1 APPARATUS W TH SPUD CARRI AGE The invention relates to an apparatus for

accommodating a substantially vertical spud of a dredging vessel, 5
conprising a spud carriage with two slide shoes for guiding the spud
over two | ongitudinal beans, wherein the spud carriage is nounted
ed rotation around a horizonthl | ongi tudi nal axis. The invention
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The transverse shaft parts can rotate in the spud
carriage and must simultaneously be able to transmit to the
spud carriage considerable athwartship forces and moments
about an alongship axis of the slide shoe. In a preferred
embodiment two spherical bearings are employed for this
purpose per transverse shaft part. At least one hydraulic
cylinder is preferably arranged in each case between each
slide shoe 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 around the
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 cone side the transverse or horizontal buffering
is active as specified below. The vertical buffering does of
course allow rotation of the spud carriage around a
longitudinal axis. In a preferred embodiment each slide shoe
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

volumes of the two cylinders are connected to each other.
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one



35 volunmes of the two cylinders are connected to each other. 2 The
buffering action of the cylinders in the vertical buffering is obtained by
connecting the bottomside on the one side to an accunulator via a throttle
valve and on the other side to the tank via an overflow valve. The 5

conbi nati on of an overflow valve and a throttle valve connected in parallel
provi des the desired danping. According to a further devel oped enbodi nent,
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present inventign further relates to an appar atus ) L
means for causing a horizontal buffering during tilting
around the longitudinal axis.
15 According to the preferred embodiment, these horizontal

buffer means comprise on each side of the longitudinal axis
in a horizontal plane an L-shaped lever with pivot point on
the spud carriage, a bumper connected to a first leg of the
lever and, connected to the second leg of the lever, a

20 piston of a horizontal cylinder which is connected to the
spud carriage in the vicinity of the longitudinal axis. When
the spud carriage tilts about a longitudinal axis and moves
in the transverse direction toward the bin, the lever
provides for outward movement of the piston.

25 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 valve and overflow valve connected in parallel
provide the desired buffer characteristic or, in other

30 words, for damping of a movement around the horizontal
longitudinal axis.

The present invention further relates to an apparatus
for accommodating a substantially vertical pole (also
referred to as spud) of a dredging vessel, typically a

35 cutter suction dredger, comprising a spud carriage which is
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exerted on the spud is
apparatus of theF%ype stated in the preamble which behaves

as a spud carriage mounting in the pontoon with a variable
rigidity - rigid in the case of small waves and more
flexible at c¢ritical 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:

- 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
- at least one spring means is provided with a spring force
limiting means which hardly allows the spring force to
increase further, whereby the moment generated on the spud
carriage around an athwartship axis is limited.

The longitudinal force Fl 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

moment on the spud carriage, whereby the spud carriage tilts

through a determined angle around the transverse axis, the



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 nonent on the spud carriage, whereby the spud
carriage tilts 35 through a determ ned angl e around the transverse axis, the
4 first spring means is further tensidned and the second spring acting in
opposite direction loses tension. This tiltability of the spud carriage in
conbi nat ifdmrsw siprting wsEmnisng snEans Hehu ¢ ededoessk sargs tilte weyaortche rigidity
and 5 ensures tha%.t he .nonent _an tge septgi carria eti s absorhed. \Wen the
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moment, thetapiindgf efceHehepuiicdnt idgecriensesdidthern wihgl efhe t he nonent
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in only one direction.

15 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
can be adjusted in a simple manner. In this embodiment the

20 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
accumulator. When the tension in the spring rises above a

25 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
increases only slowly while the spud carriage rotates. If
the force on the spud point is acting in forward direction,

30 the rotation will then be such that the spud point moves
forward relative to the vessel, which results in a sharp
fall in the force on the spud point. As soon as the force on
the spud point becomes smaller than the maximum value, the
piston moves outward again under the influence of the

35 accumulator pressure.



the force on the spud point is acting in forward direction, 30 the rotation
w Il then be such that the spud point noves forward relative to the vessel,
which results in a sharp fall in the force on the spud point. As soon as
the force on the spud point becones smaller than the nmaxi mum val ue, the

pi ston moves outward again under the imfluence of the 35 accumul ator
pressure. 5 According to a further devel oped variant, spring tensioning
means are pr@ddotedliig twaiantfaintihey alavelioned vaarisirgn ispmind east the second

spring ans .if_.the rin means wer ompl.etely |ose tension and the
spring f OTCe 5 et éfegal}ssgarroestgrqvnl\,&%cg %Og%g"%%taa%%ﬁ Efg?\:blﬁr}@d? nal force
t he firsttespriorg ireatts Meddt fulie | swi@nd esgeirsy amedns therthewdpreiidie second

spring neans | oses tension,. which at a determned limt val ue_of the
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the cgse tirelith sy iTHstRANS tife dhd ast i£ ghdfs 1dndidsaimel pedbate at which
the wire becomes slack). This is avoided by using the spring tensioning
nmeans. THOSFHITRE tsinthinRae s bricterdbs i anemprenelen F @RS ng pl unger

ar ranged it YNGR SQRASL A dhendan Vsl | Ceyd dndapnAnd an accuml ator
co-acting therewth. en‘the Torce exerted by the spring nmeans on the
t ensi oni rptgyminged Fiais teluay of ddieridngd-wdinel wwed cpereisubh t he
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and seco W res referablf teel_, wWres. émc rdiing to, a passibl e,
arr angenemt® WHE HTQMeHS %%E)ond'rmr]a%l?COJc%c?n}a}gr‘ésjal?% %“ie%ﬁ)ﬁl%%nnect ed
to 25 resgmediorelngg anddist and second tensioning disc around which the
espect Ve T e i e P 2 e i e rPASTy e dBhrise a
tensioning plunger arranged in the piston rod of the
15  hydraulic cylinder and an accumulator co-acting therewith.
When the force exerted by the spring means on the tensioning
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
20 means at a determined minimum.

In the preferred embodiment the first and second spring
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

25 respectively a first and second tensioning disc around which
the respective first and second wire are guided, which first
and second tensioning discs, wires and cylinders are located
in a plane perpendicularly of the transverse axis directly
opposite each other on respectively a first and second side

30 of the spud carriage. The first ({respectively second) wire
is for instance guided from a first location on the spud
carriage above the transverse axis to a second location on
the spud carriage under the transverse axis via the first
(respectively second) tensioning disc and one or more guide

35 discs situated on the second (respectively first) side of
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and second tensioning discs, wires and cylinders are located in a plane
perpendi cul arly of the transverse axis directly opposite each other on
respectively a first and second side 30 of the spud carriage. The first
(respectively second) wire is for instance guided froma first |ocation on
the spud carriage above the transversesaxis to a second |ocation on the
spud carriage under the transverse axis via the first (respectively second)
t ensi oni i n ne e i 5_di jfu n e second
(respectﬁ%@?yéﬁ?ﬁégggé%%gébPP t?%eggﬁgdogaﬁgigggé %%8?ﬁ§ E%Ee of tilting
around t heranseesserseiaxts thetbecsedosildsi teet herftreirei Le thushus
pul | ed out ither side of the,spud,, while the second wire slackens on
ot h°si e fief o oheol STe8%s, Rics S rrir: pRar B FEngod) EeRRgn et Eher
side of theackhentls Cairbage abaye. andisbehevetbeet FapayeaSeymNEsSriAGl
enbodi_ment of this construction will be djscussed in detail_wth reference
to fiPgurBPBIng SugbeTi on, cthBeYi Fideanl SBRoRBUFOERFT ORATCaREOVEr 226

i nstance goubl er dé SesaMbi EPsar xIBUNARdeBoliRenpUdECRREAge and al ong
which the first and second wire are guided, and the first (respectively
second) wiershruahient¥iléndeodisaessedrin deespécvithbl yesexenay &Pde of the
spud carr -angd at  the other end on the second (respectively first) side
of the 15 spud carriage is connected to the vessel. The invention will be
further el uci tataddbniche bhsi §inét andusbeondf looatlionst arevEoexenpl ary
enbodirents with reference to the acconpanyi drawipg, .in . which. Figure
TR S At Sr e AU ST e S PSRV RER B tear PRI Aokl Fak tinthger
Figure 2(&pdi slangi Wriyvhevhéi piakengali pedbndciiios) aek guipedsi bhe

enbodi nent. of _{ he 3ggaratus_aciordin t? the invention; Figgre 2£B) is a
front vieWlPgi A1EPRwAFESREPTHVEL¥t PBAPNEI Yire 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

15 spud carriage is connected to the vessel.
The invention will be further elucidated on the basis of

a number of non-limitative exemplary embodiments with

reference to the accompanying drawing, in which:

Figure 1{A) is a side view; and 1{(B} a top view of a cutter
20 suction dredger;

Figure 2(A) is a side view ({(in alongship direction) of a

possible embodiment of the apparatus according to the

invention;

Figure 2{(B) is a front view {(in athwartship direction) of a
25 possible embodiment of the apparatus according to the

invention;

Figure 3 1is 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
30 displacement;

Figure 5 shows a simplified diagram of a wire tension

limiting means and wire tightening means;

Figure 6 shows a typical graph for the maximum allowable

spud point force P and spud carriage moment M as a function
35 of the depth;



25 possi bl e enbodi nent of the apparatus according to the invention; 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 30 displacenment; Figure 5 shows a sinplified diagramof a wire
tension limting means and wre tightening neans; Figure 6 shows a typical
graph for the maxi num al |l owabl e spud point force P and spud carriage nonent

Mas a fupction 35 of the depth; Figure 7.sho schematically the

hori zont a 1%%ﬁev%r$P%3f S%ﬂ??%%fﬁﬁilﬁigﬁ?eﬁgréﬁB 2} ¢8R VFE SFXthe upper
gui de andohbfézbngal or transverse buffering; 5 Figure 9 shows a
cross-section of the upper guide and_ horizontal or transverse buffering;

Fi gure 10F399Hh8 & FYQVauRi EORi B§FYEnPE oF RENEPEST Adéfe BRdt ReriePRhdver se

buf f eri ngor F 84h8vd26H) paREMSiAgl ONgi tudi nal view, and (B) a cross- 10
section of the vertical buffer System and Figures 11 (C) and (D) show two

possi 5l e BbIRER oAsShawahachrosAeseagtien efstbfm BBRebedyilfigatad; Figure 12
shows a hﬂgfgﬁgﬁgagi@gr@gaﬁggﬁﬁgg_ngkggﬁﬁgiof the wvertical buffer system
enbodi

15 Figure 1 shows a typica ment o dredgi ng vessel with cutter
sucti on hBhgur&hk0shbemsvashelfirgohpei deésgramofigr bhkecypantisrsaofatdter 1, a

| adder “‘Q§hn§v899et uf§'de i nches 2, an auxiliary spud 4 and a working

spud 3 which ' Ts " acconmd atéd’in a spud carriage 6. A cutter head 5 is 20
arranged Pigthe DU{RJF ehdwsefal addeitldiaall steti oandedB$ ar eropsevi ded cl ose

Lo Lhg cutLer head-whigh consist ,3ybstantiplly of 2 suction tube 10 and a

Figures 11 (C) and (D) show two possible positions in which
the buffer system can be situated;

Figure 12 shows a hydraulic diagram for the cylinders of the
vertical buffer system.

15 Figure 1 shows a typical embodiment of a dredging vessel
with cutter suction head. The shown vessel comprises, among
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

20 arranged on the outer end of ladder 1, and suction means are
provided close to the cutter head which consist
substantially 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.

25 In such a cutter suction dredger the working spud
ensures that a fixed point is formed around which the
suction dredger can swing during dredging. Limited steps
forward are possible by moving the spud carriage to the rear
relative to the vessel, this typically taking place with a

30 cylinder which will be further described with reference to
figure 2. When working spud 3 is situated in its end
position E, a step must be taken using auxiliary spud 4.
Auxiliary spud 4 1s herein lowered so that it temporarily
fixes the vessel relative to the bottom, whereafter the

35 working spud is raised and returned to its starting position
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further has a control cabin 7, a deck 12 and a pressure line 11 through
whi ch the dredged material is discharged. 25 In such a cutter suction
dredger the working spud ensures that a fixed point is formed around which
the suction dredger can swing during dredging. Limted steps forward are
possi bl e by noving the spud carriage togthe rear relative to the vessel,
this typically taking place wwth a 30 cylinder which will be further
described_with reference to, figure 2_ Wen working spud 3 is situated in
'ts end  PosTE? FOEX LRI SPERSm:ST LhEn: SkERSUBRRE ATXPI FaFySepRA%A=RIAXI | | ary
spud 4 istm@r@ﬁﬂiig&@¥egp§@ iBatgikefienporarily fixes the vessel relative
to the bottom_ whereafter the 35 working spud is raised and returned to its
starting positr®niBraratynecaGeekihgdshadtie LREANELRBIVBAEKNPHE BEt he seabed

and the ﬁ&f&ﬁéfrﬁlﬁey akégréhSEHe 1 EingﬁrQh“émﬁS&%@QhEgv59iEHE.Egve”tion
wll now be further elucidated on the basis of an enpodi nment variant as 5
shown 5i n $houmesn2fignde2B2AVandi A . sfotk3ngsspudoinbdasedoimmodaspdd
carriage 6 [ S 1 e .Lhe.ye I n f hori zont a

ol toqi o R SPuheRenlsahig |1ERLORsRe YRR ERE! (RSN RONLEL |
hol di ng cat¢ahs 16f a hbritongatalohgifudhdalwoylihtierglgyl Thdespudi t h di sc

heads 10 14, 15. These copponents.enable |iftjng.of the spu but wll not
be. el uoi ST EELRGF e S REECTRE,BABVABEY: BEhipar POSATnEnEEFBadhe Anventi on.
The spud taftingechschrovi dad wwbhi1tiweishi d915haess2@itwhiaeBcchaBable gui ded
over two | ongitudinal guide beans 19 15 such that the spud carriage is
novaBi%e hbti zbht aTh§sSeocamppPpaRtedeBabeat LG tipagPEudPaarPEl i RHEr 13 in the

|OngitUdiQﬁilthECBéoalﬁEiBQEe&eﬁéﬁg-sIH@eSEHQKC?Brh@QGfE§m EH&E“SE mount ed
for rotation around a horizontal transverse shaft 18 by neanhs of bushes 21

mount ed obheg| pdesenbeingent2onThe noment M on the spud carriage caused by a
The spud carriage is provided with two slide shoes 20

which can be guided over two longitudinal guide beams 19

15 such 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.

20 The moment M on the spud carriage caused by a
longitudinal force F1 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

25 first steel wire 40 is connected to the vessel to the right
of the transverse axisg. This first wire 40 is guided via a
double disc 34 mounted on the spud carriage to a tensioning
disc 30 which also lies to the right of the transverse axis
and from where the first wire is further trained diagonally

30 to the other second side of the spud carriage along guide
discs 36, 37, and is finally guided over a second double
disc 35 mounted on the spud carriage and connected on the
other second side, to the left of the transverse axis, to
the vessel at the other outer end 44. In similar manner a

35 second wire 41 connected to the vessel at a first outer end



S -}
| ongi tudinal force F1 is absorbed by a systemof steel wires and discs as
shown schematically in figure 3. Afirst spring neans arranged between the
vessel and spud carriage 6 is fornmed by a first steel wire 40. At one outer
end 42 the 25 first steel wire 40 is connected to the vessel to the right
of the transverse axis. This first wireg40 is guided via a double disc 34
nmounted on the spud carriage to a tensioning disc 30 which also lies to the

right of the_transverse axis, an romwhere the first wire is further
trained dihgldars yEoRe e HetGr tfg+s%%c%ﬁ1d 3 de3dr $hedRPutP crFPayedal ong

gui de  digenBbheBlee@Ndohd ¢4 PRl ddye GihdeseO¥e1 @nbER 0 oLkl ehedi sC 35
mount ed on the spud carrjage and connected on the other second side, to the
left of tIRPIFEIRVEEERCHIPR, to the vessel at the other outer end 44. In
simlar mann £000 t S a first outer
end 9 43 forefrrsét%gr%er w%éﬁlﬁélclz‘g 34, e%_{i@d%%pd?)%?%%ﬁ E%Sa spring neans
bet webn srepecl ivelie ani ves send weectndchpdraut he cpppodéere3diradtion. The
first an £50N nd i b t y st and
second nydra e rEbBetEL StV IR P28 Wets LERERE, BIFL 3R #hic:

t ensi oni ngeabhrsd B@nandn15go@hdctmn5|mmrn@gdthe dtedPimyg ngrobesdr @dgi ng
process a round reactio forc Fl IS tyﬁ%ﬁiklg exer%ed o] the sgud poi nt
(see figute  Toier EBy °§5%d tat?i B4R t EXRL6eAcRlr EPeAfPY  resul t of
this mompsitthe(se€ondgids e24), | Shebébhpt £ heguel @éftQ%éYmoMtheMt he first
wire 40 loses elastic tension. This is further illustrated by the graph in

figur8 MRCGRET i Mt Rt QFREL | DRJCILF SNPMSRE clNQsSECPUACYEBR &F ifie wire
| engt hen'é‘@réf&:ﬁ@@%l&stf@glgf %ﬁyﬂ@tm@ 9irébewé§ecxblﬂggésdéiagegenent in

range 2. The wre is biased force Fv. In range 1 the wre behaves
el asti caltgnsipm| eThhs 1an@erghehelhluetreheﬂohy|thﬁtgngpheansféQEUEes t hat

the wire, dogge POILSLREL G EUIE08 r CH Yot e8QUSA  BENYE SN of the

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

15 c¢ylinder displacement in range 2. The wire is biased at a
force Fv. In range 1 the wire behaves elastically, while 1in
range 2 the wire tension limiting means ensures that the
wire does not stretch further. Curve C’' shows the wire
tension of the wire which slackens. The wire tensioning

20 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 limiting means, and in this embodiment thus a
wire tension limiting means which is shown schematically in

25 figure 5. The spring force limiting means 50 comprise a
piston accumulator constructed from a cylinder with free
piston 51 and an accumulator 52. The bottom side of
hydraulic cylinder 32 is first brought to the desired
pressure, corresponding with the desired bias in the wire,

30 by means of an accumulator 56. When the tension in the wires
has reached a determined maximum which depends on the
pressure in the piston accumulator, the free piston and the
piston of hydraulic cylinder 32 will then move to the left,

and the wire tension is in this way limited. When the great



p S |
tension of the wire which slackens. The wre tensioning 20 neans (see
further) ensure that the wire tension does not fall bel ow determ ned
m ni nrum val ue Fkrit. Hydraulic cylinders 32, 33 are both provided with a
spring force limting means, and in this enbodinent thus a wre tension
limting neans which is shown schematicaly in 25 figure 5. The spring force
limting neans 50 conprise a piston accunul ator constructed froma cylinder

with free_.pLston a ccunul at or .. The.battom si.de of draulic
oyl 1 nder 43PPSteRepnaBd1aR, A6V HaRi8L: PBs THTaBRboTeRPhscsuRdYng i th
the desiredthaad undehether énfilehyenednshef pastancuasuauaatde.. Wen the
tension in the wires, has Ei%Chgg a determ ned naxinunlmhhgh depends on the
pressure in tHBEpPEFLIRAUERLAEMFEPLR, WLRE FPBEIBPSESNYRACRALY Biston of
hydraul i cegubindar o82ewel BrbhgAingouepta .t kegliekt 5 sabwst Be tyhprieatiension is
inthis way limted. Wen the great 10 wre tension falls away a%gln, t he
cyl i nder §pRPRg§Crurhg maHimErndadAdeabLRe SPHE ReRBs &PTCRe Pprsifoffhe

accunul at gk oT808 AR Thhl AMABLELIE! RohERE! 8B &S rlipkgall Y cpkunction of
the dredging depth. Figure 6 shows a typical 5 graph for the nmaxi num

al | owabl edeptt . p&irnt shalderPdgptihehsheasosceamugtnvei dimigleldowsbFe-xnonent as
a functio f dep . For Ller_d h fo t ldimted to
Fi nax, t Pgsbéggagagdégﬁé gvgﬁggefgPrt§§ES§¥%E§P'F§§395§§F§%%agﬁg%§% t he
spud carr tahgespodentaripéageesioinkatcbetonak takuerdndcaie vaQ uenxndumhal | owed
spud force decreaSﬁZ in alnngt | i near, manner w th_the depth. The maxi num
wi re 1%ensPBEIHMWALECHEY SPHA ARESEr GeFEFACRE i AHMSSpad "EAYT PagEhonent
M and thissthwiche HepshonTeaNmhRYfRukewsedt tehlsednb) nadjiust i4ng igceumul at or

52 of wire tension limting neans 52 to the appropriate 15 pressure. \Wen
the maxi nIRREPKEWERTWERE FBHIMYR SPUPeSefEdage: ROt &h e ST t he

dir?CFiOnwgiet@%nQQbhOEhﬁn@theb%pEQntQ%&&bég%yC%@jb%%%h% HRIRHIN 23R r
addi ti onal angl e under the

52 of wire tension limiting means 52 to the appropriate

15 pressure. When the maximum allowed wire tension is reached,
the piston moves in the direction of the bottom and the spud
carriage 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

20 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 limits the spud force
moment and the spud point force.

When the wire tension increases in one of the wires, for

25 instance second wire 41, the wire tension in first wire 40
will simultaneously decrease. When a wire tension Fyow is
reached in second wire 41 (see figure 4), the tension in
first wire 40 has fallen to a critical value Fgryr, below
which value the first wire 40 becomes slack. In order to

30 avoid this there are provided spring tensioning means, here
in particular wire tightening means, in order to maintain a
minimum tension in the wire. These consist here of a
tensioning plunger 54 which is connected to an accumulator

55. With a correct adjustment of the accumulator the
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i nfluence of the spud force nonent around the horizontal transverse axis.
Onng to this additional tilting of the 20 spud carriage the reaction force
of the ground on the spud wll be snmaller than if the carriage suspension
were to remain rigid. This systemtherefore limts the spud force nonent
and the spud point force. Wien the w retension increases in one of the
wires, for 25 instance second wire 41, the wire tension in first wire 40
will sinultaneouslé gicrease a wre tegsion FNOM i s reached in second

\VWh
Wire 41 (ESRSIPRLTYE BIUNGRE PAnWioh PRCCPA AR FBS4HIRESLERPLER fo a

critical value GéRbd, abgtevrmvhba@hvyalerihe. first wire 40 becones slack. In
order to 30 avoid this there are provided spring tensioning neans, here in

particul ar wilYeteighreniRgtheapBbodimenteptt §168Y Rt 4i AHOBTY ATHRPAUMLEEBASI on in

the “ﬁre-aE@eﬁﬁoGQB§§§t5§§L§19Etaan&eQéEBHh”QiPEB”geﬁnﬁérﬂﬁkﬁﬁgiéa@ﬁ””eCted

to an accunulator 5 a correct adjustnment of the accunulator the 11

t ensi &ni ngthetunger ssdrppardexanddtwhenirhe wornstesastong takhsobBevw a

det ' Fxi : : Ln_t ' fi.Qur t eel
wres arapPotfucthtlosPlECy A8, bBs,RgeR BatuEE k8ha b Ta KOE Oy
on starboasdemhbileswd4WB0e36¢BANBBr doki Ag, Bach8eBReBs50n port, which four

W res are each.quide ong simlar.di senbl.i es 34, 3Q, 36, 37,35 (or

34, 31, 38, 39, SQ}gqu?_gﬂr%i’?wghﬁﬁg]e@ﬁﬁéﬁﬁﬁkfagﬁﬁ Pﬁ_énﬁ?'PiEi 82e§ the

hori zont ahoadoMeali a8l betteechngbuberinpudwBehl kpadanogadtsl@rauhari zont al
| ongi_ tudi nal axis 80_under ;the influence of an athwartship force Fd, in the

enbodithen? RPBHEEBERL( BRRILEUAipatbaRLE B8RINAEKe LRI LORING CReR T ARes

pl ace: - é@ﬁﬁérgghgg 84ref pRUC;QakhEagRLEGTRESS QQBhaﬁern(ﬁﬁjwkbh the
vessel (see arrow Pl); 15 - upper guide 82 of spud carrfiage 6 is pressed in

on BB, whakarboandhoPBronthe EpllpWengothen BBkeseplBigether in the
- lower guide 81 of spud carriage & makes contact on SB with

the vesgssel (see arrow Pl);

15 - upper guide 82 of spud carriage 6 is pressed in on BB,
whereby a horizontal cylinder 95 on BB (see further in the
description of figure 8) is extended; on SB the upper guide
82 moves clear of bin 86 of the vessel. When the force Fd
drops away, the two cylinders will return slowly to their

20 initial position. This is the horizontal buffering with
which the forces between spud carriage and vessel, caused by
the athwartship component in the spud force, are kept
limited;

- on BB the horizontal transverse shaft 18 rests in a bush

25 21 which is mounted on slide shoe 20 and consequently bears
the full weight of the spud carriage. The vertical cylinders
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 remains in contact with

30 longitudinal slide beam 19;

- when the athwartship force Fd falls away, the spud
carriage will return to its initial position wherein the
vertical buffer cylinders 85 provide for a damped movement

without abrupt contacts. This is the vertical buffering.



description of figure 8) is extended; on SB the upper guide 82 noves clear
of bin 86 of the vessel. Wien the force Fd drops away, the two cylinders
Will return slowy to their 20 initial position. This is the horizontal
buffering with which the forces between spud carriage and vessel, caused by
the athwartship conponent in the spud fpyce, are kept Ilimted; - on BB the
hori zontal transverse shaft 18 rests in a bush 25 21 which is nounted on

sl ide shoe 20 and, consequently bears the full §lght of the spud carri age.

The vertlcaFVG?IWH8€r§h38§PHﬁ BRTXEEIFr éSsbd LRI SEEVRFLERIP3) 2toRYSE t he

vertical gyl hpderso83124kendetSefeantayiPhliiaRd shhue SRawW.erbhaknglsi de shoe
20 remains in contact with 30 |ongitudinal slide beam 19; - when the

at hwar t shPprPefeethe £affs aheg, muRé FpUAinc aVETads swiholeesyriacs ifs
initial pashtLop WQ?heltRet %n venkiaah Ryfhler pexkd ader $,085 A Eﬁo\égxd for a

danped novenent t contacts. IS 1s the vertic erlng 12
- Evedsmhedgehélspadcoamacage mhlslPpedo&ungarnshpptaumemubw moaingling t o

slide over t ng |na F L thls purpese the S|Id shoe
must rerarn (G04FR SRR e AR B TR S S i R PR TR U S 201 | de
beam and guﬁdeuah&a andSthégecthaﬂesadﬂba@ﬂbmeﬁhlmakﬁm@0bdmgacm5wQQMalned by
nount i ng r.ubber ock_ between the steel construction of the

hlck I
gui de shoE%Sngopﬁé HOLRA §31@€ &F8fent making contact with the

| ongi t udi nal ﬁhtﬂerEQé%bnwéthorgﬁgﬁ@aC@(hQ feh@u ks Ep&&Abuh@% @pPei1gui de 82
will 10 now be discussed in detail. B and SB the spud carriage is

connekd ednP¥r Pi YoECHGSE odRd 98 badrt. 954 B@héﬂd §B e mPas cerrdager st arm
of a hor'EQnEBhnEc%QgP%@rI%&%Bt% gt%r%unﬁpgp%%xQQ%%. s%%f%?otnﬁgﬁat'ng a

bunper 90 he second arm 92 1's connected for piv around a
vertical mBasihabf @4 figstn@rouiodr aeingdrafzamrarladl-ishap@d AdverdP2iccl i s

bumper holder 99 accommodating a bumper 90. The second arm
of lever 92 is connected for pivoting around a vertical

15 shaft 94 to one outer end of hydraulic cylinder 95 which is
connected on 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 arocund shaft 91,
whereby the bumper presses along the whole length against

20 the upper guide even 1if 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 balanced element, whereby
the bumper makes contact along the full height with the

25 longitudinal slide beam even when the spud carriage is
tilted to the side.

Figure 8(B) shows the situation in which the spud
carriage is tilted over about 0.5° to SB and the spud
carriage moves for instance over 50 mm to SB at the position

30 of the upper guide. The second arm of lever $2 (SB} hereby
moves toward bin 86 {(arrow PH1l) and the piston of cylinder
95 (SB) is extended {arrow PCl), while the second arm of
lever 92 (BB) moves away from bin 86 {(arrow PH2) and the

piston of cylinder 95 (BB) can move inward (arrow PC2).
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connected on its other end to spud carriage 6 for pivoting around a
vertical shaft 96. Bunper hol der 99 consists on the one hand of a bal anced
el enent which pivots around shaft 91, whereby the bunper presses along the
whol e | engt h agai nst 20 the upper guide even if the spud carriage were
rotated through a small angle about aertical axis, and consists on the
ot her hand of the holder itself which can rotate around an al ongship axis

relative to the bal anced_ el enent, whereb h er nakes. contact B al ong
the full hei ghte%F iRt ?BSI%%Q?¥%d?ﬂ%T¥%}i%§ n%wé%@ﬁauiéﬁ thESYphd

carriage yBichi iseghéont ie sidg1iFiodr RaBL8r shomsglike $bt uehkOBotBohi ch
the spud carriage is tilted over about 0.50 to SB and the spud carriage

noves forSiA8FaREctBYcFYEONARTE 02 BB GPNRAELPDsiRi BAMBOSoRARRET UBBeRNguUi de.
The secongl. ﬂh? tbfvfisgz %g@% bgee XstHHVE?déQ“QE% EbﬂnmEIFQrE wyRH1) and

t he plston |nder I'S extended (arrow e second
arm of5 IevequEat@ED1hﬁve§hampyeSsonebun 860@auie%0PH2l6amd lhwerpi st on of

Cont ol chiay Srgaralttacery Ehet SRRoRRRE Eh.aYHhIGERp BFECAChERnor i n

figure 10pr&beeaoihomn shéeﬁoni1bhaedybnﬂdet$oﬁrefcahaespad tarsiagke manner
to an accu tor 115, while the piston sides ar connected tqQ an 5
£6S Ok ! Ehus

accunul at 3P 118S FHEPHY Es4FRY FnMGEEuRtFURE E?Gt § Makemv™mt A&

accunul at pakd 16catsbtt Ratnt BReCYbhBden8ina® Eubh¥ pRERESGHenNthB kpad
non-| oaded situation of the spud carriage, _and the bunpers al ways nove

out wéd t6Stﬁéaﬁﬁkpﬁuﬁpﬁhahﬁhu@ltHaWéXéEHPaEFfﬁFthﬂhéhﬁoﬁ&FﬂM&lnaI slide
beans “hee déPUQ1%Q hévétfﬂg ﬂgrueﬁtggﬁd Wb R Eﬁé'gﬁngQEf%Pﬁ@ﬂdEQe

active cy er W | nove further out war than t sive cyfinder noves
i nwar d, theveacknwardultbﬁ ﬂhekbgttgmisbdethhehObéomg51d@npbﬁgabedngy

accunulatggm&égsagghsbgiggghkuwgkgrngwgpe expl ai ned assum ng that the

This circuit will now be explained assuming that the

15 spud carriage tilts to BB (situation of figure 7), wherein
the BB cylinder is extended. With a relatively slow movement
of the spud carriage, 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

20 moved fully inward, to accumulator 116. When the
displacement of the spud carriage takes place more rapidly,
the pressure drop over throttle valve 110 will be so great
that the oil flows away via overflow valve 112 to the tank.
The oil that has flowed away to the tank can be compensated

25 by a pump connected via a pressure-reducing valve 113 to
feed conduit 114. Such a hydraulic circuit thus allows
effective damping of both large and small athwartship forces
and the associated rapid and slow spud carriage rotations
around a longitudinal axis.

30 The vertical buffering will now be explained in detail
with reference to figure 11. As already explained in the
description of figure 2 above, the spud carriage must be
mounted for rotation around a transverse shaft 18 counter to
the spring force of the steel wires so as to be able to

35 absorb the alongship forces. In addition, the spud carriage



15 spud carriage tilts to BB (situation of figure 7), wherein the BB
cylinder is extended. Wth a relatively slow novenent of the spud carri age,
the oil begins to flow fromthe piston side of cylinder 95 (BB) via
throttle valve 110 to the piston side of cylinder 95 (SE) and, when this

| atter has 20 noved fully inward, to aggumulator 116. Wen the displ acenent
of the spud carriage takes place nore rapidly, the pressure drop over
throttle valve 110 will be so great that the oil flows away via overflow
val ve 11Zamh tidahk, tile Biroudiatabeit {0 owedalidy aro SBhant ayidegarkhe

conpensat t ' € - cl 13 to
feed conf&%%%&%u%%#&ﬁlf%%%%bﬁ@étt?]]isjésﬁ%f%%% é%%@%’l\%&dami ng of
bot h | ar gs8sgndi Snedrlt S8 hawad tEhinud torivese imanck tdigl assoorateda raptdiand sl ow
spud carriage rotations .around a |longitudjnal axis. The vertical

DU 1 or | nGHRAT e e G b1 TP v EL Qi HEYRISA BB TR (FORNG 11, As
al ready explnh nethid idanadiessad PHTN ©F thgWige 2oRbPViEart heusPHAngakr i age
must be _nounted for rotatjon around a transverse shaft 18 counter to the
spring f RRAFHII 13 e i rBaweasit Phearl 8t o B5e abSRBVEREE al ongshi p

forces. Idhaddigdan1ddie; spucoardd age Ids Sabet yphaa!hychidtydheough about
0.5 to BB or SBin order to absorb the athwartship forces. The transverse
shaft pamlkay 18, tyiBlbcahl SEkeuk BB mistihdpeshedel obl €189 wnvehaatrett| e
upward r ' t t. posi tion ) cal o] 5 This is
made pos?‘f%{ée&/%/ c?%%lbeet;%{eee%ftcg %%lr#él)c%rllcgér{pérrgi nﬁgﬁegqulisngt‘p%*sﬁos%%m% ‘lg'nr? figures
11( AloandtcfdB)sveinse taslaanflvepaet s shed | PlvtcdBafors ieseanee la¢ its outer ends
with a vertical | ay of typically about.50 I n bushes 108, 109 which are
i xedry corpecTaef o el Shast 5 Boor a0 sOputHB Bt heot 05T PERETE  so shat t
parts 18arelldfbi€antd Ofhe NSUANES En e athesed 90 Hhfeldw@r Othanperéti on of

t he axis of synnetrg relatjve to the bushes_can be chosen 50 mm | ower than
t he position of the axis of symmetry relative to the bearing

housing in the spud carrier. The central part of shaft part

15 18a is further received in two spherical slide bearings 105
which are fixedly connected to two 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 arrangement allows

20 athwartship forces on the slide shoes to be transmitted to
the spud carriage. The flange 104a is connected to slide
shoe 20 by means of two cylinders 100 on either side of
horizontal transverse shaft 18, wherein the outer ends of
the cylinders are connected for pivoting around respective

25 transverse shaft 101 and 103 to respectively middle plate
104 and slide shoe 20.

The purpose of these vertical buffer cylinders is to
limit the force with which shaft parts 18a, 18b come to lie
in the bushes of the slide shoes. This is achieved by

30 controlling the cylinders with the hydraulic circuit shown
in figure 12.

When the spud carriage tilts back from BB (situation of
figure 7) to SB, the cylinders on SB then move inward,
wherein oil flows by means of throttle valve 135 from the

35 Dbottom side of the SB c¢ylinders to accumulator 134. If the



position of the axis of symmetry relative to the bearing housing in the
spud carrier. The central part of shaft part 15 18a is further received in
two spherical slide bearings 105 which are fixedly connected to two
vertical mddle plates 104a,b which are disposed parallel to the slide shoe
and are fixedly connected to the spud qarriage by neans of pins 102 and a
series of bolts 106. This arrangenent allows 20 athwartship forces on the

slide sho t i to . sp C f e da is
connect ed °$éﬁ$§E;E%ﬁ%%1é%§g§ %%%%Ef%f ?&% @%% ersggﬁﬁ %ﬁggi%%%r si de of
hor|zontaJthraﬂmwerﬁmiﬁaaWil18thmﬂebe@@méheoogteatenustothetbelcylonﬂers are
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respect i vel¥P¥i Qe Prate 1o 4h dePshide S8R ThE! PP pBsE2BFSt hese

verti cal téﬁéﬁgycyéId@@%ﬁoyédt@ndla@mplﬁ@eléoagnléwéa wirehe sbrf tapaet s 18a,
18b cone to lie in the bushes_of the slide shoes. This is achieved by 30
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the cylinders on SB then nove inward, wherein oil flows by neans

throttle va$v@ansﬁe¢rbm¢khen3@ bbet@ﬂn@uuésoV1ahée@Bc¢9guﬁabvg 162
accunulat a q t drop
over the TRPH T YR T RET T Perebiebnea Lot ot eA PFREr Y ERemSr R RFALEE G

over overflmM/a@aynsﬂ300®ohigh dapkesgurbot h cases energy is destroyed and
danpi is achj,eved. Overflow valyve, 5 131 protects_both | i nder s agai nst
pressthPes whi clPRrE YOI/ gh® Fnk dIPLhfdc %OfFBﬁsa ?%?oé%? g&?@alve 130 to
the tank égemplatpdetiBodinehes] hpueopduthe wbattadycinglvaeéyeald2 using a
punp. Pressure rellef val ve 133 protects accunul ator 134 agalnst too high a
pressure. BT IRRCF PR hER 0RA N sPRoENYVIARERE PY fRe2¥BERESdESELIBEd

person, and the scope of the invention is defined solely by

the following claims. Finally, the invention can likewise be
15 applied for specific floating islands where the same

principle - better bend than break - applies.



exenpl ary enbodi nents, but on the contrary includes all variants which can
be envisaged by an average skilled person, and the scope of the invention
‘is defined solely by the following clains. Finally, the invention can

| i kewi se be 15 applied for specific floating islands where the sane
principle - better bend than break - applies. 16 CLAIMS 1. Apparatus for
accommodating a substantially verticap spud of a dredgi ng vessel,

conprising a spud carriage with two slide shoes for guiding the spud
carriage over two |ongitudinal beagpaiverein the spud carriage is nounted
for-limted rotation around a horizontal |ongitudinal axis (80),
characterized in that each slide shoe (20) is fixedly connected to a bush

(21) in which transverse shaft par (,(1.8) conn cted t.Q he spud carri age
i s received in?eaéﬁpaﬁaggsmf?ﬁ %9%%?@? 1ﬁ@%’f§ﬁ%ﬁ§5@“§l 9 ¥2. Apparatus as
clai med i peghaanlspGhapacheatzesing vdhall t hanpgransver sesphaft parts (18a,
b) are connected to the spud carriage by neans of spherical bearings. . 3.

Appar at us @ TéREPmEdtRntEPap ki de ofhees ciar sttietinged 'S FPHRaf2at 1Re8st one
hydraul i ¢ Gyl @Qgrlgﬁgltuala {angefs | n,, Sach, ﬁ@g%&%@%&&@ ga sbide shoe

(20) and the s r' age or the pur pose o ng the vértical novenent
of the tran@meesefshatumpaedsr@ﬂ83i¢m dhmuplshd(izbntaduri ng tilting around

t he | ongi in axi 4. atus as clainmed in any of the previous
cl ai ns, %ﬁ %deﬁgisﬁﬁasAggﬁ age is accommpdated via a | ower guide (81)

and an upp®argeitdeied) ihnthde Basdh (8h)de isheacfpmase fixtedly |imted
hori zontal play in the transverse direction, whereby the spud carriage is
tiltabl e iCPNERCESd tRRANBRShafdbhdin wa&o%nfarrar}%fr?gﬁ%(ﬁhﬁé BRFS,

characterized iBnnkRakqt RS PRECLLQY der i 5. RAU PR Wity NRARshor causing a
case with a determined vertiééi‘play.

2. Apparatus as claimed in g¢laim 1, characterized in
that the transverse shaft parts {1l8a, b) are connected tc
the spud carriage by means of spherical bearings.

. 3. Apparatus as claimed in claim 1 or 2, charactérized
in that at least one hydraulic cylinder (85) is arranged in
each case between each slide shoe (20) and the spud
carriage for the purpose of damping the vertical movement
of the transverse shaft parts {18) in the bushes (21)
during tilting around the longitudinal axis.

4. Apparatus as claimed in any of the previous claims,
wherein the spud carriage is accommodated via a lower guide
(81l) and an uppef guide (82) in the bin (86), in each case
with a limited herizontal play in the transverse direction,
whereby the spud carriage is tiltable in limited manner
around a horizcontal longitudinal axis, characterized in
that the upper guide is equipped with means for causing a
horizontal buffering during tilting arcund the longitudinal
axis. |

5. Apparatus as claimed in claim 4, characterized in

that the horizontal buffer means (92) comprise on each side



hori zontal buffering during tilting around the |ongitudinal axis. 5.
Apparatus as clained in claim4, characterized in that the horizonta

buf fer neans (92) conprise on each side 17 of the |longitudinal axis a | ever
Wi th pivot point on the spud carriage, a bunper (90) connected to a first

|l eg of the lever and, connected to the second leg of the |lever a

hori zontal cylinder (95) which is condécted to the spud carriage in the
vicinity of the longitudinal axis. 6. Apparatus as clainmed in claimb5,

charact erizedpln hBatu8agR1CYki Bder1 L95) JSiFQURIRd Jq @ Rydrarlic circuit
for danping a novenent around the horizontal |ongitudinal -axis. 7.

Appar at us sasicclcairmedgien el hivnpér ¢hHAr acterdzed! ite & Hatrsttheé ebydfaul i c
oLroul{ behueen.Lle ;Lo DSFLESOLA! o SHANIEIA L 95 camioa B parall o
dredger conpfizeinfiglagyappaeat ussasyh ot fed-drihameDftd heef @pagoi ng cl ai ns.
carriage in the vicinity of the longitudinal axis,
, 6. Apparatus as claimed in claim 5, characterized in
+ that each cylinder ({95) is coupled to a hydraulic circuit
for damping a movement around the horizontal longitudinal
axis.

7. Apparatus as claimed in claim 6, characterized in
that the hydraulic circuit between the two horizontal
cylinders (95) comprises a parallel connection of a
throttle valve and an overflow valve.

8. Cutter suction dredger comprising an apparatus as

claimed in any of the foregoing claims.



