1 APPARATUS W TH SPUD CARRI AGE The invention relates to an
apparatus for accommodating a substantially vertical spud of a
dredgi ng vessel, 5 conprising a spud carriage with two slide shoes
for guiding the spud carriage over two | ongitudi nal beans, wherein
the spud carriage is nounted for limtead rotation around a hori zontal
| ongi tudi nal axis. The invention is distinguished in that each slide
shoe 10 is fixedly connect %gahﬂ be%hiébﬂﬁ“ i}ﬁ& abkansverse shaft
part connected to the spu& carrlage I'S recelved I'n each case with a
determ ned vertical play. Alimted rotatability around a
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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

20 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

25 Jlongitudinal axis. This is the vertical buffer function
active during tilting of the spud carriage back Irom 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

30 course allow rotation of the spud carriage around a
longitudinal axis. In a preferred embodiment each slide shoe
ig 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

35 wvolumes of the two cylinders are connected to each other.



2 The buffering action of the cylinders in the vertical buffering is
obt ai ned by connecting the bottom side on the one side to an

accunul ator via a throttle valve and on the other side to the tank
via an overflow valve. The 5 conbination of an overflow val ve and a
throttle val ve connected in parallel provides the desired danping.
According to a further devel oped enbodi ment, the spud carriage is
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overflow val ve to the tank. The ) .
longitudinal axis, and the upper guide is equipped with
means for causing a horizontal buffering during tilting
around the longitudinal axis.

15 According to the preferred embodiment, these horizontal

- bﬁféé;rmeaﬁg_;;mprlse-on each 81de of the longltudlnaz_ax1s"m_m_
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 wvalve to the tank. The
throttle valve and overflow valve connected in parallel
provide the desired huffer 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



throttle valve and overfl ow val ve connected in parallel provide the
desired buffer characteristic or, in other 30 words, for danping of a
novenment around the horizontal |ongitudinal axis. The present

i nvention further relates to an apparatus for accommodating a
substantially vertical pole (also refeered to as spud) of a dredging
vessel, typically a 35 cutter suction dredger, conprising a spud
carriage WtReliStod MPHMES ftation Eeduhdt AtheR ANd raaRavtzgat al
transverse axis. Large cutter suction dredgers nust often carry out
operati on®¥&f-sea or on unsheltered waters. The waves cause 5 the

vessel to NDVE;28d She€edr fQUGBDCARRGELE Mmber extdd Qirryheueoupl i ngs
bet ween the vessel and the bottom these couplings being forned
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conditions - and in particular with a rigidity which decreases
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by the pontoon following the movements of the larger waves.

The invention has for its further 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

15 rigidity - rigid in the case of small waves and more

flexible at critical wave cénditions - and in pafticﬁi;r
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:
20 - 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
25 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 wmoment generated on the spud
carriage around an athwartship axis is limited.
30 The leongitudinal force Fl1 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

35 through a determined angle around the transverse axis, the



The invention is distinguished for this purpose in that: 20 - at

| east a first and a second spring nmeans is arranged under bias

bet ween vessel and spud in the longitudinal direction for the purpose
of absorbing a nmonent on the spud carriage, which first and second
spring means conpensate each other in the non-loaded situation of the
spud; and in 25 that - at |least one spring neans is provided with a

spring fokg Ly [ﬂ%gﬂ§- i d %€ ri rce to

i ncrease Fg??%e$%£aﬂ%re y tﬁ§p§%%§ﬁ§gggﬁg%g%§%§on tﬁ%%s%ggoégrriage
around ansRrEAEracHing ol Lpposite degecBdThelasniyitengiing. Thite P1
exerted op; | S tpR Y q d; £ eagid R HYnCHi A tHe point
of the spga§?§B%Pl t%%t%gigﬁ% gggggg ? %uctloﬁggﬁé ge?l?hisﬂ

normal | y &Rrsngnnedns dilwscidesregseshascht teerahddhe rrgiidisgused a

monents on eégﬁrég Ugh Sardd AQRmepfpe gﬁmﬁh& o 8@ U a9 t%%%?béé,

through a determ ned angl e around the transverse axis, e 4 first
spring nedhsni she remmt (B dhenEpuandaThsaSRAWRPTRSY IGAGaGEYr| Rl m
opposi te dLieshifds | RSLSut Re@Re, TRES LhtiAPidddde thehNRaSRYY
carriage in conbination wth the spring neans thus decreases as it
were the Engreasgs afiurtHheaghs whegebliathe heonetemxegi-echensphd 8awdi age

I's absor b‘égrr)@gé‘ éf&ﬂ@%ﬁ%t%@aa&@t%ﬁiﬁugxfér{% aGen;ReEOTES gr eat er

than a determ ned nmaxi num nonent, e spring force then hardly
i ncr eb®es furfekes thiersdsh EheingnBaanaxiy tBPisrllye Pspuddedrvitya

around an ?5@3@%&?@@ ﬁﬁiiﬁ:iin?}; heBhbedpud ONRL€ 113ra2GReSREI 18 SRAPS

S typicaF ovided wth a

that of the first spring means which will be used often,
gince a very great longitudinal force F1 will usually occur
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 cutward again under the influence of the

35 accumulator pressure.



spring force limting nmeans, but that in practice it is only that of
the first spring neans which will be used often, since a very great

| ongitudinal force FI will usually occur in only one direction.
15According to the preferred enbodi nent, the first and second spring
means are connected by neans of respecsively a first and second
hydraulic cylinder to the vessel for the purpose of applying the
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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 resgpectively 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 locaticn 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



When the force exerted by the spring neans on the tensioning plunger
falls bel ow a determ ned val ue, which depends on the pressure of the
accunul ator, the tensioning plunger then noves outward and thereby

mai nt ai ns

tension in the spring 20 neans at a determ ned m ni nrum

In the preferred enbodi ment the first d second spring neans are
bi ased first and second wires, preferably steel wires. According to a
possi bl e arrangenent, the first and second h{draulic cylinders are
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reference to the accompanying drawing, in which:

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

Figure 2(A) 1is 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
possible embodiment 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
displacement;

Figure 5 shows a simplified diagram of a wire tensicn
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
of the depth;



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 possi bl e enbodi nent of the apparatus according to the invention;
Figure 2(8) is a front view (in athwartship direction) of a 25
possi bl e enbodi ment of the apparatus according to the invention;
Figure 3 is a schematic view of the Wi r'e system Figure 4 shows a
graph representing the wire tension as a function of the elasticity/2
or of the BAguneddr showdi sphemaierilyFitder doFighntal sand rHsxtiiced

di agr am of &Ef@fgigtension limting nmeans and wire tightening neans;
Figure 6 shows a tjggcal graph for the maxi mum al | owabl e spud poi nt
force P armised Scshoivgga hepentew ofs thef yppeiroguldde oind hwnigensal 7

Figure 7 WEH%%Q%gggiggkk¥f%$§?rmnizontal and vertical buffering;

Figure 8 shows a top view o upper guide and horizontal or
t ransver sefigiee S BYows &i guets-Betiows @fctbssupperigwidd arde upper

ﬁuide and 1 AL Iogrﬁggﬁgfgﬁ%§qnggiﬁgﬁgqg; Figure 10 shows a
ydraulic diagramfor the cylinders of t transverse buffering;
Figure 10 shows a hydraulic diagram for the c¢ylinders of the
transverse buffering;
Figure 11(A) shows a longitudinal view, and (B) a cross-

10 section of the vertical buffer system; and
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 contrecl 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 c¢ylinder 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 is 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



Figure 11(A) shows a |ongitudinal view, and (B) a cross-10 section of
the vertical buffer system and Figures 11 (C) and (D) show two

possi bl e positions in which the buffer system can be situated; Figure
12 shows a hydraulic diagramfor the cylinders of the vertical buffer
system 15Figure 1 shows-a-typical enbodi nent of a dredgi ng-vessel
with cutter suction head. The shown vedsel conprises, anmobng ot her
parts, a ladder 1, a |l adder winch 9 and two side wi nches 2, an
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position will not be elucidated here since they 4o 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

15 -such-that-the-spud carriage is movable-horizontally to a -
limited extent by longitudinal c¢ylinder 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 F1l 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 axis. 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



8 I. The working spud is then fixed back into the seabed and the
auxiliary spud is raised. The apparatus according to the invention
w Il now be further elucidated on the basis of an enbodi nent vari ant
as 5 shown in figures 2A and 23. Wrking spud 3 is accommbdated in a
spud carriage 6 which is connected to the vessel by neans of a
hori zontal |ongitudinal cylinder 13. THe spud carriage is further
provided with a holding catch 16, a lifting catch 17 and two lifting
cyl i nder s a8 tflordiss Cobetibsx 1Witld , dikhrs ‘Eheselcomonmtamcbm&blaesb'rﬁ.hgng
of the spud e_el uci dated here C form
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27 rount ed s FRaaTe 588 1 ¢ S HaRE KBt e R 50T o a0 Alge
caused by sedoodgitendioaing oditse H1.i Duatiagr bed @ye@gs;@tpa:rm@fsssaeel
wires and di sc S che I cal | L gu t s
nmeans arr#&i‘&ﬁb% Iémlf’h se]1 lgn&-)@éﬁaiifg ?x%ﬁtecgon t?iorrrg by a
first steegointr dsé8. fﬂgum&m)u,t atheariby4d Bhed carriage moment M
10 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
4, wherein the wire load F is plotted as a function of the

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

15 -¢cylinder-displacement in-range 2. The wire-is-biased at-a - ~——~ - =

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



25 first steel wire 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 carriage to a tensioning disc 30 which also lies
to the right of the transverse axis and fromwhere the first wire is
further trained diagonally 30 to the other second side of the spud
carriage al ong guide discs 36, 37, and s finally guided over a
second doubl e di sc 35 nounted on the spud carriage and connected on
the ot her WeEDNELRS ﬁ@ilﬁhéwﬁﬁfﬁgéﬁntkﬁﬁqlqyﬂ§@%ﬁ§eSR¥F§98tiP11ﬁa

vessel at Lhe otfSindust %ee'lﬁfiﬂenéé‘ &t A, 1@%ﬁeﬁcéu§§1§€&9”d wire

41 connected to the vessel first outer forms together
with discs 34, T@E.mﬁﬁ}mQ99aéﬁQW351%.%¥W¢rﬁfQﬁaﬂﬂslﬁeFﬁééﬁa%bﬂdﬁcarr|age

and vessel S ir I E£S econd
Hres are RAfeElRDS Gk RRaghhgcalplll IShiAne TRBD AoLyBte P

hydraul§ ¢ 8yaPRdEeT Fhe Whaéh@a@@e @ipé’ctpiq;@{ty fgHCe| Psgand the
tensi oni ngaQéé&1§&é%ﬂ%%”Ql§Sﬂ§b9é"rﬁlﬂnéﬂts%s?’ll fEMELREnt be Eedgi ng

process a ground reaction force Is typically exerted on the spud

poi nt (see @P@@rquy»smaM%@Weéypahgp@@e ﬁQQmmysﬁD#@nﬂlN@E@dd@@d%@n
a resul t Of:hig“ﬁei’ﬁﬁ"?amdets'i%ns‘?é@ﬁg PhF & Hbl diSelid. e%‘BE‘eQrSia@é{» '&éﬁ'éh)é

while the first wire 40 | oSes elastic tension. This 1s further
i 11 ustrat ebheyspy® eprapingien WPMgRE ebacongfertdien AHEifRlevRadEe and she

pl ot t ech asm%cirh'ﬂﬁtéﬁ%v%fd tstg,ﬁdwaecé et hei g i arl%BQE 1inédf @shifer

function of the 15 cylinder-displacenent in-range 2. The wire is
bi ased at #Withrieee Meptnh ﬂ@ﬁg@aﬁlmﬁﬁ W&FQ&QﬁHﬁ%@@slél&éF?cﬁPl%ﬁ awhi | e

in range Z,the,Mi rf‘o:tﬁl:@r%l QB ki inlint & 5P8a r@‘@fﬁa@&‘d{o‘ﬁr‘énﬁ:hﬁt &H@ rm{se does
not stretch further. Curve C shows the wire tension of the wire

whi ch s|acwéﬁg_tqmﬁgqm,qgnt§ﬁ§pohpn§ontrolled by adjustlng accumulator
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 Fyew is
reached in second wire 41 (see figure 4}, the tension in
first wire 40 has fallen to a critical value Fggrr, below
wnich 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



20 neans (see further) ensure that the wire tension does not fall

bel ow determ ned m ni mum val ue Fkrit. Hydraulic cylinders 32, 33
are both provided with a spring force limting neans, and in this
enbodi ment thus a wire tension limting means which is shown
schematically in 25 figure 5. The spring force limting nmeans 50
conprise a piston accumul at or construcf-gd froma cylinder with free
pi ston 51 and an accumul ator 52. The bottom side of hydraulic

cyl i nder 3Znsidriirggt phoogght 54 ovilbke ddsimrdedhpnesbeareire draresigondi ng

with the dgsjire i i h i , by, neans of an accunul at or 56.
When t he t%ﬁlsllso%elqr? tﬁea\?\nk?glgl %cg Vrr%‘g%: ?ﬁ”&'det erm ned maxi num whi ch

depends on t h@lgmeesbateinnthdeepiaiiorerac cadimiligtoe, 2 t fhieuf resedi stioas

d the pi f . j j id L he |Left,
o the Dl R el ol beepd RN ald b N TRNES A0, (Sl
t ensi 03 f abtteraway sagabrariheany| twmlerizsy icogsténatyinytewsrtd atidar

the influe t QLS C | at.or._ Th i I bl s
tensi on | STyt Flhy 80y HEHGY kg B TR P WG s
a typi cal &sgpmdphiefson4t Be, Bexs s aldwoviathl3a ,3pudopdbht force P and

t he associ at ed,.maxi_mim_al | t fURct. i ofc t dept h.
For small er dng sl"e'[nr'ées 8?%2@%%5{‘%%%1%6?8% ngﬁ‘%@%iéﬁ b%eeng a
desi gn valhmexfmmtsile asyisventifal uiEemgephies shedsputl Has raragad
nmonment becones th Litical, val 6![1_9_' X]

force (9ecraeg"lssoe%lzlore?t%:[rrt[l)gﬁgf‘}:%@jé#glrmnnestf %\;ﬁ ﬁdﬁekﬁg#i%&r&%%ﬁm
Wi re tensiarhwartsirie 4£46rce Bdnedsurle fambddisemax Enom skl EB)r itage

nccumul at o SPB, 1oBT o B £5} A et By B ™Y ey et
15 pressur-e.deen guidenti afinspid owedridge & easeencostachciredEB with
the vessel (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 figqure 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 BE 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 cylindexs 85 provide for a damped movement

without abrupt contacts. This is the vertical buffering.



the piston noves in the direction of the bottomand the spud carriage
can rotate through an additional angle under the influence of the
spud force nonent around the horizontal transverse axis. OMmng 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 d¢stemtherefore linmts the
spud force nonent and the spud point force. Wien the wire tension

i ncreases i e wifert hewisped, cioriade i hsttancedsachndrnshisp ALt trduest
wire tension ji.n first wiye 40 w )l sinultaneoysly.decrease. \Wen .a
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t ensi on i nplhipcde viltee sAdA deashbal hest tremaior idvietal tyawhel & | Skt fecdbelnow
whi ch value the first wre_ 40 becones. slack. .ln order_to 30 avoid
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w re. These nsi.st here of .a tensjonin | unger, 54 ich is

connect ed ?ofé}ﬁﬂ%cﬁﬁzlb o?’lggg gﬂ"‘ﬁe%nc eréa’ét%egdfﬁg\é\ﬁgﬂftjo?n tHe the
accunul at oguidee stde t=nsittri agtpalUngeidd4e Mirentexhzhidgwhentddie wiltte

t ensi on fa{ls felow%gyge ergtaed val ue FMC S. Note that in the
enmbodi ment *3F ?Qﬁﬁ Four+d SePeﬁWres are provided, two first and
second W res ot efefelricngecacht Sgetdesd (Fon tdleappardguade 82vovidilr es
counteracting .each. other on_part,.which ur_ witres,are_each gui ded
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Fi gure 7 showsorsodransmd ifeal pyvbbhéngrancuyd ea ofexttieahoshadnt &l mnd
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i n the enbodnpenthdIdem 2Or kceBbhofat sharddampeiSED,. The fetdmiviawm

then takesoglf%§%r 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 around shaft 91,
whereby the bumper presses along the whole length against

20 the upper guide 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 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 92 (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) wmoves away from bin 86 (arrow PH2) and the

piston of cylinder 95 (BB) can move inward (arrow PC2).



| ower gui de 81 of spud carriage 6 nmakes contact on SB with the vessel
(see arrow P1); 15 - upper-guide 82 of spud carriage 6 is pressed in
on BB, whereby a horizontal cylinder 95 on BE (see further in the
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 ® initial position. This is
the horizontal buffering wth which the forces between spud carri age
and vessel, caissé bylihdemt Warsrshicontoopdadnbyia hiraspud ftdrceit

are kept Iidted; n. BE. 1 he, i Z. |_ transye r LN
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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 movewment
of the spud carriage, the oil begins to flow from the piston
side of cylinder 55 (BB) via throttle valve 110 to the
piston side of cylindexr 95 (SB) and, when this latter has

20 moved fully inward, to accumulator 116. When the
digplacement of the spud carriage takes place more rapidly,
the pregsure 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 wust 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



i's connected for pivoting around a vertical shaft 91 by nmeans of a
first armof a horizontal L-shaped |lever 92 to a bunper hol der 99
accommodati ng a bunper 90. The second arm of |ever 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 vertithal shaft 96. Bunper hol der 99
consists on the one hand of a bal anced el enent which pivots around

shaft 91, csinerebychbey btimperciycegheabaheng. sheoveel exl epgih @ghindo
20 t he upper ide even if the s carrjage were rota t hrough a
5285 nig, -

d e
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to the bal anced el enent, whereby the bunper makes, contact al opng the
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(arrow PC2). 1 These cylinders_95 are controlled Y2 hydraul i c
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accumilat of L 3ue ™l nd ey U e 3n 8 8n o0 e e ® tBn the
position of the axis of symmetry relative to the bearing
housing in the spud carrier. The central part of shaft part

15~ T18a 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 inwaxrd,
wherein oil flows by means of throttle valve 135 from the

35 bottom side of the SB cylinders to accumulator 134. If the



5 accumul ator 116. The pressure in accurmulator 116 is lower than in
accunul ator 115 such that the cylinders are fully pressed in in the
non-| oaded situation of the spud carriage, and the bunpers al ways
nove outward to the maxi mum and thus nmake contact with the

| ongi tudi nal slide beans when the spud is standing upright. Wth
maxi mum buffering the active cylinder w1l nove further outward than
t he passive cylinder noves_inward, the |ack of oil on the bottom side
t hen bei ng " PpERSafaleyPiRet it toy 1 Ehe PRESSRYE cHIP WVer &8% be
expl ai ned agsWFcng (hatet Be1 il Sushlhecdiel 88egtbht St BB Yitluatbes
of figure 7), wherein the BE cylinder is extended. Wth a relatively
sl ow noveneéiBYoPVEKe C¥BEEI e Y HHR, 1 3h&CothehEgPhs 0 BABWCRESH t he
pi ston si derfrqgeylikndest 2oy éBBiny i dniingt tkea¥Rl ¥fed 1 der fikey Rh3iEN
side of cylindér 95 gSEé and, when thislatter has 20 noved full¥

i nwar d, 5t o 1B PFOCSEEE Pebh thbindars @dsirateREptseres mhighugre too
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val ve 110 w Il be so great that the oil flows away via overfl ow val ve

112 to the ¥afRITIRE BRAFK( HAEOC Heke I3 tandyat 5o EReLRA Malven 188

conpensat eq, APy guﬂgr.mpff@g@@ﬁé ab MieF FaBVRSSYE EpFOERIOi NG tRIieatds
to feed conduit 114. Such a hydraulic circuit thus allows effective

danpi ng of W RIpdNgE HAE BHEN |2 RIRATHESHhi p forces and the associ at ed

rapid apd sl owrgppudngahtiafels Hat 110RS takouBdtRe | SHGId Wliskalipadi s.
30The vertical buffering will now be explained in detail with

ref erence tFaMgarey eTLOAIMENFRaRMte it &P8eOPRTERE Hesdsst Adh of

figure 2 abpuaarkRewBRYE €3h!MbAIHiHgdIe HFOHAL 8detfe ratiatliegn around
a transverse shaft 18 counter to the spring force of the steel wres
so as to beeAfoR t nd5thBsEFEPE ef dithdeNeptisrcas. deingtisaledy Pre

fSIOUd carri agfs fA1eafinkyBL&dhEY Fiﬂél:ﬂyhr ewuah i abert i Or Xhit A iBBwRkeSBe
in order. to ahsorb the athwartship forces. The transverse shaft parts

—188 orfPEE187d £BE ARSELRET ef P Dbl lppdfoRese | th% 199 Fowar d
relative t it ipast -ppsttePhend PGl lbteaker applies.



5 50 mm This is made possible by the use of a particular nmain
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 mmin bushes 1081 109 which are fixedly connected to slide
shoe 20. For this purpose the 10 trangverse shaft parts 18a, 18b can
for instance be flattened on the top or a position of the axis of
symmetry relative to the bushes can be chosen 50 nm | ower than 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 beaClLAIMS105 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
carriage by neans of pins 102 and a series of bolts 106. This

R e L rhét”b%@“’a“?"éﬁﬁiitéé’ to

sl ide shoe 20 by mean§® lﬁ %f@? ?rﬁ §lpg V% ?8'# %ﬁ?ﬁ}u

hori zont al transver se “§R&fan, PSmPﬁﬁégéi W%%@VB%%KG)M@%W the
cylinders are connect atidd ehogs {8 ifsrggdiogrible spepeatriage (B transver se
The purpose of these ?@ém’b*‘g*“m e e B he Tor ce
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slide shoes. This is HomiaWitydinal@xdo®Phol 1ing the cylinders with
:h?t hygralﬁl;c ci rBféU'(tcﬁBPé/&!eﬂlibdlthél%a%ﬂshdesho @@)ﬁ cgfuddca”'aggB
ilts bac rom si i nders on

t hen nove i nward, V\heFéﬁlﬂécﬁcﬂoﬁb&ﬁb 'Wé’ﬁéaé@n{sﬁrﬁ? Fﬁ

val ve 135
fromthe 35 bottom si Retéthogenestedinthaapudcarjagesuneaivadr 134. | f
the 15 novenent take# phchomsqwiiibld getetiredvasisalndaydr op over the
throttle valve will then become so great that the oil flows away over

—overftow val ve-130,4t 0 —1an, ene destroyed and -
danping is achi eveg %E&a{t@s é‘g IJF%%OE@[a(ﬁ% charactgl)fzeasl
that the transverse shaft parts (18a 18b) are con-

nected to the spud carriage by means of spherical
bearings.

3. Apparatus as claimedinclaim 1 or 2, characterized
in that at feast one hydraulic cylinder (85) is ar-
ranged 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 lon-
gitudinal axis.

4. Apparatus as claimed in any of the previous claims,
wherein the spud cattiage is accommodated via a
lower guide (81) and an upper guide (82} in the bin
(86), in each case with a limited horizontal play in
the transverse direction, whereby the spud carriage
is filtable in limited manner around a horizontal lon-
gitudinal axis,
characterized In that the upper guide is equipped
with means for causing a horizontal buffering during
tilting around the longitudinal axis.



5 131 protects both cylinders agai nst 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 using a punp. Pressure
relief valve 133 protects accunul ator 134 agai nst too high a
pressure. 10The invention is not limizd to the above descri bed
exenpl ary enbodi nents, but on the contrary includes all variants

whi ch can be envisaged by an average skilled person, and the scope of

the invention is defjned sol el clainms. Finally, the
invention can |ikewi%se /RPafals, P?"/“ (ﬂ”ocﬁa' %ﬂ(ﬁ ractefizadiimg

i sl ands_where the sanﬁhpﬂhﬁdiqmllzentai lble‘fetrememd&2l btemptiseeak - applies.
16 gL(AIB;VB f1 Agpa(rjat us elaoh shieCsfne® thagitindnal a5iss a8t Wwah lpwoyer ti cal

spu of a dredging

conprising a spud carrlp%ﬁgsf\% %Hg&rrﬂ\a@@ﬁﬁ&@é}ﬁé%%ﬁg &?or gui di ng
the spud carriage (6) O PRGVELRIMEPNNSE @rein the
spud carriage i s nount é&f pbthel lpygrtaborizanial icytindsr ¢@awhichds i zont al

| ongi tudi nal axis (80) cosheutedtosthi 2pdd carribbain acitisily sfeghehoe (20) is
fixedly connected to al&mhdlﬁglléxlé n which a transverse shaft part
(18) connected to the carriage is received in each case with a
determ ned vertical play. 2. Apparatus as clained in claiml,

characterized in thét ﬁﬁ@a'tat%%%@lﬁwcblﬁﬂﬁlmrfaﬁhgI‘E(CIBElZGCJ_Bb) are
connected to the spud thatrdaafeyindentab) s ajupkiaherilgataldeali ngs. 3.

Apparatus as claimed i Bygthidainbiya ovERBhAGbEId fhdRohlpt at | east

one hydraulic cylinder (nS \):'J arranged in each case between each
slide shoe (20) and the0 ﬁ‘i‘i a?er’ age for the purpose of danping the
vertical novenent of the transverse shaft parts (18) in the bushes
(21) during tilting7ar épparatisead daigiddidicreh 6axharacteriAgpar at us as

claimed in any of the gidvio r&ulﬁld‘?&u.w@}%ehmém [Regerriage i s

accommdated via a Iowg @ f %I an u in the

——bim(86), i n- each case Y ﬁrs PHY %SGP?OBrPQrg 690” T”?ﬂ?” a[he
transverse direction, W’i‘éﬁ'@b@wﬁl@éd@ﬁtﬂyeé‘@w\ﬁé‘@e istiltable in
limted manner around a horizontal |ongitudinal axis, characterized
in that the upper guide is equipped with nmeans for causi ng a

horizontal buffering dyiing kbkbifdedt Oéiﬂpofttf}w]eeptl‘e(\)n%%s tydigal axis.

whereby the spud carriage (6) is mounted for limited
rotation around a horizontal transverse axis(18),
characterized in that

- at least a first and a second spring means (40,
41) is arranged under bias between vessel and
spud in the longitudinal direction for the purpose
of absorbing a moment on the spud cartiage,
which first and second spring means compen-

sate each other in the non-loaded situation of
the spud; and that

- at least one spring means is provided with a
spring force limiting means (50) for limiting the
tension in said spring elementfrom a determined
maximum moment on the spud carriage.



17 5. Apparatus as clainmed in claim4, characterized in that the
hori zontal buffer neans (92) conprise on each side of the

| ongitudinal axis a lever wth pivot point on the spud carriage, a
bunper (90) connected to a first leg of the | ever and, connected to
the second |l eg of the |ever a horizongal cylinder (95) which is
connected to the spud carriage in the vicinity of the |ongitudinal
axis. 6. Apparatus as clained in claimb5, characterized in that each
cylinder (95) is coypled to a hydraulij.c circuif for danping a
movenent around t he hogp%fﬁ{uéla%%ﬂ@efjdﬂpﬁ"‘ém%aﬁf'gfac 2850 at us as
clained in claimé6, chHE#iediplang seqonthspringieeansdraabinecti rcuit
between the two hori zoed ay nogdnsrdesspetBiely & dirgand escenddhy-al | el

connection of a thrott} Appar at us as
clainmed in any of the ;%ﬁ?gd?ﬁ??g)gﬁgég %@tlf\ég!héggg%ggr” age (6)
is nmounted for limtedr tt}? 8’(5‘?1% '%hori zontal transverse

axi s(18), characterized in that - at least a first and a second
spring neans (40, 410. Asparatuargethiveddér chinas, biedraetsrizedsael and spud

o e o0 ot e KRBT bt 5 e
sate each other in theaﬂ'(ﬁf?_“@&gﬂ h’agqrtﬁfit W ! '?ﬁ@-ﬂ%eﬁ -©and that -

at | east one spring nedasoirespansingdedrauielsyindepri ng force liniting
means (50) for limting the tension in said spring el enentfroma
det er ni ned maxi mum PRIRSHaras BRISREE 1§ ARy bRSBIMs 4309chARPar at us as

clainmed in claim8, c : the f econd spring
means are connected b%ﬁ%ﬁa%egc{Lﬁ%gégré@%bgw'ﬂgré%aﬁét(ggﬁlkﬁsecond
hydraul i c cylinder (32regHyviqesioracreasiag hertapsiomis ableagidbe of appl yi ng
the desired bias. 10. s&opad sprig rasand wheretheispriog iiroe theralhar act eri zed
in that the spring foriggsti mting neans (50) conprises a piston
accurul ator (51, 52) which is connected to the correspondi ng

hydrauti ¢ cyl i nder. -1t Apparatus,-as ¢l aimed-in-gny of -cl ai-ms—8=10," - -~ -
characterized in th %‘%%?%ljs ?@ﬁ@‘@ﬁgﬁbdﬁ@?ﬁng géﬁ’ﬁgﬁra&re provi ded

for increasing the tertétized imthat thespting tensimingnaeaps cag- reans when
the spring force ther eirigeiasedsittiing plunger (54) arranged in the piston

rod of the hydraulic cylinder and an accumulator (55)

co-acting therewith.

13. Apparatus as claimed in any of claims 8-12, char-
acterized in that the first and second spring means
are biased first and second wires, preferably steei
wires.

14. Apparatus as claimed in claims 9 and 13, charac-
terized in that the first and second hydraulic cylin-
ders are fixedly connected to respectively a first and
second tensioning disc (30, 31) around which the
respective first and second wire (40, 41) are guided,
which tensioning discs are located in a plane per-
pendicularly of the transverse axis directly opposite
each other on respectively a first and second side of
the spud carriage.



12. Apparatus as clained in clainms 9 and 11, characterized in that
the spring tensioning neans conprise a tensioning plunger (54)
arranged in the piston rod of the hydraulic cylinder and an

accurul ator (55) co-acting therewith. 13. Apparatus as clainmed in any
of clainms 8-12, characterized in thatigthe first and second spring
means are biased first and second wres, preferably steel wires. 14.
Apparatus as clained in clains 9 and 13, characterized in that the
first and second hydraulic cylinders are fixedly connected to
respectively a first and second tensioning disc (30, 31) around which

Egﬁsir gﬁPﬁCt i:l?lgcfsi ;fgs?&gu é?é%@é‘@'s c‘ﬂ’alh%o(lﬁglalrﬂq-lnc,gfa‘?a&%hg@ﬂ'n} thhgh
% ﬁ%%éﬂ?gpeg%gﬂyfsg ggé@&ﬁé? ely a first

transverse axis dlrectl
and second side of the €8i/nEafiiet ingation oo tﬂ%sp%ﬁéf:"!ﬂg@sto% claimed in
claim 14, characteri zesecamct matldirherh iths spue speiage Wi thesfrsbnd wire

(40,41) is guided fromr@sﬂebf\%lyéé?ﬁ)ﬂatéh@:o‘ﬁfh L ( §@‘@%§ﬁd6rﬁeﬁ99 to a

d | t th |
second tonsi oni g di oS¢ Z% G TRE e, ﬁérgé%ﬁﬁat g8 (a8, a7
38, 39) situated on thé %@Wﬁé%fé@ﬁ'&éﬁt\?@eﬁm@%QUds‘Fﬁi@aQﬁ the spud

carriage. 16. Apparatus as claimed in claim15, characterized in that
tmf;enI Ie & SE) na{lﬁesecogdgla Q@Qétdﬂi@a@diﬁnﬁ@%blﬁmﬁ§fbfha('é3ﬁeﬁ5éd whi cgcg:] 3
u spu S
P gétqgg flfshgpél %%Pm@és%?g?ée g'%e%{db?e?' @sd

wire (40,41) are guide second wre
at an outer end on t h&%PrE¥N 'P%@G&QQWW@%BW%T'%G dthe spud
carriage and at the ot Aengewmhiciothe fiest aed sadonewpped#0é) wrdf i r st si de

of the spud carriage i gu@@armﬁﬁ@tth@f:ﬁsh@sp@aﬁely seddnd Wi ber suction
dredger conprising an apparatus as clainmed in any of the foregoing
cl ai ns. an outer end on the first respectively second side ot

the spud carriage and atthe other end on the second

* respectively first side of the spud carriage is con-
nected to the vessel,

17. Cutter suction dredger comprising an apparatus as
claimed in any of the foregoing claims.”



