq t R ikl bahssprd ng means which

will be used often, since a very great longitudinal force F1 will usually
occur Z0 imement yowrghelispacht conriggsoomiiengby othehespmdefcarrdgeniddisnent , t he

first and t%%%ﬁgﬁ' égdé' 15205, e%%ﬂ%ﬁt £l DY, $sQf 2kESPEGHd vely a
first and second hydraul1 ¢ cylinder to the vesSel for the purpose of
appl yi ng t Hérdesspethdiresinsl st fustheery teheibread 26 dhe becadi ugtmdgi n a
sinmple manner. In,this embaodi,nent, the. spri force li.mti S, can be
Teali sca | ACEB B ARG ooy RGeS oh: SOt ek b ol e <
connected td the sihod taanrdiade off ddibimpddanl witleWhenderind peston

accunul gtor . typically conprises a cylinder,with free piston and an 30
el B oo b BRE RS G TRET s saeRg Ty o oveed Efef Bt ned
maxi mum validtenbi 6 tise apidnebirotadd itshabpbessdr aihedf thBemateuimdnat or,

pi stons of main cylinder and cylinder wth free piston ve i nward, whereby
the spring%%6r EB“%WR%@%%W@E@G%FB%O%&P“emmgg mazxlmum

moment, the spring force then hardly increases further,
whereby the moment exerted on the spud carriage around an
15 athwartship axis is limited.

Note that each spring means is typically provided with a
spring force limiting means, but that in practice it is only
that of the first spring means which will be used often,
since a very great longitudinal force Fl1 will usually occur

20 in only one direction.

According to the preferred embodiment, the first and
( second spring means are connected by means of respectively a

first and second hydraulic cylinder to the vessel for the
purpose of applying the desired bias. In this way the bias

25 can be adjusted in a simple manner. In this embodiment the
spring force limiting means can be realized in simple manner
by means of a piston accumulator which is connected to the
bottom side of the hydraulic cylinder. A piston accumulator
typically comprises a cylinder with free piston and an

30 accumulator. When the tension in the spring rises above a
determined maximum value which is a function of the pressure
of the accumulator, pistons of main cylinder and cylinder

with free piston move inward, whereby the spring force



3 increases only slowy while the spud carriage rotates. If the force on

the spud point is acting in forward direction, the rotation wll then be
such that the spud point noves forward relative to the vessel, which
results in a sharp fall in the 5 force on the spud point. As soon as the

force on t hWO2pA3I%PbIi nt becones snal |l er than the nmaxi nkEA/BEAM000%he pi st on
noves outward agai n under the influence of the accunul ator pressure.
According to a further devel oped variant, spring 10 tensioning neans are
provided for maintaining a mninum tension in at |east the second spring
means if the spring neans were to conpletely |ose tension and the spring
force thefBFRR3%eY 9Ly FROYHE ‘HHdeE fheasRitA2N RGPt Lat RS f Ffc&€het he first

spring meagg ¥k |dn ftQfe SBALAPGENL GMSI0R:HYT 1hSfo A Whbl felbiforseqard spring
means | oses tension, which at a deternmined limt value of the |ongitudinal
force can resation iWilihshsprhageudr dbabebhy) W5t POdRH| BBy famvagHe case the

spring ma@%&%él‘%}t@ 5k Qeg\’j.séf; diflich kSsh PGl At sﬂgzé%h}.gfl Ahepwre

becones sl a is is avolded by using the spring t ensi oni ng neans.
The springfrensioniutig seadspreief erfsblsposoaprike fprceensi oimé mpysd unger

arranged in_t I I t r I inder ccunul at or
co-acting ?ﬁéggd?(%%%%Vﬁgglg%E 6?%3%%x§$%%@ﬂﬁ§k9ﬁb'sﬁﬁg ﬁ%%%hs on the
t ensi oni ngm2Sepl engerrdf akhsnbehdwr ahdetlefhmersc: \cfl iee abceuldspends on t he

pressure ofrthe qgcunulator, t he tensioning plunger then noves outward and
t hereby maPAtafhs tension in the spring neans at a deternmined nininum In

the preferred robadiimenttot heftirtisdr alkdedopadidvapranng sgbimgans are bi ased

first d d wi , f bl y. steel i A di ng. t i bl
ar rianganent SEHEITI SSRGS EE RO FRyUFSE| TR T HaEr 3 BHEPfedly connect ed

to respectiteabyom fii =3t 1andtSeERONSEd@ASkPRiNG a3 around sty WO
2006/13093%@5&?%&%&9QQP%%%g%etely lose tension and the spring force
therein is lost. In the case of a great longitudinal force
the first spring means will for instance tension further
15 while the second spring means loses tension, which at a
determined limit value of the longitudinal force can result
in the spring force being lost completely (in the case the
spring means is an elastic wire, this is the point at which
the wire becomes slack). This is avoided by using the spring
20 tensioning means.
The spring tensioning means preferably comprise a
( tensioning plunger arranged in the piston rod of the
hydraulic cylinder and an accumulator co-acting therewith.
When the force exerted by the spring means on the tensioning
25 plunger falls below a determined value, which depends on the
pressure of the accumulator, the tensioning plunger then
moves outward and thereby maintains tension in the spring
means at a determined minimum.
In the preferred embodiment the first and second spring
30 means are biased first and second wires, preferably steel
wires. According to a possible arrangement, the first and
second hydraulic cylinders are fixedly connected to

respectively a first and second tensioning disc around which



4 the respective first and second wire are guided, which first and second
tensioning discs, wires and cylinders are located in a plane

perpendi cularly of the transverse axis directly opposite each other on
respectively a first and second side 5 of the spud carriage. The first
(respectiveWpP28®06#33 wire is for instance gui ded fronPGI/BEGEMGEAt i on on
the spud carriage above the transverse axis to a second |ocation on the
spud carriage under the transverse axis via the first (respectively second)
t ensi oni ng di sc and one or nore guide 19 discs situated on the second
(respectively first) side of the spud carriage. In the case of tilting
around t hethfaFRIRFEd veakit§5t criheS&SEBINYL 57 der s W iArEst Wik ¢ figsthus pul | ed

out on eiLRgrssbdy AenlshBnsRYdsi MY | Git-Be S6g0Rd iWukesShackens @ both
sides. This therefore forns a symmetrical spring system 15 on either side of

the spud canrpageanm@eerandioel any IR theahsary s sexpyls Afieatiddi nent  of
this ConStEBB%h%E%Y%JJh %%geg'éﬁu§ étﬁygﬁgaélfﬂ¥§%ha5ﬁf§é€&&§ d4Qef i gure 3.

I n additi on, irst and secon ocations are for 1instance doubl e discs
whi ch ar®e wfubhedspud tdeerépod. cBire ifigest 20eapectulvwedy whrehd) heidfe ist and
second wr r i ded, t irst. (re i vel 0 wire at an outer
end on the%P?rs?g%%?%%5%@??9e?§oéé%§%ﬁ%ts?§g§%<n}ﬁé gggdgggﬁriage and at the
ot her end earthagsetsne thespestswetse fixist fo sa dearhdt hecapiwh aparri age i s

connectedn%§ the yessel,. 25 The_i veq&jon further, r%Latgg tf.aq_apparatus
for accomrodatPhy FEUFECantral 1 VS Enedr Spuitf ot Ya%drddgt g’ - vessel ,
preferably (zeepect g0 sarynaf téaesfariegodnge cdrad nBe ofOMPEE Siuigiea spud
carriage with two, slide shoes for gujdin t he spud , carriage over two

onG! £ e CERAREL UGG S R eS SR i d SSBP P SEELY gt BT O I ©ed
rotation arspuidcarritfd.zant 8het ¢84SR $218Xh§ @AEhdOhk BHiee-daicat i on
around a horizontal longitudinal axis. In order to allow this, each slide

shoe is fi REdPyLte o ss? osidp st ifd 5rli Bhta VD DU s Lut on
PCT/ BE2006/c9@8864s:de of the spud, while the second wire slackens on

both sides. This therefore forms a symmetrical spring system

15 on either side of the spud carriage above and below the
transverse axis. An embodiment of this construction will be
discussed in detail with reference to figure 3.

In addition, the first and second locations are for
instance double discs which are mounted on the spud carriage

20 and along which the first and second wire are guided, and the
first (respectively second) wire at an outer end on the first

{ {respectively second) side of the spud carriage and at the
other end on the second (respectively first) side of the spud
carriage is connected toc the vessel.

25 The invention further relates to an apparatus for
accommodating a substantially vertical spud of a dredging
vessel, preferably according to any of the foregoing claims,
conprising a spud carriage with two slide shoes for guiding
the spud carriage over two longitudinal beams, wherein the

30 spud carriage is mounted for limited rotation around a
horizontal transverse axis and for limited rotation arocund a
horizontal longitudinal axis. In order to allow this, each

slide shoe is fixedly connected to a bush in which a



5 transverse shaft part connected to the spud carriage is received in each
case with a determ ned vertical play. A limted rotatability around a

| ongi tudinal axis is after all possible due to this play. 5 The transverse
shaft parts can rotate in the spud carriage and nust sinultaneously be able
to transm t woaodshigoesspud carri age consi derabl e at hwar t sk pBEDosw&sand
nonments about an alongship axis of the slide shoe. In a preferred

enbodi ment two spherical bearings are enployed for this 10 purpose per
transverse shaft part. At |east one hydsaulic cylinder is preferably
arranged in each case between each slide shoe and the spud carriage for the
pur pose of tdanpverse tdhafirepbirt atommamentoothd hpuck ansveéage shaft parts in

the bushes of.the slide.shoe duri,ng tilting around.the 15 1 ongitudi nal
TS, P e e hES B e 2 P e bR RUAERR ERay P

active 1ting of the

spud carri ageibagkrdtarard 1sicgeardund ke lopgl gidimdsiaxienis Duftery lill ting from
t he upright osjition to ope side the transverse or horizontal buffering is
active as §ﬁ§g??i% Heltw M ¥RePva¥ti cal buffering does of 20 course allow

rotatiorg of thehsptithisidrsageharoukta changotawl nal taxi spudn a preferred
enbodi ment each slide shoe is connected for this purpose,to the spud
carri age byareafde #Hd @Sty &ARPERRD dr PRyRIRIES Fr8REMER ¥ 0t® of and one

behi nd t he spabath o £ MonsaBdriBEe RitSh@Rt YL pINAS Rd aBat hemedds Vol unes of
the two cylinders are connected to each other. The buffering action of the

cyl i nders’ i2Robheayettembipueres i ¢ thes sdbeai Hhae by "canREBEFHEEY he bott om

side on the,8pgigtse LR PheReCHMUWH MYl Ard éﬂiﬁlc&;yteldef}é@l ygi@nd on the
other side to the tank via an overflow'val ve. The "combi nati on of an 30

over f | oW v@FECEADP R TV s athal e dvréet H 1erParcarl Bydrpibld des t he
desired dangyhBgye ACLONAG H819 LUENRI daveloped ITBadi BBt .adihie spud
carriage i s"accommodat’ed via a | ower Qui de and an upper gui de WO 2006/ 130934
PCTBE20061@0@06845hce and the spud carriage for the purpose of damping
the vertical movement of the transverse shaft parts in the
bushes of the slide shoe during tilting arcund the
15 longitudinal axis. This is the vertical buffer function
active during tilting of the spud carriage back from a side
to the upright position. During tilting from the upright
position to one side the transverse or horizontal buffering
is active as specified below. The vertical buffering does of
20 course allow rotation of the spud carriage around a
longitudinal axis. In a preferred embodiment each slide shoe
i is connected for this purpose to the spud carriage by means
of two vertical buffer cylinders, one in front of and one
behind the rotation point, and the piston volumes and bottom
25 volumes of the two cylinders are connected to each cother. The
buffering action of the cylinders in the vertical buffering
is obtained by connecting the bottom side on the one side to
an accumulator via a throttle valve and on the other side to
the tank via an overflow valve. The combination of an
30 overflow valve and a throttle valve connected in parallel
provides the desired damping.
According to a further developed embodiment, the spud

carriage is accommodated via a lower guide and an upper guide



6 in the bin, in each case with a limted horizontal play in the transverse
direction, whereby the spud carriage is tiltable in limted manner around a
hori zontal |ongitudinal axis, and the upper guide is equipped with neans
for causing 5 a horizontal buffering during tilting around the | ongitudinal
axi s. Accor\WpnRgestigndthe preferred enbodi nent, these hor i AGHBEL06/0pWES er nmeans
conpri se on each side of the longitudinal axis in a horizontal plane an
L-shaped | ever with pivot point on 10 the spud carriage, a bunper connected
to afirst leg of the Ilever and, connécted to the second |l eg of the |ever,
a piston of a horizontal cylinder which is connected to the spud carriage
in the vicihi E%e dfinyhdnl eaghterfihaiitixpslingiad hesizeptril calayi d8e tilts
about 2 | oRgl ! UdiNAle 2Ll §; B0C B CSmblely (M dgudNByeEegydlifect fon tovar d
the bin, the | ever provides or outward novenént of the piston. The piston
si de of thé&ibhbableonmallioyteddermndss aconnécd dibrigensae seneitdddinalt hrottl e

valve to a C tar on.the . 0 i AVI: | \% I ve to the
tank. The gﬁggtﬁﬂé&%&%vggggraﬁudl%velrsf %ggv{%%‘%%g’l\égnﬁgg{lg nggn c%\grs\aiﬁbel provi de
the des redhbuffertadhbndcteingtduriog, tibht otdherronddshe f bengdameiingl of a
nmovenent arqund the horizontal |ongitudinal axis. The invention wll be
further el G¢&i8ated on the basis of a nunber of non-limtative exenpl ary

enbodi ment s w Abc@hiimef ebenne poefdiereacenvpdinEnty dhavkngerizomshailch: Figure

1(A) | ide view and 1(B) a top yiew of tter . suctian dredger;
Fi gur e 2( APRESS TS SPBRFLPR o GRSEnPpoti Pac orpnat E e aite

enbodi ment iaf at heriaRpakat g3ane Coi di-dgabedt heve SGhiitRvenbbopoitguene 2(B) is a
front viem/gin at hwartship direction) of a possible egbodigggt of the
appar at'fs d2EoPRMNFATIEHE 7 nkEFRS OIS 200670 S0§3 45 PCTABE/068£000064

lever and, connected to the second leg of the lever, a piston
of a horizontal cylinder which is connected to the spud
carriage in the wvicinity of the longitudinal axis. When the
spud carriage tilts about a longitudinal axis and moves in

15 the transverse direction toward the bin, the lever provides
for outward movement of the piston.

The piston side of the horizontal cylinders is connected
on one side via a throttle valve to an accumulator and on the
other side via an overflow valve to the tank. The throttle

20 wvalve and overflow valve connected in parallel provide the
desired buffer characteristic or, in other words, for damping
( of a movement around the horizontal longitudinal axis.

The invention will be further elucidated on the basis of

a number of non-limitative exemplary embodiments with

25 reference to the accompanying drawing, in which:
Figure 1(A) is a side view; and 1(B) a top view of a cutter
suction dredgex;
Figure 2(A) is a side view {in alongship direction) of a
possible embodiment of the apparatus according to the

30 invention;
Figure 2(B) is a front view (in athwartship direction) of a
possible embodiment of the apparatus according to the

invention;



7 Figure 3 is a schematic view of the wire system Figure 4 shows a graph
representing the wire tension as a function of the elasticity/2 or of the
cylinder displacenment; Figure 5 shows a sinplified diagramof a wire
tension 5 limting neans and wire tightening neans; Figure 6 shows a typical
graph for tWe 238 al | owabl e spud point force P andP@ROGHNMage mOMent
Mas a function of the depth; Figure 7 shows schematically the horizontal
and vertical 10 buffering; Figure 8 shows a top view of the upper guide and
hori zontal or transverse buffering; Filgure 9 shows a cross-section of the
upper guide and horizontal or transverse buffering;, 15 Figure 10 shows a
hydraulic Biggiamd fi6r at REbeAirierievopTt Hee WirnsVEFE® buffering: Fi gure

11(A) shows; g, longishydsnal gyaﬁwre%%sé% QRS §1 r&€6éh Hbdfast Be verti cal
buffer system and Fi gures 11 and (D) show two possible positions in

which 20 Ewectiss of 9§t%h¢%@rplﬁé’/§l poa?edhericydinder dhysicamrDHi aul i c
di agram fﬁg %ﬁ'&ee aylgt qurgr il eﬁ&%&?&m Rypf e System g gure 1 shows a

typi cal I ment o |ng vesse cutter suction head. The shown
vessel Gonpihbseng aweng and mltvertlmaﬂ:eslma Hl@dldier 1, a | adder winch 9 and

two side wenGhes @.ondllsaXLil Al PUBNA-aN%R WaLkLDY §%a%1\ahgge al's

accomodat ed”1'n a spu carr ge arr an n the outer
end of | addeini,fand Fuehdospudarsrange pomartdéd asl aséumcuzatdﬂe oduther head
whi ch consi,st, substantially 30 of a suction tube 10 and a punp 8. The vessel
further ha8°R*%%ontrol cabin 7, a deck 12 and a pressure line 11 through
whi ch the EE@dged?mmmﬁsiabhématﬁcﬁﬂmyrgﬁd.hdMiiﬁﬂ%&ﬂ186@3ﬁefKIBHBE2006/000064
8 ( 10 buffering;
Figure 8 shows a top view of the upper guide and horizontal
or transverse buffering;
Figure 9 shows a cross-section of the upper guide and
horizontal or transverse buffering;
15 Figure 10 shows a hydraulic diagram for the cylinders of the
transverse buffering;
Figure 11(A) shows a longitudinal view, and (B) a cross-
section of the vertical buffer system; and
Figures 11 (C) and (D} show two possible positions in which
20 the buffer system can be situated;
Figure 12 shows a hydraulic diagram for the cylinders of the
i vertical buffer system.
| Figure 1 shows a typical embodiment of a dredging vessel
with cutter suction head. The shown vessel comprises, among
25 other parts, a ladder 1, a ladder winch 9 and two side
winches 2, an auxiliary spud 4 and a working spud 3 which is
accommodated in a spud carriage 6. A cutter head 5 is
arranged on the ocuter end of ladder 1, and suction means are
provided close to the cutter head which consist substantially
30 of a suction tube 10 and a pump 8. The vessel further has a
control cabin 7, a deck 12 and a pressure line 11 through

which the dredged material is discharged.



In such a cutter suction dredger the working spud ensures that a fixed
point is formed around which the suction dredger can swi ng during dredging.
Limted steps forward are possible by noving the spud carriage to the rear
relative to the 5 vessel, this typically taking place with a cylinder which
will be furWEH0HBE8¥Hi bed with reference to figure 2. WREWBEMGH/RIPY spud 3
is situated in its end position E, a step nmust be taken using auxiliary
spud 4. Auxiliary spud 4 is herein |lowered so that it tenporarily fixes the
vessel relative to 10 the bottom where8fter the working spud is raised and

returned to its starting position |. The working spud is then fixed back
into the seabed™aflChne S4b4as sP¢tipudsedaesi §BE. WHHE N SRPS: BRSWRDrding to

the inventigpMal kkiRew H&ind Wt BeEmel sl Aaledhohn t ige bAsits oaf aasagurbodi ment
variant as 15 shown in figures 2A and 2B. Working spud 3 is accommodated in

a spud car rfayevgnghiering donigdegedlim itk sFeBSefoBALTRARE PEFSERHOr i zont al
I ongi t udi naly %xﬂiﬁgeﬁh%?’spl}&eca%wggga{é'@&ere5§, farddere Rio¥hded with a

hol ding catch 16, a lifting catch “17 and two lifting cylinders with disc
heads 147 18:sSFieséh2e tvporidmt sakhad|rlddef wihh afcylhidggudhipit will not
be elucid r | ; n of .t esen i nvention.
The spud cﬁl‘iallqag% ?g%ﬁ%@.#ﬁ*\#@ﬁ ?%})ﬁ gﬁ?cfg%ghgeéo 2%&%% (?H @gﬁﬁbe gui ded
over two | ongikiodi sahdgli de didarteddisucts <28 phattidre Bpwd staprivegfe i s
novabl e horj zqntal | a_limited exten l.ongi .t udi nal linder 13 in the
| ongi t udi na © cﬁkr%é‘c F’%ﬁgo?mf%ﬂ@a\fé’sgg}l& %?ﬁé‘ﬁﬁagégr%‘éﬁe‘l fi)sé bﬁ?%ﬁér nount ed
for rotatiohowwmehdoathat i Ziotteadpotranandy efiseesshabt vd8sdly nmedang veoto bushes 21
nmount ed gn ?%116:E e .shoes 20 M on t.he spud carriage caused by a

.30 The. nmonent.
| ongi t udPna CECRr TTRShRY eﬁeghﬁyw%%ﬁ/nsgt SRS 18t BLSSH P8¢ “and discs as
shown schenedgtwalddy tbnitsgsttartingApbbi Slosr. Mge weshimq@rapanged biedmeen the
vessel and spud, GarL! 298,01 Mpa080 33 AT BRFO0RIP AR08 1 o Q.
The apparatus according to the invention will now be
further elucidated on the basis of an embodiment variant as
15 shown in figures 2A and 2B. Working spud 3 is accommodated in
a spud carriage ¢ which is connected to the vessel by means
of a horizontal longitudinal cylinder 13. The spud carriage
is further provided with a holding catch lé, a lifting catch
17 and two 1lifting cylinders with disc heads 14, 15. These
20 components enable lifting of the spud, but will not be
elucidated here since they dc not form part of the present
( invention.
The spud carriage is provided with two slide shoes 20
which can be guided over two longitudinal guide beams 19 such
25 that the spud carriage is movable horizontally to a limited
extent by longitudinal cylinder 13 in the longitudinal
direction of the vessel. The spud carriage is further mounted
for rotation around a horizontal transverse shaft 18 by means
of bushes 21 mounted on slide shoes 20.
30 The moment M on the spud carriage caused by a
longitudinal force Fl is absorbed by a system of steel wires
and discs as shown schematically in figure 3. A first spring

means arranged between the vessel and spud carriage 6 is



formed by a first steel wire 40. At one outer end 42 the first steel wre
40 is connected to the vessel to the right of the transverse axis. This
first wire 40 is guided via a double disc 34 nounted on the spud carri age
to a tensioning 5 disc 30 which also lies to the right of the transverse
axis and fWORISPB4the first wire is further trai ned BEHBEEN0Y064t 0 t he
ot her second side of the spud carriage along guide discs 36, 37, and is
finally guided over a second double disc 35 nounted on the spud carriage
and connected on the other 10 second si®e, to the left of the transverse

axis, to the vessel at the other outer end 44. In simlar_nanner a second
wire 41 corwéBeddPy of tHesfessarlatize 40 sptonberowfd £3% 8£nk"® t oget her with

di scs 34, 3rs885t891 amnthe3%0a18PELRGLIRANS , PR WRAILSPWd eRETiags and vessel
which acts in the opposite 15 direction. The first and second wires are

hel d under i &8ebyrapeiya féPy Bh¥s ridwsindisecthd shydddari 12y i nder 32,
33 which g Les MBI QN | SLQRA] I1SC 23Qa04, ond
tensioningQgggg 3%? %ﬁ?%ng F%S d?éd%?%é&%?oggggﬂgygo g?buﬁd réggﬁfon force
FI is typicHlsicy3éxerichl afa Réegpud tipoimghiset fhgurenzaprsenetisby a spud
carriage "QFE” . e .Qf ' Fqggﬂ he . ire 41 is
stretched e as%F%%lﬁ@%i%jﬁqég%%%SEf?#%; %% ;g@hge osesgg%ggﬁﬁﬁgggg'sion. Thi s
i s further td [thst pbhed spcdrive sgdapdf | thef ispudec2br Mggamadragngtide wire | oad F

is plotted as a ftunction of .the. e |lengthening in range 1. .and as a
funeton ol o8 891 T haerShigprREren e o ange £ hion re it ’a a
force Fv. 13b mangeed d¢hethd rspubehavesagd aadi cahhggteashidne tha otlaeyge 2 the

e L SOB R L8, RS CORULeg, LIl SRS, 30 dosa el Streteh
W re tensi orisiglmeanshé settherf wiutbBerdn®nsur gnt Bahi 14 meinhe rt @nsé@hdloes not
Fall bel ow, detqy ned mi o) mumyal ye, Fri L W0, 2000/130934 PET/ BE2Q06/ 000064
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together with dises 34, 31, 38, 39 and 35 a spring means

between spud carriage and vessel which acts in the opposite
15 direction.

The first and second wires are held under bias by

respectively a first and second hydraulic cylinder 32, 33

which engage respectively on first tensioning disc 30 and

second tensioning disc 31. During the dredging process a
20 ground reaction force Fl is typically exerted on the spud

point (see figure 2A}, whereby a spud carriage moment M

occurs. As a result of this moment the second wire 41 is

stretched elastically, while the first wire 40 loses elastic

tension. This is further illustrated by the graph in figure
25 4, wherein the wire load F is plotted as a function of the

wire lengthening in range 1, and as a function of the

cylinder displacement in range 2. The wire is blased at a

force Fv. In range 1 the wire behaves elastically, while in

range 2 the wire tension limiting means ensures that the wire
30 does not stretch further. Curve C’ shows the wire tension of

the wire which slackens. The wire tensioning means (see

further) ensure that the wire tension does not fall below

determined minimum value Fkrit.



Hydraulic cylinders 32, 33 are both provided with a spring force limting
nmeans, and in this enbodinment thus a wre tension |imting neans which is
shown schematically in figure 5. The spring force limting nmeans 50
conprise a 5 piston accunul ator constructed froma cylinder with free

pi ston 51 aW@ 24#/13¢84nmul at or 52. The bottom si de of hydPEUBE2906/09¢d64¢ nder 32
is first brought to the desired pressure, corresponding with the desired
bias in the wire, by nmeans of an accunul ator 56. When the tension in the

wi res has reached 10 a detern ned maxi h®m whi ch depends on the pressure in
the piston accunmulator, the free piston and the piston of hydraulic
cylinder 32 w Wdﬁi@niqmyéiﬂée?ﬁef’feﬁ% agRdPeHe PiAHeefeNstbrais in this way
Limted. VighihBerGLAnt iHikSng! ROSAON L A AMEY ARdImehiCLfd Ider Spri ngs
fully outwa 15 under the influence mpt e piston accunul ator. The maxi num
al | owabl e wilre temsion ligmiftypocmedys awvhifclinési oot acemdicadgl g idept h.
Figure 6 s yphcal p . i I .spud point force P
and the aE(S?L urg, éapfnlgeii%r%%% P%&/‘gl |£elq“er%%ﬁtﬂg£s%§ éfdlj\r%%?‘kgﬁ%fgt he 20 depth.
For snald erpigephhactimanfadiore coustrbetdd Mirbmdat oy Fimder, withi Sréei ng a design

val ue for the,sys méfor reate gnet he_spud carri age ment. becones
the criti céﬂls\ifg?quéfaann taﬁle%cr?ﬁ&nij%’:ﬁ Olgl o‘wg es%%gy?%rs&gedggr%ng%asu i al most
| i near manmetlindekh32 hiess ddptsh. bTbheghdantiewle i teehSiressurewi re 40 is a 25

f t h ' d ' t.M d .thi i t [
thus be cofPOFFBIDY RAPidt R AECtrifl S0P 42 BI° W% PENSFYH 14 ting

means 52 tad hecappl ot A Phessuie. tendien Lhetiextime® akkoyed-Mid e tension
i's reacJ;ed, the piston noves in . the direction of the bottom and the spud

pI ¢ .
carri age’ 36* SEACFBEAT BRHHNGh ¥EACR IFRIGRaP allyt PURTFSTSt AR FBF | uence of

the spud f gJicRonDEBAImA 03] the beed zonah brANSVEnSsSwaxi 8¢ OnMng to this
additional tiJting of the spud carriage the reaction force of the ground on

the spud wil¥MdTEElifafyEmdstas 2WHt 20067530938 PETEER 066008884091

wire tension is in this way limited. When the great wire
tension falls away again, the cylinder springs fully outward
15 under the influence of the piston accumulator.

The maximum allowable wire tension is typically a
function of the dredging depth. Figure 6 shows a typical
graph for the maximum allowable spud point force P and the
assoclated maximum allowable moment as a function of the

20 depth. For smaller depths the force must be limited to Fpu,
this being a design value for the system. For greater depths

( the spud carriage moment becomes the critical value and the

maximum allowed spud force decreases in almost linear manner
with the depth. The maximum wire tension in wire 40 is a

25 measure for the maximum spud carriage moment M, and this wire
tension can thus be controlled by adjusting accumulator 52 of
wire tension limiting means 52 to the appropriate pressure.
When the maximum allowed wire tension is reached, the piston
moves in the direction of the bottom and the spud carriage

30 can rotate through an additional angle under the influence of
the spud force moment around the horizontal transverse axis,
Owing to this additional tilting of the spud carriage the

reaction force of the ground on the spud will be smaller than



if the carriage suspension were to remain rigid. This system therefore
limts the spud force nonent and the spud point force. Wien the wre
tension increases in one of the wires, for 5 instance second wire 41, the
wire tension in first wire 40 wll sinultaneously decrease. Wen a wire
t ensi on FNOMOAX0/IB¥dthed in second wire 41 (see figure BYT/BERGAOUGE| on in
first wwre 40 has fallen to a critical value FKRIT, bel ow which value the
first wire 40 becones slack. In order to avoid this 10 there are provided
spring tensioning neans, here in partiléul ar wire tightening neans, in order
to mintain_a mninumtension ipn the wire. These Qon%i s&?here of a

at

t ensi oni ng 5l GRGeFaB4 @5 SHSPENEHMh &t TP oF SR HE Sddh 1S 55SYRF h a

correct adjtuskEedie Ofinite aﬁaug%ah@twrchhﬁaoéénﬁ%ﬁi QhieNgpPH UpgeHt 54 Wil |
extend when the wire tension falls below a determ ned value FKRI T Note that

in the enbd@R€nt of figure 2 four steel wires are provided, two first and

second wires cqHaherRetiing €arbioRtNRreABest 8 RO &r aRd L¥BeW RS
counteracting each other on 20 port, which four wires are each gui ded al ong

simlar i s@stassenspeed 34180436, YR 35 reorenai Ay 138 fF3gs85yireFiQure 7 shows
schemati cal)iy 1t Benbl { Hddisq yOhelb g, o d10RREANL 8l ANG RLLHCRL, iy Teri ng. When
spud 3 tilts around a horizontal longitudinal axis 80 und&f the influence
of an 25 atieaghedhip feranel Fdrei 4lt (receFbodiereht, fitemtposiofBB) to

starboard (SBL: Lhe. fod o '}%éigr‘?“%cg a%<%§ighggf:v-lde0\@er ’g%iegg 8 £l spud
carriage 6 nakes contact on W t e 'Vessel {see &Fow PI): -  Upper
gui de 82 ofvadpedtbarfimge waries4friessetsi slenk BEIn @@ewhépebycid Hdriiszont al

Cr et * S0 Byt S S0y e SSRE) AP AT ) et enied
force Fd dropscabay,wite tiwbteyingdersnswi ih ceder ntmavwhyatim 4 heir WO
2006/13093%&%9£§529394£39qgﬂth%zwire. These consist here of a

tensioning plunger 54 which is connected to an accumulator

55. With a correct adjustment of the accumulator the
15 +tensioning plunger 54 will extend when the wire tension falls

below a determined wvalue Fygr-

Note that in the embodiment of figure 2 four steel wires
are provided, two first and second wires counteracting each
other on starboard, and two wires counteracting each other on

20 port, which four wires are each guided along similar disc
assemblies 34,30,36,37,35 (or 34,31,38,39%,35).

Figure 7 shows schematically the principle of the
horizontal and vertical buffering. When spud 3 tilts around a
horizeontal longitudinal axis 80 under the influence of an

25 athwartship force Fd, in the embodiment from port (BB} to
starboard (SB}, the following then takes place:
- lower guide 81 of spud carriage 6 makes contact on 8B with
the vessel (see arrow Pl); |
- upper guide 82 of spud carriage 6 is pressed in on BB,

30 whereby a horizontal cylinder 95 on BB (see further in the
description of figure 8) is extended:; on SB the upper guide

B2 moves clear of bin 86 of the vessel. When the force Fd

drops away, the two cylinders will return slowly to their



initial position. This is the horizontal buffering with which the forces
bet ween spud carriage and vessel, caused by the athwartship conponent in
the spud force, are kept limted; - on BB the horizontal transverse shaft 18
rests in a bush 21 5 which is nounted on slide shoe 20 and consequently
bears the WQIzpos(igl%¢ht of the spud carriage. The verti cROT/BEA96/H6@SE 85 on

BB are pressed in (see arrow P3); - on SB the vertical cylinders 85 extend
(see arrow P4) and thus ensure that slide shoe 20 renamins in contact with
10 | ongitudinal slide beam 19; - when the athwartship force Fd falls away,

the spud carriage wll return to its initial position wherein the vertical

buffer cyl indetsl gBg3tdpnde™ bt i daspherMdienPWMERLEE iy updckont act s.
This is thepyegsical bté'ﬁtqfegg' 58ad Jérrlﬁg@naw%sts@q SpHds&ardy age is tilted

athwartship, it nust l'e to slide over the |ongitudinal” siide beam For
this purpestwenisisin demphoentust themabnd ofeircd t @rehbPRt sbitid@dliin - cont act

with the | angjtud | i r n ge;ql opfact).
Thi s "pivoti%g |§ﬂﬂ%r§Fﬁg§ €§?ﬁ%ﬁﬁgfﬁg 3dH§ﬂ??ﬁ$c fggubﬁerégﬁgﬁka%etmeen
the stedl wbashristicomteld phesliis ebélosha@ @mtbl Ctdme@z@eualy@em ghenent

8 the upger St a3 B SRl R aik e R et ae T EL BRI G set he
spud carri ageBBsa2b mmssedt od fsﬁe[urWOW|B@)around a vertical shaft 91 by
95 accommodaPlrish SRt 600 AR ERESHAS AR DI | B8 3753 2 GRRoct ed 1or
pi voting arausdedmswes tihedl sshaétsid 0O r@ﬂ@lﬁﬁﬂﬁﬁ cendaot sk aul i c cylinder
araund B ' JEROFESH 196 PRRATRY hol der 99 consi<ts on the one hand | of a
bal anced el-eppsh Y Gltrav@bRipr famk $aafhl D, awigr ey sphie@ ddumegepr esses
along the whoye LENIN 29RLNh: LN0) WRRSL: 90 S00RI 139934 BRI REA000/ 000064 13
buffer cylinders 85 provide for a damped movement without
abrupt contacts. This is the vertical buffering.
i35 - Even when the spud carriage is tilted athwartship, it must
be able to slide over the longitudinal slide beam. For this
purpose the slide shoe must remain over its whole surface in
contact with the longitudinal slide beam and not run on an
edge {line contact). This “pivoting” is obtained by mounting
20 a (thick) rubber block between the steel construction of the
guide shoe and the actual slide element making contact with
( the longitudinal slide beam.
With reference to figure 8{(A} the upper guide 82 will now
be discussed in detail. On BB and SB the spud carriage is
25 connected for pivoting around a vertical shaft 91 by means of
a first arm of a horizontal L-shaped lever 92 to a bumper
holder 99 accommodating a bumper 90. The second arm of lever
92 is connected for pivoting around a vertical shaft 94 to
one outer end of hydraulic cylinder 95 which is connected on
30 its other end to spud carriage 6 for pivoting around a
vertical shaft 96. Bumper holder 99 consists on the one hand
of a balanced element which pivots around shaft 91, whereby

the bumper presses along the whole length against the upper



gui de even if the spud carriage were rotated through a small angle about a
vertical axis, and consists on the other hand of the holder itself which
can rotate around an alongship axis relative to the bal anced el enent,

wher eby the bunper 5 makes contact along the full height with the

| ongi t udi naVo 28¥6/1d¥3heam even when the spud carri age i sPET/BE28EH/008064 he si de.
Figure 8(B) shows the situation in which the spud carriage is tilted over
about 0.5 to SB and the spud carriage noves for instance over 50 nmto SB
at the position 10 of the upper guidel3The second arm of |ever 92 (SB)

her eby noves toward bin 86 (arrow PH1) and the piston of cylinder 95 (SB)

i s ext ende@UiSR roVPCE thgnrPrdtFRrdegBne st atlegvéproé‘ig/(%@maﬂﬁves away

frombin 8GnLasraysRH) akdithe Piisd,0Rnef cosyidtfen 2he(BBlefatanpve i nward
(arrow PC2). 15 These cylinders 95 are controllednl‘oj% a hydraulic circuit

whi ch is sRéwAh® haldfd iltisedf manier R FPERFR HEPUIFhanbateviilid des of the
cylinders agescopnectgd t'ontﬁbnpéfam%ﬁ_eﬁgn@,n1w1k%(i‘é¥§:ltﬂé%ur§ﬂév While the

pi ston sides are connected to an accunul ator pressure in
accunul &t omakes ¢entaniercl2ogt hbg fnllabedeht aviorh £% desbitwdinalhe cylinders

are fully sﬂﬁﬁésﬁgarﬁ Ly Faﬂén”gﬂ"wgaﬂ:&&rﬁéif’& c;‘1“11:%@361:8!0 G4l age, ~ and
t he bunpers always nove outwar Yo 1 le maxi mum and thus —make contact with
t he | ongit udi nBigste de(Heatrmwahtlne tHigugpddn is wWiiakdithg apuiédght. Wth

maxi mum buffering. the ive 25 cvlinder -w ve f her qQutward than the
passi ve cylﬁa(r}?féjé?ge rr%svet?%':;tr?\%a?ﬁ?rt#eoﬂr{a@k5of l:Jg)i él’g)oa%ldt t\éétebgwgm side then
bei ng conpensatee nyver dorubiasbandd mveThbs wmricuiIB witl khaowedia iexpl ai ned

coourt g L USSR oS3l 98 UL A0oB8 (RIS OTeRl [pie D
the spud caoweageowdie in segansow Hl)owntir bive thiestpinsbdncgl tedef 95cyl i nder
when Uhi 5 ISELeF HEE- SO (FBFPY T 20bbA 13055, ToPIeEaber bovoer 14
92 (BB) moves away from bin 86 (arrow PE2) and the piston of
cylinder 95 (BB) can move inward {arrow PC2).
15 These cylinders 95 are controlled by a hydraulic circuit
which is shown in simplified manner in figure 10. The bottom
sides of the cylinders are connected in simple manner to an
accumulator 115, while the piston sides are connected to an
accumulator 116. The pressure in accumulator 116 is lower
20 than in accumulator 115 such that the cylinders are fully
pressed in in the non-loaded situation of the spud carriage,
and the bumpers always move outward to the maximum and thus
make contact with the longitudinal slide beams when the spud
is standing upright. With maximum buffering the active
25 cylinder will move further outward than the passive cylinder
moves inward, the lack of oil on the bottom side then being
compensated by accumulator 115,
This circuit will now be explained assuming that the spud
carriage tilts to BB {situation of figure 7), wherein the BB
30 cylinder is extended. With a relatively slow movement of the
spud carxriage, the oil begins to flow from the piston side of
cylinder 95 (BB) via throttle valve 110 to the piston side of
cylinder 95 (SB) and, when this latter has moved fully



inward, to accumul ator 116. When the di splacenent of the spud carriage
takes place nore rapidly, the pressure drop over throttle valve 110 wll be
so great that the oil flows away via overflow valve 112 to the tank. The
oil that has flowed 5 away to the tank can be conpensated by a punp

connect ed VW& 206/13pB4sur e-reduci ng val ve 113 to feed coRGUBE200¢PISUCh a
hydraulic circuit thus allows effective danping of both large and snall

at hwartship forces and the associated rapid and slow spud carri age
rotations around a |ongitudinal axis. 28 The vertical buffering will now be
explained in detail wth  reference to figure 11. As already explained in
the descrilptpsd: ofo faqpwrailatapoles - twli!@nsgba ¢hnlaggacntisef behe At ed for
rotation arQund,ge tfANSVeN3RSHBEL AditAYNt Bhe tOredNBSAELRYfLF CE Of the
steel wires so ggeto e g{ol eepo 15 %%slor theeallproengshi?p fo?ces. I n addi ti on,
t he spud cahepagée wakve Vdi0calily ¢ g0 westighhatbdiie @18 flewsBRway SB in
order to o] t t ship. far.ces...The SV e f s 18a,
18b on SB gﬁg ége%g?&k%\r%enﬁgg %1 I%ﬁ:et o%arrr%\'/err%é ?{ﬁslt ﬁg%%ugg\gr%l%&ati ve to

t he rest5 pasiali bo, thy piaged lopnober catymntsa58d20y nnpultp sonseabek® ypassi bl e by
the use of a particular .main_.bear] as. shown in figures 11(A) and (B). The
transverseP'§ 5Pf:epré c?u?élg ivs?lygcéﬁjgﬁc? teelgt %O%% le‘i' 1(%lr.ﬁidsg\lf\,ic h"a vertical

pl ay of typivelabhyiabolich® muksnablsiee¥08f 110 P apicly afebotih Xetgy
connected to slide shae 2Q. For _.this purpose the 25 transverse shaft parts
Ton, 18b AR GPAThT AT LRI SPT B AT DR SENE TR i h IBBER 1D of t ho axi s
of symetr el aphdecd i iddee hyusbesns aixdaadchosemg Shdimalloaeis I han t he
position of the axis of symetry relgtive to the bearing hqusing in the
spud cgorri er. TReVCEMTH )Eb‘énfter R neYr be 18P 1 RG gﬁe e rB'recei ved in
two spheri calthskibderdesd ingsiklee Wi CIhAKE rebbiyeshy) Loraccheehd 0 two
vertical mddle plates 104a,b which are disposed parallel to the slide shoe

and are fi ¥65Cy iPEbIMett dd gt hedbPlRY CAFr PRER BRF HEITsMEFtpPhs 102 and a
WO 2006/ 130R34+BETEBE2QOG{1{QQ4P0640ud® a transverse shaft 18 counter to

the spring force of the steel wires so as to be able to

15 absorb the alongship forces. In addition, the spud carriage
can typically tilt through about 0.5" to BB or SB in order to
absorb the athwartship forces. The transverse shaft parts
18a, 18b on SB and BB must herein be able to move a little
upward relative to the rest position, typically over about 50

20 mm. This is made possible by the use of a particular main
bearing as shown in figures 11{(A) and (B). The transverse

| shaft part 18a is received at its outer ends with a vertical
| play of typically about 50 mm in bushes 108, 10% which are
fixedly connected to slide shoe 20. For this purpose the

25 transverse shaft parts 18a, 18b can for instance be flattened
cn the top or a position of the axis of symmetry relative to
the bushes can be chosen 50 mm lower than the position of the
axis of symmetry relative to the bearing housing in the spud
carrier. The central part of shaft part 18a is further

30 received in two spherical slide bearings 105 which are
fixedly connected to iwo vertical middle plates 104a,b which
are disposed parallel to the slide shoe and are fixedly

connected to the spud carriage by means of pins 102 and a



series of bolts 106. This arrangenent allows athwartship forces on the
slide shoes to be transmtted to the spud carriage. The flange 104a is
connected to slide shoe 20 by neans of two cylinders 100 on either side of
horizontal 5 transverse shaft 18, wherein the outer ends of the cylinders
are connect ¥® Hew13p4 0ot i ng around respective transver sepGrHBER06/MAEs and 103
to respectively mddle plate 104 and slide shoe 20. The purpose of these
vertical buffer cylinders is to 10 limt the force with which shaft parts
18a, 18b cone to lie in the bushes of 1bhe slide shoes. This is achi eved by
controlling the cylinders wwth the hydraulic circuit showm in figure 12.
When t he spedieared dypd tisi 10§, bl falr@ﬁnEBﬂE(rst talétowénablflwallissfﬂl:gure 7) to SB,
the cylinder e e r o] b ans of
throttle vg ggggégpﬁ%%hggggg %%?%%ﬁ?gF de o%ﬁ%ﬂ% E%I?ﬁ%é%s o accumul at or
134. |f thearmbagaerihd dkesgpl Bt dui ckhyecitdre for essdaesm@rﬂ(b\m’r t he
over {1 ow vAPYE® 130 15 CHALTARKS 100 BBt A Ehtbs  Bnaroy s et oyed and
danpi ng 5 s taahseyesk staaefltf tLaw wiadnesin TBa mtﬁ:ecﬁmisbotfhthglcynem&ragal nst
pressures which are top via overflow valve 130 to
Phe tank FeecHpiiee Badeti RTINS conlit oo T aau RS VR Vo SP42595 usi ng
a punp. Pregsuegdreti efo vakyecdBd 1y aliaals sradandoat ehd 38Adegaidest too high
a pressure. The invention is not limted to the above described exenplary

enbodlnent§ ‘but on the contrary includes all variants which can be

envi saged by a@hévﬁﬁéﬁb%éS%E|tEQséNﬁéiﬂicaﬁob@EEbﬂ|B§1§9@EQsoistm£ invention is
defined solely bé the followng clains. Finall the invention can |ikew se
be { appt Qeélf“éF Pecigrice f‘[léht‘i"kh’gdi ShaRdsPaRet e dehe 18RNECMPrE Nl e - better

bend than hregake-p@PRld &% th8 s Mhces. This is achieved by
controlling the cylinders with the hydraulic circuit shown in
figure 12.
When the spud carriage tilts back from BB (situation of
15 figure 7) to SB, the cylinders on SB then move inward,
wherein oil flows by means of throttle wvalve 135 from the
bottom side of the SB cylinders to accumulator 134. If the
movement takes place quickly, the pressure drop over the
throttle valve will then become so great that the oil flows
20 away over overflow valve 130 to the tank. In both cases
energy 1is destroyed and damping is achieved. Overflow valve
| 131 protects both cylinders against pressures which are too
high. The oil which flows via overflow valve 130 to the tank
is carried back into the conduits via reducing valve 132
25 using a pump. Pressure relief valve 133 protects accumulator
134 against too high a pressure,

The invention is not limited to the above described
exemplary embodiments, but on the contrary includes all
variants which can be envisaged by an average skilled person,

30 and the scope of the invention is defined solely by the
following claims. Finally, the invention can likewise be
applied for specific floating islands where the same

principle - better bend than break -~ applies.



1. Apparatus for accommodating a substantially vertical spud (3) of a
dredgi ng vessel with a longitudinal 5 direction, conprising a spud carriage
(6) which is mounted for limted rotation around a horizontal transverse
axi s(18), characterized in that - at least a first and a second spring
means (40, 41) is 10 arranged under bias between vessel and spud in the

| ongi tudi nal direction for the purposel¢of absorbing a nonment on the spud
carriage, which first and second spring neans conpensate each other in the
non-| oaded situation of the spud; gydhpat 15 - at | east one spring neans
is provided with a spring force limting nmeans (50) for limting the
tension in said spring elenent froma determ ned naxi mum nonment on the spud
carriage. 2. Apparatus as claimed in claim1, characterized in 20 that the
first and second. sjwpak theanSonra cameetedgby sepssaatiaespectively a first
and second hydraulic cylinder (32, 33) to the_vessel for the urpfse of

appl yi ng tRertHedt ravbhi &3 & asHsdsing 4&Serdi wadhi A (PRPHTYIing

characterigededfl o> dh@ridier SR iphd V68 1Ll tiengwABaAS i 65RIucodpr i ses a
pi ston accunul ator (51, 52) which i's connectéd to the correspondi ng
hydraul i ¢ €g9tihderted rofpparen ursramdclaainved zontady tohnsrmerfer egoi ng cl ai ns,
characterigedsk¥%fhat spring tensioning neans (54, 30 55) are provided for
i ncreasi ng the'tension in at |east the second spring nmeans when the spring
force thereharastéxiied Lim that\pparatus as clainmed in clains 2 and 4,

characterized ip that the spring tensionjng nmeans conprise t ensi oni ng
pl unger (52)a%r}%ﬁﬁ%dﬁi$9¥%£ %Wgt%n?QQR?qu H&9 W?&Péuﬂﬁﬁ'c§$inﬂ%r and an

accunui@t opr £ 29ge & 0nRGd + NG Ds ther @ Rressel and spud in the
longitudinal direction for the purpose of absorbing a
meoment on the spud carriage{ which first and second spring
means compensate each other in the non-loaded situation of
the spud; and that
15 - at least one spring means is provided with a spring force
limiting means (50) for limiting the tension in said spring
element from a determined maximum moment on the spud
carriage.
2. Apparatus as claimed in claim 1, characterized in
20 that the first and second spring means are connected by
means of respectively a first and second hydraulic cylinder
(32, 33) to the vessel for the purpose of applying the
desired bias.
3. Apparatus as claimed in claim 2, characterized in
25 that the spring force limiting means {(50) comprises a
piston accumulator (51, 52) which is connected to the
corresponding hydraulic cylinder.
4. Apparatus as claimed in any of the foregoing
claims, characterized in that spring tensioning means (54,
30 55} are provided for increasing the tension in at least the

second spring means when the spring force therein is lost.



6. Apparatus as clained in any of the foregoing clains, characterized in
that the first and second spring neans are biased first and second wres,
preferably steel wres. 10 7. Apparatus as claimed in clainms 2 and 6,
characterized in that the first and second hydraulic cylinders are fixedly
connected to respectively a first and second tensioning disc (30, 31)
around which the respective first and7second wire are gui ded, which
tensioning discs 15 are located in a plane perpendicularly of the transverse

axis directly qppqgsite each other .on respectively a fiyst and second side
of the spud ca&?i E€ar %uﬂpﬁgrﬁﬁﬁémﬁg tlaf H“?Hyé?E{ﬁL7 characterized in

that the féHfdadteraeed) iW RRalts tgui dedi fiforeds{dd Slg 2@ dmcaidn@t i@ the spud
carriage to a second |ocation on the spud carriage via the first (second)
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cl ai ned iﬁBQF%ﬁﬁfgs%%Egpggfé%%?e%hiﬁceggﬁgﬁgﬁptﬁ%§$}éit and second | ocati ons
are doubl eelirsosi ti34; 35) which are nounted on the spud carriage and al ong

which the firs nd se%fnd mﬁrg are gui ded, apd thg% the first (second)
wire at an out el éWRAFAWie 3 FofPEECORATEi Yk U IMEIPI carriage and at

the other endingy) tdMareRae?dz2Q (hi khkt ShderOfst hen$ PGl rdpaged s
connected to the vessel. 18 10. Apparatus as clainmed in any of the
previ ous C1eAHS 2AhNthériéised Ke r$pudncarPrage Viratcommritadl Wiseel | over
gui de (81),and an upper guide (82) in the bin (86), in each case with a
limted horizontal play in the 5 transverse direction, whereby the spud
carridde is tilta¥pparatus @ist ed admedeinacbaims a2 hond zont al | ongi t udi nal
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cylinders are fixedly connected to respectively a first and
second tensioning disc (30, 31) around which the respective
first and second wire are guided, which tensioning discs

15 are located in a plane perpendicularly of the transverse
axlis directly opposite each other on respectively a first
and second side of the spud carriage.

8. Apparatus as claimed in claim 7, characterized in
that the first (second) wire is guided from a first

20 location on the spud carriage to a second location on the
spud carriage via the first (second) tensioning disc (30;:
31) and one or more guide discs (36, 37; 38, 39) situated
on the second (first) side of the spud carriage.

9. Apparatus as claimed in claim 8, characterized in

25 that the first and second locations are double discs (34;
35) which are mounted on the spud carriage and along which
the first and second wire are guided, and that the first
(second) wire at an outer end cn the first {(second) side of
the spud carriage and at the cther end on the second

30 (first) side of the spud carriage is connected to the

vessel.



around the longitudinal axis. 10 11. Apparatus as clainmed in claim 10,
characterized in that the horizontal buffer neans (92) conprise on each
side of the longitudinal axis a |lever with pivot point on the spud
carriage, a bunper (90) connected to a first leg of the |ever and,
connected to the second leg of the I ever a 15 horizontal cylinder (95) which
is connected to the spud carriage in t$e vicinity of the |ongitudinal axis.
12. Apparatus as claimed in claim1l, characterized in that each cylinder
(95) is coupled to a hydraulic circuit for danping a novenent around the
hori zontal | onglPudithafrapes axt sclagiedppardanus fadhel &rREdORA clai m 12,
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5 transverse direction, whereby the spud carriage is tiltable
in limited manner around a horizontal lengitudinal axis,
characterized in that the upper guide is equipped with
means for causing a horizontal buffering during tilting
around the longitudinal axis.

10 11. Apparatus as claimed in claim 10, characterized in
that the horizental buffer means (%2) comprise on each side
of the longitudinal axis a lever with pivot point on the
spud carriage, a bumper {90) connected to a first leg of
the lever and, connected to the second leg of the lever a

15 horizontal cylinder (95) which is connected to the spud
carriage in the vicinity of the longitudinal axis.

12. Apparatus as claimed in claim 11, characterized in
that each cylinder (95) 1s coupled to a hydraulic circuit
for damping a movement around the horizontal longitudinal

20 axis.

13. Apparatus as claimed in claim 12, characterized in
that the hydraulic circuit between the two horizontal
cylinders (95) comprises a parallel connection of a
throttle valve and an overflow valve.

25 14, Cutter suction dredger comprising an apparatus as

claimed in any of the foregoing claims.



